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- The Conceptual Plan and Potential Course of Action prepared by Sea
Ray Boats; Inc., has been reviewed as required by Specific
Condition :No. 9 of the above construction permits. The report
proposes work practice controls, increased use of acetone
substitutes, and conversion to low styrene resins as future
measures for further reducing VOC emissions. Sea Ray’s submittal
satisfies the requirements of the construction permit condition.
We recommend that the operating permits specify a reasonable
schedule for implementation of the course of action presented in
the report.
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I. INTRODUCTIGON. {(Svykes Creek).

The purpose of this document is to present .

background information and data that will support a
conceptual plan and potential course of action regarding
the reduction or elimination of air emissions from
production operations to be considered by Sea Ray Boats,
Inc. Implementation of the plan shall demonstrate to the
Florida Department of Environmental Regulation that every
reasonable effort has been undertaken to assure that
objectionable odors and toxic air pollutants in
quantifies that could exceed acceptable ambient
concentrations will not be discharged off of the

facilities property boundary. [F.A.C. Rules 17-2.200 and

17-2.620 (1) and (2)1.



. . .

II. Process and Air Emissions. (Sykes Creek).

This chapter will discuss in general the fiberglass
reinforced plastic boatbuilding industry and in
particular the activities of Sea Ray Boats, Inc. The
chapter. is divided into three sections. The first will
describe the industry in general. The second section
will describe the manufacturing process and its
emissions, énd finally the manufacturing process and

VOC/0S emissions at the Sea Ray facility.

Section 1. General.

The fiberglass reinforced plastic boat industry is
defined within SIC Code 3732, Boat Building and
Repairing. The industry as a whole is comprised of many
small businesses with a wide range in the number of
employees and size of boats manufactured. The size of
fiberglass boats range from about twelve feet to two
hundred feet in length. 'Large" boats are classified as
those greater than thirty feet in length and "small"”
boats are those less than thirty feet in length.

Facilities may produce a range of more than fifty boats

-

”peeray to less than one boat per month, all depending on

boat size and plant capabilities.



Section 2. General - Production Process and Emissions.

Tﬁere are several methods employed in the production
of {iberglass boats. The follawing discussion, however,
is 1im§?ed to the primary method used within the
industry. That pro;égs is called "contact open molding"”.
There are air emissions (VOG/05) associated with that
process and they are derived from polyester reosin, gel
coat resin, paints, carpeﬁ glue and cleaning solvents.

Various factors and manufacturing techniques influence

significantly the guantity of cleaning solvent emissions.

2.1. Production Process for Fiberglass Hoats and Methods
of Lamination

The Radian Corporation presented a thorough
discussion of the manufacturing process for fiber-
glass boalts and it is reproduced here as follows:

"The contart molding method consists of
applying layers of resin impregnated {iberglass
reinforcement (laminated) on an open female or male
mold. The laminate is built up to the required
thickness and then allowed to harden or cure.

After the cure is completed, the part is removed

S - N

and the mold is reused. N male mold 1s convex

leaving a smooth inner surface and a female mold is

N



concave leaving a smooth outer surface on the
product. Since a smooth outer surface is normally
desired, female molds are most commonly used in
fiberglass boat production. |

The primary type of resin used in fiberglass
boat production is polyester resin. Polyester
resins typically consist of 45 percent styrene
monomer and 55 percent polyester solids. Before
applying the resin, the necessary catalyst and
accelerator are added to initiate curing. During
curing, the styrene monomer polymerizes forming a
thermo-setting pléstic. This is an exothermic
process, and because styrene monomer reacts more
rapidly at elevated temperatures, the reaction is
autocatalytic.. -

The general production process steps used in

the industry for manufacturing fiberglass boats are

shown in Exhibit "A". The different parts of the
boat (deck, hull, small parts) are fabricated in
the molding room. The decks and hulls are
fabricated in the main area of the molding room
while the small parts are fabricated in the small

parts booth. The first step in the production
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process is coating the mole with a releasing agent
such as wax. A gel coat is then applied on the
mold with a spray gun in a ventilated spray booth.,
The gel coat is a pigmented polyester resin which
forms the outer smooth surface of the molded part.
After spraying, the gel coat hardens or cures with
a smooth surface against the mald and a tacky outer
surface which enhances later bonding of the first
layer of laminate.

After the gel coat cures, the first layer of
resin and fiberglass laminate is applied using one
of the lamination methods described below. The

lamination procedure is repeated until the desired

thickness is achieved. Structural reinforcements

such as wood, plastic, and metal are also added

during lamination. Lamination is a batch process
with time between laminates dependenlt on cure time
of the resin. After the {final lamination has
cured, the excess is trimmed from the part and the
part is removed {from the mold.

After the parts are removed {rom the mold,

bl TEE

they are then taken to the assembly room where they
are sanded and Uhe boat is assembled. In acddition,

carpet and accessories are often installed to

produce the finished product.



There are two methods of lamination used in
the fiberglass boat manu%actu?ing industry. These
are hand lay-up and spray-up. Each method offers
advantages and disadvantages over the olther and a
combination of the two is often used.

In the hand lay-up method, resin is applied
with a resin gun or in rare cases with a brush. If
a resin gun is used to apply the resin, a brush is

usually employed to coven outl the resin. After a

thin coat of recin has been applied f{to the gel coat
or previous layer of laminate, fiberglass
reinforcement is placed over the wet resin. The
primary fiberglass reinforcements used in hand lay-
up are woven roving, cloth, and mat. Squeegees or
metal rollers are then used to force the resin up
through the reinforcement and remove any entrapped
air (wet out). The resin,is allowed to gel and the
lamination process is repeated until the desired
thickness of fiberglass laminate is obitained.

Three types of resin guns may be used in hand
lay-up. These are catalyst injection, dual
component, and hot pot. The most common {ype used
in the industry are catalyst injection resin guns.

Catalyst injeclion resin guns mix accelerated resin



and the catalyst in the proper proportion inside
‘the gun spray head and then spray the mixture
through a single spray nozzle. With dual-component
resin guns, two-streams of resin are sprayed
simultaneocusly. One stream consists of resin
premixed with accelerator and one stream ronsists
of resin premixed wilh catalyst. The spray nozzles
are aimed so Lhe two spray streams mix outside the
spray gun and then form a single spray stream. Hot
pot resin guns have a presasure pot attached to the
gun head. The laminator mixes the resin,
_accelerator, and catalyst in Lhe pressure pol by
hand. All of the resin must be sprayed once it has
been mixed in the pot or it will gel inside the
spray gun.

The spray-up method is an alternative to band
lay-up for hull and deck fabrication and is the
most common melthod of small parts production. The
spray-up method employs a chopper gun to
;;Eultagémualé ;wp]y resin and chopped strands of
glass reinforcement. frushes and rollers are then
used to spread the mixture ancd remove entrappoed
air. This process is repeated until the deouired

thickness is obtained.
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The spray-up method is restricted to laminates
using chopped glass strand as the reinforcement.
Due to the type of reinforcement, laminates
produced in spray-up have lower glass to resin
ratios than U{he woven roving or cloth laminates
produced in hand lay-up. Because the strength to
weight ratio is proportional te the glass to resin
ratio, laminates produced in spray-up also have
lower strength to weight ratios than woven roving
or cloth laminates. Laminates produced in hand
lay-up with mal reinforcement are similar to those
produced in spray-up because mat reinforcement is
just chopped strand with a binder,

The advantage of using hand lay-up with woven
roving or cloth laminate over spray-up is that a
product with a higher strength to weight ratio is
produced. However, the fabrication process takes
longer when the hand lay-up method is used. A
common practice in the industry is to combine these

two methods., With this combination, parts of a

beat -that need to be sltrongest are fabricated using

hand lay~up while parts that do not need as mtch
strength, such as small parts, are fabricated using
spray-up. Thie results in a lightweight boal that

is produced in the minimum amount of time."



Emissions Sources

There are generally two sources of emissions
from the fiberglass boat manufacturing processes
that produce volatile organic vapors ancd organic
solvent vapars. These originate in the lamination
.area due to resin application and cleanup
operations or the assembly area of the plant due to
painting and cafpet installation,

Emissions from the lamination process are due
to the evaporation or vaporization of the styrene
monamer conlained within the gel coat and resin
applied when the hull, deck, and small parts are
manufactured. An additional portion of the styrene
monomer contained in resin and gel coat is subject
to evaporation after application and before
polymerization éccurs.

OSHA (Occupational Health and Safety
Aadministration) mandates that worker exposure to
styrene concentrations not exceed 25 parts per
million. Ns a result of this requirement, the air
contained within the building is vented to the
putside and completely replaced by fresh air every
ten minutes. In other words, six air changes are

required for the total volume of the building every

hour.



There are additional exhausts {from spray
booths to the outside.

The 0SHA requirement is the primary faclor
controlling the rate at which air containing
styrene within the lamination building is moved to
the outside. |

Vapors from clean-up solvents also contribute
to the guantity of emissions from the lamination
process. Tool and spray gun cleaning is required
ékter gach batch of resin is applied. When the
spray guns are flushed some of the organic solvent
used is vaporized. Also, employees must clean
their hands frequently. When tools, spray guns and
hands are washed with solvent an amount of solvent
is carried from the container on these items and
readily evaporates cdue to the large surface area
\Eﬁposed to air per volume of solvent.

Additional VOC/0S emicsions occur in the
assembly area during the painting of boat parts and
application of glue during carpet inatallation.

Thg glue solvent evaporates into the room air while

vapors from paint application are exhausted to the

oubtside.
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Techniques and Factors Affecting Emissions from
Organic Cleaning Solvents.

Cleaning solvent emissions (usually acetone)
éccount for 4;{ty to seventy-five percent of all
air emissions from the plant operations. The major
factors that influence these emissions are resin
gel time, use of covers on storage containers, work
habits of the employee, the number of employees,
use 0¥ hand protection and protective clothing, and
air movement within the plant building. Resin gel
time affects emissions hecause it determines the

N

number of timéé‘equipment and employees must be

cleaned in a specific period of time. Resin gel

times may vary from ten to thirty minutes with
fifteen minutes being the average desired.

The evaporation of cleaning solvents may be
reduced by covering the containers between cleanup

operations. 0Other factors that effect rate of

evaporation are the liquid level in the containers,

air movement across the containers, and the room
temperature. Nn increase iq any of lthese will
increase the evaporation rate.

Work habits of the employee can lower
emissions by reducing the amount of resin or other

product which must be removed from hands and arms

11



by cleanimg solvents. Some employees are able to
stay relatively clean while other employees may get
considerably more on themselves. Employeé work
habits are in?luenced by training and supervision.
The complexity of the mold can also significantly
affect the amount of resin which an emplovyee méy
get on his hands and arms. The more complex the
mold, the more difficulty encountered for keeping
the employee clean.

.The number of employees involved in the
lamihation process affects emissions because each
employee must clean his hands and tools after each
operation. Usually, each employee has his own set
of solvent containers, this practice increase the
volume and surface area exposure to evaporation.

The use of hand protection reduces the number
of times and employee must clean his bhands,
Without protection, cleaning of hands would occur
aftter each resin application or every twenty to
thirty minutes. Using gloves may reduce the clean-
up of haends to as low as four times a day.

The faclors discussed above are generally

determined by the amount of organic cleaning

" splvent issued per employee. The amount of

12



cleaning solvent issued can be reduced if gloves
are required to reduce hand cleaning and covered
containers are used to slow evaporation. Room air
.ventilation reductions are not practical since this
would increase worker exposure to the higher
concentrations of styrene and other Qapors.
Temperature for resin curing is determined by the
resin chemistry and cannot be changed easily.

Section 3. Sea Ray Boast Inc. {(Sykes Creek Plant)
Production Process and Emissions

Théuprodu;ticn‘ptocedure utilized by Sra Ray Boats,
Inc. at the Sykes Creek Plant are the same as those shown
in  Production Flow Diégram (Exhibit "A"). The Sykes.
Creek Plant has one gel coat booth and one small parts
booth contained in the lamimation area. The gel coat

used consists of 404 styrene monomer, QO % methyl

methacrylate, and 460 % pigmented solids. Following the
gel coat, Séa Ray uses a spray up method with application
of woven roving and/or glass cloth hand rolled into
place, with additiconal séructural supports and stringers
laid into the hull or deck and secured by additional
resin and chopped reinforcement. The spray up method is

used for small parts.

13



Batches of promoted resin and catalyrzed resin are

prepared, the two resins flow thru independent lines and

are- miwxed at the nozzle of the spray gun. The gel time

is approximately twenty minutes. The resin used is a
general purpose polyester resin containing approximately
40 % styrene and 60 7 resin solids.

The VOC/0S emissions at the Sykes Creek Plant are

shown in Exhibit "B", (Florida Department of

Environmental Regulation, Operation Permit for Air
Pollution Source). These emissions result from the
évapora}ﬁoh of styrene, acetone, paint and carpet glue
solvents. As shown in Exhibit "B", the major sources of
VOC/0S8 emissions are styrene evaporation during hull and
deck fabrication, styrene and methyl methacrylate
evaporation during gel coat application, and acetone
vapdrsremitted during cleanup. These sources account for
over 70% of the emissions so permitted. Emissions from
this source according to the operation permit (Exhibit
"B} shall not exceed 17.8 tons per year.

-Sea Ray's VOC/0S emissions resulting from the
cleanup and lamination operations are forced to the
atmosphere by exhaust fans in the building sidewalls.

The air flow rate of these exhaust fans is rated at

200,000 cfm. These fans are permiltied to operate a

vrw.maximum, 0f 16 hours a day, five days per week.

Concentrations within the air exiting these points have

14



not been measured. The calculated average concentration
based on permitted quantities is 5.6 ppm styrene, 4.2
ppm acetone. Other emissions from this source shall be
considered fugitive emissions and cannot be identified
with any one point.

The Sykes.Creek Plant purchases approximately. 1,100
gallons of acetone each year and produces 95 gallons of
spent acetone per vear. This difference represents the
emissions of acetone to the air as a result of the
production process. The spent acetone is purchased and
carried off-site by a licensed carrier to be recycled.
Therefore, the volume carried off-site will not

contribute to the Sykes Creek’'s emissions L1nventory.

i5
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IIl. Emission Control Techniques.

The discussion that follows in this chapter will
cover techniques that may be utilized by the Sykes Creek
facility to reduce or eliminate VOC emissions from the
boat building operations. The first section will discuss
process alkerations to control acetone emissions, while
the second section will consider changes that serve to

reduce styrene emissions. Section three will examine

"add-on contrals for exhaust air leaving the facility.

Section 1. General - Acetone Emission Controls.

Acetone emissions may be controlled using three

separate approaches. Substitution of non-volatile

solvents or emulsifiers, work practice, and spent acetone

. reclamation.

1.1. Substitution Other Products for Acetone.

There have been procducts introcduced to replace
some of the acetone usage. These products vary
from strong emulsifiers to non-volatile organic
solvents. These emulsifier type products may be
used successfully in hand cleaning of tools used in
the lamination” process. Non-volatile solvents bhave
also seen success in these areas. It should be

‘noted however that the final cleaning of these

14
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tools needs to be accomplished using acetone.

Acetone has been found to be the safest product for
use in order to remove residue from the initial
cleaning operation (i.e. water droplets and other
debris). See Exhibit "C", containing manufacturers

data on acetone substitutes.

1.2. Work Practice Controls.

The primary work practice controls to reduce
acetone emissions in the building of fiberglass
bpats are as follows:

(a) hand protectian,

(b)) covered acetone containers,

(c)y limiting the issuance of acetone,.

1.2.a. Within the boat building facility the resin

application methods vary from spray-up to lay-up,

the workers are exposed to resin thru handling
the tools and overspray from the spray-up. The
issuance of gloves, disposaﬁle garments and shoe
' covers eliminates to a greal degreco the cleaning
of hands, olher exposed skin areas, and clothing
that may come into contact with the resin. This

will reduce the amount of acetone to be issued to

each employee.

17



1.2.b. Covering the acetone containers that hold the new

1.2-:-

—
2]

acetone as well as the dirty acetone will reduce
loss thru evaporation. This provisinn‘will also
limit the amount of acelone to be required by the
employee.

The employer may sltudy each employees use and
cleaning techniques and unilaterally reduce the
guantity of acetone provided to the employee.

The employee recognizing the reduced quantity

will be forced into conservation and prudent use

Y - R

of the product.

Spent Acetone Reclamation.

Emissions can be reduced by recycling the
spent acetone., Two options offering economic and
environmental henefits exist regarding the disposal
of spent acetone. They are on-site recovery or
distillation and the delivery of the spent product
to a commercial reclaiming facility.

On-site recycling can reduce disposal emission
by 90%. The recycling units (stills) are available
commercially in various sizes, compatabile with the
industrial requirement. Their installation

requires electricity and cooling water. A safely

"hazard also exists with the operalion of the wtill.

18



As an alternative, there are commercial waste

handlers that reclaim spent acetone. The emissions
can be eliminated entirely by sending the spent
acetone D%f—sité for reclamation. There is an

added advantage ta the manufacturer in that he also

gets rid of the solid waste in the acetone.

Section 2. General - Styrene Emission Control.

el

Styrene is the cPoss—-linking agent in polyester
resins and also it it used as a solvent in the compound
that can be used to increase or decrease the viscasity or
workability of the resin.

Styrene emissions can be reduced by the
manufacturer, if his process will allow him to convert to
a new resin designed to limit styrene losses. These new
resins may contain a supressant (wax) or may be designed

to function with a low-styrene content.

2.1 Supressed Resin.

Suprgssed resins entrap the styrene monomer
that would be emitted as vapor during the
exothermal curing of the resin compound. These
supressed resins can reduce total styrene emissions
by as much as fifty percent. However, a study o¥

manufacturers indicates poor performance of the

19



finished product. Delamination of the resin has
been cited by most as a serious problem. Before a
supressed resin could be placed in production, the
manufacturer should require extensive testing in

the lab and field to determine the products

[ - N

reliability.

Low Styrene Resin.

Anather method of reducing styrene emissions
is the conversion by the manufacturer to a low
styrene resin. This conversion will reduce
emissions because the styrene monomer in the resin
can be lowered to as much as thirty—-five percent.
This can be compared to farly or forty-five percent
in c0n§entional resins. Emission reductions during
curing due to conversion may be seventeen to thirty

percent, this would equate to an overall reduction

of ten to twenty percent.

Section 3. Add-0n Control.

Add-on controls apply to the boat building industry

in the area of exhaust air {frum the building. The

exhaust from spray booths and building ventilation fans

can be captured and treated by chemical scrubbing or

incineration.

L

20



Chemical Scrubbers.

| Chemical scrubbing removes organic vapors {from
the air by absorbing them into a liquid. The
absorbed materials are destroyed by the chemicals
in the liquid.

—. A major problem exist with this approach.

Waste stream would be created with the chemical
used to absorb air contaminants and the handling of

the volume of the chemical waste created by this

approach would render the operation impractical.

Contaminant Incineration.

Two types of incinerators are available,
thermal and catalytic. Thermal incineration
involves the oxidation of organic vapors to carbon
dioxide and waler. The solvent laden air is

exposed to a high temperature of 1000 to 1500

_degrees Farenheit and in some cases a direct flame

for a period of 0.3 to 0.6 seconds. Catalytic
incinerators use a catalyst bed to oxidize the
organic vapors- and operate at reduced temperatures
of 750 to 1000 degrecs Farenheit. Impaortant
incineration design factors are residence time, gas
stream flow rate, operating temperature, and waste

gas heat content.

21
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When collected, most waste gases haye low heat
contents. This is due in part to 0SHA and
inéuran;e regulations which limit the maximum
concentration of organics to 25 percent of the
lower explosive limit (LEL) when no LEL meter is
used. If an LEL meter is present to constantly

manitor the gas stream then the organic

-

concentration c;n be as high as 40 percent of LEL.
In either case supplemental fuel is needed to raise
the off gases to the required operating
temperature.

Healt recovery equipment may also be used with
incinerators to reduce the amount of supplemental
fuel requirec. It is generally divided into
primary and secondary recovery. Primary heat
recovery uses heat exchangers to recover heat from
the incinerator exhaust gases to heat the incoming
air. Secondary heat recovery recovers heat {from
the exhaust gases for use in plant processes such
as ovens, dryers, etc.

The destruction efficiency of both thermal and
catalytic incinerators depends on the residence
time and temperature. In general these devices can
be designed to achieve between 90 and 99+-percent

destruction of VOC.
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Incinerators have not been demonstrated as VOC
control devicééﬁin the fiberglass boat
manufacturing industry. The main problem results
from the low VOC concentrations in the exhausts and
high exhaust air flows. Calculated VOC
concentrations in the exhaust streams average
approximately 5.6 ppm for styrene and 4.2 ppm

for acetone. These conditions would result in the

exhaust stream having a low heat content thus

resulting in high supplemental fuel requirements.

23



IV. Conclusion- — Potential Course of Action.

Sea Ray Boats, Inc., has assessed the technical and
economic feasibility of the alternatives presented
herein. The potential course of action sclected by the
Sykes Creek Plant and presently being implemented are
work practice controls, commercial recycling of acetone,
substitution of emulsifiers {or acetone where practical

and conversion to low styrene resins.

1. Work Praclice Coftrols include the use of hand
protection, covered acetone containers, limitation on
the issue of acetone to emplayecs and use of Rez-—-a-
ggl, a commercial product (emulsifier) for cleaning of
hénds and tools. AHs discussed in the carlior seclions
this action should reduce emissions by approximately
fifty percent from acetone.

2. The éonversion.to low styrene resins was stlected over
use of supressed resins because of the delamination
probttems experienced by manufacturers using the
styrene supressed resin. The fact that tbhe styrene

emissions could be reduced using this low styrene
resin by at least ten percent was discussed in Section
111 - 2.2.

Preliminary estimates showed controls by chemical

scrubbing and incineration to be so expensive they were

24



dropped from further consideration. Both of these
actions would require an extensive reconstruction of
existing facilities, additional capital cost involving
the pugahase and installation of equipment, and a
céntinuous operation and maintenance expense.

In addition, there would be an impact on waste
stream if chemical scrubbing was used and possible risk
of water pollutibn. incinerators have not been
demonstrated as VOC control devices in boat building
industry because of low VOC concentration, high exhaust
air flows, and the resulting high supplemental fuel

requirements because of the low heat content in exhaust

air.
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Ccntr'll District ® 3319 Maguire Boulevard, Suitc 232 @& Orlando, Florlda 32803-3767 ¢ 407-894-7555%

John .':hcnrr:r. Assistant Secretury

Bob Murtinez, Governor Dale Twachtmann, Secrebury
Alex Alexander, Deputy Assistamt 3ecretary

NOTICE OF PERMIT

Sea kay Boats, Inc. ~° - -
2600 Sea Ray Boulevard )
Knoxville, Tennessee 37914

attention: Jeff skuda, Plant Manager

Brevard County -~ AP
Fiberglass Boat Plant (East)

Dear Mr. Skuda:

Enclosed is Permit Number .A005-178450, dated JC%’;Z1F1>%§t) to operate

the above referenced source, issued pursuant tb Section 403. 087, Plorida
Statutes. '

Persons whose substantial interests are affected by this permit have a
right, pursuant to Section 120.57, Florida Statutes, to petition for an
administrative determination (hearing), unless the right to petition has been
waived. The petition must conform to the requirements of Chapters 17-103
FeA.C., and must be filed (received) in the Department's QOffice of General
counsel, 2600 Blair Stone Road, Tallahassee 32399-2400, within fourteen {14)
days of receipt of this notice, Failure to file a petition within that time
constitutes a waiver of any rilght such person has to an administrative
determination pursuant to Section 120.57, Florida Statutes.

The petition shall contain the following information; (a} the name,
address and telephone number of each petitioner, the applicant's name and
addreas, tha Departmant Dermit rilae Momhar and tha counky in which tha nrodiect
 is proposed; (b) A statement of how and when each petitioner received notice
- of the department's-~action or proposed action; (c) A statement of how each
petitioner's substantial interests are affected by the department's action or
proposed action; (d) A statement of the material facts disputed by petitioner,
if any; (e) A statement of facts which petitioner contends warrant reversal or
modification of the department's action or proposed action; (f) A statement of
which rules or statutes petitioner contends require reversal or modification
of the department's action or proposed action; and (g) A statement of the
relief sought by petitioner, stating precisely the action petitioner wants the
department to take with respéct ko the department's action or proposed action,

etk m ms AT I s s A . e ¢ W 0 a1 A PRI AL e+




This Order (Permit) is final and effective on the date filed with the
Clerk of the Department unless a petition is filed in accordance with the
above paragraph., Upon the timely filing of a petition this Permit will not'be
effective until further Order of the Department,

Any party to the Order has the right to seek Jjudicial review of the order
pursuant to Section 120.68, Florida Statutes, by the filing of a HNoktice of
Aépeal pursuant to Rule 9.110, Florida Rules of appellate Procedure, with the
clerk of the Department in the Office of General Counsel, 2600 Blair Stone
Road, Tallahassee, Florida 32399-2400; and by filing a copy of the Notice of.
Appeal accompanied by the applicable filing fees with the appropriate district
court of Appeal., The Notice of Appeal must be filed within 30 days from the
date the Final Order is filed with the Clerk of the Department.

Executed in Orlando, rFlorida.

STATE Of FLORIDA DEPARTMENT
OF ENVIRONMENTAL REGULATION

Aol

A./Alexandef
puty Assistant Secretary

3319 Maguire Boulevard

Suite 232
orlando, Florida 32803

FILING AND ACKWOWLEDGEMENT

FILED, on this date, pursuant to

- - - gection 120,52, Florida statutes,
S — with the designated Department
' " Clerk, receipt of which is hereby

acknowledged.
%j //::1 erk/; . gﬁ‘iyyﬂ

o
AA/jtj“‘@’ -

Coples furnished to:
G. E. Cantelou, Jr., P.E.

CERTIFICATE OF SERVICE

' chis i{s to certify that this NOTICE OF PERMIT and all copies were maliled

before. the close pf business on X/—-_,ZS’—?(] to the listed persons,
. by ;[2 &M . :
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Florida Department of Environmental Regulation

Central District ® 3319 Maguire Boulevard, Suite 232 @ Orlando, Florida 32803-3767 ® 07-894-7555
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"

H Bob Martinez, Governor Date Twiachimann, Secretiry Juhn Sheuarcr, Axsistant Sccretary
. - Alex Alexander, Deputy Assistan Secretary
‘Permittee: I. D. Number:

Sea Ray Boats, Inc. Permit/certification

2600 Sea Ray Boulevard Number: AQQ05-178450

Knoxville, Tennessee 37914 Date of Issue:

Explration Date: August 25, 1995
Attention: Jeff Skuda, Plant Manager County: Brevard
: Latitude/Longitude:

28°24'26"N/B0°42'03"™W

UTM: 17-529.3 KmB; 3142.1 EmN
Projeci: Fiberglasg Beoat -2lant
{East)

This permit 1is issued under the provisions of .Chapter(s) 403, Florida Statutes,
and Plorida Administrative Code Rule(s) 17-2. The above named permittee {s
hereby authorized to perform the work or operate the facility shown on the
application and approved drawing(s), plans, and other documents attached hereto
or on flle with ‘the department and made a part hereof and specifically

described as follows:

The permittee can operate the Fiberglass Boat Plant (East) facllity to produce
fiberglass pleasure boats, The process includes gel coat application,
lamination and structural, extraction, upholstery, and assembly of parts,

These sources are located at the boat plant facility located on the eastern
~ side of the BSea Ray Boats property near Sikes Creek at 350 Sea Ray Drive,
© ¢ Merritt Island, Brevard County, Florida.

General Conditions are attached to be distributed to the permittee only.

|
!
H
i
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. acl owledgement o
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RAL CONDITIONS:

The terms, conditions, requirements, limitations and restrictions set t{arth iﬁ thif permi%. are
“nermit conditions” and_ are binding and e,n{orcgable pursuant to Sections 141, 403.727, or
03.859 through 403.861 Thé perniitiee is placed on notice that the Department will

Ee‘r’l%‘t‘;' this permit periodically and may initiate enforcement action for any violation of these
onditions.

This permit is valid only for the specific processes and operations applied for and indicated in
the approved drawings or exhibits. Any unauthorized deviation from the a proved drgwings
exhibits, specifications, or conditions of this permit may constituie grounds for revocation a

enforcement action by the Department.

As provided in subsections 403.087(6) and 403.722(5), F.S., the issuance of, this permit does not

convey any vested rights or any exclusiye privileges. Iﬁtther does it gquthorize any injury to
lic or private property or gny invasion of personal rights, nor any infringement of federal,

state, or local laws or regulationis. This permit 1s not a waiyer of ‘or_approval of any other

Eggartmen,t pﬁ{emt that may be required for other nspects of the total preject which are not
ressed in this permit. o o P -

his permit conveys no title to land or water, does not constitute State recognition or
f gtle, and does not constitute authority for the use of submerged lands
unless herein provided and the necessary title or leasehold inierests have been obtained from

the Stqﬁz. Only the Trustees of the Internal Improvement Trust Fund may express State opinion
e. '

as to t1
' Thiis permit doef not relieve_the permittee from liabd'lity for harm or injury to human health or
imal, by h

welfqre, an or plant life, or property cause the construction or operation of this
permitted source, or from penalties therefore; nor does it allow the permittee_ to cause poliution
in d%?_nf;aventioB of Florida-Statutes Department rules, unless specifically authorized by an

om the Department.

The permittee shall properly operate and maintain the facility and systems of treatment and
the permittee to achieve

~ contrpl (and related apﬁ_rt,enanc sg that are installed and used by ie
itions of h as required by Depdrtment rules. This provision

Sreludes. o Yoy 1’1‘?‘mfb kup' o wugﬁ?f-mnf cijities imilar systems when ne t
c e operatio ac ra a acilities or simila S when necessary to
Ig{’e comph&mce w?ﬂ? the con?iitions of thtzypernnt and when requir'?gd gy Departnient rul_%sj.’

The permittee, by accepting this permit, specifically agrees to allow authorized Department
ersonnel, upon presentation of credentials or other documents asg mctziv be re_c{utred by law and
activity is located or

b
at reasonable times, access to the premises where the permitte
conducted to: : :

. -{a) Have access to and copy any records that nust be kept under conditions of the permit;
- (b) Inspegt gllg facility, equipment, practices, or operations regulated or required under this .

permit;
(c) Sample or monitor any substances or parameters at any location reasonably necessary to
assure compliance with this permit or Department rules.

Reasonable time may depend on the nature of the concern being investigated.

f:fé nj&oirt'iany regson, the péritittee does not comply with or will be unable to comply with any

on” or limitation’ specified in this pernut, the permittee shall immediately provide the
Department with the folloqving infarmation{" P ye .

. (a) A description of and cause of noncompliance; and

(b) The period of noncompliance, including dates and times; or, if not corrected, the
anticipated time the noncompliance is expected to continue, and steps being taken to
reduce, eliminate, and prevent recurrence of the noncompliance.

The permittee shall be responsible for any and all damages which may resylt qnd may be subje
to enforcement actgon by tfe DeparIment or penalties o% for revocatt}:an g? th‘z;s pernﬁt. ject

Page 2 of
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" The permittee shall comply with the following:

P .
application.or. in any report to the Department, such facts or information s

FENERAL CONDITIONS:

In qccepting this permit, the permittee understands and agrees, that all recqrds, notes,
monitoring data and other information relating to the construction or operation of tnis

permitted . source which are submitted to the Department may be used by the Department as
under the Florida

evidence in any enforcement case involving the ermitted source arisin
y e e il use 18 ed By Section 403.111 and

Statutes_or Department rules, except where such use 1s 1sz-e.s'c:_rﬂ:wz ) ]
- "Such evidence shall only be used to the extent it is consistent with the Florida

Rules of Civil Procedure and appropriate evidentiary rules.

The permittee agrees to comply with changes in Department rules and Florida Statutes after a
reasonable time for compliance; provided, however, the permittee does not waive any other

rfghts granted by Florida Statutes or Department rules.

This perniit is tran.sz'emble only uIJon Department approval in accordance with Rule 17-4.120
F.A.C., ab

and 17-30.300, .C., as apﬁhc e. The permittee shall be liable for any non-compliance of
the perimitted activity until the transfer is approved by the Department.
This permit or a copy thereof shall be kept at the work site of the permitted activity.

This permit also constitutes:

() Deterniination of Best Available Control Technology (BACT)

() Determination of Prevention of Significant Deterioration (PSD)
() ' Certification of compliance with state Water Quality § tandards (Section 401, PL 92-500)

() Campliancg with New Source Performance Standards

(a')' Upon request, the permittee shall furnish all records and plans required under Department
d for all records will be extended

rules. During enforcement actions, the retention perio
automatically unless otherwise stipulated by the Department.

_(b) .The Ilaermittee shall hold at the fgcilitgi or other location designated by this permit records

of. all monjtoring information (including all calibration gnd maintenance records, and ?1”
original strip chart recordm%s or continuous n_wmtorujig instrumentqtion) required by the
permit, cogzes o; all reports required by this permif, and records of all data used to
.-complete the application for this permit. "These materials shall be retained at least three
ears from the date of the sample, measurement, report, or application unless otherwise

gpeclfle by Department rule.
(c) Records of monitoring information shall include:

1..the date, exact place, and time of sampling or measurements;
5. the person responsible for perforiming the sampling or measurements;
3 g&te datesnanalyses ,}Jvler? perf%med; th Iyse

. the person responsible for performing the analyses;
5. the gnal tica H‘echmques op; methods used; ¥

6. the results of such analyses.

When requested by the Department, the permittee shall within a, reasonable time furnish an
mformat?gn requuyed y Iaav wh:ech is negded to determine compliance with the p._erj;nit. I thz

ermittee becomes aware the relevant facts were not submitted or were in'corrzcltl zg the pergrié
all be correcte

promptly.

Page 3 of

ER Form 17—1.201(.;)
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PERMITTEE: | I. D. Number:

Sea Ray Boats, Inc. . Permit/Certification Number:
_ A005-178450

Attention: Jeff skuda, Plant Manager Date of Issue:

Expiration Date: August 25, 1995

— - -

GENERAL CONDITIONS:

16, No objectionable odors will be allowed, as per Rule 17-2.620(2), F.A.C.

17. This permit does not preclude compliance with any applicable 1local
permitting requirements and regulations.

SPECIFIC CONDITIONS: ,
! OPERATING LIMITS

1, The o¢peration ¢f this source shall be in accordance with the capacities
and specifications stated in the permit.

2, The plant shall be allowed to operate for up to 1920 hours per year,

EMISSION LIMITS

3. visible emissions from the dust collectors shall not be greater than 5%
opacity and compliance shall be demonstrated at 90-100% of permitted
capacity using DER Method 9 in accordance with F.A.C. Rule 17-2.700.

4., Hydrocarbon emissions (vOC) -shall not exceed the following calculated
values and Ltotal VOC emissions from the facility shall not exceed 18.5
lbs/hiour, 296 1lbs/day (30 day average), 'and 17.8 tons/year. Compliance.
shall be demonstrated by applying the following raw material utilization
rates and emission factors.,

ptilization Emission Emissions
Rate lbs/hr Factor lbs/hr
Styrene (Resin) 73.0 0.06 4.38
Styrene (Gel Coat) 15.6 0.30 4.69
" MEKP " 0.06 o 1.00 0.06
1,1,l-Trichloroethane 3.5 0.67 2.34
Acatone 3.82 1.00 .22
Acetone (form-adhes) 1.54 0.35 0.54
Bottom Paint and Misc
Bottom Paint 2.67 0.23 0.61
Porm Adhes 1.54 0.28 0.43
" Porm Adhes - 1.54 ' 0.19 : 0.29
Misc 0.69 1.00 0.69
Carpet Bond 3.44 0.08 0.28

COMPLIANCE TESTING

5. Bach 'dust -collector must be tested annually from the date of March 15,
1990 for visible emissions in accordance with DER Method 9.

DER FORM 17-1.201(5) Effective November 30, 1982 Page 4 of 5



. . ' . [N - - EER P e T o

—— - e

PERMITTEE: | ‘I, D. Number:

Sea Ray Boats, Inc.

Permit/cartification-Number:
AQ05-178450

Attention: Jeff skuda, plant Manager Date of Issue:

10.

Expiration Date: August 25, 1895

This office (Florida Department of Environmental Regulation, Air

Permitting, oOrlando) shall be notified at least fifteen (15) days in

advance of the compliance tests so that we c¢an witness them (Rule
17-2,700(2)(a)5, F.A.C.). .

e -

The required test report shall-be filed with the department as soon as

practical but no later than 45 days after the last sampling run of each
test is completed (Rule 17-2.700(7){(a),(b) and (c), F.A.C}.

Bach calendar year on or béfore March 1, submit for each source, an Annual
Operations R&port DER Form 17-1.202{6) for the preceding calendar year in
accordance with Rule 17-4.14, F.A.C., This report shall be utilized to
demonstrate compliance with Specific Condition No. 4.

By Jdnuary 31, 1991, Sea Ray Boats shall submit a conceptual plan and
potential’ course of action that will provide the Department with
reagsonable assurance that objectionable odors and toxic air pollutants {n
quantities that could exceed acceptable ambient concentrations will not be
discharged off of the facility's property boundary or where the public has
access,- whichever 1is closest, purswant to F.A.C, Rules 17-2.200 and
17-2,620(1) armd (2). The plan should contain at a minimum, but not be
limited to, various c¢ontrol system strategies that might bé installed to
reduce or eventually eliminate emissions of VvOC/08 from each Ltype of
operation, associated time and cost analyses, and VOC/08 substitutes,

EXPIRATION DATE

An 0perationApermit renewal must be submitted at least 60 days prior to.
the expiration date of this permit (Rule 17-4.09, P.A.C.).

ﬁ%’?
ISSUE e

STATE OF VrLCRIIA DEPARTHIHT
CF E ONMENTAL REGULATION

-~ QA

A. Alexandetr /
Deputy Assistiant Secretary
3319 Maguire Boulevard
Suite 232

Orlando, Florida 32803

* DER FORM '17=1,201(5) BEffective November 30, 1982 Page 5 of 5
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Repiace Acetone Successfully -A Practical Guide—

The pace of movement away from acetone as a cleanup solvent has certainly
quickened lately. To help you keep up, Dr. Reidar Halle, an acknowledged
world-class expert on peroxides, and Joe Brennan have teamed for this very
informative and easy-to-follow article.

-—
-

Reprinted By Permission From Fiberglass Fabrication Association
3299 K St., N.W., 7th Floor, Washington, D.C. 20007 (202) 337-FFAA



+ Introduction te Emulsifier
Technology
"« General comments

Like the revolutions in Eastern

.. Europe, the revolution within the FRP
{Industry away from acectone as a

cIleanup solvent had a slow, sluggish
and hesitant start. Now, the pace of
both revolutions is brisk and broadly-
based! .

FRF laminators have two acetone

': replacement technologies available:
.| resin emulsifiers and higher boiling

pointorganicsolvents. Emulsifier tech-
nology costs less than acetone and is
significantly safer and more environ-
mentally sound! Inaddition, emulsifi-

-|'ers, used correctly, actually clean bet-

ter than acetone. Emulsifiers can eas-

i |ily replace 73-100% of the cleanup

acetonein mostshops—almostall used
for cleaningrollers, brushesand hands.
Sometimes, moreelaborate techniques
are needed to clean internal-mix spray
guns and pultrusion dies.

In the past, there was some worker re-
sistance to substitute any product for ace-
tone—the only resin cleaner ever used by

| most laminators. Today, many FRP shops
| have implemented acetone replacement

systems to comply with health, environ-
mental and fire regulations. Many of these
shops, bath workers and management, now
sing the praises of the safety, ease, effi-
clency and economy of their new emulsi-

| fler systems,

Both emulsifiersand highboiling point
solvents reduce VOC (Volatile Organic
Compounds) emissions, but the emulsifi-
ors in most cases have the added advan-

By:

Dr. Reidar Halle
Joseph A. Brennan
Managing Directors

Qual Tech Entemprises. Inc.
1485 Bayshore Boulevard
San Francisco, CA 94124
Telephone: 415-467-7887

tage of not generating hazardous waste.
Replacing acetone with high boiling sol-
vents is initially a simpler process; how-
ever, the contaminated solvents must be
distilled and/or hauled away for waste
treatment. Also,solvent still bottomns pres-
cnt disposal problems in more and more
states. .

Why then does this technology, with
itsinherentadvantagesoflower fire, health
and environmental dangers, fail to be
adopted quickly by every FRP fabricator?
The answer to this enigmatic question
seems to be a widespread lack of under-
standing of the new emulsifier technology
withinthe FRPindustry. Asaresult,some
FRP shops have neglected to implement
an ongoing training programs to teach
employees how to use emulsifiers effec-
tively.

Unfortunately, far too many fabrica-
tors were presented with a sample of an
emulsifier (identified as “an acetone re-
placement”) for evaluation; accompanied
only with an M5D5—no demonstrations
or detailed instructions were offered!
Therefore, in the absence of any other
advice, many FRP companies evaluated
the emulsifiers in the same manner they
used acctone, rather than as a new tech-
nology with different techniques. Some
laminators complained bitterly to man-
agement about the difficulty of cleaning
with emulsifiers; and justifiably so, ace-
tone methods don’t work with emulsifi-
ers. These complaints frequently led to
the abandonment of the acetone replace-
ment project.

On the other hand, if you examine
those FRP shops that have successfully
implemented emulsifier systems vis-a-vis
the unsuccessful shops, you will conclude:
The successful shops have the common

April 1990

Replace Acetone Successfully
—A Practical Guide—

thread of hands-on management commit-
ment to eliminate hazardous waste gen-
eration, close supplier support, and acom-
pany-wide training program.

The following is a step-by-step look at
the fundamentals of emulsifier technology
and the recommendations for FRP shops to
choose the correct system to successfully
make the transition from acetone to emul-
sifier technology.

+ Emulsifiers versus Solvents
+How does an emulsifier differ
from acetone?

Separation versusdissolving: Organic

solvents, whether acetone or higher boil-
ing point products, clean the resins by dis-
solving them homogeneously, creating a
dilute solution of the resin—also hazard-
ous waste and varying levels of VOCs. In
the process of cleaning resins with acetone,
the sticky resin is diluted and spread
around, rather then removed from the
cleaning solution as with emulsifier tech-
nology.

Theresultis: Theefficiency of solvents
used for resin cleanup declines rapidly
after thefirst use. Emulsifiercleaning solu-
tions, on the other hand, actually become
clearer as the resin settles to the bottom,
allowing continued use of the cleaning
solution,

The most important differences are:

Hazardous Waste Ceperation:
Sclvents used for cleaning resins always
generatehazardous waste, emulsifiers usu-
ally don't.

VOC Emissions: Acetone gener-
ates 6,600 pounds of VOCs for each 1,000
gallons consumed in cleaning; typically,
75-100% evaporates, Inaddition, recycling
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solvents, regardlessof boiling point, even-
tually loses all the solvent to evaporation,
spillage or still bottoms. A comparable
amountofalow-solventemulsifier cleaner
generates only 30-50 pounds of VOCs—a
>993% reduction. This point becomes more

ceritical when increased FRP production
levels threaten to exceed total plant VOC
allowable limnits.

Fire & Health Hazards: Emulsi-

fiers are water-based solutions that pres-
ent no fire danger-—preferred by fire
marshals and insurance companies.
Organic solvents often bumn; some, such
as acetone, burn vigorously and are red
label. Solvents often have workplace air
concentration and exposure limits to
protect workers; emulsifiers pose no air
quality problems.

* How does an emulsifier work?

An emulsifier formulation for resin
cleaning is a mixture of surfactants (sur-
face tension modifiers), combined with
wetting and complexing agents in wa-
ter—the system is usually alkaline. Some
emulsifier formulations contain excess
amounts of solvents; this initially im-
proves thecleaning action of the formula-
tion, but has some serious drawbacks.
Solvents dissolve metal saits (Cobalt),
styrene, and other organic compounds
that can cause disposal problems. In
general, a FRP shop managershould check
the data sheet and MSD5 of the emulsifier
product before the evaluation to deter-
mine the potential for sewer disposal
problems.

An emulsifier surrounds the glob-
ules of tacky resin and renders them tack-
free by chemical action. These globules,
unable to fight gravity by sticking to a
surface, fall to the bottom of the cleaning
vessel, where they cure, if catalyzed. The
"emulsified resin in the cleaning vessel
should separate to the bottom efficiently
te keep the cleaning solution free from
resin. Emulsifier products that contain
inefficient surfactants, high solvent con-
tent, or require heating, can retard this
desirable quality of efficient separation.
Thereisa simple resin screening test (cov-
ered later in this article) to determine
qualitatively the separation capabilities
of various emulsifiers.

The emulsifier cleaning solution can

.

continue to be used until the product is
depleted—roughly twice as long as sol-
vents—thendischarged intothesewer when
the proper procedures are followed, and
the neccesarry sewer permits are obtained.
The cured resin at the bottom of the emul-
sifier cleaning vessel should be removed,
dried and canbediscarded with other solid
nonhazardous waste.

* Why have acetone-replacement

projects failed?

Most FRP shops that have had little or
no success switching from acetone to emul-
sifiers haven’t approached the projectasan
engineered system designed for the plant’s
unique needs. A system—integrating a
basic understanding of the technology in
choosing an emulsifier and hardware, a
workers’ training program, and a disposal
method for the spent emulsifier—is essen-
tial for the successful conversion from ace-
tone to emulsifier technology.

Typically, companies that failed to
makethetransition from acetone to emulsi-
fiersonthefirstattempt did not fully under-
stand that emulsifier cleanup was a differ-
ent technology involving new strategies

and techniques.

Technology Change: Using the long
established techniques developed for ace-
tone cleanup will not work with water-
based emulsifiers. FRP laminators have to
change their work techniques, and some-
times the type of tools and the cleanup
systems employed. Actually, acetone re-
placement is not a direct product replace-
ment, but a technology change.

Laminators can not merely dip-rinse
and soak hand tools as withacetone. Tools
must be cleaned immediately free of resin.

Instead of simply dissolving resin from
thesurfaces as solvents do, emulsifiers work
best whenthe liquid bond oftheresinto the
surface is physically broken by mechanical
brushing or swirling. Oncethebond isbro-
ken, the emulsifier coats the resin, making
itnonsticky. The critical step for FRP shops
is to select the best mechanical device—
brushes in most cases set in place on racks
suspended in the emulsifier solution.

Also, there has been some confusion
over the technique of cleaning rollers and
brushes, as well as dewatering the tools
before returning to the laminate. Emulsi-
fier techniques are specific and often re-

2
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serted, is the best solution to this problem,
Mechanical devices in combination with
emulsifiers clean efficiently and allow
higher dilution ratiosand better cost effec-
tivenecss.

Spray guns

Spray guns, both internal and exter-
nal-mix, are cleaned with a 1.5 dilution
ratio. -

* Hand & light-wipe cleaning

Simple hand cleaning and wiping
down a cured FRP part requires a dilution
of 1:15 to 1:20 in most cases. A hands-oniy
type of Jiffy-Cleaner (with softer brushes)
{s recommended for best results. Hands
must be rinsed in clear water to remove the
tesidual emulsifier to prevent skin irrita-

. |tion or rash.

Using spray bottles of emulsifier di-
luted 1:20 in water is the best approach to
wiping off cured gel coat surfaces and

{laminates. This minimizes the fireand air

pollution dangers posed by acetone clean-
ing.

* Dilution methods

Managementshould determinea stan-
dard method of emulsifier dilution and
appoint an employee to be responsible for
preparing the emulsifier solution. This
step avoids inconsistent results (over dilu-
tion) and waste (under dilution). Either
batch mixing or the use of a proportioning
hose connection gives satisfactory results.

* How to clean with emulsifiers
* Roller & paint brushes
The following aredirections for clean-

"| ing rollers and brushes ina Jiffy-Cleaner—

the most popular and versatile cleaning
tool:

Filladiluted emulsifier solutionintoa
Jifty-Cleaner to a level of 1" above the top
of the brushes. Filla second pail with clean
watertoapproximately three-quarters full;
change the rinse water periodically- as
needed.

Insertrollerssoiled with resin between
the Jiffy-Cleaner scrubbrushesand plunge

- | therollers three or more times between the

brushes. The bottom bracket of the Jiffy-

‘| Cleaner is elevated several inches from the
" - | bottom of the bucket so the rollers do not

touch the curing resin collected there.

Shake off excess emulsifier and suds
and briefly dip therollersintheclear water
pail. Give threeto four sharp snaps of the

wrist to dispel water from the surface of
|

Replace Acetone Successfully

the rollers. In most cases the rollers are
now dry cnough to return to the laminate.
If not, hang the rollers to dry for several
minutes. All tools must be cleaned imme-
diatelyinordertoavoid theresincuringon
parts. This is important: Soaking tools
before cleaning is unnecessary—and a
problem, if the resin is allowed to cure on
the tools. Rollers cleaned with emulsifiers
are nonsticky and noticeably cleaner than
those cleaned with organic solvents.

A small number of FRP shops use the
larger felt paint-type of rollers to apply
resin uniformly to the laminates. These
rollers clean well in a 1-inch or 2-inch Jiffy-
Cleaner. Afterthefeltcoveriscleaned and
rinsed in clear waler, it should be wrung
by hand and hung ona pegtodry. There-
movable felt cover should have a plastic
core, not paper or cardboard. The roller
helder can be cleaner in the Jiffy-Cleaner
and dried before another felt roller cover is
attached.

For brushes, the technique is impor-

tant:

Insert the paint brushes in the Jiffy-
Cleaner by pressing thebristles against the
top of the Jiffy-Cleaner brushes on one
side. Move the handle of the paint brush
downward along the open space between
brushes to scrub the interior paint brush
bristles clean. The bristles should be point-
ingupward and be spread out likea bird’s
tail. Pullup. Turnthe paintbrush overand
repeat. Depending upon the size of the
brush, repeat this technique several times
until the paint brush is free from resin.
Squecze the bristles to expel the excess
emulsifier and suds.

Rinsethe paint brush inclear waterby
forcing the bristles against the side of the
pail beneath the water. Wring the bristles
and hit them against the top of the bucket
rapidly several times to dispe] waterdrop-
lets from the brush. Hang brush to dry if
still moist, or use dry air. ‘

Uscsplash goggles to prevent emulsi-
fier solution from getting into the eyes,
Read MSDS and product data sheets be-
fore use.

* What system tools are required?

Fixed Brushes

A Jiffy-Cleaner was invented toaid in
the cleaning of the tools using emulsifiers.
The Jiffy-Cleaner, with fixed brushes on a
rack, is widely used to clean rollers and
brushes. It is a versatile tool that is avail-
able in various container sizes (5, 15 & 55-

gallon) and brush configurations.

Air-driven brushes
Alir-driven brushes, despite their lack

of versatility and mobility, are well suited
for some specialty cleaning: Very large or
odd-sized tools and rollers; intricate parts
and dies. Air-drivenbrushmachinescause
a powerful churning action that finely dis-
perses the emulsified resin in suspension
for a considerably longer time. This vortex
flow also stirs up the resin collecting at the
bottom of the cleaning reservoir—this
tends todecreasetheefficiency of theemul-
sifier solution and possibly poses a sewer
disposal problem, For this rcason, air-
driven brush systems should have deep
reservoirs equipped with baffles.

Heated Baths

Heated reservoirsarenot widely used,
but do have spexcific applications (e.g., in-
tricate parts, pipes, dies). They suffer from
the samelack of versatility and mobility as
air-driven brush machines. Hot water
baths do improve cleaning somewhat by
reducing the resin viscosity and improv-
ing the emulsifying action. However,
heated baths increase the levels of styrene,
cobalt salts, MEKP, ctc. in the emulsifier
solution, and can cause sewer disposal
problems.

* Hands

Hands are cleaned best ina dedicated
hand [iffy-Cleaner, followed by a clear
water rinse to remove residual emulsifier,
Soft sponges and hand brushes also clean
well. Hands may be dried with towels or
air. Insufficient rinsing and drying of
hands, ora combination of emulsifier resi-
due with solvents and resins can cause
skin irritation.

* Spray & gel coat guns

Due to wide variations in emulsifier
effectiveness with various resins and fitl-
ers, it is difficult to give specific cleaning
instructions for internal-mix and gel coat
spray guns. Spray gun manufacturersand
emulsifier suppliers should be consuited.
External-mix guns can be cleaned with an
emulsifier spray bottle and small brush,
and dried with clean cloths similar to sol-
vent cleaning.

* Dies and molds

This normally invelves heavily-filled
resins with specialty additives that even
makeacetonecleanupdifficult duetosticki-
ness, Ancemulsifier system, withair-driven
brushes and heated reservoir, can do a
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mone effective job than solvents. Almost
every system is unique, but all are based
on the basic principles of emulsifier tech-
nology: Useof mechanical energy tobreak
the resin liquid bond with the surface;
emulsificationand separation of the resin;
clear water rinse and drying.

* Wipe off of cured FRP parts

Emulsifiers diluted to 1:20 in spray
bottles can be used with clean cloth wipes
to clean oil, dirt or liquid resin from cured

"I resin parts. This type of cleaning is simi-

lar to acetone cleaning. However, ace-
tone spreads a portion of the diluted resi-
due over the entire surface; emulsifiers
remove the resin, oil or dirt from the
surface.

‘s Cured resin

Cleaning cured resin is a problem for
emulsifiers as well asacetone. Methylene
Chloride is somewhat effective, but is
being restricted as a resin cleanup sol-
vent. Most solvents that remove cured
resinsalso carry healthand environmental
warnings. Preventive maintenance is
essential to minimize this problem by
dealing with the resin waste before it
cures,

* How to solve cleaning problems
¢ Introduction

If possible, FRP managers should get
an in-plant demonstration from their
emulsifier supplier. This allows manage-
ment and production personnel to see the
proper techniquesand procedurestoclean
their currently used resins from theirown
tools first hand from experienced profes-
sionals. If demonstrations are not pos-
sible, complete “Howto Use...”" and “How
to Dispose of...” instruction guides are
available from suppliers. Finally, follow-

- up training is necessary to ensure that

proper procedures are maintained.

* Cleaning efficiency

. Cleaning efficiency with emulsifiers
isdependenton thespeed of separation of
the emulsified resin to the bottom of the
cleaning: vessel. Even if the chemical
separation Is good, if the vessel is shallow
(especially critical with air-driven
brushes), the curing resin is stirred up
into the cleaning zone, causing inefficient
cleaning. Therefore, itis important to use
deep containers (5-gallon minimum) with
fixed brushes that are at least two inches
off the bottom; air-driven brushes should

feature

be considerably higher because of the
churning action caused by the rotating
brushes. If more than 4-5 laminators are
cleaning tools, additional cleaning buckets
should be set up. Regular changing of the
emulsifier cleaning solution is best—daily
changing, if that works in your operation.

+ Possible pitfalls

Below is a summary of the typical
problems with the use of emulsifiers if the
proper procedures are not performed. All
of the pitfalls associated with rollers,
brushes and hands can be avoided by us-
ing the proper hardware tools and tech-
niques to clean, rinse and dewater the
rollers.

* Rollers
dequate cleanin
Remedy: Use Jiffy-Cleaner and cor-
rect technique.

Water in barrel
Remedy: Learn techniqueof snapping

wrist to force water from rollers.

Barrel freeze

Remedy: Use Jiffy-Cleaner and learn
technique to rinse and dewater. Also, use
quick-release rollers to minimize barrel
freeze.

* Brushes

Inadequate ¢cleaning

Remedy: Use Jiffy-Cleaner and learn
the technique of cleaning the interior
bristles of the paint brush, and use the
proper dewatering method.

Water in handle

Remedy: Punch holesin the ferruleon
the handle to allow excess water to drain;
hang up to dry with bristle toward the ceil-
ing to minimize the drying time.

Moisture

Remedy: Brushes may be air dried or
forced dried with compressed air.

* Hands

Inadequate cleaning

Remedy: For inadequate cleaning—
sticky hands—use a hand brush or soft-
brush Jiffy-Cleaner to remove the resin
before rinsing. Hand rinsing with clear
water is essential to prevent skin rash or
discomfort. Hand cleaner systems should
be placed at or close to waist level for the
best resuits.

Maisture on hands

Remedy: Supply soft clean towels or

air driers near the hand cleaning station.
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" ing, follow-up programs and the help of

* fier cleaning solution at the end of each

* Spray guns

Cleaning spray guns, especially inter-
nal-mix and gel coat guns, is not a simple
task. [t will probably involve the technical
assistance of your amuisifier suppliar and
your gun manufacturer. Certain resin

types, fillers and pigments can cause inef-
ficient cleaning and excessive plugging of
guns if the properemulsifier is not used. It
is strongly suggested that this conversion
be made last after the replacement of the
open acetone containers used for cleaning
rollers, brushes and hands. It is essential
for each plant to establish and follow a
standard procedure for cleaning spray
guns.

* Training
Almost all pitfalls outlined above can
be avoided or minimized by good train-

your suppliers. An in-plant demonstra-
tion is worth thousands of words. Call
your supplicr.

* Howto handle yourspentclean-
ing solution

Ligquid solutio

Filter the solid resin from the emulsi-

day. Thecleaning solution can continueto
be used until it is completely spent. When
the cleaning solutionis no longer effective,
allow at least 24 hours settling time before
the final filtering. Then, the spent emulsi-
fier liquid can bedischarged intothesewer
if permits have becn obtained.

Resin sediment

The wet resin sediment, separated
from the liquid portion of the spent solu-
tion, mustbedried before disposal. Spread
the wet solid for case of drying. Thedried,
cured resin can be disposed of as solid
nonhazardous waste along with the hard-
ened resin and trim. Note: Only catalyzed
resins cure to a solid.

%** How to dispose of the waste

Liquid effluent

The spent emulsifier solution can be
discharged into the sewer if the Federal,
Stateand Local regulations have beenmet.
However, navigating the maze of regula-
tions necessary to obtain a sewer disposal
permit is difficult, detailed and time-con-
suming. Contact youremulsifier supplier
for assistance and guidance.

Normally, spent emulsifier solutions
from plant operations would not beclassi-
fied as a hazardous waste. However, any
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Replace Acetone Successfully

mixture with a hazardous waste listed in
40 CFR Part 261 Subpart D, Proposition
65, orsimilar stateregulations, etc., would
make the resultant waste stream hazard-
ous.

In addition, if a waste stream gener-
ated from the use of an emulsifier exhibits
one or more of the characteristics of haz-
ardous waste (Corrosivity, EP toxicity,
reactivity, orignitability), itlikewise would

| besubject to the hazardous waste regula-

tions. 1f in doubt, have your wastestrcam
analyzed.

Usc splash goggles to prevent eyc in-
juries when handling.

ti i
Septic systems are local issues, and it
may notbe possible todispose of theefflu-
ent into leaching fields. Consult your
cmulsifier supplier.

Evaporation by heating of the water
phase of the spent emulsifier solution is
possible, butitis energy-intensiveand ex-
pensive.

Cleaning water for recycling

This a costly affair, but it might be of
interest to large companies that already
have recycling /treatment plants.

Dried cured resin residue

Thegenerated solid cured resin, when
dried, may be able to be disposed of as
nonhazardous waste, If theresidual resin
is not pcompletely cured, add a small
amount of catalyzed resin to complete the
cure before disposal.

Cost comparison with solvents

The purchase price of cleanup sol-
vents—without disposal costsincluded—
are from $2+ per gallon for acetone to 34
times as much for higher boiling solvents.

Diluted emulsifier solutions typically
cost $1.00 per gallon and last at least twice
as long as solvents. The cost effectiveness
of emulsifiers versus solvents is substan-

‘Hal, even if the solvents are recycled—

‘only 50-60% of all cleanup solvents are re-
claimed. Emulsifiers offer considerable
costadvantages even before theadditional
hidden costs of solvent recycling losses
and disposal are factored into the com-

¢ Summary

Replacing acetone with emulsifiers is
a technology change. At least 75% of all
acetone used for cleanup can be replaced
easily by emulsificrs, but most FRP shops
initially require the close involvement of
theiremulsifier suppliertoaccomplishthis,

FRP shops should begin by replacing
the solvents used for cleaning tools and
hands first; this switch is the easiest and
represents the biggest cost reduction and
environmental benefits. The remaining
areas, such as spray gun cleaning, require
a more detailed and systematic approach.

Thebottom lineis: Thechoiceof emul-
sifier suppi.ers is critical because the FRP
fabricator often must rely on his supplier
for his resin-cleaning systems forthe 1990s,
worker training, disposal methods and a
sewer discharge permit.

TS SEEESESEEISEEESyESTEFYy

cleanup solvent yet.

substitute or recycling.

« Still believe acetone is a good
cleanup solvent.

You Should:

Consider the '"Total Solution"

Guaranteed Products:

« Haven't replaced acetone or your

+ Aren't satisfled with your acetone

REPLACETONE & JIFFY-CLEANER SYSTEM

Guaranteed Results:

\

N
Industry Standards
¢ Easy disposal

That Work )\

~
* Better than acetone

REPLACETONE « Faster than acetone
&. * No fire danger
Jiffy-Cleaner 5-Gal. * Biodegradable
Jumbeo-Jiffy 15-Gal, * Low VOC
+ Reduced hazards
Leading-edge * Meets Rule 1162
Specialty Systems * 50% cost saving

* Demo in your p]ant)
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QUAL TECH Enterprises, Inc.

1485 Bayshore Blvd., San Francisco, CA. 94124

parison. 1
: PHONE: (415) 467-7887 FAX: (415) 467-7092 §
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| :HUNTINGTON ENERGY SYSTEMS

l . Preserving the environment and meeting EPA standards in a cost efficient manner requires state-of-the-art engineering. HES engineers, menufactures
and installs the most technologically advanced and thermally efficient fume oxidation systems available to industry today, through its patented designs.
With a staff of experienced engineering and sales professionals, supported by advanced Computer Aided Design (CAD) equipment, HES has delivered

' “systems to customers and industries ranging from local printers to major manufacturers. Over the years, HES has developed a reputation for high

quality, reliability and low maintenance life cycle costs.

l System Operation—The HES Regen-
-erative Fume Oxidation system destroys
noxious fumes containing organic solvents,
hydrocarbons and odors by oxidation at
l temperatures in the realm of 1500 degrees
_Fahrenheit. The fumes are converted to
harmless water vapor and carbon dioxide.
The regenerative cycle stores combustion
. heat energy for reuse to preheat process
emissions prior to oxidation, providing the
mast thermodynamically efficient system of
fume oxidation, It is, therefore, the most
cost effective means available for compliance
with government requirements for pollu-

" tion control. .

' System Simplicity — The concept of the
HES design is simplicity. The patented sin-
gle valve drive shaft minimizes operation

' and maintenance problems. All other sys-
tems utilize multiple electric operators or
complicated hydraulics. This also substan-
tially reduces the amount of field wiring

l required.

System Performance —The HES Re-
. generative Fume Oxidation System incor-
porates the latest fume oxidation technol-
ogy. Its patented design destroys the
.pollutants in contaminated exhaust streams
‘while recovering up to 95% of the input
' ‘hent energy for preheating the process émis-
| "sions. ‘The requirement for auxiliary fuel is
thereby minimized to the lowest possible
level. The system will meet and/or exceed
. the current VOC destruction requirements
mandated by local and federal Environmen-

ta] Protection Agencies. :

Total System Responsibility — HES
takes full responsibility for the installation
and start-up of its systems on a turnkey con-
tract basis, including the design and modi-
fication of connected processes, e.g. air-
volume reduction.

System IEconomy —*Life-Cycle Cost™

...the cost of owning and operating capital

equipment is the total of its capital cost, its
operating cost and the cost of maintaining
the equipment over the period of its antici-
pated useful life. The life-cycle cost of HESS
Regenerative Fume Oxidation system is
substantially lower than that of alternate
systems,

Who Is HES? HES is a wholly owned sub-
sidiary of JWE, INC., a NYSE corporation
with annual sales well in excess of a billion
dollars. HES customers can expect systems
to reflect dedication to quality performance.

Application: A major manufacturer of
military tract vehicles such as tanks, troop
carriers and construction vehicles. The
final stage of manufacturing requires paint.
ing of the vehicle with solvent-based coat-
ings. The HES System destroys air pollu-
tants emitted from the paint spraying and
drying processes. (Size: 20,000 SCFM)
Application: A residential wood cabinet
manufacturer which coats the wood with
stain, antiquing, sealants, and other
finishes. Prior to discharge into the
atmosphere, these predominantly solvent-
based coatings are oxidized by the HES
System, allowing the manufacturer to meet
EPA standards in a cost efficient manner.
(Size = 75,000 SCFM). '




Application: a major vinyl ficor covering
manufacturer, which was required to meet
the new clejn air standards. Its problem was

“dealing with the VOCs released during the
. printing of resilient vinyl sheet flooring. By
" instelling an HES regenerative fume oxida-

tion system specifically designed for its
needs, the firm has been able to heat the
plant with recycled air resulting in a sub-
stantial fuel cost savings. This processor is
also realizing additional savings on natural
gos. (Size = 36,000 SCFM)

Not every system can have substantial sav-
ings designed into it because of the many
variables involved, but we analyze every
system for potential savings as well as for
changes required to meet state and federal
EPA requirements.

“MINIMIZING THE COST OF FUME EMISSIONS CONTROL”

STANDARD FEATURES

« Single operator valve drive system

« Independent control and gas pipe trains for each burner
» Machined cast steel valves

+ 1/4” ASTM A 36 steel housing

« Stainless steel ceramic support grids

» IRI/FM burner system

* 2400° soft ceramic insulation

« Programmable logic controller

+ Expansion capabilities

« Prewired & Tested control panel

ECONOMICS OF ALTERNATIVE
FUME INCINERATION SYSTEMS

$200,0007ye []

$220,000y¢

$100,0007yr

$ 200004y

= RECUPLAATIVE
w CATALYTIC
m REGENERATIVE

HEAT RECOVERY
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Ibchﬁica] Forum

The purchase of an incineration system

will impact not only on the state

of EPA compliance, but can affect
total operations in the long run.
Knowing what to look for will greatly
increase the chances of a successful
selection. ... by Richard J. Greco,
vice president of engineering,
Huntington Energy Systems

[n arder to meet the stringent clean-air standards

.set by the Environmental Protection Agency, a

substantial segment of American industry is
chops‘mg to install fume incineration systems as the
method of compliance.

The choice of the proper system can mean much
more than just meeting EPA requirements. It can
mean a significant impact on profit. In fact, the
proper system can actually’ pay for itsell within a
few years and lower manufacturing costs thereafter.

Shopping for

Fume incineration systems incorporate thermal
oxidizers that destroy volatile organic compounds
(VOCs) by high-temperature conversion of
hydrocarbon-laden fumes to simple, harmless water
vapor and carbon dioxide. While the various types
of systems have acceptable clean-up efficiencies,
rach system is different in theory of oxidation and
cost of operation; cach has its own benoefits and
drawbacks.

There are four types of fume incineration
systems: common afterburner; catalytic converter,;
recuperative thermal oxidizer: and regenerative
thermal oxidizer.

+ Common afterburner (see Figure 1)

Function: Raises furmes to incineration
temperatures, thereby destroying their offending
content, and maintains them at those temperatures
for a given period of time as mandated by
regulations—usually Y sec at 1,400 deg F.

Benefits: The afterburner is refatively inexpensive
to manufacture and install.

Drawbacks: [t is not designed for efficient use of

Workmen put the
finishing touches
on the interfor of
a Huntington
Energy Systems
regenerative fume
incinerator.

The system is
typicel of those
Huntington installs
at converting
operations. The
incinerator is

lined with Manville
Z-Blok® refractory
ceramic fiber
modules to
withstand
temperatures up

to 2,300 deg F and
1,000 AFPM air
flow velocity.



~;  FIGURE 1

The Commen Afterburner
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COMBUSTION

CHAMBEH
OXIDIZER FAN

+—————-RECUPERATIVE
HEAT EXCHANGER

J) “‘-'——PROCESS

OXIDIZER /
FAN

How It works
o Oxidizea fumes
® Utilizes heat exchanger
e Preheats contaminated gas

FIGURE 2
The Catalytie Converter

/STACK
CALALYLIT

Loware Combimtion
Jeaimperature

OXIDIZER

PROCESS

COMBLSTION /
CHAMBER

COMBUSTION
CHAMBER

HEAT RECOVERY

How it works
s Combustion at 1500°F e Ssequential valving
» Hoat storage e Prehaated fumes

fuel and typically consumes 2,000 percent more
fuel than other systems.
j which suitable: Small
processes of 500 SCFM (Standard Cubic Feet Per
Minute) or less.

Cost: Installed cost of equipment only is under
$150,000 for a 500 SCFM unit. The cost to operate
is approximately $10.000 for 2,000 hrs/yr, or about
$20/SCFM year)

talytic converter (see Figure 2):

Function: Hydrocarbon-laden fumes are pushed
by a'fan through a preheat section wherein the
temperature of the fumes is raised to a maximum
of 700 deg F. The fumes then pass through another
section of the system containing the catalyst, which
_reduces the oxidation temperature to 700 deg F, at
which the hydrocarbons are thermally oxidized.

Benefits: The catalytic converter is more efficient
than an afterburner, and is also a simple system. It
works well on “clean” hydrocarbon fumes (low
solvent concentration streams).

Drawbacks: It performs poorly with fumes
contaminated with ash, paper, dust, resin, heavy
metals or silicone—commonly found in oven or
dryer processes. This poor performance is the result

of the catalyst’s cell structure becomning coated with
oxidized ash, which deteriorates its ability to oxidize
the hydrocarbons at the preheat temperature
and also reduces flow through the system.
Consequently, additional fuel must be burned to
elevate the fumes to a higher temperature in order
to achieve oxidation. Ultimately, the catalyst
becomes useless and the system becomes clogged,
forcing the catalytic converter to function in the
same way as a common, fuel-intensive afterburner.

Industries/processes for which svitable: clean ink
processes; no silicone.

Cost: Costs to install depend on type of catalyst
used. For a 10,000 SCFM unit, approximate cost to

] *Energy Systems sint
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Technical Forum

operate is $13,000 for 2,000 hrs/yr, or $1.30/SCFM
year.

* Recuperative thermal oxidizer (see Figure 3):

Function: This unit oxidizes the fumes in a
combustion chamber but, unlike the common
afterburner, makes use of the existing 1,500 deg F
gas by passing it through the low-temperature inlet
gas stream via an indirect shell and tube heat
exchange—thus preheating the incoming
contaminated gas to within 65 percent (maximum
of 80 percent) of oxidation temperature.

Benefits: The recuperative systern is economical to
operate when the heat release of the hydrocarbons
is sufficient to overcome the fuel required for
combustion. The 20 to 35 percent of the heat lost
during incineration can be reused for indirect
building heat or steamn, or it can be returned to the
process,

Drawbacks: Auxillary fuel must be used on
processes that do not contain ample fume energy
for self-destruction, or processes that are cyclical in
nature. Factors such as size, heat transfer
coefficients and stress limit the system'’s preheat
efficlency. Reusing the 20 to 35 percent lost heat
requires an additional investment for heat transfer
equipment and its maintenance.

Industries/nrocesses for which suitable: High
solvent concentrations above 25 percent LEL (lower
explosive limit), coil coating and gravure printing.

Cost: No fuel usage when LEL is above 25
percent.

» Regenerative thermal oxidizer (sce Figure 4):

Eunction: Oxidized gases exit the combustion
chamber, passing through a porous heat-transfer
section, storing by conduction 95 percent of its heat
in millions of inert ceramic elements. By the use of
valving, incoming contaminated air is directed to the
heat-transfer section where, by conduction, fumes
are preheated to within five percent of oxidation
temperature by the already-stored heat on its way

_up to the combustion chamber. There is a

continuous cycle of storing and releasing heat
alternately within three heat-transfer sections,
which permits an uninterrupted flow of contami-
nated process gas through the system at all times.

Benefits: The regenerative system is simple and
reliable, requiring little or no additional fuel, even
when fume hydrocarbon levels approach zero.
When little or no hydrocarbons are present, only 5
percent of normally-required fuel is needed for
oxidation. In many cases, just a burner pilot is
sufficient when coupled with the 85 percent preheat
efficiency.

Drawbacks: Most available systems are
maintenance-intensive because they use hydraulic or

*Twenty-five percent LEL equals 10,000 SCFM/1 GPM (gal/min} air
solven ratio.

electric drive valving components. However, there
are systems available that alleviate most of the
maintenance because they utilize a single speed-
reducer mechanical valving system,

Industries/processes for which suitable:
Recommended for larger process flows with lower
solvent concentrations because the high primary
heat recovery will reduce operating fuel costs. Five
percent LEL or greater will result in almost no fuel
usage.

Cost: Cost of equipment and system is
approximately $45/SCFM.

{Note: The difference between a 95-percent-
elficient regenerative unit and a 65-percent-efficient
recuperative unit in terms of fuel use may not be 30
percent, depending upon the type of burner
incorporated. The reason is that the higher the exit
temperature (dictated by the unit’s preheat
efficiency), the greater the amount of fuel required
to bring the combustion air to the required
temperature. When the net fuel value is calculated

How Does Fume Incineration Work?

System convarts hydrocarbon laden fumes
to simple, harmless water vapor and carbon
dioxide by high temperature Incineration

along with the preheat efficiency, the actual fuel use
difference could be as high as 40 percent.)

The following checklist covers the many factors to
take into account when considering installation of a
fume incineration system.

1. Operating characteristics of process:

+ Type of process

+ limission exhaust volume (SCFM). Are there
multiple sources, and what are the maximum and
minimum exhaust volumes? At what flow rate is
the system operating the majority of the time?

+ Hood exhaust volume (SCFM)

« Qven exhaust temperature (deg F}

« Oven temperature (deg F)

» Process temperature of the stream going to the
oxidizer (deg F)

+ Fuel used in process (oil, natural gas)




. [ y . "

+» Cost of fuel {$/Million BTUs)

» Type of solvent used in process

+ Gallons/hour of solvent used on product

«+ Solvent load at various flow conditions (Ib/hr)

« Percent of each constituent in solvent

» Hours/day of process operation

« Days/week of process operation

« Hours/year of process operation

« Percent downtime (flow going to oxidizer
without solvent)

« Number of startups/year. (Is unit down every
weekend?)

« Contaminants in the stream that could cause

. problems, e.q., silicone, heavy metals, chlorides,
particulates. If no contaminants now, might there be
some in the future?

2. Regulatory requirements:

+ What level of hydrocarbon destruction must be
obtained? (Typically, an overall destruction level is
established, which is a combination of collection
efficiency at the process and destruction by the
oxidizer.)

« What is the schedule? When must the oxidizer
be installed and operational?

« What method of test will be required by the
regulatory agency? -(Various methods are accepted
by different states and regions, e.g., flame
tonization, gas chromatograph, etc.)

+ Must the oxidizer include instrumentation to
continuously monitor inlet/outlet temperature,
inlet/outlet hydrocarbon concentrations or other
constituents in the exhaust, such as CO and NOX?
3. Insurance factors:

» Are there specific insurance approval
requirements, such as Factory Mutual (FM) or
Industrial Risk Insurers (IRI)?

« Upon system startup, will the process be
purged through the oxidizer or indirectly to the
atmosphere? (insurance requirements will dictate

~ " that both the process and the oxidizer must be

' purged with clean air before any burners can be lit,
to ensure there are no dangerous concentrations of
hydrocarbons built up that may cause an explosion.}
4. Return on investment:

I you want the system to give you a return on
your investment, such as using recycled air to heat
or cool the building, you must kKhow the following:

« Type of building heating system

« Square footage of building being heated

+ Type of instalied air conditioning

» Tons of air conditioning

+ Capacities of individual air conditioners (tons).
5. Operating costs:

.« What are the comparative utility costs, e.g..
: natural gas and electricity?
6. Ease of maintenance of system:

« Need for adequate maintenance staff to handle

technical aspects of the different systems.

7. Expandability of system:

+ Does the equipment lend itself to future
expansion, shouid production schedules dictate?
8. Location of system:

« Will the oxidizer be located outdoors, indoors, at
grade, on roof?

« What is the availability of utilities, e.g., natura!
gas, oil, propane?

« What is the electrical service available, and is
there sufficient capacity?

+ [s noise pollution a consideration? (Is there
housing nearby?)

« Are soil conditions adequate for the foundation?

+ 15 there sufficient access for construction
equipment?

s Is the site selected clear of any underground
obstructions, such as drain sewers, tanks, etc?

« Where is the control panel to be tocated?

9, Bid evaluation:

» Is this to be a turnkey project? Many companies
prefer a single-source, including installation.

+ Are you comparing equivalent bids? Has each of
the vendors included all of the necessary equipment
and services? Has a bidder left something out in
order to better his price position? (Compare your
bids to each other, and to all the guidelines
enumerated here, to avoid accepting an incomplete bid.)

+« Has each vendor supplied the proper
performance guarantees and equipment warranties?

« Are the terms of payment acceptable?

+ Has freight been included in the price?

» Does the vendor have proven operating field
instailations?

« Can the vendor meet the necessary schedules?

« Carefully evaluate the following for quatity of
workmanship: construction materials and
thicknesses; equipment suppliers for controls, fans,
etc; methods of assembly.

+ What happens to the oxidizer'in the event of
excessive solvent loads? Will it over-temperature
and cause problems?

» Have the proper safeguards been incorporated
in the control scheme, e.g., high-temperature
shutdown, audible alarms in the event of shutdown?

Summary

The above information should serve to guide you
in evaluating which Tume incineration system would
be best for your business. It should also help you to
initiate meaningful discussions with equipment
suppliers and/or independent environmental
consultants, and to analyze vendor bids.

In the end, EPA regulations will do more than
create a cleaner environment for all of us; they will
force us to take a hard look at our manufacturing
processes, very possibly resulting in lower

production costs in the long run. #

Reprinted from CONVERTING MAGAZINE February 1588
Copyright 1988 Delta Communicatlons Ine.

R T T Rt oy o



HUNTINGTON

ENERGY
SYSTEMS, INC.

J WRM: © 1988 JWP INC.

- A JWP COMPANY

For Information Call: Huntington Energy Systems, Inc.
1081 Bristol Road
Mountainside, NJ 07092
(201) 789-2700 -
FAX (201} 789-2709




~Cle

To avoid an expected
EPA crackdown on VOC
erissions, fume inciner-
ation may be your

best bet. Here’s a look
at available equipment.

an Up Your Act’ wit
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Inside a regencrative fume idcineratot o
system wag installed at a vinyl flobr coverin

plant,

any plastics processors, along

with a substantial segment of

the rest of American industry,
will soon be forced to install fume incin-
eration systems in order to meet exist-
ing EPA clean-air standards, and provi-
sions of possible amendments to the
Clean Air Act, or even entirely new en-
vironmental bills which Congress may
pass. The Federal Environmental ’ro-
tection Agency has already designated
localities that are currently not meeting
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minimum requirements for the control
of volatile organic compound (VOC)
emissions, and agency spokesmen have
said recently that they will be cracking
down on manufacturers located in “non-
attainment” areas. There have even
been new rules instituted recently that
are aimed specifically at application of
coatings to plastic business-machine
housings (sce I'T, March ‘38, p. 113).

Plastics processors within these
areas that use solvent-based paints,

Reprinted from PLASTICS TECHNQOLOGY July 1988
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inks, or other coatings will be required
by law to measure YVOC emissions at
their own facilities. The burden of proof
will be on them to show compliance, and
their testing procedures will also be reg-
ulated by the EPA. Specific rules and
regulations for compliance will vary be-
tween different EPA jurisdictions, but
penalties for noncompliance can include
fines, annual production limitations, or
‘even plant shutdowns.

The present Clean Air Act had
scheduled the deadline for compliance
for December 31, 1987, but that dead-
line was extended by Congress to mid-
1988. The lawmakers may choose to ex-
tend it again or, more likely, take an
even tougher stance on pollution emis-
sions, while giving businesses a longer
time to comply. There were still 76 non-
attainment areas at the end of 1987, and
it's not likely these areas will be within
compliance soon.

Fume cleanup is needed to elimi-
nate air contamination by hydrocarbons,
such as MEK (methyl ethylkctone),
MIBK (methyl isobutylketone), toluene
and alcohols. These are typically pro-
duced in the plastics coating and printing
operations.

In addition, many processes that
generate YOC and objectionable odors,
such as plasticizers from flexible PYC
calendering and plastisol processing,
and styrene monomer from FRP fabri-
cating, are coming under scrutiny.
Whether or not the odor-producing vola-
tile emissions must be cleaned up de-
pends upon specific EPA regulations, as
well as on the plant location. And, in
addition to Federal EPA restrictions, lo-
cal environmental regulations on
VOC's—such as in Southem Califor-
nia—can also have major impact on plas-
tics operations, ’

FOUR TYPES OF SYSTEMS
Unlike the problem of dealing with
articulate-laden emissions—a relative-
y simple process utilizing familiar equip-
ment, with minimal operating cost—
meeting EPA standards for fume
cleanu?umvolves more sophisticated op-
tions. Most of these require major in-
vestment and operating costs. There-
fore, the choice of the proper fume
incineration system can have a signifi-
cant impact on profit. The proper sys-
tem can actually pay for itself within a
few years, and lower manufacturing
costs thereafter, in contrast with less

efficient systems available.
There are basically four types of

The Commeon Afterburner

fume incineration systems, all of which
incorporate thermal oxidizers that de-
stroy VOC’s by high-temperature con-
version of hydrocarbon-laden fumes to
%armless water vapor and carbon diox-
ide.

While all the various types of sys-
tems have acceptable cleanup efficien-
cies, each-system is different in theory
of oxidation and cost of operation; each
has its own benefits and drawbacks. The
purpose of this article 1s to illustrate the
differences between incineration sys-
tems, and to provide examples of cur-
rent installations.

All costs discussed here are based
on a 10,000-scfm (standard cubic foot
per meter) system, operating at 2000
hr/yr, maintaining exhaust fume tem-

Lowers Cambustion
Temperature

peratures of 100 F, with fuel costs of $6/
million Btu. For a physical description of
each system, consult the accompanying
diagrams.

» Common afterburner: This sys-
tem raises fumes to incineration tem-
peratures, thereby destroying their of-
fending content, and maintains them at
those temperatures for a given period of
time as mandated by regulations—usu-
ally 0.5 sec at 1400 F,

The afterburner is relatively inex-
pensive to buy and install. However, it is
not designed for efficient use of fuel and,
typically, consumes 2000% more fuel
than other systems.

It is typically suitable for low-
throughput applications, which require
processing contaminated air at rates of
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500 scfm or less, Capital investment can
be around $70,000, with annual operat-
ing costs around $170,000. Installation
costs can be $30,000-50,000.

p Catalytic converter: Hydrocar-
bon-laden fumes are pushed by a fan
through a preheat section, wherein the
temperature of the fumes is raised to a
maximum of 700 F. The fumes then pass
through another section of the system
contaming the catalyst, which is able to
thermally oxidize the hydrocarbons at
the reduced temperature of 700 F.

The catalytic converter is more ef-
ficient than an afterburner, and is also a
simple system. It works well on “clean”
hydrocarbon fumes (low solvent concen-
tration streams). It performs poorly
with fumes contaminated with particu-

lates, resin, heavy metals or silicone —
commonly found in oven or dryet pro-
cesses. This poor performance is the
result of the catalyst’s cell structure be-
coming coated or poisoned with oxidized
ash, which deteriorates its ability to oxi-
dize the hydrocarbons at the preheat
temperature and also may reduce flow
through the system. Consequently, ad-
ditional fuel must be burned to elevate
the fumes to a higher temperature in
order to achieve oxidation,

Catalytic converters are best suit-
ed for clean ink processes that involve
no silicone. Typical equipment costs for
a catalytic converter would run around
$230,000, with annual operating costs
around $24,000. Equipment instalfation
costs of approximately $100,000 can be

expected,

p Recuperative thermal oxi-
dizer: This unit oxidizes the fumes in a
combustion chamber but, unfike the
common afterburner, makes use of the
existing 1500 I gas by passing it through
the low-temperature inlet gas stream
via an indirect shell-and-tube heat ex-
changer, thus preheating the incoming
contaminated gas to within 65-80% of
oxidation temperature.

The recuperative system is eco-
nomical to operate when the heat re-
lease of the hydrocarbons is sufficient to
replace the fuel required for combus-
tion. The 20-35% of the heat lost during
incineration can be reused for indirect
building heat or generating steam, or be
returned to the process. However, aux-
iliary fuel must be used on processes
that do not contain ample fume energy
for sell-destruction, or processes that
are cyclical in nature. Factors such as
equipment size, heat-transfer coeffi-
cients and stress, limit the system's pre-
heat efficiency. Reusing the 20-35% lost
heat requires an additional investment
for heat-transfer equipment and its
maintenance.

The recuperative thermal oxidizer
is suitable for processes that need to
incinerate fumes with a high solvent con-
tent—typically fumes with an air-to-sol-
ids ratio above 25% LEL (10,000 scfm/
gpm [gal/min]). Capital equipment costs
for these systems run around $200,000,
with annual operating costs of around
$50,000. Installment costs are estimat-
ed at $100,000.

» Regencrative thermal oxi-
dizer: In this system, oxidized gases
from the combustion chamber pass
through a porous heat-transfer section,
storing by conduction 95% of the heat in
millions of inert ceramic elements. By
the use of valving, incoming contaminat-
ed air is directed to the heat-transfer
section where the fumes are preheated
by conduction of the stored heat to with-
in 5% of oxidation temperature on their
way to the combustion chamber. There
is a continuous cycle of alternately stor-
ing and releasing heat within three heat-
transfer sections, which permits an un-
interrupted flow of contaminated
process gas through the system at all
times.

The regenerative system is simple
and reliable, requiring little or no addi-
tional fuel, even when fume hydrocar-
bon levels approach zero, When little or
no hydrocarbons are present, only 5% of
normally required fuel is needed for oxi-
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dation. In many cases, just a pilot burner
is sufficient, when coupled with the 95%
preheat efficiency. Up to now, most
available systems have been mainte-
nance-intensive, because they use hy-
draulic or electric valving. However, the
newest systems eliminate most of the
maintenance because they utilize a sin-
gle-speed-reducer mechanical valving
system.

Regenerative thermal oxidizers are
recommended for larger process lows

“with lower solvent concentrations, be-

cause the high primary heat recovery
will reduce operating fuel costs. A 5%
LEL or greater will result in almost no
fuel usage, Investment costs are typical-
ly around $280,000, with annual operat-
ing costs around $9,300.

RECUPERATIVE VS. REGENERATIVE

The difference between a 95%-effi-
cient regenerative unit and a 65%-effi-
cient recuperative unit, in terms of fuel
use, may not be 30%; it may be higher,
depending upon the type of burner in-
corporated. The reason is that the high-
er the exit temperature (dictated by the
unit's preheat efficiency), the greater
the amount -of fuel reguired to bring the
combustion air to the required tempera-
ture, When the net fuel value is calculat-
ed along with the preheat efficiency, the
actual fuel-use difference could be as
high as 40%.

As for operating costs, the actual
fuel-cost saving for a 10,000-scfm unit
could be over $50,000/yr for the regen-
erative system, with no solvent pre-
sent, compared with a typical recuper-
ative system.

To further enhance the economics
of regenerative thermal oxidation, the
spent fumes, now slightly elevated in
temperature, can be reintroduced into
the process from which they came or, by
use of a heat exchanger, used as building

%ﬁﬁ@&&?ﬁ?ﬁ“ ]

heat, What was once an undesirable pol-
futant becomes a desirable energy
source, replacing up to 60% of the fuc!
used to heat the process.

A typical regenerative system re-
ceiving fumes at 200 IF would return the
clean air back to the process at 265 F, at
95% preheat efficiency.

CASE HISTORIES IN PLASTICS

As was stated at the heginning of
this article, the choice of proper fume
incineration system can mean not only
that EPA requirements are met, but
also that the system could pay for itself
and, eventually, lower your cost of man-
ufacturing. A recent example is a major
vinyl floor-covering manufacturer,
which now meets the new clean-air stan-
dards with a regenerative fume inciner-
ation system. This firm managed to turn
a potentially unprofitable situation into a
profitable ane.

Its problem was dealing with the
VYOC's released during the printing of
resilient vinyl sheet flooring. By in-
stalling a regenerative fume inciner-
ation system specifically designed for
its needs, the firm has been able to
heat the plant with recycled air, result-
ing in a savings. of $58,000/yr in fuel
costs.

This processor is realizing addition-
al savings of $200,000/yr in natural gas
by using this system, instead of a less-
efficient system with a conventional air-
ta-air exchanger, Thus, payvback in cost
of fuel alone will come in about four
years,

Not every incineration system can
have such substantial pavback designed
into it, because of the many variables
involved, But every process must be
analyzed not only for potential savings,
hut also for any changes that may be
required in order to meet state and fed-
eral codes.
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That's hecause it is no longer suffi-
cient merely to destroy 95% of a facili-
ty's emissions. You arc also now re-
quired to capture a specified quantity of
hvdrocarbons heing gencrated within
vour facility, to yield an overall rate of
caplure/destroy efficiency. This rate de-
pends on a number of variables, such as
the nature of the process, type of VOC’s
emitted, annual production, and geo-
graphic location.

In the state of Connecticut, for ex-
ample, plants doing flexographic printing
on vinyl film must achicve a fume cap-
ture/destroy efficiency of 60-75%. This
percentage may be different for other
manufacturers within the state, or for
the same sort of operation in other
states, T'o determine what the regula-
tions are for their specific process, man-
ufacturers must check with their region-
al office of the state air-quality board.

A recent case in point is a firm do-
ing printing on vinyl film. In order to
meet local codes, it required a process
modification whereby a “loop” was de-
sighed between the print stations and
the dryer, which previously had been
exhausted individually, as well as more
efficient collection exhaust hooding.
This hooding and recirculating loop low-
ercd the total exhaust volume, while
also making incineration more efficient
by increasing solvent concentrations.

This new focus on higher fume col-
lection and destruction efficiencies will
obviously require higher capital equip-
ment expenditures. Thus, the more effi-
ctent and simple the emission-control
device, the lower the annual operating
cxpense to offset ever-increasing capital
expense. a0l
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HAPPY HOLIDAYS!

_EPA GIVES STYRENE
CLEAN BILL OF HEALTH

INTER/PORT

News and Views for the Recreational Boating ‘lndustry

Editod and produced in Chicago, Wednesday, December 12, 1990

staff wish you a Merry Christmias and a Happy New Year.

NMMA directors and
¥, so look for the text

INTER/PORT will not be published during Christmas wee
isste on or about January 2.

Int & major development for fiberglass boatbuilders and other industries relyingoa
molding processes, the Environmental Protection Agency has decided not to-clas-
sify styrene as a carcinogen. The decision from EPA’s Qffice of Drinking Water
(ODW) comes after review of all existing evidence. and the recommendations of {ts
own Science Advisory Board. Comprised of many of the country's top-sclentists
having expertisc in this area, the EPA Sclerce Advisory Board went on record’as
saying that there was no scientific justification for classifying styrene as a "probable

human carcinogen.”

The decision is particularly significant to boat manufacturess inlight of mchsl,ltgg :
included in the recently passed Clean Air Bill that provide for separateConsideri-
tion of boat building in the development of styrene emission standards, Under the
Jegislation, determination of emission standards must welgh specific capabilities of
manufacturers to meet the standards, including economic costs and technical
feasibility of proposed potlution control technology —~ determinations which rest
with the EPA. The ODW did say that it will set a maximum contaminant fevef for
styrene in drinking water, as required by law for other chemicals, but these levels
are not anticipated to pose any serious compliance problems for industry.

EPA’s new stance on styrene is due In Jarge part to the efforts of the Stytene In-
formation and Research Center (SIRC), an organization which recelves substantial
funding from NMMA, and has worked closely with association staff and member
firms over the past two years to fend off stringent styrene legislation at both state
and federal levels. SIRC chalrman Ken Harman was encouraged by EPA’s deci-
sion. "It is consistent with earlier deelsions by OSHA and the National Institute of
Occupatlonal Safety and Health (NIOSH) and also with the views of the leading
sclentific panel of the European Community,” he said. "All have now agreed that
the facts simply are not there to classify, regulate or label styrenc as a carcinogen.”

The "facts” that Ilarman refers to are part of a large body of evidence collected
and compiled by SIRC over several years and recently presented at the group's

annual meeting by Geoffrey Granville of Shell Canada, chairman of SIRC's
continued
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401 N Michigan Ave,, Chicago, 1L 80611, {312) 36.4747

353 Lexington Avo,y New York, NY 40016, {212) sn4.0022

Additional offlces In Washington and Minml




FIGURE 8

Influence of Gel Time
on
. Styrene Emissions
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FIGURE 9

Influence of Temperature

on
Styrene Emissions
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FIGURE 10

Influence of Air Flow Rate
on

Styrene Emissions
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FIGURE 11

Influence of Styrene Content
on

Styrene Emissions
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FIGURE 12

Viscosity vs. Percent Styrene (at 20 C)
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FIGURE 13

Comparison of Suppressed Resin
| ‘and

Standard Resin
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I. INTRODUCTION. (MERRITT ISLAND).

The purpose of this document is to present

background information and data that will support a
conceptual plan and potential course of action regarding

the reduction or elimination of air emissions from

_.production operations to be considered by Sea Ray Boats,

.

Inc. Implementation of the plan shall demonstrate to the
Florida Department of Environmental Regulation'that every
reasonable effort has been undertakenlto assure that
objectionable odors and toxic air pollutants in
quantities that could exceed acceptable ambient
concentrations will not be discharged off of the
facilities property boundary. [F.A.C. Rules 17-2.200 and

17-2.620 (1) and (2)1.



s Ve e .. Lz . \ ) . . . , .

II. Process and Air Emissions. (MERRITT ISLAND).

This chapter will discuss in general the fiberglass
reinforced plastic boatbuilding industry and in
particular the activities of Sea Ray Boats, Inc. The
chapter is divided into three sectiaons. The first will

describe the industry in general. The second section

‘will describe the manufacturing process and its

emissions,. and finally the manufacturing process and

VOC/0S emissions at the Sea Ray facility.

Section {. General.

‘The fiberglass reinforced plastic boat industry is
defined within SIC Code 3732, Boat Building and
Repairing. The industry as a whole is comprised of many
small businesses with a wide range in the number of
employees and size of boats manufactured. The size of

fiberglass boats range from about twelve feet to two

“hundred-feet in length. "lLarge" boats are classified as

those greater than thirty feet in length and "gmall”
boéts are those less than thirty feet in length.
Facilities may produce a range of more than {fifty boats

per day to less than one boat per month, oll depending on

‘boat size and plant capabilities.



Section 2. General - Production Process and Emissions.

Tﬁere are several methods employed in the production
of fiberglass boats. The following discussion, however,
is limited to the primary method used within the
industry: That process is called "contact open molding".
There are air emissions (VOC/0S5) associated with that
process and they are derived {from polyester roéin, gel
coat resin, paints, carpaﬁ glue and cleaning solvents.
Various factors and manufacturing technigques influence
significantly the guantity of cleaning solvent emissions.

2.1. Production Process {for Fiberglass Boats and Methods
of Lamination .

The Radian Corporation presented a thorough
discusaion of the manufacturing process for fiber-—
glass boats and it is reproduced here as follows:

"The cantacl molding method consists of
applying layers of resin impregnated fiberg}ass
reinforcement (laminated) on an open female or male
mold. The laminate is built up to the required
thickness and then allowed to harden or cure.

After the cure is completed, the part is removed

E

and the mold 3o reused. A male mold is convex

leaving a smooth inner surface and a female mold is



concave leaving a smooth outer surface on the
product. Since a smooth outer surface is normally
desired, female molds are most commonly used in
fiberglass boat production. |

The primary type of resin used in fiberglass
boat production-is polyester resin. Polyester
resins typically consist of 45 percent styrene
monamer and 55 percent polyester solids. Before
applying the resin, the necessary catalyst and
accelerator are added to initiate curing. During
curing, the styrene monomer polymerizes forming a
thermo-setting plastic. This is an exothermic
process, and because styrene monomer reacts more
rapidly at elevated temperatures, the reaction is
autocatalytic.

The general production process steps used in
the industry for manufacturing fiberglass boats are
shown in Exhibit "A". The different parts of the
hoat (deck, hull, small parts) are fabricated in
the molding room. The decks and hulls are
fabricated in the main area of the molding room
while the small parts are fabricated in the small

parts booth. The first step in the production
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process is coaéing the molcd with a releasing agent
such as wax. A gel coat is then applied on the
mold with a spray gun in a ventilated spray booth.
The gel coat is a pigmented polyester resin which
forms thé outer smooth surface of the mn{ded part.
After spraying, the gel coat hardens or cures with
a smooth surface against the mold and a tacky ocuter
curface which -enhances later bonding of the first
layer of laminate.

After the gel coat cures, the first layer of
resin and fiberglass laminate is applied using one
of the lamination methods described below. The
lamination procedure is repeated until the desired
thickness is achieved. Structural reinforcements
such as wood, plastic, and metal are also added
during lamination. Lamination is a batch process
with time between laminates dependent on cure time
of the resin. After the final lamination has
cured, the excess is trimmed from the part and the
part is removed {from the mold.
~ After the parts are removed {rom the mold,
they are then taken to the assembly room where they
are sanded and the boalt is assemblod, In addition,
carpet and accessories are ofien installed to

produce the finished product.

w



There are two methods of lamination used in

the fiberglass boat manufacturing industry. These
are hand lay-up and spray-up. Each method offers
advantages and disadvantages over the other and a
combination of the two is often used.

In the hand lay-up method, resin is applied
with a resin gun or in rare cases with a brush. If
a resin gun is used to apply the resin, a brush is
usually employed to cven out the resin. After a
thin coat of resin has heen applied to the gel coat
or previous layer of laminate, fiberglass
reinforcement is placed over the wet resin. The
primary fiberglass reinforcements used in hand lay-
up are woven roving, cloth, and mat. Squeegees or
metal rallers are then used to force the resin up
through the reinforcement and remove any entrapped
air (wet out). The resin is allowed to gel and the
lamination process is repeated until the desired
thickness of fiberglass lTaminate ie obtained.

Three types of resin guns may be used in hand
lay~up. These are catalyst injection, dual
component, and hot pot. The most common type used
in the industry are catalyst injection resin guns.

Catalyst injecltion resin guns mix accelerated resin



and the catalyst in the proper proportion inside.
‘the gun spray head and then spray the mixture
-through a single spray nozzle. With dual-component
resin guns, two streams of resin are sprayed
simultanecusly. One stream consists of resin
premixed with accelerator and one stream consists
of resin premixed wiith catalyst. The spray nazzles
are aimed so the two spray sireams mix outside the
spray gun and then form a single spray stream. Hot
pot resin guns have a pressure pol attached to the
gun head. The laminator mixes the resin,
.égéeleratnr, and catalyst in the pressure pot by
hand. All of the resin musl be sprayed once it has
been mixed in the pot or it will gel inside the
spray gun.

The spray-up method is an alternative to hand
lay—up for hull and deck fabrication and is the
most common method of small parts production. The
spray—-up method employs a chopper gun Lo
;;%ultaAEUUQIQ ;pp]y resin and chopped strands of
glass reinforcement. Hrushes and rollers are then
used to spread the mixture and remove entrapped
air. This process is repeated until tbhe desired

thickness is obtained.
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The spray-up method is restricted to lamipates
using chopped glass strand as the reinforcement.
Due to the type of reinforcemeont, laminates
produced in spray-up have lower glass to resin
ratios than the woven raving or cloth laminates
praducecd in hand lay-up. Because the strength to
weight ratio is proportional to the glass to resin
ratio, laminates produced in spray-up also have
lower strength to weight ratios than woven roving
or cloth iaminates. Laminates produced in hand
lay-up with mat reinforcement are similar to those
produced in spray-up because mat reinforcement is
just chopped strand with a binder.

The advantage of using hand lay-up with woven
roving or cloth laminate over spray-up is that a
product with a higher strength to weight ratio is
produced. However, the fabrication process takes
longer when the hand lay-up method is used. A
commaon practice in the industry is Lo combine these

two methods. With this combination, parts of a

heat that need to be strongest are fabricated using

hand lay-up while parts that do not necd as much
strength, such as small parts, are {fabricated using
spray-up. This results in o lightweight boal that

is produced in the minimum amount of time,"



Emissions Sources

There are geonerally two sources of emissions
from the fiberglass boat manufacturing processes
that produce volatile organic vapors and organic
solvent vapors. These originate in the lamination
larea due to resin application and cleanup
operations or the assembly area of the plant due to
painting and cakpet installation.

Emissions from thoe lamination process are cdue
to the evaporation or vaparization of the styrene
monomer conlained within the gel coat and resin
applied when the hull, deck, and small parts are
manufactured. An additional portion of the styrene
monomer contained in resin and gel coat 1s subject
to evaporation after application and before
polymerizalion occurs,

OSHA (Occupational Health ancd Safety
Administration) mandates that worker exposure to
styrene concentrations nol exceed 25 parts per
million. As a result of this requirement, the air
contained within the building is vented to the
putside and compietely replaced by fresh air every
ten minutes. I other words, six air changes are
required for the total volume of the building every

hour.



There are additional exhausta {from spray
booths to the outside.

The OSHA requirement is the primary factor
contreolling the rate at which air containing
styrene within the lamination building is moved to
the outside.

Vapors from clean—up solvents also contribute
to the quantity of emissions from the lamination
process. Tool and apray gun cleaning is required
after cach batech of resin is applied. When the
spray guns are f{lushed some of the organic solvent
used is vaporized. Also, employees must clean
their hands frequently. When tools, spray guns and
hands are washed with solvent an amount of salvent
is carried from the container on these items and
readily evaporates due to ihe large surface area
\Eﬁpnsed to air per volume of solvent.

Additional VOC/0% emicssions occur in the
assembly area during the painting of boat parts and
application of glue curing carpet inatallation.

The glue solvent evaporates into the room air while

vépors from paint application are exhausted to the

outsice.

10



Techniques and Factors Affecting Emissions from
Organic Cleaning Solvents.

Cleaning solvent emissions (usually acetﬁne)
;ccount for fifty to seventy-five percent of all
air emissions from the plant operations. Tht major
factors that influence these emissions are resin
gel time, use of covers on storage containers, wprk
habits of the employee, the number of employees,
use 0; hand protection and protective clothing, and
air movement within the plant building. Resin gel

time affercts emissions becouse it determines the

iy -

number of timésﬁequipment and employees must be

cleaned in a specific poriod of time. Resin gel

times may vary from ten to thirty minutes with
fifteen minutes being the average desired.

The evaporation of cleaning solvents may be
reduced by covering the containers bolween cleanup

operations. Other factors that effect rate of

evaporation are the ligquid Jovel in the containers,

air movement across the containers, and the room
temperature. NHn incroeaso jQ any of these will
increase the evaporation rate.

Work habits of the employee can lower
emissions by reducing the ampunt of resin or ather

product which must be removed from bands and arms

11



by cleaning solvents. Some employees are able to
stay relatively clean while other employees may get
considerably more on themselves. Employeé work
habits are in?luenced by training and supervision.
The complexity of the mold can also significantly
affect the amount of resin which an employee méy
get on his hands and arms. The more complex the
mold, the more difficulty encountered for keeping
the employee clean.

.The number of employees involved in the
lamination process affects emissions because each
employee must clean his hands and tools after eaEh
operation. Usually, each employee has his own set
of sclvent containers, this practice increaée the
volume and surface area exposure to evaporation.

The use of hand protection reduces the number
of times and employee must clean his hands.
Without protection, cleaning of hands would occur
aftter each resin application or every twenty to
thirty minutes. Using gloves may reduce the clean-
up of hands to as low as {four times a day.

The factors discussed above are generally

determined by the amount of organic cleaning

"salvent issued per employee. The amount of

12




cleaning solvent issued can be reduced if gloves
are required to reduce hand cleaning and covered
containers are used to slow evaporation. Room air
ventilation reductions are not practical since this
would increase worker exposure to the higher
concentrations of styrene and other vapors.
Temperature for resin curing is determined by the

resin chemistry and cannot be changed easily.

e It “

Section 3. Sea Ray Boats, Inc. (MERRITT ISLAND)
Production Process and Emissions

The production procedure utilized by Sea Ray Boats,

Inc. at.the Merritt Island Facility are the same as those

.shown in Production Flow Diagram (Exhibit "A"). The

Merritt Island Facility bas ane gel coat booth and ope
small parts booth contained in the lamination area. The
gel coat used consists of 35 - 40 % styrene monomer, QO -
5 % methyl methacrylate, and &0 % pigmented solids.
Following the gel coat, Sea Ray uses a spray up method
yith application of woven roving and/or glass cloth hand
rolled into place, with additional structural supports
and stringers laid into the hull or deck and secured by

additional resin and chopped reinforcement. The spray up

method is used for small parts.

13



The Merritt Island Plant utilizes the catalyst
injection method of resin application, that is, resin and
catalyst are mixed inside the spray gun. The gel time is

approximately twenty minutes. The resin used is a

.general,_purpose polyester resin containing approximately

40 % styrene and &0 % resin solids.

The VOC/0S emissions at the Merritt Island Facility
are shown in Exhibit "B", (Florida Department of
Environmental Regulation, Canstruction Permit for Air
Pollution Source and amendments). These emissions result
from the evaporation of styrene, acétone, paint and
carpet glueAsolvents. As shown in Exhibit "B", the major
sources of VOC/05 emissions are styrene evaporation
during bull and deck fabrication, styrene and methyl
methacrylate evaporation during gel coat application, and
acetone vapors emitted during cleanup. These sources
account for over 70% of the emissions so permitted.
Emissions from this source according to the construction
permit (Exhibit "B") shall not exceed 1146.5 tons per year.

Sea Ray's VOC/0S emissions resulting from the
cleanup and iamination operations are farced to the
atmosphere by exhaust fans in the building sidewalls.

The air flow rate of these exhaust fans is estimated at
202,500 cfm. These fans are permitted to operate a
maximum of 16 hours a day, five days per week.
Concentrations within the air exiting these points have

v it . -
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not been measured. The calculated average concentration
based on permitted quantities is 9.3 ppm styrene, 4.3
ppm acetone. Other emissipbns from this source shall be
considered fugitive emissions and cannoct be identified
with any one point.

The Marritt Island Facility recycles approximately
40 % of the acetone purchased each year. The remaining
60 % represents the emissions of acetone to the air as a
result of the production process. The spent acetone is
purchased and carried off-site by a licensed carrier to
be recycled. Therefore, the volume carried off-site will

not contribute to Merritt Island’'s emissions inventory.

15



IlII. Emission Contrel Technigues.

The discussion that follows in this chapter will

cover techniques that may be utilized by the Merritt

‘Island facility to reduce or eliminate VOC emissions from

the boat building operations. The first section will
discuss~process alterations ko control acetone emissions,
while the second section will consider changes that serve.
to reduce styrene emissions. Section three will examine

add-on controls for exhaust air leaving the facility.

Section 1. General - Acetone Emission Controls.
Acetone emissions may he controlled using three
separate approaches. Substitution of non~-volatile

solvents or emulsifiers, work practice, and spent acetone

reclamation.

o= -t . - N

1.1. Substitution Other Producls {or Acelone.

There have heen products introduced to replace
some of the acctone usage. These products vary
from strong emulsifiers to non-volatile organic
aolvents. These emulsifier type products may be
used successfully in hand cleaning of tools used in
the lamination process. Non-volatile solvents have
alsp seen success in these areas. It should be

noted however that the fimal cleaning of these

16




tools needs to be accomplished using acetone.

Acetone has been {found to be the safest product for

use in order to remove residue from the initial
cleaning operation (i.e. water droplets and other
debris). See Exhibit "C", containing manufacturers

data on acetone substitutes.

Work Practice Controls.

The primary work practice controls to reduce
acetone emissions in the building of fiberglass
bpats are as follows:

(a) band protection,

(b)) covered acetone containers,

{(c) limiting the issuance of acetone.

1.2.a. Within the boat building facility the resin

-~

application methods vary from spray—-up to lay-up,
the workers are exposed to resin thru handling
the tools and overspray from the spray-up. The
issuance of gloves, disposaﬁle garments and shoe
cavers eliminates to a greal degyrese the cleanirng
of hands, olher exposed skin areas, and clothing
that may come into contact with the resin. This
will reduce the amount of acetone to be issued to

each emplovee.

17



1.2.b. Covering the acetone containers that heold the new

1.2.c.

acetone as well as the dirty acetone will reduce
loss thru evaporation. This provision-will also
limit the amount of acelone to be required by the
employee.

The employer may study each employees use and
cleaning techniques and unilaterally reduce the
quantity of acetone provided to the employee.

The employee recognizing the reduced quantity

will be forced inteo conservation and prudent use

S Mg -, . — e

cf the product.

Spent Acetone Reclamation.

Emissions can be reduced by recycling the
spent acetone. Two options offering economic and
environmental bhenefits exist regarding the disposal

of spent acetone. They are on-site recovery or

Y-

distillation AHd the delivery of the spent product
to a commercial reclaiming facility.

On-site recycling can reduce disposal emission
by 90%. The recycling units (stills) are available
commercially in various sizes, compatabile with the
industrial requirement. Their installation
requires electricity and cooling water. A safety

hazard also exists with the operalion of the still.

18



As an alternative, there are commercial waste
handlers that reclaim spent acetone. The emissions
can be eliminated entirely by sending the spent
acetone off-site for reclamation. There is an

added advantage to the manufacturer in that he also

gets rid of the solid waste in the acetone.

»

Section 2. General - Styrene Emission Control.

S

Qf;Fehe fs the "cPoss—linking agent in polyester
resins and also it it used as a solvent in the compound

that can be used to increase or decrease the viscosity or

workability of the re;in.

Styrene emissions can be reduced by the
manufacturer, if his process will allow him to convert to
a new resin designed to limit styrene losses. These new

resins may contain a supressant (wax) or may be designed

to function with a low-styrene content.

2.1 Supressed Resin.

'Suprgssed resins entrap the styrene monomer
that would be emitted as vapor during the
exothermal curing of the resin compound. These
supressed resins can reduce total styrene emissions
by as much as fifty percent. However, a study of

manufacturers indicates poor performance of the

19
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Section 3.

finished product. Delamination of the resin has
been cited by most as a serious problem. Before a
supressed resin could be placed in production, the
manufacturer should require extensive testing in

the lab and field to determine the products

e - .

reliability.

Low Styrene Resin.

Another method of reducing styrene emissions
ié the conversion by the manufacturer to a low
styrene resin. This conversion will reduce
emissions because the styrene monomer in the resin
can be lowered to as much as thirty-five percent.
This can be compared to forty or forty-five percent
in conQentiDnal resins., Emission reductions during
curing due to conversion may be seventeen to thirty

percent, this would equate to an overall reduction

of ten to twenty percent.

Add—-on controls apply to the boat building industry

in the area of exhaust air from the building. The

exhaust from spray booths and building ventilation fans

can be captured and treated by chemical scrubbing or

incineration.

20
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Chemical Scrubbers.

Chemical scrubhing removes organic vapors {from
the air by absorbing them into a liquid. The
absorbed materials are destroyed by the chemicals
in the liquicd.

A major problem exist with this approach.
Waste stream would be created with the chemical
uséd to absorb air contaminants and the handling of
the volume of the chemical waste created by this

approach would render the operation impractical.

Contaminant Incineration.

Two types of incinerators are available,
thermal and catalytic. Thermal incineration
involves the oxidation of organic vapors to carbon
dioxide and waler. The solvent Jaden ajr is
exposed to a high temperature of 1000 ta (3500
degrees Farenheit and in some cases a direct {]lame
for a period of 0.3 to 0.6 seconds. Catalytic
incinerators use a catalyst bod to oxidize the
organic vapors-and operate at reduced temperatures

af 750 to 1000 degrews Farenheit. Important

incineration design factors are residence time, gas
stream flow rate, operating temperature, and waste

gas heat content.

21
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When collected, most waste gases haye low heat
contents. This is due in part to O0SHA and
inéuran;e regulations which limit the mgximum
concentration of organics to 25 percent of the
lower explosive limit (LEL) when no LEL meter is
used. If an LEL meter is present to constantly
monitor Lthe gas stream then the organic
concentration can be as high as 40 percent of LEL.
In either case Eﬁpplemental fuel is needed to raise
the off gases to the required operating
temperature.

Heat recovery equipment may also be used with
incinerators to reduce the amount of supplemental
fuel requirecd. 11 is generally divided into
primary and secondary recovery. Primary heat
recovery uses heat exchangers to recover heat from
the incinerator exhaust gases to heat the incoming
air. Secondary heat recovery recovers heat {from
the exhausl gases for use in plant processes such
as ovens, dryers, etc.

The destruction efficiency of both thermal and
catalytic incinerators depends on the residence
time and temperature. In general these devices can
be designed to achieve between 20 and 99+ percent

destruction of VIC.

22



Incinerators have not been demonstrated as VYOC
control devices in the fiberglass boat
manufacturing industry. The main problem results
from the low VYOTU concentrations in the exhausts and
high exhaust air +flows. Calculated VOC
concentrations in the exhaust streams average
approximately 9.3 ppm for styrene and &.3 ppm

for acetone. These conditions would result in the

-
-

exhaust stream having a low heat content thus

resulting in high supplemental fuel reguirements.



IV, Conclusion - Potential Course of Action.

" Bea Ray Boats, Inc., has assessed the technical and
economic feasibility of the alternatives presented

herein. The potential course of aclion selected by the

~Merritt Island Facility and presently being implemented

are work practice controls, commercial recycling of
acrlone, substilulion of eaulsid{iers for acetone where

practical and conversion to low styrene resins.

1. Waork Practice Controls include the use of bhand
protection, covered acetone containers, limitation on
the issue of acetone to employees and use of Rez—a-~
way, a commercial product (emulsifier) for cleaning of
hands and tools. As discussed in the earlier sec@ions
this action should reduce emissions by approximately
fifty percent from acetone.

f.‘The ;onversion to.low styrene resins was selected over
use of supressed }ésins because of the delamination
problems experienced by manufacturers using the
styrene supressed resin. The fact that the styrene
emissions could be reduced Qsing-this low styrene
resin by at least ten percent was discussed in Section
ITY - 2.2.

Preliminary estimates showed controls by chemical

scrubbing and incineration to be so expensive they were
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dropped from further consideration. Both of these
actions would require an extensive reconstruction of
existing facilities, additional capital cost involving
the purchase and installation of equipment, and a
céntinuous operétion and maintenance expense.

In addition, there would be an impact on waste
stream if chemical scrubbing was used and possible risk
of water pollutién. Incinerators have nolt been

demonstrated as VOC control devices in boat building

. industry because of low VOC concentration, high exhaust

air flows, and the resulting high supplemental fuel

requirements because of the low heat content in exhaust

air.
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Mede Twachtniinn, Seeretiry John Shearee, Assistant Seoretary
PERMITTEE: Permit Number: AC 05-165270
Sea Ray Boats, Inc. Expiration Date: March 31, 1990
Sea Ray Drive County: Brevard
Merritt Island, FL 32953 = Latitudes/Longitude: 28°24'32"N
80°42'23"W

Project: Fiberglass Boat Plant

This permit is issued under the provisions of Chapter 403,
Florida Statutes, and Florida Administrative Code Chapters 17-2
and 17-4, The above named permittee is hereby authorized ¢to
perform the work or operate the facility shown on the application
and approved drawing(s), plans, and other documents attached
hereto or on file with the Department and made a part hereof and
specifically described as follows:

For the after-the-~-fact construction of a facllity to produce
fiberglass boats. This facility is 1located near the Canaveral
Port Authority in Merritt Island, Brevard County, Florida. The
UTM coordinates of this site are Zone 17, 529 km E and 3,142 km N.

The source shall be in accordance with the permit application,
plans, documents, amendments and drawings, except as otherwise
noted in the General and Specific Conditions.

Attachment:

l1.. Application to Operate/Construct Air Pollution Sources, DER
Form 17-202(1), received on May 19, 1989.
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PERMITTEE: Permit No. AC 05-165270
Sea Ray Boats Expiration Date: March 31, 1930

GENERAL CONDITIONS:

1. The terms, conditions, reguirements, limitations, and
restrictions set forth herein are "Permit Conditions” and as such
are binding upon the permittee and enforceable pursuant to the
authority of Sections 403.161, 403.727, oOr 403.859 through
403.861, Florida Statutes. The permittee 1is hereby placed on.
notice that the Department will review this permit periodically
and may initiate enforcement action for any violation of the
"Permit Conditions" by the permittee, its agents, employees,

servants or representatives.

2. This permit is valid only for the specific processes and
operations applied for and indicated in the approved drawings or
exhibits. Any unauthorized deviation from the approved drawings,
exhibits, specifications, or conditions of this permit may
constitute grounds for revocation and enforcement action by the

Department.

3. As provided in Subsections 403.087(6) and 403,722(5), Florida
Statutes, the issuance  of this permit does not convey any vested
rights or any exclusive privileges. Nor does it authorize any
injury to public or private property or any invasion of personal
rights, nor any infringement of federal, state or local 1laws or
regulations. This permit does not constitute a waiver of or
approval of any other Department permit that may be required for
other aspects of the total project which are not addressed in the

permit.

4. This permit conveys npo title to land or water, does not
constitute state recognition or acknowledgement of title, and does
not constituteé- authority -for the use of submerged lands unless
herein provided and the necessary title or leasehold interests
have been obtained from the state. Only the Trustees of the
Internal Improvement Trust Fund may express state opinion as to

title.

5. This permit does not relieve the permittee from liability for
harm or injury to human health or welfare, animal, plant or
aquatic 1life or property and penalties therefore caused by the
construction or operation of this permitted source, nor does it
allow the permittee to cause pollution in contravention of Florida
Statutes and Department rules, unless specifically authorized by

an order from the Department.
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PERMITTEE: Permit No. AC 05-165270
Sea Ray Boats Expiration Date: March 31, 1990

GENERAL CORDITIONS:

6. The permittee shall at all times properly operate and maintain
the facility and systems “of treatment and control (and related
appurtenances) that are installed or used by the permittee to
achieve compliance with the conditions of this permit, as required
by Department rules. This provision includes the operation of
backup or auxiliary facilities or similar systems when necessary
to achieve compliance with the conditions of the permit and when
required by Department rules.

7. The permittee, by accepting this permit, specifically agrees
to allow authorized Department personnel, upon presentation of
credentials or other documents as may be required by law, access
to the premises, at reasonable times, where the permitted activity

is located or conducted for the purpose of:

a. Having access to and copying any records that must be kept
under the conditions of the permit;

b. Inspecting ‘the facility, equipmeht,a practices, or
operations requlated or required under this permit; and

c. Sampliﬁg or monitoring any substances or parameters at any
location reasonably necessary to assure compliance with
this permit or Department rules.

Reasonable time may d&epend on the nature of the concern being
investigated. :

8. 1If, for any reason, the permittee does not comply with or will
be unable to comply with any condition or limitation specified in
this permit, the permittee shall immediately notify and provide
the Department with the following information:

a. a description of and cause of non-compliance; and

b. the period of noncompliance, including exact dates and
times; or, if not corrected, the anticipated time the
non-compliance is expected to continue, and steps being
taken to reduce, eliminate, and prevent recurrence of the
non-compliance.

-

Page 3 of 7



- - .\ - . 3 . . P ) R .- - . . . . 3 .

PERMITTEE: Permit No. AC 05-165270
Sea Ray Boats . Expiration Date: March 31, 1990

GERERAL CONDITIONS:

The permittee shall be responsible for any and all damages
which may result and may be subject to enforcement action by the
Department for penalties or revocation of this permit.

-

9. 'In accepting this permit, the permittee understands and agrees -
that all records, notes, monitoring data and other information
relating to the construction or operation of this permitted
source, which are submitted to the Department, may be used by the
Department as evidence in any enforcement case arising under the
Florida Statutes or Department rules, -except where such use is
proscribed by Sections 403.73 and 403.111, Florida Statutes.

10.  The permittee agrees to comply with changes in Department
rules and Florida Statutes after a reasonable time for compliance,
provided however, the permittee does not waive any other rights
granted by Florida Statutes or Department rules. -

11. This permit is transferable only upon Department approval in
accordance with Florida Administrative Code Rules 17-4.12 and
17-30.30, as applicable. The permittee shall be liable for any
non-compliance- of the permitted activity wuntil the transfer is

approved by the Department.

12, This permit is required to be kept at the work site of the
permitted activity during the entire period of construction or

operation,

13. The permittee shall comply with the following monitoring and
record keeping requirements:

a. Upon request, the permittee shall furnish all records and
plans required under Department rules. The retention
period for all records will be extended automatically,
unless otherwise stipulated by the Department, during the
course of any unresolved enforcement action.

b. The permittee shall retain at the facility or other
location designated by this permit records of all
monitoring information (including all calibration and
maintenance records and all original strip chart
recordings for continuous monitoring instrumentation),
copies of all reports required by this permit, and records
of all data used to complete the application for this
permit. The time period of retention shall be at least
three years from the date of the sample, measurement,
report or application unless otherwise specified by

Department rule.

e by -
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PERMITTEE: ' T Permit Mo. AC 05-165270
Sea Ray Boats Expiration Date: March 31, 1990

GENERAL CONDITIONS:

c. Records of monitoring information shall include:

- the date, exact place, and time of sampling or
measurements;

-~ the..person responsible for performing the sampling or
measurements;

- the date(s) analyses were performed;

« the person responsible for performing the analyses;

- the analytical techniques or methods used; and

- the results of such analyses.

14. When requested by the Department, the permittee shall within
a reasonable time furnish any information required by law which is
needed to determine compliance with the permit. If the permittee
becomes aware that relevant facts were not subpitted or were
incorrect in the permit application or in any report to the
Department, such facts or information shall be submitted or

corrected promptly.

SPECIFIC CONDITIONS:

1. The construction and operation of this source shall be in
accordance with the capacities and specifications stated in the

application.

2. The plant shall be allowed to operate for up to 3,840 hours
per year.

3. Visible emissions from the dust collection system shall not be
greater than 5% opacity and compliance shall be demonstrated at
90-100% of permitted capacity using DER Method 9 in accordance
with F.A.C. Rule 17-2.700.

4, 'Hydrocarbon emissions (VOC) shall not exceed the following
calculated values and total VOC emissions from the facility shall
not exceed 65.5 lbs/hr, 1048 lbs/day (30 day average), and 125.8
tons/year, Compliance shall be demonstrated by applying the
following raw material utilization rates and emission factors:

Utilization Emission Emissions
' o Rate lbs/hr Factor 1bs/hr
Styrene (Resin) 272.5 0.06 16.4
Styrene (Gel Coat) 37.7 0.30 11.3
Methyl Methacrylate 125,7 0.05 6.3
Methylene Chloride 2.5 0.30 0.8
Aromatic Hydrocarbon 21.9 - 0.16 3.5
1,1,i-Trichloroethane 2.5 0.60 1.5
Acetone 24,4 1.00 24 .4
Zylene 21.9 Q.06 1.3
Page 5 of 7



PERMITTEE: : Permit No. AC 05-165270
Sea Ray Boats Expiration Date: March 31, 1990

SPECIFIC CONDITIONS:

5. Nonvolatile acetone substitutes shall be used to the maximum
extent practicable to further reduce the quantity of acetone

consumed.

6. No air polliutants shall be discharged which cause or
contribute to an objectionable odor (F.A.C. Rule 17-2.620(2}). '

7. The dust_collector compliance test shall be conducted within
90 .days. after this permit is issued and the results reported to-
the Department's Central District office before this construction
permit expires. The Department shall be notified at least 15 days

in advance of the test.

'8, VOC compliance shall be demonstrated over a 90-day period and

the results.reported to the .Department's Central District office

before_this_construction permit expires. The Department shall be

notified at least 15 days.in advance of the commencement of the

90-8ay compliance demonstration period.

9. Six months from the date of the construction permit, Sea Ray
Boats shall submit a canceptual plan and potential course of
action that will provide the Department with reasonable assurance
that objectionable odors and toxic air pollutants in quantities
that could exceed acceptable ambient concentrations will not be
discharged off of the facility's property boundary or where the
public has access, whichever is closest, pursuant to F.A.C. Rules
17-2.200 and 17-2.620{(1) and (2). The plan should contain at a
minimum, but not Dbe limited to, various control system
strategies/options that might be retrofitted/installed to reduce
or eventually eliminate emissions of VOC/0S from each type of
operation, associated time and cost analyses, and VOC/0S

substitutes.
10. The permittee, for good cause, may request that this

construction permit be extended. Such a request shall be
submitted to the Bureau of Air Regulation prior to 60 days before

‘the expiration of the permit (F,A.C. 17-4.090).

11, An application for an operation permit must be submitted to
the Central District office at least 90 days prior to the
expiration date of this construction permit or within 45 days
after ‘completion of compliance testing, whichever occurs first,
to properly apply for an operation permit, the applicant shall
submit the appropriate application form, fee, certification that
construction was <completed noting any deviations from the
conditions in the construction permit, and compliance test reports

as required by this permit (F.A.C. 17-4,220).
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g o s Florida Department of Environmental Regulation
\é £ Bwin “Towers Office Blig, @ 2600 hir Stone Road @ “Eiflabussee, Florldit 32300:2000
h" i ﬂé‘/p{ IR .\f.lrilnf.‘/.. Croved o Db Bwachinuinn, Secreniry John Shearer, Assistnt Secreary

December 12, 1989

CERTIFIED MAIL - RETURN RECEIPT REQUESTED

.

Mr. John A. Cronkhite
Senior Vice President/General Counsel
Sea Ray Boats, Inc.

2600 Sea Ray Boulevard

Knoxville, Tennessee 37914

Dear Mr. Cronkhite:

The Department received your request for an
explration dates for the construction permits
The request is acceptable and the following shall be changed:

exktension of the
referenced below.

PROJECT o . FROM TO
. AC 05-151435 August 31, 1989 May 31, 1990

AC 05-165270 March 31, 1990 September 30, 1990

AC 05-165271 March 21, 1990 September 30, 1990

Attachment to be Incorporaled:

Letter from Sea Ray DRoats, Inc. dakted November 22, 1989,
requesting a change in the expiration dalkes.

A copy of this letter must be attached to the above construction
permits and shall become a part of these permits.

Slncercly,

(f, /"'":,J ""7'/
. ’h/ '
/NG /.., A _L{fm’(.fr(._-.

/ Bale Twachtmann
Secretary

PUEP

DT/plm

cc: C. Collins, CF District
G. E. Cantelou, Jr., P.E.,v



ﬁ% Florida Department of Environmental Regulation

ST

’?5#-'* Twin Towers Office Bldg. ® 2600 Blair Stone Road @ Tallahassee, Florida 32399-2400

November 8, 1980

CERTIFIED MAIL - RETURN RECEIPT REQUESTED

‘Mr. John A. Cronkhite

Senior Vice President/General Counsel
Sea Ray Boats, Inc.

2600 Sea Ray Boulevard -

Knoxville, Tennessee 37914

Dear Mr. Cronkhite:

The Department received your September 13, 1990, fequest for an
extension of the expiration dates and revision of emission limits
for the construction permits referenced below,. The request is

acceptable and the following shall be changed:

PROJECT FROM I0
AC 05-165270 September 30, 1590 . December 31, 1990
AC 05-165271 September 30, 1990 December 31, 19990

Specific Condition No, 4 (AC 05-165270):

FROM: -

-

Hydrocarbon emissions (VOC) shall not exceed the following
calculated values and total VOC emissions from the facility shall
not exceed 65.5 1bs/hr, 1048 1lbssday (30 day average), and 125.8
tons/year. Compliance shall be demonstrated by applying the
following raw material utilization rates and emission factors:

Utilization Emission Emissions
: Rate lbs/hr Factor lbs/hr
Styrene (Resin) 272.5 ' 0.06 16.4
Styrene (Gel Coat) 37.7 0.30 11.3
Methyl Methacrylate 125.7 0.05 6.3
Methylene Chloride 2.5 0.30 0.8
Aromatic Hydrocarbon 21.9 0.16 3.5
1,1,1-Trichloroethane 2.5 0.60 1.5
Acetone 24 .4 1.00 24 .4
Aylene 21.9 0.06 1.3

Recacled e‘;‘ Paper

Bob Martincz, Governor Dale Twachimann, Secretary John Shearer, Assistant Sccretary
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TO:

Hydrocarbon emissions (voc) shall not exceed the. following
calculated values and total VOC emissions from the facility shall

not exceed 60.7 lbs/hr, 971.2 lbs/day (30 day average), and 105.6
Compliance shall be demonstrated by sapplying the

tons/year.
following raw material utilization rates and emission factors:

Utilization Emission Emissions

Rate lbs/hr Factor lbs/hr
Styrene (Resin) 258.9 0.06 15.5
Styrene (Gel Coat) 49.3 0.30 14.8
Methyl Methacrylate 94.8 0.05 4.7
Toluene 9.5 0.08 0.8
1,1,1-Trichloroethane 9.5 0.68 6.4
Acetone - 11.6 ' 1.00 11.6
Paints:- (Misc.) 16.8 0.41 6.9

iti N 4 (AC_05-16527

FROM:

Hydrocarbon emissions (VOC) shall not exceed the following
calculated values and total VOC emissions from the facility shall
not exceed 26.2 1lbs/hr, 420 lbs/day (30 day average), and 50.5
tons/year. Compliance shall be demonstrated by applying the
following raw iaterial utilization rates and emission factors:

Utilization Emission Emissions

Rate lbs/hr Factor l1bgs/hr
Styrene (Resin-AME) 10.2 0.06 0.6
Styrene (Resin-RCI) 40.8 0.06 2.5
Styrene (Gel coat) 6.4 0.30 1.9
Methyl Methacrylate 18.3 0.05 0.9
1,1,1-Trichloroethane 0.2 0.68 0.1
Acetone 20.1 1.00 20.1
Toluene ' 0.2 0.08 0.02
Migc, 0.1 1.00 0.1

TO:

Hydrocarbon emissions {VoC) shall  nol .exceed the following
calculated values and total VOC emissions from the facility shall
not exceed 26:2 1lbs/hr, 420 .lbss/day {30 day average), and 50.5
tons/year. Compliance shall be demonstrated by applying the
following raw material utilization rates and emission factors:

-
' - -
'
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Utilization Emission Emissions

Rate 1lbs/hr Factor lbg/hr
Styrene (Resin-AME) 10.2 0.06 6.6
Styrene (Resin-RCI) 40.8 0.06 2.5
Styrene (Gel coat) 6.4 0.30 1.9
Methyl Methacrylate 18.3 0.05 0.9
1,1,1-Trichloroethane 0.6 0.68 0.4
‘Acetone 19.8 1.00 19.8
Toluene - 0.6 0.08 0.05
Misc, 0.1 1.00 0.1

Attachment to be Incorporated:

Letters from Sea Ray Boats, Inc. dated September 13, 1990
requesting a change in the expiration dates and emission limits. :

'A copy of this letter must be attached to the above construction
permits and shall become a part of these permits.

S A

s EVE SMAI¥WOOD, P.E.
irector
Division of Air Resources
Management

SS/JR/plm
c: C. Collins, Central Dist.
_G. £. Cantelou, .Jr., P.E.
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Replace Acetone Successfully -A Practical Guide~

The pace of movement away from acetone as a cleanup solvent has certainly
quickened lately. To help you keep up, Dr. Reidar Halle, an acknowledged
world-class expert on peroxides, and Joe Brennan have teamed for this very
informative and easy-to-follow article.

Reprinted By Permission From Fiberglass Fabrication Association
3299 K St., N.W., 7th Floor, Washington, D.C. 20007 (202) 337-FFAA



+ Introduction to Emulsifier

Technology
iﬁ- General comments

Like the revolutions in Eastern

"| Europe, the revolution within the FRP
| Industry away from acctone as a

cleanup solvent had a slow, sluggish
and hesitant start. Now, the pace of
both revolutions is brisk and broadly-
based!

FRP laminators have two acetone

i replacement technologies available:
resin emulsifiers and higher boiling

pointorganicsolvents. Emulsifier tech-
nology costs less than acetone and is
significantly safer and more environ-
mentally sound! Inaddition, emulsifi-

‘| ers, used correctly, actually clean bet-
.| ter than acetone. Emulsifiers can eas-
- |ily replace 75-100% of’ the cleanup

acetoneinmostshops—almostallused
for cleaningrollers, brushesand hands.
Sometimes, moreelaboratetechniques
are needed to clean internal-mix spray
i . .
guns and pultrusion dies.
In the past, there was some worker re-

| sistance to substitute any product for ace-

tonc—the only resin cleaner ever used by

| most laminators. Today, many FRP shops

have implemented acetone replacement
systems to comply with health, environ-
mental and fire regulations. Many of these
shops, both workersand management, now
sing the praises of the safety, ease, effi-
ciency and economy of thelr new emulsi-

| fler systems.

Bothemulsifiersand highboiling point
solvents reduce VOC (Volatile Organic
Compounds) emissions, but the emulsifi-
ers in most cases have the added advan-

By:

Dr. Reidar Halle
Joseph A. Brennan
Managing Directors

Qual Tech Enterprises, InC.
1485 Bayshore Boulevard
San Francisco, CA 94124
Telephone: 415-467-7887

tage of not generating hazardous waste.
Replacing acetone with high boiling sol-
vents is initially a simpler process; how-
ever, the contaminated solvents must be
distilled and/or hauled away for waste
treatment. Also, solvent still bottoms pres-
ent disposal problems in more and more
states.

Why then does this technology, with
itsinherentadvantages of lower fire, health
and environmental dangers, fail to be
adopted quickly by every FRP fabricator?
The answer to this enigmatic question
seems to be a widespread lack of under-
standing of the new emulsifier technology
within the FRPindustry. Asaresult,some
FRP shops have neglected to implement
an ongoing training programs to teach
employees how to use emulsifiers effec-
tively.

Unfortunately, far too many fabrica-
tors were presented with a sample of an
emulsifier (identified as “an acetone re-
placement”) for evaluation; accompanied
only with an M5D5—no demonstrations
or detailed instructions were offered!
Therefore, in the absence of any other
advice, many FRP companies evaluated
the emulsifiers in the same manner they
used acetone, rather than as a new tech-
nology with different techniques. Some
laminators complained bitterly to man-
agement about the difficulty of cleaning
with emulsifiers; and justifiably so, ace-
tone methods don’t work with emulsifi-
ers. These complaints frequently led to
the abandonment of the acetone replace-
ment project.

On the other hand, if you examine
those FRP shops that have successfully
implemented emulsifier systems vis-3-vis
the unsuccessful shops, you will conclude:
The successful shops have the common
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Replace Acetone Successfully
—A Practical Guide—

thread of hands-on management commit-
ment to eliminate hazardous waste gen-
eration, close supplier support, and a com-
pany-wide training program.

The following is a step-by-step look at
the fundamentats of emulsifier technology
and the recommendations for FRP shopsto
choose the correct system to successfully
make the transition from acetone to emul-
sifier technology.

+ Emulsifiers versus Solvents
*How does an emulsifier differ
from acetone?

Separation versusdissolving: Organic

solvents, whether acetone or higher boil-
ing point products, clean the resins by dis-
solving them homogeneously, creating a
dilute solution of the resin—also hazard-
ous waste and varying levels of VOCs. In
the process of cleaning resins with acetone,
the sticky resin is diluted and spread
around, rather then removed from the
cleaning solution as with emulsifier tech-
nology.

Theresultis: Theefficiency of solvents
used for resin cleanup declines rapidly
after the first use. Emulsifier cleaning solu-
tions, on the other hand, actually become
clearer as the resin settles to the bottom,
allowing continued use of the cleaning
solution,

The most important differences are:

Hazardous Waste Generation:
Solvents used for cleaning resins always
generatehazardous waste, emulsifiers usu-
ally don’t.

VOC Emissions: Acetone gener-
ates 6,600 pounds of VOCs for each 1,000
gallons consumed in cleaning; typically,
75-100% evaporates. Inaddition, recycling
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solvents, regardless of boiling point, even-
tually loses all the solvent to evaporation,
spillage or still bottoms. A comparable
amountof alow-solvent emulsifiercleaner
generates only 30-50 pounds of VOCs—a
>99% reduction. This point becomes more
critical when increased FRP production
levels threaten to exceed total plant VOC
allowable limits,

Fire & Health Hazards: Emulsi-
fiers are water-based solutions that pres-
ent no fire danger—preferred by fire
marshals and insurance companies.
Organic solvents often burn; some, such
as acetone, burn vigorously and are red
label. Solvents often have workplace air
concentration and exposure limits to
protect workers; emulsifiers pose no air
quality problems.

» How does an emulsifier work?

An emulsifier formulation for resin
cleaning is a mixture of surfactants (sur-
face tension modifiers), combined with
wetting and complexing agents in wa-
ter—the systemn is usually alkaline. Some
emulsifier formulations contain excess
amounts of solvents; this initially im-
proves thecleaning action of the formula-
tion, but has some serious drawbacks.
Solvents dissclve metal salts (Cobalt),
styrene, and other organic compounds
that can cause disposal problems. In
general, a FRP shop manager should check
the data sheet and MSDS of the emulsifier
product before the evaluation to deter-
mine the potential for sewer disposal
problems.

An’ emulsifier surrounds the glob-
ules of tacky resin and renders them tack-
free by chemical action. These globules,
unable to fight gravity by sticking to a
surface, fall to the bottom of the cleaning
vessel, where they cure, if catalyzed. The
emulsified resin in the cleaning vessel
should separate to the bottom efficiently
to keep the cleaning solution free from
resin. Emulsifier products that contain
inefficient surfactants, high solvent con-
tent, or require heating, can retard this
desirable quality of efficient separation.
Thereisasimpleresin screening test (cov-
ered later in this article) to determine
qualitatively the separation capabilities
of various emulsifiers.

The emulsifier cleaning solution can

RS
continue to be used until the product is
depleted—roughly twice as long as sol-
vents—thendischarged intothe sewer when
the proper procedures are followed, and
the neccesarry sewer permits are obtained.
The cured resin at the bottom of the emul-
sifier cleaning vessel should be removed,
dried and can be discarded with other solid
nonhazardous waste,

* Why have acetone-replacement

projects failed?

Most FRP shops that have had little or
no success switching from acetone toemul-
sifiers haven’t approached the projectasan
engineered system designed for the plant’s
unique needs. A system—integrating a
basic understanding of the technology in
choosing an emulsifier and hardware, a
workers’ training program, and a disposal
method for the spent emulsifier—is essen-
tial for the successful conversion from ace-
tone to emulsifier technology.

Typically, companies that failed to
makethe transition from acetone to emulsi-
fiersonthe firstattempt did not fullyunder-
stand that emulsifier cleanup was a differ-
ent technology involving new strategies

and techniques.

Technol nge: Using the long
established techniques developed for ace-
tone cleanup will not work with water-
based emulsifiers. FRP laminators have to
change their work techniques, and some-
times the type of tools and the cleanup
systems employed. Actually, acetone re-
placement is not a direct product replace-
ment, but a technology change.

Laminators can not merely dip-rinse
and soak hand tools as with acetone. Tools
must be cleaned immediately free of resin.

Instead ofsimplydissolving resin from
the surfaces as solvents do, emulsifiers work
best whentheliquid bond oftheresin tothe
surfaceis physically broken by mechanical
brushing or swirling. Oncethe bond is bro-
ken, the emulsifier coats the resin, making
it nonsticky. Thecritical step for FRP shops
is to select the best mechanical device—
brushes in most cases set in place on racks
suspended in the emulsifier solution.

Also, there has been some confusion
over the technique of cleaning rollers and
brushes, as well as dewatering the tools
before returning to the lJaminate. Emulsi-
fier techniques are specific and often re-

. . .
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{quiredemonstrations in the plant for work-
- -] ersand management. The new technology
" |'is different than the old, but the effort to
| learn and use it is worth its benefits: Better
cleaning, safer handling and reduced costs.

Check your supplier for detailed instruc-
tion guidelines.

* How to select an emulsifier

Emulsifier products must be chosen
for their ability to be discharged into the
sewer when spent, as well as their ability to
clean, Therefore, the initial pH and the
solvent content of the emulsifier concen-

.| trate are important.

The pH levels of emulsifier formula-

. | tions drop during the cleaning of polyester
" { resins (acidic) into an acceptable range to

most sewer districts. However, if the pH

| rangeis much above 11.5, the product may
‘|be a corrosive liquid that doesn’t drop

enough in pH to meet local sewer require-
ments. This could require treatment be-
fore discharge. The same is true of excess
solvent concentrations in emulsifier for-
mulations: Solventscanincreasetheheavy
metaland /or styreneconcentrationstoun-
acceptable levels for sewer discharge.

Heating emulsifiersdoes increasetheir
cleaning efficiency—by lowering the resin
viscosity, whichspeedsuptheemulsifying
action. But, this can be a drawback to
sewer disposal if the warm water dissolves
more styrene, etc. In general, heating
should be reserved for difficult cleaning
tasks and flushing someinternal resin trans-
fer systems in orderto minimize thechance
of scwer disposal problems.

* Resin Screening
ac-
t
A standard test developed to quickly
screcn various emulsifiers and dilution ra-
tios to determine the optimum cleaning,
separation efficiencyand scttling rates. Test
procedure; Pour approximately 1-inch of
resin into a 12-ounce clear soda bottle and

-fill the bottle to 75% of its capacity with the

diluted emulsifier solution. Cap securely.

" | Then shake vigorously to remove the resin
" [from the sides of the bottle and to inti-

mately mix the resin and emulsifier.
Allow the sealed bottleto stand undis-
turbed; check after 15 minutes, 1 hour and
24 hours for completeness of separation.
Repeat for various resins and dilution ra-

tios and compare the cleaning and settling
| rates, and the emulsifier capacity.

Emulsifier capacity, the quantitative

feature

ability to continue cleaning resins, can be
checked by suecessively using the effluent
from the previous Replacetone Screcning
Test for additional tests until the emulsifier
loses its cleaning ability,

¢+  What is the pH?

Most emulsifiers are alkaline to vary-
ing degrees. Higher pH improves the effi-
ciency of the formulation, but also intro-
duces a possible cause of skin and eye irri-
tationand burning: Caustic, silicates, phos-
phates, amines, carbonates, etc., added to
raise the pH. As mentioned earlier, high
pH can cause sewer disposal problems, as
well as tool corrosion problems.

Also, silicates and phosphates, known
complexing agentsand solubilizersof heavy
metals, can prevent discharge of spent
emulsifier into the sewer treatment plant.
Lowmolecular weightaminescanalso solu-
bilize heavy metals, as wellascausederma-
titis.

* What is the Flash Point?

A high solvent contentinanemulsifier
formulation can lower the Flash Point of
emulsifiers. Check the emulsifier MSDS.
Emulisifier formulations with low solvent
content do not burn because of the water
content.

High boiling solvents, even with flash
points exceeding 200° F, usually burn if
ignited. Acetone, most FRP resins contain-
ing styrene or other monomers, and MEK
are flammable liquids.

+  What is the effect on health?

Water-based emulsifiers can contain
many different kinds of chemicals—too
many to generalize about health precau-
tions. Even though someof these chemical
ingredients are not required to be listed on
the MSDS, they can have an adverse effect
eyesand skin, Becertain to obtain informa-
tion {other than the obvious "other than
glovesarerecommended”) from the manu-
facturcr on the product’s effect on health,

¢ Does it contain restricted

chemicals?

Phosphatedisposalintosewersisbeing
banned in many states. Check the emulsi-
fier MSDS and data sheet. All formulations
contain some quantities of low molecular
weight chemicals that serve as wetting
agents or cleaning enhancers. The emulsi-
fier MSDS should be checked for ingredi-
ents that arc restricted or suspected chemi-
cals. -
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- resins types, fillers and additives—both

* How is the material stored?

Emulsifiers usually range in pH from
10-11.5, which allows storage with labeled
materials. A pH of more than 12.5 makes
the emulsifier a corrosive liquid, restrict-
ing its fiexibility in handling, shipping
and storage.

Most emulsifier concentrates have
pHs above the norm permitted by water
treatment plants. Therefore, concentrates
should have secondary containment stor-
age, when possible, to prevent leaks into
the environment. Local storage regula-
tions must be checked and observed.

* How to choose the emulsifier

dilution ratio

An emulsifier dilution ratio varies
with type and grade of resin, and what is
being cleaned: Tools, hands, spray guns,
or light-wipe cleaning,

* Type of resin
Emulsifiers behave differently with

typeof resin and dilution ratio with water
are critical to effective cleaning. Below s
a list of many of the resins that can be
cleaned with emulsifier formulations and
a general guideline to dilution ratios with
water. These recommendations are based
on our experience with a low-solvent
emulsifier concentrate,

Polyester
General Purpose— 1:15
Vinyl ester— 1:5
Cultured Marble— 1:10
Gel Coat—1:5
Fire Retardant— 1:5
Highly-filled Resins— 1:5
Epoxy
Room Temperature cured—1:10
Elevated Temperature cured—

1:5
Polyurethane
Rigid— 1:5

Flexible— 1:15

* Laminating Tools (Rollers,

brushes, ete.))

The use of water-based emulsifiers to
clean rollers and brushes requires some
brushing action (fixed or rotary) to re-
move the resin from the surface and to
intimately surround the resin with the
emulsifier. This renders the resin non-
sticky for easy removal. A Jiffy-Cleaner, a
five gallon pail with scrub brushes in-
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| quiredemonstrations in the plant for work-
. .| ersand management. The newtechnology

"7 |is different than the old, but the effort to

learn and use it is worth its benefits: Better
cleaning, safer handling and reduced costs.
Check your supplier for detailed instruc-
tion guidelines.

* How to select an emulsifier

Emulsifier products must be chosen
for their ability to be discharged into the
sewar when spent, as well as their ability to
clean. Therefore, the initial pH and the
solvent content of the emulsifier concen-

| trate are important.

The pH levels of emulsifier formula-

.- { tions drop during the cleaning of polyester
" | resins (acidic) into an acceptable range to

most sewer districts. However, if the pH

‘|ra ngeis much above 11.5, the product may

be a corrosive liquid that doesn’t drop
enough in pH to meet local sewer require-
ments. This could require treatment be-
fore discharge. The same is true of excess
solvent concentrations in emulsifier for-
mulations: Solventscanincreasethe heavy
metaland /orstyrene concentrationstoun-
acceptable levels for sewer discharge.

Heating emulsifiers doesincreasetheir
cleaning efficiency—by lowering the resin
viscosity, whichspeeds up theemulsifying
action. But, this can be a drawback to
sewer disposal if the warm water dissolves
mote styrene, etc. In general, heating
should be reserved for difficult cleaning
tasks and flushing someinternalresintrans-
fer systems in orderto minimizethechance
of sewer disposal problems.

* Resin Screening
The Replacetone Separation/Capac-

A standard test developed te quickly
screen vatious emulsifiers and dilution ra-
tios to determine the optimum cleaning,
separation efficiencyand settling rates. Test
procedure: Pour approximately 1-inch of
resin into a 12-cunce clear soda bottle and

.| ill the bottleto 75% of its capacity with the
| diluted emulsifier solution. Cap securely.
* | Then shake vigorously to remove the resin

from the sides of the bottle and to inti-

mately mix the resin and emulsifier.
Allow the sealed bottleto stand undis-

turbed; check after 15 minutes, 1 hour and

'{ 24 hours for completeness of separation.

Repeat for various resins and dilution ra-
tios and compare the cleaning and settling
rates, and the emulsifier capacity.

Emulsifier capacity, the quantitative

ability to continue cleaning resins, can be
checked by successively using the effluent
from the previous Replacetone Screening
Test for additional tests until the emulsifier
loses its cleaning ability.

+  What is the pH?

Most emulsifiers are alkaline to vary-
ing degrees. Higher pH improves the effi-
ciency of the formulation, but also intro-
duces a possible cause of skin and eye irri-
tation and burning: Caustic, silicates, phos-
phates, amines, carbonates, etc,, added to
raise the pH. As mentioned earlier, high
pH can cause sewer disposal problems, as
well as tool corrosion problems,

Also, silicates and phosphates, known
complexing agents and solubilizersofheavy
metals, can prevent discharge of spent
emulsifier into the sewer treatment plant.
Low molecular weight aminescanalso solu-
bilize heavy metals, as well as causederma-
titis.

« What is the Flash Point?

Ahigh solvent contentinan emulsifier
formulation can lower the Flash Point of
emulsifiers. Check the emulsifier MSDS.
Emulsifier formulations with low solvent
content do not burn because of the water
content.

High boiling solvents, even with flash
points exceeding 200° F, usually burn if
ignited. Acetone, most FRP resins contain-
ing styrene or other monomers, and MEK
are flammable liquids.

*  What is the effect on health?

Water-based emulsifiers can contain
many different kinds of chemicals—too
many to generalize about health precau-
tions. Even though some of these chemical
ingredients are not required to be listed on
the MSDS, they can have an adverse effect
eyesand skin, Be certainto obtaininforma-
tion (other than the obvious "other than
glovesare recommended”) from the manu-
facturer on the product’s effect on health.

* Does it contain restricted

chemicals?

Phosphatedisposal intosewersisbeing
banned in many states. Check the emulsi-
fier M5DSand data sheet. Allformulations
contain some quantities of low molecular
weight chemicals that serve as wetting
agents or cleaning enhancers. The emulsi-
fier MSDS should be checked for ingredi-
ents that arc restricted or suspected chemi-
cals.
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* How is the material stored?

Emulsifiers usually range in pH from
10-11.5, which allows storage with labeled
materlals. A pH of more than 12.5 makes
the emulsifier a corrosive liquid, restriet-
ing its flexibility in handling, shipping
and storage.

Most emulsifier concentrates have
pHs above the norm permitted by water
treatment plants, Therefore, concentrates
should have secondary containment stor-
age, when possible, to prevent leaks into
the environment. Local storage regula-
tions must be checked and observed.

¢ How to choose the emulsifier

dilution ratio

An emulsifier dilution ratio varies
with type and grade of resin, and what is
being cleaned: Tools, hands, spray guns,
or light-wipe cleaning.

* Type of resin

Emulsifiers behave differently with
resins types, fillers and additives—both
type of resin and dilution ratlo with water
are critical to effective cleaning. Below is
a list of many of the resins that can be
cleaned with emulsifier formulations and
a general guideline to dilution ratios with
water. These recommendations are based
on our experience with a low-solvent
emulsifier concentrate.

Polyester
General Purpose— 1:15
Vinyl ester— 1:5
Cultured Marble— 1:10
Gel Coat— 1.5
Fire Retardant— 1:5
Highly-filled Resins— 1:5
Epoxy
Room Temperature cured---1:10
Elevated Temperature cured—
15
Polyurethane
Rigid— 1.5
Flexible— 1:15

* Laminating Tools (Rollers,

brushes, etc.)

The use of water-based emulsifiers to
clean rollers and brushes requires some
brushing action (fixed or rotary) to re-
move the resin from the surface and to
intimately surround the resin with the
emulsifier. This renders the resin non-
sticky for easy removal. A Jiffy-Cleaner, a
five gallon pail with scrub brushes in-
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| quiredemonstrations in the plant for work-

-, .| ersand management. The new technology
- [is different than the old, but the effort to

" | leArn and use it is worth its benefits: Better

cleaning, safer handling and reduced costs.
Check your supplier for detailed instruc-
tion guidelines.

* How to select an emulsifier

Emulsifier products must be chosen
for their ability to be discharged into the
sewer when spent, as well astheir ability to
clean. Therefore, the initial pH and the
solvent content of the emulsifier concen-

| trate are important.

The pH levels of emulsifier formula-

- | ions drop during the cleaning of polyester
resins (acidic) into an acceptable range to

most sewer districts. However, if the pH

’ rangeis muchabove11.5, the product may
"Ibe a corrosive liquid that doesn’t drop

enough in pH to meet local sewer require-
ments, This could require treatment be-
fore discharge. The same is true of excess
solvent concentrations in emulsifier for-
mulations: Solventscanincrease theheavy
metaland /orstyrene concentrationstoun-
acceptable levels for sewer discharge, ™~
Heatingemulsifiersdoes increasetheir
cleaning efficiency—by lowering the resin
viscosity, whichspeeds upthe emulsifying
action. But, this can be a drawback to
sewer disposal if the warm water dissolves
more styrene, etc. In general, heating
should be reserved for difficult cleaning
tasks and flushing someinternalresintrans-
fer systemsin ordertominimize thechance
of scwer disposal problems.

]

+ Resin Screening
Capac-

A standard test developed to quickly
screcn various emulsifiers and dilution ra-
tios to determine the optimum cleaning,
scparation efficlencyand settling rates. Test
procedure: Pour approximately 1-inch of
resin into a 12-ounce clear soda bottle and

.| fill the bottle to 75% of its capacity with the

diluted emulsifier solution. Cap securely.
Then shake vigorously to remove the resin
from the sides of the bottle and to inti-
‘mately mix the resin and emulsifier.
Allow thesealed bottle to stand undis-
turbed; check after 15 minutes, 1 hour and
24 hours for completeness of separation.
Repeat for various resins and dilution ra-
tios and compare the cleaning and settling
rates, and the emulsifier capacity.
Emulsifier capacity, the quantitative

feature

ability to continue cleaning resins, can be
checked by successively using the effluent
from the previous Replacetone Screening
Test for additional tests until the emulsifier
loses its cleaning ability.

*  What is the pH?

Most emulsifiers are alkaline to vary-
ing degrees. Higher pH improves the effi-
ciency of the formulation, but also intro-
duces a possible cause of skin and eye irri-
tation and burning: Caustic, silicates, phos-
phates, amines, carbonates, etc,, added to
raise the pH. As mentioned earlier, high
pH can cause sewer disposal problems, as
well as tool corrosion problems, ’

Also, silicates and phosphates, known
complexing agents and solubilizers of heavy
metals, can prevent discharge of spent
emulsifier into the sewer treatment plant.
Low molecular weight aminescanalso solu-
bilize heavy metals, as wellas causederma-
titis.

+ What is the Flash Point?

Ahighsolvent contentin an emulsifier
formulation can lower the Flash Point of
emulsifiers. Check the emulsifier MSDS.
Emulsifier formulations with low solvent
content do not burn because of the water
content.

High boiling solvents, even with flash
points exceeding 200° F, usually burn if
ignited. Acetone, most FRP resins contain-
ing styrene or other monomers, and MEK
are flammable liquids.

»  What is the effect on health?

Water-based emulsifiers can contain
many different kinds of chemicals—too
many to generalize about health precau-
tions. Even though some of these chemical
ingredients are not required to be listed on
the MSDS, they can have an adverse effect
eyesand skin. Becertain to obtain informa-
tion (other than the obvious "other than
glovesare ecommended”) from the manu-
facturer on the product’s effect on health.

* Does it contain restricted

chemicals?

Phosphatedisposal intosewersis being
banned in many states. Check the emulsi-
fier MSDS and data shect. All formulations
contain some quantities of low molecular
weight chemicals that serve as wetting
agents or cleaning enhancers. The emulsi-

fier MSDS should be checked for ingredi-
ents that arc restricted or suspected chemi-
cals.
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* How is the malterial stored?

Emulsifiers usually range in pH from
10-11.5, which allows storage with labeled
materials. A pH of more than 12.5 makes
the emulsifler a corrosive liquid, restrict-
ing its flexibility in handling, shipping
and storage.

Most emuisifier concentrates have
pHs above the norm permitted by water
treatment plants. Therefore, concentrates
should have secondary containment stor-
age, when possible, to prevent leaks into
the environment. Local storage regula-
tions must be checked and observed.

* How to choose the emulsifier

dilution ratio

An emulsifier dilution ratio varies
with type and grade of resin, and what is
being cleaned: Tools, hands, spray guns,
or light-wipe cleaning.

* Type of resin

Emulsifiers behave differently with
resins types, fillers and additives—both
type of resin and dilution ratic with water
are critical to effective cleaning. Below is
a list of many of the resins that can be
cleaned with emulsifier formulations and
a general guideline to dilution ratios with
water. These recommendations are based
on our experience with a low-solvent
emulsifier concentrate.

Polyester
General Purpose— 1:15
Vinyl ester— 1:5
Cultured Marble— 1:10
Gel Coat— 1.5
Fire Retardant— 1:5
Highly-filled Resins— 1:5
Epoxy
Room Temperature cured—1:10
Elevated Temperature cured—
1:5
Polyurethane
Rigid— 1:5
Flexible— 1:15

* Laminating Tools (Rollers,

brushes, etc.)

The use of water-based emulsifiers to
clean rollers and brushes requires some
brushing action (fixed or rotary) to re-
move the resin from the surface and to
intimately surround the resin with the
emulsifier. This renders the resin non-
sticky for casy removal, A Jiffy-Cleaner, a
five gallon pail with scrub brushes in-
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serted, is the best solution to this problem.
Mechanical devices in combination with
emulsifiers clean efficiently and allow
higher dilution ratios and better cost effec-

. .. |tiveness.

5
*  Spray guna
Spray guns, both internal and exter-

" Inal-mix, are cleaned with a 1:5 dilution
{ratio. :

+ Hand & light-wipe cleaning

Simple hand cleaning and wiping
down a cured FRP part requires a dilution
of 1:15 to 1:20 in most cases. A hands-only

. | type of Jiffy-Cleaner (with softer brushes)

is recommended for best results. Hands
must be rinsed in clear water toremove the
residual emulsifier to prevent skin irrita-

" ftion or rash.

Using spray bottles of emuisifier di-
luted 1:20 in water is the best approach to
wiping off cured gel coat surfaces and
laminates. This minimizes the fire and air
potlution dangers posed by acetone clean-
ing.

* Dilution methods

Management should determineastan-
dard method of emulsifier dilution and
appoint'an employee to be responsible for
preparing the emulsifier solution. This
step avoids inconsistent results {(over dilu-
tion) and waste (under dilution). Either
batch mixing or the use of a proportioning
hose connection gives satisfactory results.

* How to clean with emulsifiers
¢ Roller & paint brushes
The following aredirections for clean-

‘{ing rollers and brushes ina Jiffy-Cleaner—

the most popular and versatile cleaning
tool: -

Fill adiluted emulsifier solutionintoa
Jiffy-Cleaner to a level of 1" above the top
of the brushes. Fillasecond pail with clean
watertoapproximately three-quarters full;
change the rinse water periodically as
needed.

Insert rollers soiled with resin between
theJiffy-Cleaner scrubbrushesand plunge

- | the rollers three or more times between the

brushes. The bottom bracket of the Jiffy-

"| Cleaner is elevated several inches from the
- - |bottom of the bucket so the rollers do not
. |touch the curing resin collected there.

. Shake off excess emulsifier and suds
and briefly dip theroliersin theclear water
pail. Give three to four sharp snaps of the
wrist to dispel water from the surface of

Replace Acetone Successfully

the rollers. In most cases the rollers are
now dry enough to return to the laminate,
If not, hang the rollers to dry for several
minutes, Alltools must be cleaned imme-
diatelyin ordor toaveid theresineuringon
parts. This is important: Soaking tools
before cleaning is unnecessary—and a
problem, if the resin is allowed to cure on
thetools. Rollers cleaned with emulsifiers
are nonsticky and noticeably cleaner than
those cleancd with organic solvents.

A small number of FRP shops use the

larger felt paint-type of rollers to apply
resin uniformly to the laminates. These

rollers clean wellin a 1-inch or 2-inch Jiffy- -

Cleaner. After the felt coveriscleaned and
rinsed in clear water, it should be wrung
by hand and hung on a peg to dry. There-
movable felt cover should have a plastic
core, not paper or cardboard. The roller
holder can be cleaner in the Jiffy-Cleaner
and dried before another felt roller coveris
attached.

For brushes, the technique j3 impor-
tant:

Insert the paint brushes in the Jiffy-
Cleancrby pressing the bristles against the
top of the Jiffy-Cleaner brushes on one
side. Move the handle of the paint brush
downward along the open space between
brushes to scrub the interior paint brush
bristles clean. The bristles should be point-
ing upward and be spread out like a bird's
tail, Pullup. Turnthe paintbrush overand
repeat. Depending upon the size of the
brush, repeat this technique several times
until the paint brush is free from resin,
Squeeze the bristles to expel the excess
emulsifier and suds.

Rinsethe paintbrushinclear water by
forcing the bristles against the side of the
pail beneath the water. Wring the bristles
and hit them against the top of the bucket
rapidly several times to dispel waterdrop-
lets from the brush. Hang brush to dry if
still moist, or use dry air. ,

Use splash goggles to prevent emulsi-
fier solution from getting into the eyes.
Read MSDS and product data sheets be-
fore use.

* What system tools are required?

Fixed Brushes

A Jiffy-Cleaner was invented to aid in
the cleaning of the tools using emulsifiers.
The Jiffy-Cleaner, with fixed brushes on a
rack, is widely used to clean rollers and
brushes. It is a versatilc tool that is avail-
able in various container sizes (5, 15 & 55-

gallon) and brush configurations.

Air-driven brushes

Air-driven brushes, despite their lack
of versatility and mobility, are well suited
for some specialty cleaning: Very large or
odd-sized tools and rollers; intricate parts
and dies. Air-drivenbrush machinescause
a powerful churning action that finely dis-
perses the emulsified resin in suspension
for a considerably longer time. This vortex
flow also stirs up the resin collecting at the
bottom of the cleaning reservoir—this
tends todecreasetheefficiency of theemul-
sifier solution and possibly poses a sewer
disposal problem. For this reason, air-
driven brush systems should have deep
reservoirs equipped with baffles,

1 ths

Heated reservoirsarenot widely used,
but do have specific applications (e.g., in-
tricate parts, pipes, dies). They suffer from
the same lack of versatility and mobility as
air<driven brush machines. Hot water
baths do improve cleaning somewhat by
reducing the resin viscosity and improv-
ing the emulsifying action. However,
heated baths increasethe levels of styrene,
cobalt salts, MEKDP, ctc. in the emulsifier
solution, and can cause sewer disposal
problems.

* Hands

Hands are cleaned best in a dedicated
hand Jiffy-Cleaner, followed by a clear
water rinse to remove residual emulsifier.
Soft sponges and hand brushes also clean
well. Hands may be dried with towels or
air. Insufficient rinsing and drying of
hands, or a combination of emulsifier resi-
due with solvents and resins can cause
skin irritation.

* Spray & gel coat guns

Due to wide variations in emulsifier
cffectiveness with various resins and fill-
crs, it is difficult to give specific cleaning
instructions for internal-mix and gel coat
spray guns, Spray gun manufacturersand
emulsifier suppliers shouid be consulted,
External-mix guns can be cleaned with an
emulsifier spray bottle and small brush,
and dried with clean cloths similar to sol-
vent cleaning.

* Dies and molds

This normally involves heavily-filled
resins with specialty additives that even
makeacetonecleanupdifficult dueto sticki-
ness. Anemulsifier system, withair-driven
brushes and heated reservoir, can do a

4
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" warnings.

more effective job than solvents. Almost
every system is unique, but all are based
on the basic principles of emulsifier tech-
nology: Usecfmechanical energy tobreak
the resin liquid bond with the surface;
cmulsificationand separation of the resin;
clear water rinse and drying.

* Wipe off of cured FRP parts

Emulsifiers diluted to 1:20 in spray
bottles can be used with clean cloth wipes
to clean oil, dirt or liquid resin from cured

|- resin parts. This type of cleaning is simi-
“lar to acetone cleaning. However, ace-

tone spreads a portion of the diluted resi-
due over the entire surface; emulsifiers
remove the resin, oil or dirt from the
surface.l;

* Cured resin

Cleaning cured resin is a problem for
emulsifiers as wellasacetone. Methylene
Chloride is somewhat effective, but is
being restricted as a resin cleanup sol-
vent. Most solvents that remaove cured
resinsalso carryhealth and environmental
Preventive maintenance is
essentia] to minimize this problem by
dealing with the resin waste before it
cures.

* How to solve cleaning problems
* Introduction

If possible, FRP managers should get
an in-plant demonstration from their
emulsifier supplier. Thisallows manage-
ment and production personnel to seethe
propertechniquesand procedurestoclean
their currently used resins from theirown
tools first hand from experienced profes-
sionals. If demonstrations are not pos-
sible, complete “Howto Use...” and “How

~to Dispose of..." instruction guides are

available from suppliers. Finally, follow-

| up training is necessary to ensure that

proper procedures are maintained.

* Cleaning efficiency

. Cleaning efficiency with emulsifiers
is dependenton thespeed of separation of
the emulsified resin to the bottom of the
cleaning vessel. Even if the chemical
separation is good, if the vessel is shallow
(especially critical with air-driven
brushes), the curing resin is stirred up
into the cleaning zone, causing inefficient
cleaning. Therefore, it isimportant to use
deep containers (5-gallon minimum) with
fixed brushes that are at least two inches
offthebottom; air-driven brushes should

be considerably higher because of the
churning action caused by the rotating
brushes. If more than 4-5 laminators are
cleaning tools, additional cleaning buckets
should be set up. Regular changing of tha
emulsifier cleaning solution is best—daily
changing, if that works in your operation.

s Possible pitfalls

Below is a summary of the typical
problems with the use of emulsifiers if the
proper procedures are not performed. All
of the pitfalls asscciated with rollers,
brushes and hands can be avoided by us-
ing the proper hardware tools and tech-
niques to clean, rinse and dewater the
rollers. '

* Rollers

Inadequate ¢leaning

Remedy: Use Jiffy-Cleaner and cor-
rect technique.

Water in barrel

Remedy: Leam techniqueofsnapping
wrist to force water from rollers.

Barrel freeze

Remedy: Use Jiffy-Cleaner and learn
technique to rinse and dewater. Also, use
quick-release rollers to minimize barrel
freeze.

+ Brushes

Inadequate cleaning

Remedy: Use Jiffy-Cleaner and learn
the technique of cleaning the interior
bristles of the paint brush, and use the
proper dewatering method.

Water in handle
Remedy: Punch holes in the ferruleon

the handle to allow excess water to drain;
hang up to dry with bristle toward the ceil-
ing to minimize the drying time.
Moisture
Remedy: Brushes may be air dried or
forced dried with compressed air.

» Hands

Inadequate cleaning

Remedy: For inadequate cleaning—
sticky hands—use a hand brush or soft-
brush Jiffy-Cleaner to remove the resin
before rinsing. Hand rinsing with clear
water is essential to prevent skin rash or
discomfort. Hand cleaner systems should
be placed at or close to waist level for the
best results.

Moisture on hands

Remedy: Supply soft clean towels or
air driers ncar the hand cleaning station.

* Spray guns

Cleaning spray guns, especially inter-
nal-mix and gel coat guns, is not a simple
task. It will probably involve the technical
assistance of your emulsifier supplierand
your gun manufacturer. Certain resin
types, fillers and pigments can cause inef-
ficient cleaning and excessive plugging of
gunsif the properemulsifier is not used. It
is strongly suggested that this conversion
be madc last after the replacement of the
open acetone containers used for cleaning
rollers, brushes and hands. It is essential
for each plant to establish and follow a
standard procedure for cleaning spray
guns.

* Training

Almost all pitfalls outlined above can
be avoided or minimized by good train-
ing, follow-up programs and the help of
your suppliers. An in-plant demonstra-
tion is worth thousands of words. Call
your supplier.

* Howto handle yourspent clean-
ing solution

Liquid solution

Filter the solid resin from the emulsi-
fier cleaning solution at the end of each
day. Thecleaning solution can continueto
be used until it is completely spent. When
thecleaning solutionis no longer effective,
allow at least 24 hours settling time before
the final filtering. Then, the spent emulsi-
fierliquid canbedischarged intothesewer
if permits have been obtained.

Resin sediment

The wet resin sediment, separated
from the liquid portion of the spent solu-
tion, must bedried before disposal. Spread
the wet solid for ease of drying. Thedried,
cured resin can be disposed of as solid
nonhazardous waste along with the hard-
ened resin and trim. Note: Only catalyzed
resins cure to a solid.

%+ How to dispose of the waste

Liquid effluent

The spent emulsifier solution can be
discharged into the sewer if the Federal,
Stateand Local regulations havebeen met.
However, navigating the maze of regula-
tions necessary to obtain a sewer disposal
permit is difficult, detailed and time-con-
suming. Contact your emulsifier supplier
for assistance and guidance.

Normally, spent emulsifier solutions
from plant operations would not be classi-
fied as a hazardous waste. However, any
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mixture with a hazardous waste listed in
40 CFR Part 261 Subpart D, Proposition
65, or similar stateregulations, etc., would
make the resultant waste stream hazard-
ous. )
In addition, if a waste stream gener-
ated from the use of an emulsifier exhibits
one or more of the characteristics of haz-
ardous waste (Corrosivity, EP toxicity,
reactivity, orignitability), itlikewise would

.| besubject to the hazardous waste regula-

tions. Ifin doubt, have your waste stream
analyzed.

Usc splash goggles to preventcyein-
juries when handling.

Septic systems

Septic systems are local issues, and it
may notbe possibletodisposeoftheefflu-
ent into leaching fields. Consult your
emulsifier supplier.

Evaporation by heating of the water
phase of the spent emulsifier solution is
possible, butitis energy-intensiveand ex-
pensive.

Cleani f I

This a costly affair, but it might be of
interest to large companies that already
have recycling/treatment plants.

Dried cured tesin residue

The generated solid cured resin, when
dried, may be able to be disposed of as
nonhazardous waste, If theresidual resin
is not completely cured, add a small
amount of catalyzed resin to complete the

.+ | ‘cure before disposal.

Cost comparison with solvents

The purchase price of cleanup sol-
vents—without disposal costsincluded —
are from $2+ per gallon for acetone to 34
times as much for higher boiling solvents.

Dituted emulsifier solutionstypically
cost $1.00 per gallon and last at least twice
aslongas solvents. The cost effectiveness
of emulsifiers versus solvents is substan-

_tal, even if the solvents are recycled—

only 50-60% of all cleanup solvents are re-
claimed. Emulsifiers offer considerable
cost ad vantages even before theadditional
hidden ‘costs of solvent recycling losses
and disposal are factored into the com-
parison.

* Summary

Replacing acetone with emulsifiers is
a technology change. At least 75% of all
acetone used for cleanup can be replaced
easily by emulsifiers, but most FRP shops
initially require the close involvement of
theiremulsifier supplierto accomplish this.

FRP shops should begin by replacing
the solvents used for cleaning tools and
hands first; this switch is the easiest and
represents the biggest cost reduction and
environmental benefits. The remaining
arcas, such as spray gun cleaning, require
a more detailed and systematic approach.

Thebottomlineis: Thechoiceof ernul-
sifier supyiiers is critical because the FRP
fabricator often must rely on his supplier
forhis resin-cleaning systems forthe 1990s,
worker training, disposal methods and a
sewer discharge permit.
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Guaranteed Products:

» Still believe acetone is a good
cleanup solvent.

- You Should:

Consider the '"Total Solution"
IFFY-CLEANER

Guaranteed Results:
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REPLACETONE
&.
Jiffy-Cleaner 5-Gal.
Jumbo-Jiffy 15-Gal.

Leading-edge
Specialty Systems

/

/

» Belter than acetone
» Easy disposal
s Faster than acetone
» No fire danger

¢ Blodegradable

* Low VOC

* Reduced hazards

s Meets Rule 1162

* 50% cost saving

« Demo in your plantj
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« Haven't replaced acetone or your
cleanup solvent yet.

+ Aren't satisfled with your acetone
substitute or recycling.
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] HUNTINGTON ENERGY SYSTEMS

l . Preserving the environment and meeting EPA standards in a cost efficient manner requires state-of-the-art engineering. HES engineers, manufacture-
.and installs the most technologically advanced and thermally efficient fume oxidation systems available to industry today, through its patented designs.
With a staff of experienced engineering and sales professionals, supported by advanced Computer Aided Design (CAD) equipment, HES has delivered

. systems to customers and industries ranging from local printers to major manufacturers. Over the years, HEES has developed a reputetion for high

* quality, reliability and low maintenance life cycle costs.

System Operation—The HES Regen-
erative Fume Oxidation system destroys
noxious fumes containing organic solvents,
‘hydrocarbops and odors by oxidation at
temperatures in the realm of 1500 degrees

harmless water vapor and carbon dioxide.
The regenerative cycle stores combustion
heat energy for reuse to preheat process
emissions prior to oxidation, providing the
most thermodynamically efficient system of
fume oxidation. It is, therefore, the most
cost effective means aveilable for compliance
with government requirements for pollu-
tion control,

System Simplicity — The concept of the
HES design is simplicity. The patented sin-
gle valve drive shaft minimizes operation
and maintenance problems. All other sys-
tems utilize multiple electric operators or
complicated hydraulics. This also substan-
tially reduces the amount of field wiring
required.
System Performance—The HES Re-
. generative Fume Oxidation System incor-
porntes the latest fume oxidation technol-
ogy. Its patented design destroys the
pollutants irj contaminated exhaust streams
while recovering up to 85% of the input
- heat energy for preheating the process emis-
sions, The requirement for auxiliary fuel is
thereby minimized to the lowest possible
level. The system will meet and/or exceed
the current VOC destruction requirements
mandated by local and federal Environmen-
tal Protection Agencies,

Fahrenheit. The fumes are converted t6 -

Total System Responsibility — HES
takes full responsibility for the installation
and start-u)» of its systems on a turnkey con-
tract basis, including the design and modi-
fication of connected processes, e.g. air-
volume recluction.

System Economy —“Life-Cycle Cost”

...the cost of owning and operating capital

equipment is the total of its capital cost, its
operating cost and the cost of maintaining
the equipment over the period of its antici-
pated useful life. The life-cycle cost of HESY
Regenerative Fume Oxidation system is
substantially lower than that of alternate
systems.

Who Is HES? HES is a wholly owned sub-
sidiary of JWE, INC., a NYSE corporation
with annual sales well in excess of a billion
dollars, ITIZS customers can expect systems
to reflect dedication to quality performance.

Application: A major manufacturer of
military tract vehicles such as tanks, troop
carriers and construction vehicles. The
final stage of manufacturing requires paint-
ing of the vehicle with solvent-based coat-
ings. The HES System destroys air pollu-
tants emitted from the paint spraying and
drying processes. (Size: 20,000 SCFM)

Application: A residential wood cabinet
manufacturer which coats the wood with
stain, antiquing, sealants, and other
finishes. Prior to discharge into the
atmosphere, these predominantly solvent.
based coatings are oxidized by the HES
System, allowing the manufacturer to meet
EPA standards in a cost efficient manner.
(Size = 75,000 SCFM).
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Application: a major vinyl floor covering
manufacturer, which was required to meet
the new clean air standards. Its problem was
' deahng with the VOCs released during the
.. printing of resilient vinyl sheet flooring. By
installing an HES regenerative fume oxida-
.tion system specifically designed for its
needs, the firm has been able to heat the
plant with recycled sir resulting in a sub-
stantial fuel cost savings. This processor is
- also realizing additional savings on natural
gas. (Size o 36,000 SCFM)
Not every system can have substantial sav-

“ings designed into it because of the many
varizbles involved, but we analyze every

system for potential savings as well as for
changes requ:red to meet state and federal

EPA requirements.

“MINIMIZING THE COST OF FUME EMISSIONS CONTROL”

STANDARD FEATURES

« Single operator valve drive system

« Independent control and gas pipe trains for each burner
+ Machined cast steel valves

« 1/4" ASTM A 36 steel housing

» Stainless steel ceramic support grids
» IRI/FM burner system

« 2400° soft ceramic insulation

+ Programmable logic controller

+ Expansion capabilities

« Prewired & Tested control panel

anSUAL ECONOMICS OF ALTERNATIVE
com FUNE INCINERATION SYSTEMS

$280,000yr
£220,000yr

S160,000°yT

§ 20,0000y

SCFM ® 1000

= NECUPLRATIVE
ma CATALYTIC
mE ALGEMEHATIVL

COMBUSTION

|

VALVES

e . T AT PV R b e g -
- re R I TIIRTEA



TUNTINGTON
TNERGYSYSTEMS,INC.
()81 Bristol Road

Tountainside, NJ 07092

201) 789-2700

ax: (201) 789-2709
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- Shopping for

The purchase of an incineration system

will impact not only on the state

of EPA compliance, but can affect
total operations in the long run.
Knowing what to look for will greatly
increase the chances of a successful
selection. ... by Richard J. Greco,
vice president of engineering,
Huntington Energy Systems

In order to meet the stringent clean-air standards

.set by the Environmental Protection Agency, a

substantial segment of American industry is
choosing to install fume incineration systems as the
method of compliance.

The choice of the proper system can mean much
more than just meeting EPA requirements. It can
mean a significant impact on profit. In fact, the
proper system can actually pay for itsell within o
few years and lower manufacturing costs thereafter,

Fume incineration systems incorporate thermal
oxidizers that destroy volatile organic compounds
(VOCs) by high-temperature conversion of
hydrocarbon-laden fumes to simple, harmless water
vapor and carbon dioxide, While the various types
of systems hove acceptable clean-up efficiencies,
cach system is different in thoory of oxidation and
cost ol operiion; cach has its own benefits and
drawbacks.

There are four types of fume incineration
systermns: common afterburner; catalytic converter;
recuperative thermal oxidizer; and regenerative
thermal oxidizer,

+ Common afterburner (see Figure 1)

Function: Raises fumes to incineration
termperatures, thereby destroying their offending
content, and maintains them at those temperatures
for a given period of time as mandated by
regulations—usually % sec at 1,400 deg F

Benefits: The afterburner is relatively inexpensive
1o manufocture and install.

Drawbacks: 1t is nou designed for efficient use of

Workmen put the
finishing touches
on the interior of
a Huntington
Energy Systems
regenerative fume
incinerator.

The system s
typical of those
Huntington installs
at converting
operations. The
incinerator is

lined with Manville
Z-Blok® refractory
ceramic fiber
modules to
withstand
temperatures up

to 2,300 deg F and
1,000 AFPM air
flow velocity.



FIGURE 1 - FIGURE 2

The Common Afterburner The Catalytic Converter

COMBUSTION
/STACK

CHAMBER » . R Lowares Comhustlon
OXIGIZER FAN CAIALYUT Temparnture
OXIDIZER

R

TR

PROCESS

COMBUSTION/
CHAMBER

COMBUSTION
CHAMBER

HEAT RECOVERY
—"MEDIA

RECUPERATIVE
HEAT EXCHANGER

+-——-— PROCESS

OXIDIZER
FAN

. How It works " " N
T ' e Oxidizea fumas ow Il works

e Utllizes haat exchanger e Combustion at 1500°F e Sequential valving
# Prohonts contominated gas v = Heat storage s Preheated fumes

" fuel and typically consumes 2,000 percent more of the catalyst’s cell structure becoming coated with

fuel than other systems. . oxidized ash, which deteriorates its ablility to oxidize
- Industries/processes for which suitable: Small the hydrocarbons at the preheat temperature . :
processes of 500 SCFM (Standard Cubic Feet Per and also reduces flow through the system. {
Minute) or less. Consequently, additional fuel must be burned to -
fﬁl Installed cost of equipment only is under elevate the fumes to a higher temperature in order $
$150,000 for.a 500 SCFM unit. The cost to operate to achieve oxidation. Ultimately, the catalyst i
is approximately $10,000 for 2,000 hrs/yr, or about becomes useless and the system becomes clogged,
i $20/5CFM vear. forcing the catalytic converter to function in the :
. » Catalytic convertsr (see Figure 2): same way as a common, fuel-intensive afterburner. ¢
- Function: Hydrocarbon-laden fumes are pushed Industries/processes for which suitable: clean ink ‘

: by a fan through a preheat section wherein the processes; no silicone.

. - temperature of the fumes is raised to a maximum Cost: Costs to instail depend on type of catalyst

! of 700 deg F. The fumes then pass through another used. For a 10,000 SCFM unit, approximate cost to
section of the system containing the catalyst, which :

l reduces the oxidation temperature to 700 deg F, at

which the hydrocarbons are thermally oxidized.

L Benefits: The catalytic converter is more efficient

Ry ‘then an afterburner, and is also a simple system. It
. works well on “clean® hydrocarbdn fumes (low AR

I - sofvent concentration streams).
Prawbacks: 1t performs poorly with fumes

-+ contaminated with ash, paper,-dust, resin, heavy 5{ xir'fwat j 305 "*‘?ﬁ !
l metals or silicone—commonly found in oven or “i‘bﬁ ih 'm““fh:%sﬁ?téﬁ“g@?
-+ dryer processes. This poor performance is the result s B
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operate is $13,000 for 2,000 hrs/yr, or $1.30/SCFM
year.

+ Recuperative thermal oxidizer (see Figure 3):

Function: This unit oxidizes the fumes in a
combustion chamber but, unlike the common
afterburner, makes use of the existing 1,500 deg F
gas by passing it through the low-temperature inlet
gas stream via an indirect shell and tube heat
exchange—thus preheating the incoming
contaminated gas to within 65 percent {(maximum
of 80 percent) of oxidation temperature.

Benefits: The recuperative system is economical to
operate when the heat release of the hydrocarbons
is sufficient to overcome the fuel required for
combustion. The 20 1o 35 percent of the heat lost
during incineration can be reused for indirect
bullding heat or steam, or it can be returned to the
process.

Drawbacks: Auxiliary fuel must be used on
processes that do not contain ample fume energy
for self-destruction, or processes that are cyclical in
nature. Factors such as size, heat transfer
coefficients and stress limit the system’s preheat
efficiency. Reusing the 20 to 35 percent lost heat
requires an additional investment for heat transfer
equipment and its maintenance.

Industries/processes for which suitable: High
solvent concentrations above 25 percent LEL (lower
explosive limit), coil coating and gravure printing.

Cost: No fuel usage when LEL is above 25
percent.

» Regenerative thermal oxidizer (sce Figure 4):

Eunction: Oxidized gases exit the combustion
chamber, passing through a porous heat-transfer
section, storing by conduction 95 percent of its heat

~in millions of inert ceramic elements. By the use of

valving, incoming contaminated air is directed to the
heat-transfer section where, by conduction, fumes
are preheated to within five percent of oxidation
temperature by the already-stored heat on its way

~up to the combustion chamber. There is a
"continuous cycle of storing and releasing heat

alternately within three heat-transfer sections,

which permits an uninterrupted flow of contami-

nated process gas through the system at all timos.
Benefits: The regenerative system is simple and

reliable, requiring little or no additicnal fuel, even

when fume hydrocarbon levels approach zero,
When little or no hydrocarbons are present, only 5
percent of normally-required fuel is needed for
oxidation. In many cases, just a burner pilot is
sufficient when coupled with the 95 percent preheat
efficiency.

Drawbacks: Most available systems are
maintFnance-intensive because they use hydraulic or

“Twenty-five percent LEL equals 10,000 SCFM/1 GPM (gal/min} air
solven ratio.

electric drive valving components. However, there
are systems available that alleviate most of the
maintenance because thay utllize a single speed-
reducer mechanical valving system.

Industries/processes for which suitable:
Recommended for larger process flows with lower
solvent concentrations because the high primary
heat recovery will reduce operating fuel costs. Five
percent LEL or greater will result in almost no fuel
usage.

Cost: Cost of equipment and systemn is
approximately $45/SCFM.

(Note: The difference between a 95-percent-
officient regenerative unit and a 65-percent-efficient
recuperative unit in terms of fuel use may not be 30
percent, depending upon the type of burner
incorporated. The reason Is that the higher the exit
temperature {dictated by the unit’s preheat
efficiency), the greater the amount of fuel required
to bring the combustion air to the required
temperature. When the net fuel value is calcuiated

lHow Dees Fume Incineration Work?

System converls hydrocarbon laden fumes
to simple, harmless water vapor and carbon
dioxide by high temperature Incinaration

along with the preheat efficiency, the actual fuel use
difference could be as high as 40 percent.}

The following checklist covers the many factors to
take into account when considering installation of a
fume incineration system,

1. Operating characteristics of process:

+ Type of process

« Emission exhaust volume {(SCFM). Are there
multiple sources, and what are the maximum and
minimum exhaust volumes? At what flow rate is
the system operating the majority of the time?

+ Hood exhaust volume (SCFM)

« Oven exhaust temperature (deg F)

» Oven temperature (deg F)

» Process temperature of the stream going to the
oxidizer {deg F)

+ Fuel used in process {oil, natural gas)




« Cost of fuel ($/Million BTUs}

» Type of solvent used in process

» Gallons/hour of solvent used on product

+ Solvent load at various flow conditions (Ib/hr)

+ Percent of each constituent in solvent

+ Hours/day of process operation

« Days/week of process operation

« Hours/year of process operation

= Percent downtime {flow going to oxidizer
without solvent)

» Number of startups/year. {Is unit down every
weekend?)

« Contaminants in the stream that could cause

. problems, e.g., silicone, heavy metals, chlorides,

particulates. If no contaminants now, might there be
some in the future?
2. Regulatory requirements:

« What level of hydreocarben destruction must be
obtained? (Typically, an overall destruction level is
established, which is a combination of collection
efficiency at the process and destruction by the
oxidizer.}

« What is the schedule? When must the oxidizer

" be installed and operational?

» What method of test will be required by the
regulatory agency? (Various methods are accepted
by different states and regions, e.g., flame
ionization, gas chromatograph, etc.}

« Must the oxidizer include instrumentation to
continuously monitor inlet/outlet temperature,
inlet/outlet hydrocarbon concentrations or other
constituents in the exhaust, such as CO and NOX?
3. Insurance factors:

« Are there specific insurance approval
requirements, such as Factory Mutual (FM) or
Industrial Risk Insurers (IRI)?

« Upon system startup, will the process be
purged through the oxidizer or indirectly to the
atmosphere? {Insurance requirements will dictate
that both the process and the oxidizer must be
purged with clean air before any burners can be lit,
to ensure there are no dangerous concentrations of
hydrocarbons built up that may cause an explosion.)
4. Return on Investment:

It you want the system to give you a return on
your investment, such as using recycled air to heat
or cool the building, you must know the following:

» Type of building heating system

* Square footage of building being heated

« Type of installed air conditioning

« Tons of air conditioning

+» Capacities of individuat air conditioners (tons).
5. Operating costs:

+ What are the comparative utility costs, e.g.,

“natural gas and electricity?

6. Ease of maintenance of system:
+ Need for adequate maintenance staff to handle
technical aspects of the different systems.

7. Expandability of system:

« Does the equipment lend itself to future
expansion, should production schedules dictate?
8. Location of system:

« Will the oxidizer be located outdoors, indoors, at
grade, on roof?

+ What is the availability of utilities, e.g., natural
gas, oil, propane?

« What is the electrical service available, and is
there sufficient capacity?

« Is noise pollution a consideration? (Is there
housing nearby?)

« Are soil conditions adequate for the foundation?

+ [s there sufficient access for construction
equipment?

+ Is the site selected clear of any underground
abstructions, such as drain sewers, tanks, etc?

« Where is the control panel to be located?

9, Bid evaluation:

+ s this to be a turnkey project? Many companies
prefer a single-source, including installation.

» Are you comparing cquivalent bids? Has each of
the vendors included all of the necessary equipment
and services? Has a bidder left something out in
order to better his price position? ({Compare your
bids to each other, and to all the guidelines
enumerated here, to avoid accepting an incomplete bid.)

» Has each vendor supplied the proper
performance guarantees and equipment warranties?

« Are the terms of payment acceptable?

« Has freight been included in the price?

+ Does the vendor have proven operating field
installations?

« Can the vendor meet the necessary schedules?

« Carefully evaluate the following for quality of
workmanship: construction materials and
thicknesses; equipment suppliers for controls, fans,
etc; methods of assembly.

+ What happens to the oxidizer in the event of
excessive solvent loads? Will it over-temperature
and cause problems?

» Have the proper safeguards been incorporated
in the control scheme, e.g., high-temperature
shutdown, audible alarms in the event of shutdown?

Summary

The above information should serve to guide you
in evaluating which fume incineration system would
be best for your business. it should also help you to
initiate meaningful discussions with equipment
suppliers and/or independent environmental
consultants, and to analyze vendor bids.

In the end, EPA regulations will do more than
create a cleaner environment for all of us; they will
force us to take a hard ook at our manufacturing
processes, very possibly resulting in lower
production costs in the long run. #

Reprinted from CONVERTING MAGAZINE February 1988
Copyright 1988 Delta Communications Ine.
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To avoid an expected
EPA crackdown on VOC
emissions, fume inciner-
ation may be your

best bet. Here's a look
at available equipment.

i.a e
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plant.

any plastics processors, along
with a substantial segment of
the rest of American industry,

will soon he forced to install fume incin-
eration systems in order to meet exist-
ing EPA clean-air standards, and provi-
sions of possible amendments to the
Clean Air Act, or even entirely new en-
vironmental bills which Congress may
pass. The Federal Environmental I'ro-
tection Agency has already designated
localities that are currently not meeting

flobr’ coveringl

mininum requirements for the control
of volatile organic compound (VOC)
emissions, and agency spokesmen have
said recently that they will be cracking
down on manufacturers located in “non-
attainment” areas. There have even
been new ruies instituted recently that
are aimed specifically at application of
coatings to plastic business-machine
housings (sec P’T, March ‘88, p. 113).

Plastics processors within these
areas that use solvent-based paints,

Reprinted from PLASTICS TECHNOLOGY July 1988
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inks, or other coatings will be required
by law to measure YOO emissions at
their own facilities. The burden of proof
will be on them to show compliance, and
their testing procedures will also be reg-
ulated by the EPA. Specific rules and
regulations for compliance will vary be-
tween different EPA jurisdictions, but
penalties for noncompliance can include
fines, annual production limitations, or
even plant shutdowns.

The present Clean Air Act had
scheduled the deadline for compliance
for December 31, 1987, but that dead-
line was extended by Congress to mid-
1988. The lawmakers may choose to ex-
tend it again or, more likely, take an
even tougher stance on pollution emis-
sions, while giving businesses a longer
time to comply. There were still 76 non-
attainment areas at the end of 1987, and
it's not likely these areas will he within
compliance soon.

Fume cleanup is needed to elimi-
nate air contamination by hydrocarbons,
such as MEK (methyl ethylketone),
‘MIBK (methy! isobutylketone), toluene
and alcohols. These are typically pro-
duced in the plastics coating and printing
operations.

In addition, many processes that
generate YOC and objectionable cdors,
such as plasticizers from flexible PVC
calendering and plastisol processing,
and styrene monomer from FRP fabn-
cating, are coming under scrutiny.
Whether or not the odor-producing vola-
tile emissions must be cleaned up de-
pends upon specific EPA regulations, as
well as on the plant location. And, in
addition to Federal EPA restrictions, lo-
cal environmental regulations on
VOC's—such as in Southern Califor-
nia—<can also have major impact on plas-
tics operations,

FOUR TYPES OF SYSTEMS

Untlike the problem of dealing with
rarticulate-laden emissions—a relative-
y simple process utilizing familtar equip-
ment, with minimal operating cost—
meeting EPA standards for fume
cleanup involves more sophisticated op-
tions. Most of these require major in-
vestment and operating costs. There-
fore, the choice of the proper fume
incineration system can have 2 signifi-
cant impact on profit. The proper sys-
tem can actually pay for itself within a
few years, and lower manufacturing
costs thereafter, in contrast with less
efficient systems available.

There are basically four types of

The Common Afterburner:

fume incineration systems, all of which
incorporate thermal oxidizers that de-
stroy VOC’s by high-temperature con-
version of hydrocarbon-laden fumes to
%armless water vapor and carbon diox-
ide.

While all the various types of sys-
tems have acceptable cleanup efficien-
cies, each system is different in theory
of oxidation and cost of operation; each
has its own benefits and drawbacks. The
purpose of this article is to illustrate the
differences between incineration sys-
tems, and to provide examples of cur-
rent installations.

Al costs discussed here are based
on a 10,000-scim (standard cubic foot
per meter) system, operating at 2000
hriyr, maintaining exhaust fume tem-

Lowers Combustion
Temperature

peratures of 100 F, with fuel costs of $6/
million Btu, For a physical description of
each system, consult the accompanying
diagrams.

p Common afterburner: This sys-
tem raises fumes to incineration tem-
peratures, thereby destroying their of-
fending content, and maintains themn at
those temperatures for a given period of
time as mandated by regulations—usu-
ally 0.5 sec at 1400 F,

The afterburner is relatively inex-
pensive to buy and install. However, it is
not designed for efficient use of fuel and,
typically, consumes 2000% more fuel
than other systems.

It is typically suitable for low-
throughput applications, which require
processing contaminated air at rates of

. . ' : B . L .
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500 scfm or less. Capital investment can
be around $70,000, with annual operat-
ing costs around $170,000. Installation
costs can be $30,000-50,000.

p Catalytic converter: Hydrocar-
bon-laden fumes are pushed by a fan
through a preheat section, wherein the
temperature of the fumes is raised to a
maximum of 700 F, The fumes then pass
through another section of the system
contaming the catalyst, which is able to
thermally oxidize the hydrocarbons at
the reduced temperature of 700 F.

The catalytic converter is more ef-
ficient than an afterburner, and is also a

1 simple system, It works well on “clean”

hydrocarbon fumes (low solvent concen-
tration streams). It performs poorly
with fumes contaminated with particu-

lates, resin, heavy metals or silicone —
commonly found in oven or dryer pro-
cesses. This poor performance is the
result of the catalyst’s cell structure be-
coming coated or poisoned with oxidized
ash, which deteriorates its ability to oxi-
dize the hydrocarbons at the preheat
temperature and also may reduce flow
through the system. Consequently, ad-
ditional fuel must be burned to elevate
the fumes to a higher temperature in
order to achieve oxidation.

Catalytic converters are best suit-
ed for clean ink processes that invelve
no silicone. Typical equipment costs for
a catalytic converter would run around
$230,000, with annual operating costs
around $24,000. Equipment installation
costs of approximately $100,000 can be

expected.

p Recuperative thermal oxi-
dizer: This unit oxidizes the fumes in a
combustion chamber but, unlike the
common afterburner, makes use of the
existing 1500 F gas by passing it through
the low-temperature inlet gas stream
via an indirect shell-and-tube heat ex-
changer, thus preheating the incoming
contaminated gas to within 65-80% of
oxidation temperature.

The recuperative system is eco-
nomical to operate when the heat re-
lease of the hydrocarbons is sufficient to
replace the fuel required for combus-
tion. The 20-35% of the heat lost during
incineration can be reused for indirect
building heat ot generating steam, or be
returned to the process, However, aux-
tliary fuel must be used on processes
that do not contain ample fume energy
for self-destruction, or processes that
are cyclical in nature. Factors such as
equipment size, heat-transfer coeffi-
cients and stress, limit the system’s pre-
heat efficiency. Reusing the 20-35% lost
heat requires an additional investment
for heat-transfer equipment and its
maintenance.

The recuperative thermal oxidizer
is suitable for processes that need to
incinerate fumes with a high solvent con-
tent—typically fumes with an air-to-sol-
ids ratio above 25% LEL (10,000 scfm/
gpm [gal/min]). Capital equipment costs
for these systems run around $200,000,
with annual operating costs of around
$50,000. Installment costs are estimat-
ed at $100,000.

p Regencrative thermal oxi-
dizer: In this system, oxidized gases
from the combustion chamber pass
through a porous heat-transfer section,
storing by conduction 95% of the heat in
millions of inert ceramic elements. By
the use of valving, inconting contaminat-
ed air is directed to the heat-transfer
section where the fumes are preheated
by conduction of the stored heat to with-
in 5% of oxidation temperature on their
way to the combustion chamber. There
is a continuous cycle of alternately stor-
ing and releasing heat within three heat-
transfer sections, which permits an un-
interrupted flow of contaminated
process gas through the system at all
times,

The regenerative system is simple
and reliable, requiring little or no addi-
tional fuel, even when fume hydrocar-
bon levels approach zero. When little or
no hydrocarbons are present, only 5% of
normally required fuel is needed for oxi-
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dation. In many cases, just a pilot burner
is sufficient, when coupled with the 95%
preheat efficiency. Up to now, most
available systems have been mainte-
nance-intensive, because they use hy-
draulic or electric valving. However, the
newest systems eliminate most of the
maintenance because they utilize a sin-
gle-speed-reducer mechanical valving
system.

Regenerative thermal oxidizers are
recommended for larger process flows
with Jower solvent concentrations, be-
cause the high primary heat recovery
will reduce operating fuel costs. A 5%
LEL or greater will result in almost no
fuel usage. Investment costs are typical-
ly around $280,000, with annual operat-
ing costs around $9,300.

RECUPERATIVE V5. REGENERATIVE
The difference between a 95%-effi-
cient regenerative unit and a 65%-effi-
cient recuperative unit, in terms of fuel
use, may not be 30%; it may be higher,
depending upon the type of burner in-
corporated. If‘he reason is that the high-
er the exit temperature (dictated by the
unit's preheat efficiency), the greater
the amount -of fuel required to bring the
combustion air to the required tempera-

‘ture. When the net fuel value is calculat-

ed along with the preheat efficiency, the
actual fuel-use difference could be as
high as 40%.

As for operating costs, the actual
fuel-cost saving for a 10,000-scfm unit
could be over $50,000/yr for the regen-
erative system, with no solvent pre-
sent, compared with a typical recuper-
ative system.

To further enhance the economics
of regenerative thermal oxidation, the
spent fumes, now slightly elevated in
temperature, can be reintroduced into
the process from which they came or, by
use of a heat exchanger, used as building
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heat. What was once an undesirable pol-
Jutant becomes a desirable energy
source, replacing up to 50% of the fuel
used to heat the process.

A typical regenerative system re-
ceiving fumes at 200 F would return the
clean air back to the process at 265 F, at
95% preheat efficiency.

CASE HISTORIES IN PLASTICS

As was stated at the beginning of
this article, the choice of proper fume
incineration system can mean not only
that A requirements are met, but
also that the system could pay for itself
and, eventually, lower your cost of man-
ufacturing. A recent example is 2 major
vinyl floor-covering manufacturer,
which now meets the new clean-air stan-
dards with a regenerative fume inciner-
ation system. This firm managed to turn
a potentially unprofitable situation into a
profitable ane.

Its problem was dealing with the
VOC's released during the printing of
resilient vinyl sheet flooring. By in-
stalling a regenerative fume inciner-
ation system specifically designed for
its needs, the firm has been able to
heat the plant with recycled air, result-
ing in a savings of $58,000/yr in fuel
costs.

This processor is realizing addition-
al savings of $200,000/yr in natural gas
by using this system, instead of a fess-
efficient system with a conventional air-
to-air exchanger. Thus, payback in cost
of fuel alone will come in about four
years.

Not every incineration system can
have such substantial payvback designed
into it, because of the many variables
involved. But cvery process must be
analyzed not only for potential savings,
but also for any changes that may he
required in order to meet state and fed-
eral codes.

That's because it is no longer suffi-
cient merely to destroy 95% of a facili-
ty's cnvssions. You are also now re-
quired to capture a specified quantity of
hydrocarbons being generated  within
vour facility, to yield an overall rate of
capture/destroy efficiency. This rate de-
pends on a number of variables, such as
the nature of the process, type of VOC's
emitted, annual production, and geo-
graphic location.

In the state of Connecticut, for ex-
ample, plants doing flexographic printing
on vinyl film must achicve a fume cap-
ture/destroy efficiency of 60-75%. This
percentage may be different for other
manufacturers within the state, or for
the same sort of operation in other
states. To determine what the regula-
tions are for their specific process, man-
ufacturers must check with their region-
al office of the state air-quality board.

A recent case in point is 2 irm do-
ing printing on vinyl film. In order to
meet local codes, it required a process
modification whereby a “loop™ was de-
signed between the print stations and
the dryer, which previously had been
exhausted individually, as well as more
efficient collection exhaust hooding.
This hooding and recirculating loop low-
ered the total exhaust volume, while
also making incineration more efficient
by increasing solvent concentrations.

This new focus on higher fume col-
lection and destruction efficiencies will
ohviously require higher capital equip-
ment expenditures, Thus, the more effi-
cient and simple the emission-control
device, the lower the annual operating
expense to offset ever-increasing capital

expense. 00
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HAPPY HOLIDAYS!

EPA GIVES STYRENE
CLEAN BILL OF HEALTH

INTER/PORT

News and Views for the Recreational Boating .lnduatry

Editod and produced in Chicago, Wodnesday, December 12, 1990

a2 Merry Christmus and a Happy New Year.

NMMA dircctors and staff wish you
during Christmas week, so look for the next

INTER/PORT will not be published
issue on or about January 2.

In a major development for fiberglass boatbuilders and other'industries relying ou
molding processes; fhe Environmental Protection Agency has decided not to-clas-
sify styrene as a carcinogen. The decision from EPA’s Office of Drinking Water
(ODW) comes after review of all existing evidence and the recommendations of its
own Sclence Advisory Board. Comprised of many of the country’s top-scientists
having expertise in this area, the EPA Sclence Advisoty Board went on record as
saying that there was no sclentific Justification for classifying styrene as a

human carcinogen.”

e
The degision {s particularly significant to boat manufaciurers in light of _mehsuté_g :
included in the recently passed Clean Air Bill that provide for scparate’¥onsiderdn
tion of boat building in the development of stycene emission standards. Under the
legistation, determination of emission standards must weigh specific capabilities of
manufacturers to meet the standards, including economic costs and technical
feasibility of proposed pollution contro! technology -~ determinations which rest
with the EPA. The ODW did say that it will set a maximum contaminant level for
styrene in drinking water, as required by law for other chemicals, but these levels
are not anticipated to pose any serious compliance problems for industry.

EPA’s new stance on styrene is due In large part to the efforts of the Styrene In-
formation and Research Center (STRC), an organization which recelves substantial
funding from NMMA, and has worked closely with association staff and member
firms over the past two years to fend off stringent styrene legislation at both state
and federal levels. SIRC chairman Ken Harman was encouraged by EPA’s deci-
sion. "It is consistent with earller decisions by OSTIA and the Natjonal Institute of
Occupational Safety and Health (NTIOSH) and also with the views of the leading
sclentific panel of the European Community,” he said. "All have now agreed that
the facts simply are not there to classify, regulate or label styrene as a carcinogen.”

The “facts” that Harman rcfers to are part of a farge body of evidence collected
and compiled by SIRC over several years and recently presented at the group's

annual meeting by Geoffrey Granville of Shell Canada, chaitman of SIRC's
continued

Al T '
AL Hntional Marine Monufocturers Assoclation
401 N Michigan Ave., Chicngo, 1L 80611, (312) 0836.4747
353 Lexington Avo., New York, HY 10016, (212) 684.6622
Additional offlces In Woshington and Milaml

"probable



FIGURE 8

Influence of Gel Time
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FIGURE 9

Influence of Temperature
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FIGURE 10

Influence of Air Flow Rate
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FIGURE 11

Influence of Styrene Content
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FIGURE 12

Viscosity vs. Percent Styrene (at 20 C)
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FIGURE 13

Comparison of Suppressed Resin
| and
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I. INTRODUCTION. (P. D. & E.).

IS

The purpose of this document is to present

background information and data that will support a

‘. conceptual plan and potential course of action regarding

the reduction or elimination of air emissions from
prbduction operations to be considered by Sea Ray Boats,
Inc. Implementation of the plan shall demonstrate to the
Florida Department of Environmental Regulation that every
reasonable effort has been undertaken to assure that
objectionable odors and toxic air polliutants in
quantities that could exceed acceptable ambient

concentrations will nat be discharged off of the

facilities property boundary. [F.A.C. Rules 17-2.200 and

17-2.4620 (1) and (2)1.



II. Process and Air Emissions. (P, D. & E.).

Tgks chapter will discuss in general the fiberglass
reinforced plastic boatbuilding industry and in
particular the activities of Sea Ray Boats, Inc. The
chapter is divided into three sections. The first will
describe the industry in general. The second section
will describe the manufacturing process and its

emissions, and finally the manufacturing process and

VOC/0S emissions at the Sea Ray facility.

Section 1., General.

The +fiberglass reinforced plastic boat industry is
defined within SIC Code 3732, Boat Building and
Repairing. The industry as a whole is comprised of many
small businesses with a wide range in the number of
employees and size of boats manufactured. The size of
fibe?glass boats range from about twelve feet to two
hundred feet in length. ‘“Large" boats are classified as
those greater than thirty feet in length and "small™
boats are those less than thirty feet in length.
Facilities may produce a range of mare than fifty boats

per day to less than one boat per month, all depending on

boat size and plant capabilities.
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Section 2. General - Production Process and Emissions.

Tﬁere are several methods employed in the production
of fiberglass boats. The following discussion, however,
is limited to the primary method used within the
industry. That process is called "contact open molding”.
There are air emissions (VOC/08) associated with that
process and they are derived from polyester rcéin, gel
coat resin, paints, carpe# glue and cleaning solvents.
Various factors and manufacturing techniques influence
sigﬁificantly the quantity of cleaning solvent emissions.

2.1. ‘Production Process for Fiberglass Boats and Methods
af. Lamination

-

The Radian Corporation presented a thorough
discussion of the manufacturing process for fiber-
glass boats and it is reproduced here as follows:

"The contaclt molding method consists of
applying layers of resin impregnated fiberglass
reinforcement (laminated) on an open female or male
mold. The laminate is built up to the required
thickness and then allowed to harden or cure.

After the cure is completed, the part is removed
and the mold is reused. A male mold is convex

leaving a smooth inner surface and a female mold is
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concave leaving a smooth outer surface on the
prduct1. Since‘a smooth outer surface is normally
desired, female molds are most commonly used in
fiberglass boat production. |

The primary type of resin used in fiberglass
boat production is polyester resin. Palyester
resins typically consist of 15 percent styrene
moncmer and 55 percent polyester solids. Before
applying the resin, the necessary catalyst and
accelerator are added to initiate curing. During
curing, the styrene monomer polymerizes forming a
thermo-setting plastic. This is an exothermic
process, and because styrene monomer reacts more
rapidly at elevated temperatures, fhe reaction is
autocatalytic.

The general production process steps used in
the industry for manufacturing fiberglass boats are
shown in Exhibit "A". The didfferent parts of the
boat (deck, hull, small parts) are fabricated in
the molding room. The decks and hulls are
fabricated in the main area of the molding room
while the smal-l -parts are fabricated in the small

parts booth. The +irst step in the production



process is coating the mold with a releasing agent
such as wax. A gel coat is then applied on the
mold wilh a spray gun in a ventilated spray booth.
The gel coat is a pigmented polyeslter resin which
forms thé auter smooth surface of the molded part.
After spraying, the gel coat hardens or cures with
a smooth surface against the mold and a tacky outer
surface which enhances later bonding of the {first
layer of laminate.

After the gel coat cures, the first layer of
resin and fiberglass laminate is applied using one
of the lamination methods described below. The
lamination procedure is repeated until the desired
thickness is achieved. Structural reinforcements
stuch as wood, -plastic, and metal are also added
during lamination. Lamination is a batch process
with time between laminates dependent on cure time
aof the resin. After the final lamination has
cured, the excess is trimmed from the part and the
part is removed {from the mold.
~ - Nfter the parts are removed {rom the mold,
they are then taken to the assembly room where they
are sanded and the boat is assemblod. In acddition,

carpet and accessories are oftlen installeod to

produce the finished praoduct.



There are two methods of lamimation used in
the {iberglas?‘Poat manufactufing industry. These
are hand lay-up and spray-up. Each method offers
advantages and disadvantages over the other and a
combination of the two is often used.

In the hand lay-up method, resin is applied
with a resin gun or in rare cases with a brush. If
a resin gun is used to apply the resin, a brush is
usuatly employed to cven out the resin. After a
thin coat of rewin hos been applied Lo the gel coat
or previous layer of laminafe, fiberglass
reinforcement is placed over the wet resin. The
primary fiberglass reinforcements used in hand lay-
up are woven roving, cloth, and mat. Sgueegees or
mgtal rollers are then used to force the resin up
through the reinforcement and remove any entrapped
air (wet out). The resin is allowed to gel and the
lamination process is repeated until the desired
thickness of {iberglass laminate is obtained,

Three types of resin guns may be used in hand
lay—-up. These are catalyst injection, dual
component, and hot pot. The most common type used
in the induslry are catalyst injection resin guns.

Catalyst imnjection resin guns mix accelerated resin

—~—
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and the catalyst in the proper proportion inside.

the gun spray head and then spray the mixture

through a single spray nozzle. With dual~component
resin guns, two streams of resin are sprayed
simultaneously. One stream consists of resin
premixed with accelerator and one stream consists
of resin premixed with catalyst. The spray nozzles
are aimed so lhe two spray slreams mix outside the
spray gun and then form a single spray strcam. Hot
pot resin guns have a pressure pol attached to the
gun head. The laminator mixes the resin,
_acceleratmr, and catalyst in Lhe pressure polt by
hand. All of the resin musl be sprayed once it has
been mixed in the pot or it will gel inside the
spray gun.

The spray-up method is an alternative to hand

lay-up for hull and deck fabrication and is the

most common method of small parts production. The

spray—-up method employs a chopper gun lo

[ S . . - .

simultaneously apply resin and chopped strands of
glass reinforcement. flrushes and rollers are then
used to spread the mixture and remove entrapped

air. This process is repeated until the desired

thickness is obtained.



The spray-up method is restricted tao laminales
using chopped glass strand as the reinforcement.
Due to the type of reinforcement, laminates
protduced in spray-up have lower glass to resin
ratios than the woven raving or cloth laminates
producecd in hand lay-up. Because the strength to
weight ratio is proportional to the glass to resin
ratio, laminates produced in spray-up also have
lower strength to weight ratios than woven roving
or cloth iaminates. Laminates produced in hand
lay-up with mat reinforcement are similar to those
produced in spray-up because mat reinforcement is

just chopped strand with a binder.

[

The advantége of using hand lay-up with woven
roving or cloth laminate over spray-up is that a
product with a higher strength to weight ratio is
produced. However, the fabricaltion process takes
longer when the hanctd lay-up method is used. A
common practice in the industry is to combine these
two methods. With this combination, parts of a
beat that need fto be strongest are fabriceted using
hand lay-up while parts that do not need as much
strength, such as small parts, are fabricated using
spray-up. Thic results in a lightweight boat that

is produced in the minimum amount of time."



2.2. Emissions Sources

There are geonerally two sources of emissions
from the fiberglass boat manufacturing processes
that produce vaolatile organic vapors and organic
solvent vapors. These originate in the lamination
‘area due to resin application and cleanup
.operations or the assembly area of the plant due to
painting and carpet installation.

Emissions from the lamination process are due
%Bﬁthe evaparation or vaporization of the styrene
monomer contained within the gel coat and resin
applied when the bull, deck, and small parts are
manufactured. An additional pqrtinn of the styrene

monomer contained in resin and gel coat is subject

to evaporation after application and before

polymerization occurs.

OSHA (Occupational Health and Safety
Administration}) mandates that worker exposure to
styrene concentrations not exceed 25 parts per
million. NAs a result of this requirement, the air
contained within the building is vented to the
outside and completely replaced by fresh air every
ten minutes. In other words, six air changes are
required for the total volume of the building every

hour.
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There are additional exhausts {from spray
booths to the outside.

The 08HA requirement is the primary faclor
controlling the rate at which air containing
styrene within the lamination building is moved to
the outside.

Vapors from clean-up solvents also contribute
to the quantity of emissions from the lamination
process. Tool and spray gun cleaning is required
éfter cach batch of resin is applied. When the
spray guns are flushed some of the organic solvent
used is vaporized. Also, employees must clean
their hands frequently. When tools, spray guns and
hands are washed with solvent an amount of solvent
is carried from the container on these items and
readily evaporates cdue to the large surface area
‘Eﬁposedﬁto air per volume of solvent,

Additional VOC/08 emissions occur in Lhe
assembly area during the painting of boat parts and
application of glue during carpet inctallation.

Thg glue solvent evaporates inta the room air while

vapors from paint application are exhausted to the

outside,
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Technigques and Factors Affecting Emissions from
Organic Cleaning Solvents.

Cleaning solvent emissions (usually acetﬁne)
éccount for fifty to seventy-five percent of all
air emissions from the plant operations. The majof
factors that influence these emissions are resin
gel time, use of covers on storage containers, work
habits of the employee, the number of employees,
use o; hand protection and protective clothing, and
air movement within the plant building. Resin gel

time affects emissions because it determines the

— -

number of timés equipment and émployees must be

cleaned in a specific period of time. Resin gel

times may vary {from ten to thirty minutes with
fifteen minutes being’the average desired.

The evaporation of cleaning solvents may be
reduced by covering the containers botween cleanup

operations., Other factors that effect rate of

evaporation are the liquid level in the containers,

air movement across the containers, and the room
temperature. Nn increase jﬂ any of these will
increase the evaporation rate.

Work habits of the employee can lower
emissions by reducing the amount of recsin or other

product which must be removed from hands and arms

11



by cleaning solvents. Some employees are able to
stay relatively clean while other employees may get
considerably more on themselves. Employeé worlk
habits are in?luenced by training and supervision.
The complexity of the mold can also significantly
affect the amouﬁt of resin which an employee méy
get on his hands and arms. The more complex the
mold, the more difficulty encountered for keeping
the employee clean,

‘The number of employees involved in the
lamination process affects emissions because each
employee must clean his hands and tools after each
Qperation.' U§u?11y, each employee has his own set
of solvent containers, this practice increase the
volume and surface area exposure to evaporation.

The use of hand protection reduces the number
of times and emplovee must clean his hands.
Without protection, cleaning of hands would occur
after each resin application or every twenty to
thirty minutes. Using gloves may reduce the clean-
up of hands to as low as {four times a day.

The factors discussed above are generally

determined by the amount of organic cleaning

"solvent issued per employee. The amount of

12



cleaning solvent issued can be reduced if gloves
are required to reduce hand cleaning and covered
containers are used to slow evaporation. Room air
ventilation reductions are not practical since this
would increase worker exposure to the higher
concentrations of styrene and other vapors.
Temperature for resin curing is determined by the
resin chemistry and cannot be changed easily.

Section- 3. Sea Ray Boats, Inc. (P. D. & E.)
Production Process and Emissigns

The production procedure utilized by Sea Ray Boats,
Inc. at the Product Development and Engineering are the

same as those shown in Production Flow Diagram {(Exhibit

"A"). The P. D. & E. Facility has one gel coat booth and

one small parts booth contained in the lamination area.
The gel coat used consists of 35% styrene maonomer, 35 %4
methyl methacrylate, and &0 %4 pigmented salids.

Following the gel coat, Sea Ray uses a spray up method
Qith application of woven roving and/or glass cloth hand
rolled into place, with additional structural supports
and stringers laid into the hull or deck and secured by
additional resin and chopped reinforcement.  The spray up

method is used for small parts.
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The P, D. & E. Facility utilizes the catalyst
injection method of resin application, that is the resin
and catalyst are mixed inside the spray gun. The gel
time is approximately twenty minutes, The resin used is
a general purpose polyester resin containing épprnximately
37 - 30 % styrene and 30 - 63 %L resin solids.

The VDC/DS emissions at the P. D, & E. Facility are
shown in Exhibit "B", (Florida Department of
Enviroﬁmental Regulation, Construction Permit {for Air
Pollution Source and amendments). These emissions result
from the evaporation of styrene, acetone, paint and
tarpet glué solvents. As shown in Exhibit "B", the major
sources of VOC/0% emissions are sfyrene evaporation
during bull and deck fabrication, styrene and methyl
methacrylate evaporation during gel coat application, and

acetone vapors emitted during cleanup. These sources

account for over 70% of the emissions so permitted.

L - -

Emissions from this source according to the construction
permit (Exhibit "B") shall not exceed 50.5 tons per vyear.
Sea Ray’'s VOC/0S emissions resulting from the

cleanup and lamination operations are forced to the

-atmosphere by exhaust fans in the building sidewalls.

The air flow rate of these exhaust fans is rated at
114,150 cfm. These fans are permitted to operate a
maximum of 16 hours a day, five days per week.

Concentrations within the air exiting these points have

14
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not been measured. The calculated average concentration
based on permitted guantities is 5.3 ppm styrene, 3B.75
ppm acetone. Other emissions from this source shall be
considered fugitive emissions and cannot be identified
with any one point.

The P. D. & E. Facility purchases approximately
14,744 gallons of acetone each year and produces 6,219
gallons of spent acetone per year. This difference
represents the emissions of acetone to the air as a
result of the production process. The spent acetone is
purchased and carried off-site by a licensed carrier to
be recycled. Therefore, the volume carried off-site will

not contribute to the P. D. & E.’s emissions inventory.

13



III. Emission Control Technigues.

The discussion that follows in this chapter will

‘» s COver techniques that may be utilized by the P. D. & E.

facility to reduce or eliminate VOC emissions from the
hoat building operations. The first section will discuss
process alterations Lo coantrol acetone emissions, while
the second section will consider changes that serve to
reduce styrene emissions. Section three will examine

add-on controls for exhaust air leaving the facility.

Section |. General - Acetone Emission Controls.

Acetone emissions may be controlled using three
separate approaches. Substitution of non-volatile

solvents or emulsifiers, work practice, and spent acetone

reclamation.

i

i.1. Substitution Other Products for Acetone.

There have been products introduced to replace
some of the acetone usage. These products vary
from strong emulsifiers to non-volatile organic
solvents, These emulsifier type products may be
used successfully in hand cleaning of tools used in
the lamination process. Non-volatile solvents have
also seen success in these areas. It should be

noted however that the final cleaning of these

16



1.2.a.

tools needs to be accomplished using acetone.

Acetone has been found to be the safest product for

use in order to remove residue from the initial
cleaning operation (i.e. water droplets and other
debris). See Exhibit "C", containing manufacturers

data on acetone substitutes.

Work Practice Controls.

The primary work practice controls to reduce
acetone emissions in the building of fiberglass
bpats are as follows:

(a) hand protection,

(b) covered acetone containers,

() limiting the issuance of acetone.

Within the boat building facility the resin
application methods vary from spray-up to lay-up,
the workers are exposed to resin thru handling
the tools and overspray from the spray-up. The
issuance of gloves, disposable garments and shoe
covers eliminates to a greal degrec the cleaning
of hands, olher expaosed skin areas, and clothing
that may come into contact with the resin. This
will reduce the amount of acetone to be issued to

each emplovyee.

17



1.2.b. Covering the acetone containers that hold the new

1.2.c.

[
17

_acetone as @e}l as the dirty acetone will reduce
loss thru evapdration. This provision.will also
limit the amount of acelone to be required by the
employece.

The employer may sltudy each employees use and
cleaning techniques and unilaterally reduce the
gquantity of acetone provided to the employee.

The employee recognizing the reduced guantity

will be forced into conaservation and prudent use

s - C e -

of the product.

Spent Acetone Reclamation.

Emissions can be reduced by recycling the
spent acetone. Two options offering economic and
environmental benefits exist regarding the disposal
of spent acetone. They are on-site recovery or
distillation and the delivery of the sbent product
to a commercial reclaiming facility.

On-site recycling can reduce disposal emission
by ?0%. The recycling units (stills) are available
commercially in various sizes, compatabile with the
industrial requirement. Their installation
requires electricity and cocling water. A safeoty

hazard also exisls with the operalion of the sbtill.

18
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As an alternative, there are commercial waste
handlers that reclaim spent acetone. The emissions
can be eliminated entirely by sending the spent
acetone off-site for reclamation. There is an

added advantage to the manufacturer in that he also

gets rid of the solid waste in the acetone.

Section 2. General - Styrene Emission Control..

Styrene is the ¢Poss-linking agent 1in polyester
resins and also it il used as a solvent in the compound

that can be used to increase or decrease the viscdsity or

workability of the resin.
Styrene emissions can be reduced by the

manufacturer, if his process will allow him to convert to

a new resin designed to limit styrene losses. These new
resins may contain a supressant (wax) or may be designed

to function with a low-styrene content.

2.1 Supressed Resin.

Supréssed resins entrap the styrene monomer
that would be emitted as vapor during the
exothermal curing of the reasin campound. These
supressed resins can reduce total styrene emissions
by as much as fifty percent. However, a study of

manufacturers indicates poor performance of the

19



finished product. Delamination of the resin bas
been cited by most as a serious problem. Before a
supressed resin could be placed in production, the
manufacturer should require extensive testing in
EPE lab and field to determine the products
reliability.“ )

Low Styrene Resin.

Another method of reducing styrene emissions
is the conversion by the manufacturer to a low
styrene resin. This conversion will reduce
emissions because the styrene monomer in the resin

can be lowered to as much as thirty—-five percent.

.
~ -

This can be compared to forty or forty-five percent
in conventional resins. Emission reductions during
curing due to conversion may be seventeen to thirty

percent, this would equate ta an overall reduction

of ten to twenty percent.

Section 3. Add-0On Control.

Add—~on controls apply to the boalbt building industry
in the area of exhaust air {from the building. The
exhaust from spray booths and building ventilation fans

can be captured and treated by chemical scrubbing or

incineration.

— . -
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Chemical Scrubbers.

Chemical scrubbing removes organic vapors {from
the air by absorbing them into a liquid. The
absorbed materials are destroyed by the chemicals
in the liquid.

A major problem exist with this approach.
Waste stream would be created with the chemical
uséd to absorb air contaminants and the bhandling of
the volume of the chemical waste created by this

approach would render the operation impractical.

Contaminant Incineration.

Two types of incinerators are available,
thermal and catalytic. Thermal incineration
i;volves the oxidation of organic vapors to carbon
dioxide and water. The solvent laden air is
exposed to a high temperature of 1000 to 1500
degrees Farenheit and in some cases a direct {flame
for a period of 0.3 to 0.6 seconds. Catalytic
incinerators use a catalyst bed to oxidize the
organic vapors- and operate at reduced temperatures
of 750 to 1000 degrecs Farenheit. Important
incineration design factors are residence time, gas

stream flow rate, operating temperature, and waste

gas heat content.

21
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When collected, most waste gases have low heat
contents. This is due in part to 0SHA and
insurance regulations which limit the maximum
concentration of organics to 25 percent of the
lower explosive limit (LEL) when no LEL meter is
usgd. I+ an LEL meter is present to constantly
monitor the gas stream then the organic
cancentration can be as high as 40 percent of LEL.
In either case sﬁpplemental fuel is needed to raise
the off gases to the required operating
temperature.

Heat recovery equipment may also be used with
incinerators to reduce the amount of supplemental
fuel requirec. It is generally divided into
primary and secondary recovery. Primary heat
recovery uses heat exchangers to recover heat {from
the incinerator exhaust gases to heat the incoming
air. Secondary heat recovery recovers heat {from
the exhaust gases for use in plant processes such
as ovens, dryers, etc.

The destruction efficiency of both thermal and

caltalytic inciperators depends on the residence

time and temperature. In general these devices can
be designed to achieve between 20 and 99+ percent

destruction of VOC.

22



Incinerators have not been demonstrated as VOC
control devices in the fiberglass boat
manufacturing industry. The main problem results
from the low VOC concentrations in the exhausts and
high exhaust air flows. Calculated VOC
concentrations in the exbhaust streams average
approximately 3.3 ppm for styrene and 38.75 ppm
for acetone. These conditions would result in the
exhaust stream having a low heat content thus

resulting in high supplemental fuel requirements.
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IV. Conclusion - Potential Course of Action.

Sea Ray Boats, Inc., has assessed the technical and

~economic feasibility of the alternatives presented

" herein.”” The potential course of action selected by the

D. & E. Facility and presently being implemented are

work practice controls, commercial recycling of acetone,
substitution of emulsifiers for acetone where practical

and conversion to low styrene resins.

Work Practice Controls include the use of bhand

protection, covered acetone containers, limitation on

the issue of acetone to employees and use of Rez—a-—

way, a commercial product (emulsifier) for cleaning of
hands 'and tools. As discusscd in the earlier sections
this action should reduce emissions by approximately
fifty perceﬁt from acetone.

The conversion to low styrene resins was selected over
use of supressed resins bhecause of the delamination
problemn cxporieonced by manufaclarers using the
slyrene supressed resin. The fact that the styrene

emissions could be reduced using this low styrene

. o X o ) ) )
resin by at least ten percent was discussed in Section

ITI - 2.2,

Preliminary estimaltes showed controls by chemical

scrubbing and incineration to be so expencive they were

21
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dropped from further consideration. Both of these
actions would require an extensive reconstruction of
existing facilities, additional capital cost involving
the purchase and installation of equipment, and a
cﬁntinuous operation and maintenance expense.

In addition, there would be an impact on waste
stream if chemical scrubbing was used and possible risk
of water pollutidn. Incinerators have not been
demonstrated as YOC control devices in boat building
industry because of low VOC concentration, high exhaust
air flows, and the resulting high supplemental fuel

requirements because of the low heat content in exhaust

air.

s - - -
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MASTERS

{ RESIN GEL COAT Lz
ASSEMBLY P
, : J | APPUCATION APPUCATION oYE
OB. COAT BUE - APPLY MOLD - "
l : G -
-1 arPucamon DYE ‘ RELEASES . CONSTRUCITON ‘

Atep 1 Masters

8, Master is assembled per drnwing by Master Design and delivared to Product

b

¢
d.

0. .

8

g,
he
i,
3

Tooling. . .
Resin coat to seal - sprayed on in gel coat booth.

Apply sanding gel coat to specification ~ spraysd on in gel coat hooth,

Blue dye complately — by hand outside.

Ruff bleck (dry) - by hand outside.
Apply production gel eoat to specification -~ gprayad on in gel coat

booth.

‘3;#; dye completely - by hand outside,
fino:block {wat) - by hand outside.

Aﬁﬁly releages ~ by machina and hand Inside.

Naster is ready for mold construction,



MOLDS
GEL COAT APPLY CORE BRACE MOLD
LAMINATION LAMINATION .
APPUCATION . MATERIALS ' WTH STEEL
LAMINATION GRIND RUN PROTO
INSPECTICH WAXING
(BRACNO) Mol PARTS
Btep 2 Molds

&8. Apply lead-free tooling gel coat to specification - sprayed on in ¢el
coat booth,

b; Apply laminates to specification -~ by hand on lamination floor.

¢. Apply core materials - by hand on lanination floor.

d. Apply laninates to specification - by chop gun on lamination flqor.
Q. 'érace'mold with steel - by hand on welding floor.

_f£. Apply laminates to bracing - by hand and gun on lamination floor.

g, ©Grind mold to pull ~ by machine outside.

ﬁ. Pull mold and inspect - pulling area inside,

i.  Mold is ready to be waxed and run for proto part,



‘PARTS
GEL COAT INSTALL LAMINATION PULL PA‘RT
LAMINATION —
APPLICATICN SRACING {BRACING) FROM MOLD
CLEAN GRIND ENGINEERING PARTS RELEASE
PART CONSTRUCTION ASSEMOLY TO PLANT
gtop J Parts
a, Apply production gel coat to gpecification - sprayed on in gel coat booth.
b. Apply laninates to specification -~ by hand and gun on lamination floeor.
‘€. Install bracing into part to specification « by hand on lamination floor.
d. Apply laminates over bracing to specification - by hand and gun on lamination
tloor,
e, Pull part from mold - with hoists in pulling area.
£. Clean ¢grind part - by machine outside.
g, Part is ready for engineering constructien,

Step 4 Aspenhbly of Proto-Type

a, Fiberqlasi parts are delivered to assembly groups for completion of prote-

type, Documentation {s prepared, then the molds, proto-type boat and
documentation 1s released to manufacturing plant designhated to build,






Florida Department of Environmental Regulation
Twin Towers Office Bldg. ® 2600 [lair Stone Road @ Tallahassee, Florida 32399-2400

Bob Martinez, Governor Date Twachtmann, Secretary - John Shearer, Assistant Secretary
PERMITTEE: C Permit Number: AC 05-165271
Sea Ray Boats, Inc. Expiration Date: March 31, 1990
Sea Ray Drive County: Brevard
Merritt Island, FL 32953 LatitudesLongitude: 28°24°'22"N
80°42°08"W

Project: DPevelopment Facility

This permit is issued under the provisions of Chapter 403, Florida
Statutes, and Florida Administrative Code Chapters 17-2 and 17-4.
The above named permittee is hereby authorized to perform the work
or operate the facility shown on the application and approved
drawing(s), plans, and other documents attached hereto or on file
with the Department and made a part hereof and specifically

described as follows:

For the after-the-fact construction of a facklity to develop
prototypes for new fiberglass boats. This facility is located
near the Canaveral Port Authority in Merritt 1Island, Brevard
County, Florida. The UTM coordinates of this site are Zone 17,

529 km E and 3,142.3 km N,

The source shall be in accordance with the permit application,
‘plans, documents, amendments and drawings, except as otherwise
noted in the General and Specific Conditions.

Attachment:

1. Application to Operates/Construct Air Pollution Sources, DER
Form 17-202(1), received on May 19, 19885.

Pdge 1 of 7
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PERMITTEE: Permit No. AC 05-165271
Sea Ray Boats Expiration Date: March 31, 1990

GENERAL CONDITIONS:

1. The terms, conditions, requirements, limitations, and
restrictions set forth herein are "Permit Conditions" and as such
are binding upon the permittee and enforceable pursuant to the
authority of Sections 403.161, 403.727, or 403.859 through
403.861, Florida Statutes. The permittee is hereby placed on
notice that the Department will review this permit periodically
and may initiate enforcement action for any violation of the
*permit Conditions®™ by the permittee, 1its agents, employees,
servants or representatives.

2. This permit is valid only for the specific processes and
operations applied for and indicated in the approved drawings or
exhibits. Any unauthorized deviation from the approved drawings,
exhibits, specifications, or conditions of this permit may
constitute grounds for revocation and enforcementaaction by the

Department.

3. As provided in Subsections 403.087(6) and 403.722(5), Florida
Statutes, the issuance of this permit does not convey any vested
rights or any exclusive privileges. Nor does it authorize any
injury to public or private property or any invasion of personal
rights, nor any infringement of federal, state or local laws or
regulations. This permit does not constitute a waiver of or
approval of any other Department permit that may be required for
other aspects of the total project which are not addressed in the
permit.

4, This permit conveys no title to land or water, does not
constitute state recognition or acknowledgement of title, and does
not constitute authority for the use of submerged lands unless
herein provided and the necessary title or leasehold interests
have been obtained from the state. Only the Trustees of the
Internal Improvement Trust Fund may express state opinion as to

title.

5. .This permit does not relieve the permittee from liability for
harm or injury to human health or welfare, animal, plant or
aquatic life or property and penalties therefore caused by the
construction or operation of this permitted source, nor does it
allow the permittee to cause pollution in contravention of Florida
Statutes and Department rules, unless specifically authorized by
an order from the Department.
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PERMITTEE: Permit No. AC 05-165271
Sea Ray Boats Expiration Date: March 31, 1990

GENERAL CONDITIONS:

6. The permittee shall at all times properly operate and maintain
the facility -and systems of treatment and control (and related
appurtenances) that are installed or used by the permittee to
achieve compliance with the conditions of this permit, as required
by Department rules. This provision includes the operation of
backup or auxiliary facilities or similar systems when necessary
to achieve compliance with the conditions of the permit and when
required by Department rules.

7. The permittee, by accepting this permit, specifically agrees
to allow authorized Department personnel, upon presentation of
credentials or other documents as may be required by law, access
to the premises, at reasonable times, where the permitted activity

is located or conducted for the purpose of:

a. Having access to and copying any records that must be kept
" under the conditions of the permit;

b. Inspecting the facility, equipment, » practices, or
operations regulated or required under this permit; and

c. Sampling or monitoring any substances or parameters at any
location reasonably necessary to assure compliance with
this permit or Department rules.

Reasonable time may depend on the nature of the concern being
investigated.

8. 1If, for any reason, the permittee does not comply with or will
be unable to comply with any condition or limitation specified in
this permit, the permittee shall immediately notify and provide
the Department with the following information:

a. a description of and cause of non-compliance; and

b. the period of noncompliance, including exact dates and
times; or, if not corrected, the anticipated time the
non-compliance 1is expected to continue, and steps being
taken to reduce, eliminate, and prevent recurrence of the

non-compliance.

i’a\ge 3 of 7
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PERMITTEE: Permit No. AC 05-165271
Sea Ray Boats Expiration Date: March 31, 1990

GENERAL CONDITIONS:

The permittee shall be responsible for any and all damages
which may result and may be subject to enforcement action by the
Department for penalties or revocation of this permit.

9. In accepting this permit, the permittee understands and agrees
that all records, notes, monitoring data and other information
relating to the construction or operation of this permitted
source, which are submitted to the Department, may be used by the
Department as evidence in any enforcement case arising under the
Florida Statutes or Department rules, except where such use is
proscribed by Sections 403.73 and 403.111, Florida Statutes.

10. The permittee agrees to comply with changes in Department
rules and Florida Statutes after a reasonable time for compliance,
provided however, the permittee does not waive any other rights
granted by Florida Statutes or Department rules. -

11. This permit is transferable only upon Department approval in
accordance with Florida Administrative Code Rules 17-4.12 and
17-30.30, as applicable. The permittee shall be liable for any
non-compliance of the permitted activity until the transfer is

approved by the Department.

12. This permit is required to be kept at the work site of the
permitted activity during the entire period of construction or
operation.

(LT

13, The permittee shall comply with the following monitoring and
record keeping requirements:

a. Upon request, the permittee shall furnish all records and
plans required under Department rules. The retention
period for all records will be extended automatically,
unless otherwise stipulated by the Department, during the
course of any unresolved enforcement action.

b. The permittee shall retain at the facility or other
location designated by this permit records of all
monitoring information (including all .calibration and
maintenance records and all original strip chart
recordings for continuous monitoring instrumentation),
copies of all reports required by this permit, and records
of all data used to complete the application for this
permit., The time period of retention shall be at least
three years from the date of the sample, measurement,
report or application wunless otherwise specified by

bPepartment rule.
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PERMITTEE: R . Permit No. AC 05-165271
Sea Ray Boats Expiration Date: Maxch 31, 1990

GENERAL CONDITIONS:

c. Records of monitoring information shall include:

- the date, exact place, and time of sampling or
measurements;
- the person responsible for performing the sampling or

measurements;
- the date(s) analyses were performed;
- the person responsible for performing the analyses;
— the analytical techniques or methods used; and

- the results of such analyses.

14. When requested by the Department, the permittee shall within
a reasonable time furnish any information required by law which is
needed to determine compliance with the permit. If the permittee
becomes aware that relevant facts were not submitted or were
incorrect in the permit application or in any ~report to the
Department, such- facts or information shall be submitted or

corrected promptly. i

SPECIFIC CONDITIONS:

1. The construction and operation of this source shall be in
accordance with the capacities and specifications stated in the

application.

2. The plant shall be allowed to operate for up to 3,840 hours
per year.

3. Visible emissions from the dust collection system shall not be
greater than 5% opacity and compliance shall be demonstrated at
90~-100% of permitted capacity using DER Method 9 1in accordance
with F.A.C. Rule 17-2.700.

4. Hydrocarbon emissions (VOC) shall not exceed the following
calculated values and total VOC emissions from the facility shall
not exceed 26.2 1bs/hr, 420 1lbs/day (30 day average), and 50.5
tons/year. Compliance shall be demonstrated by applying the
following raw material utilization rates and emission factors:

Utilization Emission Emissions

Rate 1bs/hr Factor lbs/hr
Styrene (Resin-AME) 10.2. 0.06 0.6
Styrene (Resin-RCI) 40.8 0.06 2.5
Styrene (Gel coat) 6.4 0.30 1.9
Methyl Methacrylate 18.3 0.05 0.9
1,1,1-Trichleoroethane 0.2 0.68 0.1
Acetone 20.1 1.00 20.1
Toluene 0.2 0.08 0.02
Misc, 0.1 1,00 0,1
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" PERMITTEE: Permit No. AC 05-165271

Sea Ray Boats Expiration Date: March 31, 1990

SPECIFIC CONDITIONS:

5. Nonvolatile acetone substitutes shall be used to the maximum
extent practicable to further reduce the quantity of acetone

consumed.

6. No air  pollutants shall be discharged which cause or
contribute to an objectionable odor (F.A.C. Rule 17~2.620(2)).

7. VOC Compliance shall be demonstrated over a 90-day period and
the results reported to the Department's Central District office
before this construction permit expires. The Department shall be
notified at least 15 days in advance of the commencement of the 90

day compliance demonstration period.

8. The dust collector compliance test shall be conducted within
90 days after this permit is issued and the results reported to
the Department's Central District office before this construction
permit ‘expires: The Department shall be notified at least 15 days

in advance of the test. :

P

9. Six months from the date of the construction permit, Sea Ray
Boats shall submit a conceptual plan and potential course of
action that will provide the Department with reasonable assurance
that objectionable odors and toxic air pollutants in quantities
that could exceed acceptable ambient concentrations will not be
discharged off of the facility's property boundary or where the
public has access, whichever is closest, pursuant to F.A.C. Rules
17-2.200 and 17-2.620(¢(1) and (2). The plan should contain at a
minimum, but not be limited to, various control system
strategies/options that might be retrofitted/installed to reduce
or eventually eliminate emissions of VOC/0S5 from each type of
operation, associated time and cost analyses, and VOC/0S

substitutes,

10. The permittee, for good cause, may request that this
construction permit be extended. Such a request shall be
submitted to the Bureau of Air Regulation prior to 60 days before
the expiration of the permit (F.A.C. Rule 17-4.090).

11, An application for an operation permit must be submitted to
the Central District office at least 90 days prior to the
expiration date of this construction permit or within 45 days
after completion of compliance testing, whichever occurs first.
To properly apply for an operation permit, the applicant shall
submit the appropriate application form, fee, certification that
construction was completed noting any deviations from the
conditions in the construction permit, and compliance test reports
as required by this permit (F.A.C. 17-4.220).
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PERMITTEE:
Sea Ray Boats

Permit No. AC 05-165271
Expiration Date: March 31, 1990

-

155242: i S __QZ:_ day

, 1989
e 0

STATE OF FLORIDA DEPARTMENT
OF ENVIRONMENTAL REGULATION

. ) f?‘._———
/M/.nf ,{f'.t.f:/

&

" Dale Twachtmann, Secretary
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December 12, 1989

CERTIFIED MAIL - RETURN RECEIPT REQUESTED

. Mr. John A. Cronkhite
o Senior Vice President/General Counsel
o Sea Ray Boats, Inc.
: 2600 Sea Ray Boulevard

Knoxville, Tennessee 37914

Dear Mr., Cronkhite:
The_-Departmeﬁ}j received -your request £for an extension of the
expiration dates for the construction permits referenced below.

The request is acceptable and the following shall be changed:

FROM TO
. AC 05-151435 August 31, 1989 May 31, 19%0
AC 05-165270 March 31, 1990 September 30, 1990

- AC 05-165271 March 31, 1990 September 30, 1990

aAttachment to be Incorporated:

Letter from Sea Ray Boats, Inc,
-requesting a change in the expiration dates.

dated November 22, 1989,

A copy of this letter must be attached to the above construction

permits and shall become a part of these permits.
Sinterely,
VLT
“1 /-‘ ay ,/ .-;./,-"t-—/ﬁf' f%" ] e
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Secretary
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C. Collins, CF District
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Florida Department of Environmental Regulation
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Bob Martinez, Governor Dale Twachtmann, Secretary John Shearer, Assistant Secretary

November 8, 1990

R

CERTIFIED MAIL - RETUﬁN RECEIPT REQUESTED

‘Mr. John A. Cronkhite

Senior Vice President/General Counsel
Sea Ray Boats, Inc.

2600 Sea Ray Boulevard

Knoxville, Tennessee 37914

Dear Mr. Cronkhite:

The Department received your September 13, 1990, request for an
extension of the expiration dates and revision of emission limits
for the construction permits referenced below. The regquest 1is
acceptable and the following shall be changed:

PROJECT ' FROM TO
AC 05-165270 . September 30, 1990 . December 31, 1990
AC 05-;65271 September 30, 1990 December 31, 1990

Specific Condition No, 4 (AC 05-165270):

FROM:

Hydrocarbon emissions {VOC) shall not exceed the following
calculated values and total VOC emissions from the facility shall
not exceed 65.5 lbs/hr, 1048 1bs/day (30 day average), and 125.8
tons/year. Compliance shall be demonstrated by applying the
following raw material utilization rates and émission factors:

Utilization Emission Emissions

Rate 1lbs/hr Factor lbs/hr
Styrene (Resin)- 272.5. 0.06 l6.4
Styrene (Gel Coat) 37.7 0.30 11.3
Methyl Methacrylate 125.7 0.05 6.3
Methylene Chloride 2.5 ¢.30 0.8
Aromatic Hydrocarbon 21.9 0.16 3.5
1,1,1~-Trichloroethane 2.5 0.60 1.5
Acetone 24 .4 1.00 24.4
Xylene 21.9 0.06 1.3
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Mr. John A. Cronkhite
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TO:
Hydrocarbon emissions (VOC) shall not exceed the following
calculated values and total VOC emissions from the facility shall

not exceed 60.7 lbs/hr, 971.2 1lbs/day (30 day average), and 105.6
shall be demonstrated by applying the

tons/year. Compliance
following raw material utilization rates and emission factors:
Utilization Emission Emissions
Rate l1lbs/hr Factor lbs/hr
Styrene (Resin) 258.9 0.06 15.5
Styrene (Gel Coat) 49.3 0.30 14.8
Methyl Methacrylate 94-.8 0.05 4.7
Toluene 9.5 0.08 0.8
1l,1,1-Trichloroethane 9.5 0.68 6.4
Acetone - - 11.6 ‘ 1.00 11.6
Paints (Misc.) 16.8 0.41 6,9

Specific Condition No. 4 (AC 05-165271):

FROM:

Hydrocarbon emissions (VOC) shall not exceed the £following
calculated values and total VOC emissions from the facility shall

not exceed 26.2 1lbs/hr, 420 1lbs/day (30 day average), and 50.5
be demonstrated by applying the

tons/year. Compliance shall
following raw material utilization rates and emission factors:
Utilization Emission Emissions
Rate lbs/hr Factor ibs/hr
Styrene (Resin-AME) 10.2 0.06 0.6
Styrene (Resin-RCI) 40.8 0.06 2.5
Styrene (Gel coat) 6.4 0.30 1.9
Methyl Methacrylate 18.3 0.05 0.9
1,1,)1-Trichloroethane 0.2 0.68 0.1
Acetone 20.1 1.00 20.1
Toluene ' 0.2 0.08 0.02
Misc, 0.1 1.00 0.1
TO: o

Hydrocarbon emissions (VOC) shall not exceed the following
calculated values and total VOC emissions from the facility shall
not exceed 26:2 - lbs/hr, 420 -lbs/day (30 day average), and 50.5
tons/year. ' Compliance shall be demonstrated by applying the
following raw material utilization rates and emission factors:




Mr. John A. Cronkhite
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Utilization Emission Emissions

Rate lbs/hr Factor 1bs/hr
Styrene (Resin-AME) 10.2 0.06 0.6
Styrene (Resin-RCI) 40.8 0.06 2.5
Styrene (Gel coat) 6.4 0.30 1.9
Methyl Methacrylate 18.3 0.05 0.9
1,1,1-Trichloroethane 0.6 0.68 0.4
"Acetone 19.8 1.00 19.8
Toluene 0.6 0.08 0.05
Misc, 0.1 1.00 0.1
Attachment to be Incorporated:

Letters from Sea Ray Boats, Inc. dated September 13, 1990
requesting a change in the expiration dates and emission limits. -

A copy of this letter must be attached to the above construction
permits and shall become a part of these permits.

: - 8inc elyl,/
EVE SMAINWOOD, P.E.

irector
Divisgsion of Air Resources

Management

SS/JR/plm

c: C. Collins, Central Dist.
G. E. Cantelou, .Jr., P.E.
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Replace Acetone Successfully -A Practical Guide-

The pace of movement away from acetone as a cleanup solvent has certainly
quickened lately. To help you keep up, Dr. Reidar Halle, an acknowledged
world-class expert on peroxides, and Joe Brennan have teamed for this very
informative and easy-to-follow article.

Reprinted By Permission From Fiberglass Fabrication Association
3299 K St., N.W., 7th Floor, Washington, D.C. 20007 (202) 337-FFAA



¢ Introduction to Emulsifier
Technology
* General comments

Like the revolutions in Eastern

' Europe, the revolution within the FRP
| Industry away from acctone as a

cleanup solvent had a slow, sluggish
and hesitant start. Now, the pace of
both revolutions is brisk and broadly-
based!

FRP laminators have two acetone

; replacement technologies available:

resin emulsifiers and higher boiling

| pointorganicsolvents. Emulsifier tech-

nology costs less than acetone and is
significantly safer and more environ-
mentally sound! Inaddition, emulsifi-

‘| ers, used correctly, actually clean bet-

ter than acetone. Emulsifiers can eas-

ily replace 75-100% of -the cleanup

acetoneinmostshops—almostall used
forcleaningrollers, brushes and hands.
Sometimes, moreelaborate techniques
are needed to clean internal-mix spray
guns and pultrusion dies.

Inthe past, there was some worker re-
sistance to substitute any product for ace-
tone—the only resin cleaner ever used by

! ‘| most laminators. Today, many FRP shops

have implemented acetone replacement
systems to comply with health, environ-
mental and fire regulations. Many of these
shops, both workers and management, now
sing the praises of the safety, ease, effi-

| clency and economy of their new emulsi-
| fler systems.

Bothemulsifiersand high boiling point
solvents reduce VOC (Volatile Organic
Compounds) emissions, but the emulsifi-

ers in most cases have the added advan-
. A

By:

Dr. Reidar Halle
Joseph A. Brennan
Managing Directors

Quial Tech Enterprises, Inc.
1485 Bayshore Boulevard
San Francisco, CA 94124
Telephone: 415-467-7887

tage of not generating hazardous waste,
Replacing acetone with high boiling sol-
vents is initially a simpler process; how-
ever, the contaminated solvents must be
distilled and for hauled away for waste
treatment. Also, solventstill bottoms pres-
cnt disposal problems in more and more
states.

Why then does this technology, with
itsinherentadvantagesoflower fire, health
and environmental dangers, fail to be
adopted quickly by every FRP fabricator?
The answer to this enigmatic question
seems to be a widespread lack of under-
standing of the new emulsifier technology
within the FRPindustry. Asaresult, some
FRP shops have neglected to implement
an ongoing training programs to teach
employees how to use emulsifiers effec-
tively.

Unfortunately, far too many fabrica-
tors were presented with a sample of an
emulsifier (identified as “an acetone re-
placement”) for evaluation; accompanied
only with an MSDS—no demonstrations
or detailed instructions were offered!
Therefore, in the absence of any other
advice, many FRP companies evaluated
the emulsifiers in the same manner they
used acetone, rather than as a new tech-
nology with different techniques. Some
laminators complained bitterly to man-
agement about the difficulty of cleaning
with emulsifiers; and justifiably so, ace-
tone metheds don’t work with emulsifi-
ers. These complaints frequently led to
the abandonment of the acetone replace-
ment project.

On the other hand, if you examine
those FRP shops that have successfully
implemented emulsifier systems vis-a-vis
the unsuccessful shops, you willconclude:
The successful shops have the common
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thread of hands-on management commit-
ment to eliminate hazardous waste gen-
cration, close supplier support, and a com-
pany-wide training program.

The following isa step-by-step look at
the fundamentals of emulsifier technology
and therecommendations for FRPshopsto
choose the correct system to successfully
make the transition from acetone to emul-
sifier technology.

+ Emulsifiers versus Solvents
* How does an emulsifier differ
from acetone?

Separation versusdissolving: Organic

solvents, whether acetone or higher boil-
ing point products, clean the resins by dis-
solving them homogeneously, creating a
dilute solution of the resin—also hazard-
ous waste and varying levels of YOCs, In
the process of cleaning resins with acetone,
the sticky resin is diluted and spread
around, rather then removed from the
cleaning solution as with emulsifier tech-
nology.

Theresultis: Theefficiency of solvents
used for resin cleanup declines rapidly
afterthefirst use. Emulsifier cleaning solu-
tions, on the other hand, actuaily become
clearer as the resin settles to the bottom,
allowing continued use of the cleaning
solution.

The most important differences are:

Hazardous Waste Generatjon:
Solvents used for cleaning resins always
generatehazardous waste, emulsifiersusu-
ally don't.

YOC Emissions: Acetone gener-
ates 6,600 pounds of VOCs for each 1,000

gallons consumed in cleaning; typically,
75-100% evaporates. Inaddition, recycling

N - . . L. ‘- - - -
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solvents, regardlessof boiling point, even-
tually loses all the solvent to evaporation,
spillage or still bottoms. A comparable
amountofalow-solventemulsifier cleaner
generates only 30-50 pounds of VOCs—a
>99% reduction, This point becomes more
critical when increased FRP production
levels threaten to exceed total plant VOC
allowable limits.

Fire & Health Hazards: Emulsi-

fiers are water-based solutions that pres-
ent no fire danger—preferred by fire
marshals and insurance companies.
Organic solvents often burn; some, such
as acetone, burn vigorously and are red
label. Solvents often have workplace air
concentration and exposure limits to
protect workers; emulsifiers pose no air
quality problems.

i
* How does an emulsifier work?

An emulsifier formulation for resin
cleaning is a mixture of surfactants {sur-
face tension modifiers), combined with
wetting and complexing agents in wa-
ter—the system is usually alkaline. Some
emulsifier formulations contain excess
amounts of solvents; this initially im-
proves thecleaning action of the formula-
tion, but has some serious drawbacks.
Solvents dissclve metal salts (Cobalt),
styrene, and other organic compounds
that can cause disposal problems. In
general,a FRP shop manager should check
the datasheet and MSDS of the emulsifier
product before the evaluation to deter-
mine the potential for sewer disposal
problems.

An emuisifier surrounds the glob-
ules of tacky resin and renders them tack-
free by chemical action. These globules,
unable to fight gravity by sticking to a
surface, fall to the bottom of the cleaning
_vessel, where they cure, if catalyzed. The
emulsified resin in the cleaning vessel
should separate to the bottom efficiently
to keep the cleaning solution frée from
resin. Emulsifier products that contain
inefficient surfactants, high solvent con-
tent, or require heating, can retard this
desirable quality of efficient separation.
Thereisasimple resin screening test (cov-
ered later in this article) to determine
qualitatively the separation capabilities
of various emulsifiers.

The emulsifier cleaning solution can

Pt

continue to be used until the product is
depleted—roughly twice as long as sol-
vents—thendischarged intothe sewer when
the proper procedures are followed, and
the neccesarry sewer permits are obtained.
The cured resin at the bottom of the emul-
sifier cleaning vessel should be removed,
dried and canbediscarded withothersolid
nonhazardous waste.

» Why have acetone-replacement

projects failed?

Most FRP shops that have had little or
no success switching from acetone to emul-
sifiers haven’t approached the projectasan
engineered system designed for the plant’s
unique needs. A system—integrating a
basic understanding of the technology in
choosing an emulsifier and hardware, a
workers’ training program, and a disposal
method for the spent emulsifier—is essen-
tial for the successful conversion from ace-

tone to emulsifier technology.

Typically, companies that failed to
makethe transition from acetone to emulsi-
fiersonthe firstattempt did not fully under-

stand that cmulsifier cleanup was a differ-
ent technology involving new strategies

and techniques.

Technology Change: Using the long
established techniques developed for ace-
tone cleanup will not work with water-
based emulsifiers. FRP laminators have to
change their work techniques, and some-
times the type of tools and the cleanup
systems employed, Actually, acetone re-
placement is not a direct product replace-
ment, but a technology change.

Laminators can not merely dip-rinse
and soak hand tools as with acetone. Tools
must be cleaned immediately free of resin.

Instead of simply dissolving resin from
thesurfaces as solvents do, emulsifiers work
best whenthe liquid bond ofthe resin to the
surface is physically broken by mechanical
brushingor swirling. Once thebond isbro-
ken, the emulsifier coats the resin, making
itnonsticky. Thecritical step for FRP shops
is to select the best mechanical device—
brushes in most cases set in place on racks
suspended in the emulsifier solution.

Also, there has been some confusion
over the technique of cleaning rollers and
brushes, as well as dewatering the tools
before returning to the laminate. Emulsi-
fier techniques are specific and often re-

2
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serted, is the best solution to this problem.
Mecechanical devices in combination with
emulsifiers clean efficiently and allow
higher dilution ratios and better cost effec-
tiveness.

* Spray guns

Spray guns, both internal and exter-
nal-mix, are cleaned with a 1:5 dilution
ratio. '

* Hand & light-wipe cleaning

Simple hand cleaning and wiping
down a cured FRP part requires a dilution
of 1:15to 1;:20 in most cases. A hands-only
type of Jiffy-Cleaner (with softer brushes)

. is recommended for best results. Hands

mustbe rinsed in clear water to remove the
residual emulsifier to prevent skin irrita-

.. |tion or rash.

Using spray bottles of emulsifier di-
luted 1:20 in water is the best approach to
wiping off cured gel coat surfaces and

‘{laminates. This minimizes the fire and air .

pollution dangers posed by acetone clean-
ing.

* Dilution methods

Management should determineastan-
dard method of emulsifier dilution and
appoint an employee to be responsible for
preparing the emulsifier solution. This
step avolds inconsistent results (over dilu-
tion) and waste (under dilution). Either
batch mixing or the use of a proportioning

‘{hose connection gives satisfactory results.

* How to clean with emulsifiers

* Roller & paint brushes
The following are directions for clean-
ing rollers and brushes ina Jiffy-Cleaner—
the most popular and versatile cleaning
tool:
Filladiluted emulsifier solutionintoa

| Jifty-Cleaner to a level of 1" above the top

of the briushes. Fill a second pail with clean
watertoapproximately three-quarters full;
change the rinse water periodically as
needed.

Insert rollers soiled with resin between
the Jiffy-Cleaner scrub brushes and plunge

- {the rollers three or more times between the

brushes. The bottom bracket of the Jiffy-

"1 Cleaner is elevated several inches from the

bpttom of the bucket so the rollers do not
touch the curing resin collected there.
Sheake off excess emulsifier and suds

and briefly dip therollersintheclear water

pail. Give three to four sharp snaps of the
wrist to dispel water from the surface of

the rollers. In most cases the rollers are
now dry enough to return to the laminate.
If not, hang the rollers to dry for several
minutes. Alltools must be cleaned imme-
diatelyin ordertoavoid theresincuringon
parts. This is important: Soaking tools
before cleaning is unnecessary—and a
problem, if the resin is allowed to cure on
the toals. Rollers cleaned with emulsifiers
are nonsticky and noticeably cleaner than
those cleaned with organic solvents.

A small number of FRP shops use the
larger felt paint-type of rollers to apply
resin uniformly to the laminates. These
rollers clean well in a 1-inch or 2-inch Jiffy-
Cleaner. After the feltcoveriscleaned and
rinsed in clear water, it should be wrung
by hand and hung ona pegtodry. There-
movable felt cover should have a plastic
core, not paper or cardboard. The roller
holder can be cleaner in the Jiffy-Cleaner
and dried before another feltroller coveris
attached.

For brushes, the technique is impor-
tant:

Insert the paint brushes in the Jiffy-
Cleanerby pressing thebristlesagainst the
top of the Jiffy-Cleaner brushes on one
side. Move the handle of the paint brush
downward along the open space between
brushes to scrub the interior paint brush
bristles clean. The bristles should be point-
ing upward and be spread outlike a bird’s
tail. Pullup, Turn the paint brushoverand
repeat. Depending upon the size of the
brush, repeat this technique several times
until the paint brush is free from resin.
Squeeze the bristles to expel the excess
emulsifier and suds.

Rinsethe paint brushin clear water by
forcing the bristles against the side of the
pail beneath the water. Wring the bristles
and hit them against the top of the bucket
rapidly several times to dispel water drop-
lets from the brush. Hang brush to dry if
still moist, or use dry air. ,

Use splash goggles to prevent emulsi-
fier solution from getting into the eyes.
Read MSDS and product data sheets be-
fore use.

* What system tools are required?

Fixed Brushes

A Jitfy-Cleaner was invented to aid in
the cleaning of the tools using emulsifiers.
The Jiffy-Cleaner, with fixed brusheson a
rack, is widely used to clean rollers and
brushes. Itis a versatile tool that is avail-
able in various container sizes (5, 15 & 55-

Replace Acetone Successfully

gallon) and brush configurations,

Air-driven brushes

Air-driven brushes, despite thelr lack
of versatility and mobility, are well suited
for some specialty cleaning: Very large or
odd-sized tools and rollers; intricate parts
and dies. Air-drivenbrush machinescause
a powerful churning action that finely dis-
perses the emulsified resin in suspension
for a considerably longer time. This vortex
flow also stirs up the resin collecting at the
bottom of the cleaning reservoir—this
tends todecreasetheefficiency of theemul-
sifier solution and possibly poses a sewer
disposal problem. For this reason, air-
driven brush systems should have deep
reservoirs equipped with baffles.

Heated Baths

Heated reservoirsarenot widely used,
but do have specific applications (e.g., in-
tricate parts, pipes, dies). They suffer from
the same lack of versatility and mobility as
air-driven brush machines. Hot water
baths do improve cleaning somewhat by
reducing the resin viscosity and improv-
ing the emulsifying action. However,
heated baths increase the levels of styrene,
cobalt salts, MEKP, ctc. in the emulsifier
solution, and can cause sewer disposal
problems.

+ Hands

Hands are cleaned best in a dedicated
hand Jiffy-Cleaner, followed by a clear
water rinse to remove residual emulsifier.
Soft sponges and hand brushes also clean
well. Hands may be dried with towels or
air. Insufficient rinsing and drying of
hands, or a combination of emulsifier resi-
due with solvents and resins can cause
skin irritation.

* Spray & gel coat guns

Due to wide variations in emulsifier
cffectiveness with various resins and £ll-
crs, it is difficult to give specific cleaning
instructions for internal-mix and gel coat
spray guns. Spray gun manufacturersand
emulsifier suppliers should be consulted.
External-mix guns can be cleaned with an
emulsifier spray bottle and small brush,
and dried with clean cloths similar to sol-
vent cleaning.

+ Dies and molds

This normally involves heavily-filled
resins with specialty additives that even
makeacetonecleanup difficult dueto sticki-
ness. Anemulsifier system, withair-driven
brushes and heated reservoir, can do a




more effective job than solvents. Almost
every system is unique, but all are based
on the basic principles of emulsifier tech-
nology: Useof mechanical energy to break
the resin liquid bond with the surface;
emulsificationand separation of the resin;
clear water rinse and drying.

* Wipe off of cured FRP parts
Emulsifiers diluted to 1:20 in spray
bottles can be used with clean cloth wipes

‘| to clean oil, dirt ot liquid resin from cured
“resin parts. This type of cleaning is simi-
“lar to acetone cleaning. However, ace-

tone spreads a portion of the diluted resi-
due over the entire surface; emulsifiers
remove the resin, oil or dirt from the
surface,

* Cured resin

Cleaning cured resin isa problem for
emulsifiers as well asacetone. Methylene
Chloride is somewhat effective, but is
being restricted as a resin cleanup sol-
vent, Most solvents that remove cured
resinsalso carry healthand environmental
warnings. Preventive maintenance is
essential to minimize this problem by
dealing with the resin waste before it

cures,

* How to solve cleaning problems
* Introduction

If possible, FRP managers should get
an in-plant demonstration from their
emulsifier supplier. Thisallows manage-
ment and production personnel to see the
propertechniquesand procedurestoclean
their currently used resins from theirown
tools first hand from experienced profes-
sionals. If demonstrations are not pos-
sible, complete “How to Use...” and “How
to Dispose of...” instruction guides are

. available from suppliers. Finally, follow-
- up training is necessary to ensure that

proper procedures are maintained.

* Cleaning efficiency

. Cleaning efficiency with emulsifiers
isdependenton thespeed of separation of
the emulsified resin to the bottom of the
cleaning vessel. Even if the chemical
separation Is good, if the vessel is shallow
(especially critical with air-driven
brushes), the curing resin is stirred up
into thecleaning zone, causing inefficient
cleaning. Therefore, itisimportant to use

_ deepcontainers (5-gallon minimum) with

fixed brushes that are at least two inches

) _off_ the bottom; air-driven brushesshould

teature

be considerably higher because of the
churning action caused by the rotating
brushes. If more than 4-5 laminators are
cleaning tools, additional cleaning buckets
should be set up. Regular changing of the
emulsificr cleaning solution is best—daily
changing, if that works in your operation.

» Possible pitfalls
Below is a summary of the typical
problems with the use of emulsificrs if the
proper procedures are not performed. All
of the pitfalls associated with rollers,
brushes and hands can be avoided by us-
ing the proper hardware tools and tech-
niques to clean, rinse and dewater the

rollers.

* Rollers . .

nadequate cleanin

Remedy: Use Jiffy-Cleaner and cor-
rect technique.

Water in barrel
Remedy: Learn techniqueof snapping

" wrist to force water from rollers.

Barrel freeze

Remedy: Use Jiffy-Cleaner and learn
technique to rinse and dewater. Also, use
quick-release rollers to minimize barrel

freeze.

* Brushes

Inadequate cleaning

Remedy: Use Jiffy-Cleaner and learn
the technique of cleaning the interior
bristles of the paint brush, and use the
proper dewatering method.

Water jn handle

Remedy: Punch holes in the ferruleon
the handle to allow excess water to drain;
hang up to dry with bristle toward the ceil-
ing to minimize the drying time.

Moisture

Remedy: Brushes may be air dried or
forced dried with compressed air.

« Hands

Inadequate cleaning

Remedy: For inadequate cleaning—
sticky hands—usc a hand brush or soft-
brush Jiffy-Cleaner to remove the resin
before rinsing. Hand rinsing with clear
water is essential to prevent skin rash or
discomfort. Hand cleaner systems should
be placed at or close to waist level for the
best results.

Moisture on hands

Remedy: Supply soft clean towels or
air driers near the hand cleaning station,
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- tion is worth thousands of words. Call

¢ Spray guns

Cleaning spray guns, especiaily inter-
nal-mix and gel coat guns, is not a simple
task. It will probably involve the technical
assistance of your amulsifier suppliar and
your gun manufacturer. Certain resin
types, fillers and pigments can cause inef-
ficient cleaning and excessive plugging of
guns if the properemulsifieris notused. It
is strongly suggested that this conversion
be made last after the replacement of the
open acetone containers used for cleaning
rollers, brushes and hands. It is essential
for each plant to establish and follow a
standard procedure for cleaning spray

guns.

* Training

Almost all pitfalls outlined above can
be avoided or minimized by good train-
ing, follow-up programs and the help of
your suppliers. An in-plant demonstra-

your supplicr.

+ Howto handleyourspentclean-
ing solution

Liquid solution

Filter the solid resin from the emulsi-
fier cleaning solution at the end of each
day. Thecleaning solution can continueto
be used until it is completely spent. When
the cleaning solution {s nolonger effective,
allow at least 24 hours settling time before
the final filtering. Then, the spent emulsi-
fier liquid can bedischarged into thesewer
if permits have been obtained.

Resin sediment

The wet resin sediment, separated
from the liquid portion of the spent solu-
tion, must bedried before disposal. Spread
the wet solid for ease of drying. Thedried,
cured resin can be disposed of as solid
nonhazardous waste along with the hard-
ened resin and trim. Note: Only catalyzed
resins cure to a solid.

* + How to dispose of the waste

Liquid effluent

The spent emulsifier solution can be
discharged into the sewer if the Federal,
State and Local regulations have beenmet.
However, navigating the maze of regula-
tions necessary to obtain a sewer disposal
permit is difficult, detailed and time-con-
suming. Contact your emulsifier supplier
for assistance and guidance.

Normally, spent emulsifier solutions
from plant operations would not be classl-
fied as a hazardous waste. However, any

D
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mixture with a hazardous waste listed in
40 CFR Part 261 Subpart D, Proposition
65, orsimilar stateregulations, etc., would
make the resultant waste stream haZard-
ous. ‘

In addition, if a waste stream gener-
ated from the use of an emulsifier exhibits
one or more of the characteristics of haz-
ardous waste (Corrosivity, EP toxicity,
reactivity, orignitability), it likewise would

" .{ besubject to the hazardous waste regula-

tions. If in doubt, have your waste stream
analyzed.

Usc splash goggles to preventeyein-
juries when handling.

Scptic systems

Septic systems are local issues, and it
may not be possibletodispose of the efflu-
ent into leaching fields. Consult your
emulsii:ier supplier.

Evaporation by heating of the water
phase of the spent emulsifier solution is
possible, but it is energy-intensiveand ex-
pensive.

oli

This a costly affair, but it might be of
interest to large companies that already
have recycling/treatment plants.

Dried cu sin residue

The generated solid cured resin, when
dried, may be able to be disposed of as
nonhazardous waste, If the residuai resin
is not completely cured, add a small
amount of catalyzed resin to complete the
cure before disposal.

Cost comparison with solvents

The purchase price of cleanup sol-
vents—without disposal costsincluded—
are from $2+ per gallon for acetone to 34
times as much for higher boiling solvents.

Diluted emulsifier solutionstypically
cost $1.00 per gallon and lastat least twice
as long as solvents. The cost effectiveness
of emulsifiers versus solvents is substan-

"{ tal, even if the solvents are recycled—

only 50-60% of all cleanup solvents are re-
claimed. Emulsifiers offer considerable
cost advantages even before theadditional
hidden costs of solvent recycling losses
and disposal are factored into the com-
parison,

| Ref)lace Acetone Successfully

¢ Summary

Replacing acetone with emulsifiers is
a technology change. At least 75% of all
acctone used for'cleanup can be replaced
easily by emulsifiers, but most FRP shops
initially require the close involvement of
theiremulsifier suppliertoaccomplishthis.

FRP shops should begin by replacing
the solvents used for cleaning tools and
hands first; this switch is the easicst and
represents the biggest cost reduction and
environmental benefits. The remaining
areas, such as spray gun cleaning, require
a more detailed and systematic approach,

Thebottom lineis: Thechoiceof emul-
sifier suppi.crs is critical because the FRP
fabricator often must rely on his supplier
for his resin-cleaning systems for the 1990s,
worker training, disposal methods and a
sewer discharge permit.

REPLACETONE &

Guaranteed Products:

+ Aren't satisfied with your acetone
substitute or recycling.

« Still believe acetone is a good
cleanup solvent.

You Should:

Consider the "Total Scolution"
IFFY-CLEANER SYSTEM

Guaranteed Results:

In andar

REPLACETONE
&.
Jilfy-Cleaner 5-Gal.
Jumbo-Jifly 15-Gal.

Leading-edge

Specialty Systems
That Work

/

~
* Belter than acetone

* Easy disposal

» Faster than acetone
* No fire danger

* Biodegradable

* Low VOC

* Reduced hazards

*» Meets Rule 1162

* 50% cost saving
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|
« Haven't replaced acetone or your

cleanup solvent yet.

+ Demo in your plant/
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QUAL TECH Enterprises, Inc.
1485 Bayshore Blvd., San Francisco, CA. 94124
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‘System Operation—The HES Regen-

erative Fume Oxidation system destroys
noxious fumes containing organic solvents,
hydrocarbons and odors by oxidation at
temperatures in the realm of 1500 degrees
Fahrenheit. The fumes are converted to
harmless water vapor and carbon dioxide.
The regenerative cycle stores combustion
heat energy for reuse to preheat process
emissions prior to oxidation, providing the
most thermodynamically efficient system of
fume oxidation. It is, therefore, the most
cost effective means available for compliance

. with government requirements for pollu-

tion control,

System Simplicity — The concept of the
HES design is simplicity. The patented sin-
gle valve drive shaft minimizes operation
and maintenance problems. All other sys-
tems utilize' multiple electric operators or

tially reduces the amount of field wiring
required.

System Performance—The HES Re-

. generative Fume Oxidation System incor-

porates the latest fume oxidation technol-
ogy. Its patented design destroys the
pollutants in contaminated exhaust streams
while recovering up to 95% of the input
heat energy for preheating the process emis-
sions, The requirement for auxiliary fuel is
thereby minimized to the lowest possible
level. The system will meet and/or exceed
the current VOC destruction requirements
mandated by local and federal Environmen-
tal Protection Agencies.

complicated hydraulics. This also substan--

HUNTINGTON ENERGY SYSTEMS

Total System Responsibility —HES
takes full responsibility for the installation
and start-up of its systems on a turnkey con-
tract basis, including the design and meodi-
fication of connected processes, e.g. air-
volume reduction.

System LEconomy —*“Life-Cycle Cost”

...the cost of owning and operating capital

equipment is the total of its capital cost, its
operating cost and the cost of maintaining
the equipment over the period of its antici-
pated useful life. The life-cycle cost of HESS
Regenerative Fume Oxidation system is
substantially lower than that of alternate
systems.

Who Is HES? HES is a wholly owned sub-
sidiary of JWP, INC., a NYSE corporation
with annual sales well in excess of a billion
dollars. HES customers can expect systems
to reflect dedication to quality performance.

- Preserving the environment and meeting EPA standards in n cost efficient manner requires state-of-the-art engineering. HES engineers, manufactures
and installs the most technologically advanced and thermally efficient fume oxidation systems available to industry today, through its patented designs.
With a staff of experienced engineering and sales professionals, supported by advanced Computer Aided Design (CAD) equipment, HES has delivered
systems to customers and industries ranging from local printers to major manufacturers. Over the yenrs, HE.S hna developed a reputation for high

quality, reliability and low maintenance life cycle costs.

Application: A major manufacturer of
military tract vehicles such as tanks, troop
carriers and construction vehicles. The
final stage of manufacturing requires paint-
ing of the vehicle with solvent-based coat-
ings. The HES System destroys air pollu-
tants emitted from the paint spraying and
drying processes. (Size: 20,000 SCFM)

Application: A residential wood cabinet
manufacturer which coats the wood with
stain, antiquing, sealants, and other
finishes. Prior to discharge into the
atmosphere, these predominantly solvent-
based coatings are oxidized by the HES
System, aflowing the manufcturer to meet
EPA standards in a cost efficient manner.
(Size = 75,000 SCFM).
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Application: a major vinyl floor covering
manufacturer, which was required to meet
the new clean zir standards, Its problem was

* dealing with the VOCs released during the
.. printing of resilient vinyl sheet flooring. By
installing an HES regenerative fume oxida-

tion system specifically designed for its
needs, the firm has been sble to heat the
plant with recycled air resulting in a sub-
stantial fuel cost savings. This processor is

also realizing additional savings on natural.

gas. (Size = 36,000 SCFM)

Not every system can have substantial sav-
ings designed into it because of the many
variables involved, but we analyze every
system for potential savings as well as for
changes required to meet state and federal
EPA requirements.

g e e
“MINIMIZING THE COST OF FUME EMISSIONS CONTROL”

STANDARD FEATURES

« Single operator valve drive system

« Independent control and gas pipe trains for each burner
+ Machined cast steel valves

* 1/4” ASTM A 36 steel housing

« Stainless steel ceramic support grids

» IRI/FM burner system

* 2400° soft ceramic insulation

« Programmable logic controller

« Expansion capabilities

+ Prewired & Tested control panel

antuaL ECONOMICS OF ALTERNATIVE
cost FUME INCINERATION SYSTEMS

$280.000 yr

160,000

$ 20,000yr
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Tl'fe purchase of an incineration system
will impact not only on the state

of EPA compliance, but can affect

total operations in the long run.
Knowing what to look for will greatly
increase the chances of a successful
selection. ... by Richard J. Greco,

vice president of engineering,
Huntington Energy Systems

In order to meet the stringent clean-air standards

.set by the Environmental Protection Agency, a

substantial segment of American industry is
choosing to install fume incineration systems as the
method of compliance.

The choice of the proper system can mean much -
more than just meeting EPA requirements. It can
mean a significant impact on profit. In fact, the
proper system can actually pay for itselfl within o
few years and lower manufacturing costs thereafter.

Fume incineration systems incorporate thermal
oxidizers that destroy volatile organic compounds
(VOCs) by high-tempoerature conversion of
hydrocarbon-laden fumes to simple, harmless water
vapor and carbon dioxide, While the various types
of systems have acceptable clean-up efficiencies,
each systom is different in theory of oxidation and
cost ol operation; cach has its own boenefits and
drawbacks.

There are four types of fume incineration
systems: commaon afterburner; catalytic converter;
recuperative thermal oxidizer; and regenerative
thermal oxidizer.

+ Common afterburner (see Figure 1):

Function: Raises fumes to incineration
temperatures, thereby destroying their offending
content, and maintains them at those temperatures
for a given period of time as mandated by
regulations—usually % sec at 1,400 deg F.

Benefits: The afterburner is relatively inexpensive
1o manufacture and install.

Drawbacks: It is not designed Tor efficient use of
Workmen put the
finishing touches
on the interior of
a Huntington
Energy Systems
regenerative fume
incinerator.

The system is
typical of those
Huntington installs
at converting
operations. The
incinerator is

lined with Manville
Z-Blok® refractory
ceramic fiber
modules to
withstand
temperatures up

to 2,300 deg F and
1,000 AFPM air
flow velocity.



FIGURE 1

The Common, Afterburner
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FIGURE 2

The Catalytic Converter

STACK
LAIALYST

Lowars Combuation
Temporaiuie
OXIDIZER
+«— FAN

RS TRy

PROCESS

Ot

= e (g

COMBUSTION
CHAMBER

COMBUSTION i

CHAMBER i

HEAT RECOVERY 4
MEDIA

PROCESS

How It works
s Combustion at 1500°F e Ssquentisl valving
o Heat storage ¢ Prehoated fumes

fuel and typically consumes 2,000 percent more
fuel than other systems.

i j i : Small
processes of 500 SCFM (Standard Cubic Feet Per
Minute) or less.

Cost: Installed cost of equipment only is under
$150,000 for a 500 SCFM unit. The cost to operate
is approximately $10,000 for 2,000 hrs/yr, or about
$20/SCFM year.

« Catalytic converter (see Figure 2):

Eunction: Hydrocarbon-laden fumes are pushed
by a fan through a preheat section wherein the
temperature of the fumes is raised to a maximum
of 700 deg F. The fumes then pass through another
section of the system containing the catalyst, which
reduces the oxidation temperature to 700 deg F, at
which the hydrocarbons are thermally oxidized.

Benefits: The catalytic converter is more efficient
than an afterburner, and Is also a simple system. It
works well on “clean” hydrocarbon fumes (low
solvent concentration streams).

Drawbacks: 1t performs poorly with fumes
contaminated with ash, paper, dust, resin, heavy
metals or silicone—commonly found in cven or
dryer processes. This poor performance is the result

of the catalyst’s cell structure becoming coated with
oxidized ash, which deteriorates its ability to oxidize
the hydrocarbons at the preheat temperature
and also reduces flow through the system.
Consequently, additional fuel must be burned to
elevate the fumes to a higher temperature in order
to achieve oxidation. Ultimately, the catalyst
becomes useless and the system becomes clogged,
forcing the catalytic converter to function in the
same way as a common, fuel-intensive afterburner.

Industries/processes for which syitable: clean ink
processes; no silicone.

Cost: Costs to install depend on type of catalyst
used. For a 10,000 SCFM unit, approximate cost to
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Technical Forum

operate is $13,000 for 2,000 hrs/yr, or $1.30/SCFM
year.

* Recuperative thermal axidizer (see Figure 3):

Function: This unit oxidizes the fumes in a
cormbustion chamber but, unlike the commaon
afterburner, makes use of the existing 1,500 deg F
gas by passing it through the low-temperature inlet
gas stream via an indirect shell and tube heat
exchange—thus preheating the incoming
contaminated gas to within 65 percent (maximum .
of 80 percent) of oxidation temperature.

Benefits: The recuperative system is economical to
operate when the heat release of the hydrocarbons
is sufficient to overcome the fuel required for
combustion. The 20 to 35 percent of the heat lost
during incineration can be reused for indirect
building heat or steam, or it can be returned to the
process.

Drawbacks: Auxiliary fuel must be used on
processes that do not contain ample fume energy
for self-destruction, or processes that are cyclical in
nature, Factors such as size, heat transfer
coefficients and stress limit the system’s preheat
efficiency. Reusing the 20 to 35 percent lost heat
requires an additional investment for heat transfer
equipment and its maintenance.

|ndustries/processes for which suitable: High
solvent concentrations above 25 percent LEL (lower
expiosive limit), coil coating and gravure printing.

Cost: No fuel usage when LEL is above 25
percent.

* Regenerative thermal oxidizaer (sce Figure 4):

Function: Oxidized gases exit the combustion
chamber, passing through a porous heat-transfer
section, storing by conduction 95 percent of its heat
in millions of inert ceramic elements. By the use of
valving, incoming contaminated air is directed to the
heat-transfer section where, by conduction, fumes
are preheated to within five percent of oxidation
temperature by the already-stored heot on its way

_up to the combustion chamber. There is a
“cantinuous cycle of storing and releasing heat

alternately within three heat-transfer sections,
which permits an uninterrupted flow of contami-
nated progess gas through the system at all times.
" Bepeflts: The regenerative system is simple and
reliable, requiring little or no additional fuel, even
when' fume hydrocarbon levels approach zero.
When little or no hydrocarbons are present, only 5
percent of normally-required fuel is needed for
oxidation. In many cases, just a burner pilot is
sufficient when coupled with the 95 percent preheat
eflficiency.

Drawbacks: Most available systems are
maintenance-intensive because they use hydraulic or

“Twenty-five percent LEL equals 10,000 SCFM/1 GI'M fgal/min) air

solven ratio. -

electric drive valving components. However, there
are systems available that alleviate most of the
maintenance because they utilize a single speed-
reducer mechanical valving system,

Industries/processes for which suitable:
Recommmended for larger process flows with lower
solvent concentrations because the high primary
heat recovery will reduce operating fuel costs. Five
percent LEL or greater will result in almost no fuel
usage.

Cost: Cost of equipment and system is
approximately $45/SCFM.

{Note: The difference between a 95-percent-
eflicient regenerative unit and a 65-percent-efficient
recuperative unit in terms of fuel use may not be 30
percent, depending upon the type of burner
incorporated. The reason is that the higher the exit
temperature (dictated by the units preheat
efficiency), the greater the amount of fuel required
to bring the combustion air to the required
temperature. When the net fuel value is calculated

How Does Fume Incineration Work?

System converls hydrocarbon laden fumes
to simple, harmlass water vapor and carbon
dioxide by high temperature Inclneration

along with the preheat efficiency, the actual fuel use
difference could be as high as 40 percent.)

The tollowing checklist covers the many factors to
take into account when considering installation of a
fume incineration system.

1. Operating characteristics of process;

« Type of process

« Emission exhaust volume (SCFM}. Are there
multiple sources, and what are the maximum and
minimum exhaust volumes? At what flow rate is
ther system operating the majority of the time?

+ Hood exhaust volume (SCFM)

« QDven exhaust temperature {deg F)

+ Oven temperature (deg F)

« Process temperature of the stream going to the
oxidizer (deg F})

+ Fuel used in process {oil, natural gas)




« Cost of fuel.{$/Million BTUs)

« Type of solvent used in process

« Gallons/hour of soivent used on product

« Solvent load at various flow conditions (Ib/hr)

» Percent of each constituent in solvent

» Hours/day of process operation

+ Days/week of process operation

« Hours/year of process operation

+ Percent downtime (flow going to oxidizer
without solvent)

« Number of startups/year. (Is unit down every
weekend?}

« Contaminants in the stream that could cause
problems, e.g., silicone, heavy metais, chlorides,
particulates. If no contaminants now, might there be
some in the future?

2. Regulatory requirements:

« What level of hydrocarbon destruction must be
obtained? (Typically, an overall destruction level is
established, which is a combination of collection
efficiency at the process and destruction by the
oxidizer.)

+ What is the schedule? When must the oxidizer
be installed and operational?

+ What method of test will be required by the
regulatory agency? (Various methods are accepted
by different states and regions, e.g.. flame
ionization, gas chromatograph, etc.)

+ Must the oxidizer include instrumentation to
contlnuously monitor inlet/outlet temperature,
inlet/outlet hydrocarbon concentrations or other
constituents in the exhaust, such as CO and NOX?
3. Insurance factors:

» Are there specific insurance approval
requirements, such as Factory Mutual (FM) or
Industrial Risk Insurers (IRI}?

+ Upon system startup, will the process be
purged through the oxidizer or indirectly to the
atmosphere? {Insurance requirements will dictate
that both the process and the oxidizer must be
purged with clean air before any burners can be lit,
to ensure there are no dangerous concentrations of
hydrocarbons built up that may cause an explosion.)
4, Return on investment:

I you want the system to give you a return on
your Investment, such as using recycled air to heat
or cool the building, you must know the following:

« Type of building heating system

« Square footage of building being heated

« Type of installed air conditioning

« Tons of air conditioning

« Capacities of individual air conditioners (tons).
5. Operating costs:

+« What are the comparative utility costs, e.q..

+ natural gas and electricity?
‘6, Ease of maintenance of system:

+ Need for adequate maintenance staff to handle
technica! aspects of the different systems.

7. Expandability of system:

« Does the equipment lend itself to future
expansion, should producticn schedules dictate?
8. Location of system:

« Will the oxidizer be located outdoors, indoors, at
grade, on roof?

» What is the availability of utilities, e.g., natural
gas, qil, propane?

« What is the electrical service available, and is
there sufficient capacity?

« Is noise pollution a consideration? (Is there
housing nearby?)

» Are soil conditions adequate for the foundation?

« Is there sufficient access for construction
equipment?

s Is the site selected clear of any underground
obstructions, such as drain sewers, tanks, etc?

» Where is the control panel to be located?

9. Bid evaluation:

s Is this to be a turnkey project? Many companies
prefer a single-source, including installation,

« Are you comparing equivalent bids? Has each of
the vendors included all of the necessary equipment
and services? Has a bidder left something out in
order to better his price position? (Compare your
bids to each other, and to all the guidelines
enumerated here, to avoid accepting an incomplete bid.)

» Has each vendor supplied the proper
performance guarantees and equipment warranties?

« Are the terms of payment acceptable?

» Has freight been included in the price?

+ Does the vendor have proven operating field
installations?

» Can the vendor meet the necessary schedules?

» Carefully evaluate the following for quality of
workmanship: construction materials and
thicknesses; equipment suppliers for controls, fans,
etc; methods of assembly.

« What happens to the oxidizer'in the event of
excessive solvent loads? Will it over-temperature
and cause problems?

« Have the proper safeguards been incorporated
in the control scheme, e.g., high-temperature
shutdown, audible alarms in the event of shutdown?

Summary

The above information should serve to guide you
in evaluating which fume incineration system would
be best for your business. it should also help you to
initiate meaningful discussions with equipment
suppliers and/or independent environmental
consuftants, and to analyze vendor bids.

in the end, EPA regulations will do more than
create a cleaner environment for all of us; they will
force us to take a hard look at our manufacturing
processes, very possibly resulting in lower
production costs in the long run. #

Reprinted from CONVERTING MAGAZINE February 1988
Copyright 1988 Delta Communicatlons Inc.
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To avoid an expected
EPA crackdown on VOC
emissions, fume inciner-
ation may be your

best bet. Here's a look
at available equipment.

an

N

\Up Your Act’ with.

. T

TR Y S TR
Inside a regencerative fume ifcinerato
system was installed at a vin

any plastics processors, along

with a substantial segment of

the rest of American industry,
will saon be forced to install fume incin-
eration systems in order to meet exist-
ing EPA clean-air standards, and provi-
sions of possible amendments to the
Clean Air Act, or even entirely new en-
vironmental bills which Congress may
pass. The Federal Environmental Pro-
tection Agency has already designated
localities that are currently not meeting

flobr cdve;,'l

minimum requirements for the control
of volatile organic compound (VOC)
emissions, and agency spokesmen have
said recently that they will be cracking
down on manufacturers located in “non-
attainment” areas. There have even
been new rules instituted recently that
are aimed specifically at application of
coatings to plastic business-machine
housings (sce P71, March 88, p. 113).

Plastics processors within these
areas that use solvent-based paints,

Reprinted from PLASTICS TECHNOLOGY July 1988
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inks, or other coatings will be required
by law to measure VOC emissions at
their own facilities. The burden of proof
will be on them to show compliance, and
their testing procedures will also be reg-
ulated by the EPA. Specific rules and
regulations for compliance will vary be-
tween different EPA jurisdictions, but
penalties for noncompliance can include
fines, annual production limitations, or
even plant shutdowns.

The present Clean Air Act had
scheduled the deadline for compliance
for December 31, 1987, but that dead-
line was extended by Congress to mid-
1988. The lawmakers may choose to ex-
tend it again or, more likely, take an
even tougher stance on pollution emis-
sions, while giving businesses a longer
time to comply. There were still 76 non-
attainment areas at the end of 1987, and
it's not likely these areas will be within
compliance soon.

Fume cleanup is needed to elimi-
nate air contamination by hydrocarbons,
such as MEK (methyl ethylketone),
MIBK (methyl isobutylketone), toluene
and alcohols. These are typically pro-
duced in the plastics coating and printing
operations.

In addition, many processes that
generate YOC and objectionable odors,
such as plasticizers from flexible PVC
calendering and plastisol processing,
and styrene monomer from FRP fabri-
cating, are coming under scrutiny.
Whether or not the odor-producing vola-
tile emissions must be cleaned up de-
pends upon specific EPA regulations, as
well as on the plant location. And, in
addition to Federal EPA restrictions, lo-
cal environmental regulations on
VOC's—such as in Southern Califor-
nia—can also have major impact on plas-
tics operations.

FOUR TYPES OF SYSTEMS

., Unlike the problem of dealing with
rarticulate-laden emissions—a relative-
y simple process utilizing familiar equip-
ment, with minimal operating cost—
meeting EPA standards for fume
cleanup involves more sophisticated op-
tions. Most of these require major in-
vestment and operating costs. There-
fore, the choice of the proper fume
incineration system can have a signifi-
cant impact on profit. The proper sys-
tem can actually pay for itself within a
few years, and lower manufacturing
costs thereafter, in contrast with less
efficient systems available.

" There are basically four types of

The Common Afterburner

fume incineration systems, ail of which
incorporate thermal oxidizers that de-
stroy VOC's by high-temperature con-
version of hydrocarbon-laden fumes to
!:iarmless water vapor and carbon diox-
ide.

While all the various types of sys-
tems have acceptable cleanup efficien-
cies, each system is different in theory
of oxidation and cost of operation; each
has its own benefits and drawbacks. The
purposc of this article is to illustrate the
differences between incineration sys-
tems, and to provide examples of cur-
rent installations.

All costs discussed here are based
on a 10,000-scim (standard cubic foot
per meter) system, operating at 2000
hr/yr, maintaining exhaust fume tem-

Lowers Combustion
Temperature

peratures of 100 F, with fuel costs of $6/
million Btu. For a physical description of
each system, consult the accompanying
diagrams.

» Common afterburner: This sys-
tem raises fumes to incineration tem-
peratures, thereby destroying their of-
fending content, and maintains them at
those temperatures for a given period of
time as mandated by regulations—usu-
ally 0.5 sec at 1400 F,

The afterburner is relatively inex-
pensive to buy and install. However, it is
not designed for efficient use of fue} and,
typically, consumes 2000% more fuel
than other systems.,

It is typically suitable for low-
throughput applications, which require
processing contaminated air at rates of
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500 scfm or less. Capital investment can

" be around $70,000, with annual operat-
ing costs around $170,000. Installation
costs can be $30,000-50,000.

p Catalytic converter: Hydrocar-
bon-laden fumes are pushed by a fan
through a preheat section, wherein the
temperature of the fumes is raised to a
maxitnum of 700 F. The fumes then pass
through another section of the system
containing the catalyst, which is able to
thermally oxidize the hydrocarbons at
the reduced temperature of 700 F.

The catalytic converter is more ef-
ficient than an afterburner, and is also a
simple system. It works well on “clean”
hydrocarbon fumes (fow solvent concen-
tration streams). It performs poorly
with fumes contaminated with particu-

lates, resin, heavy metals or silicone —
commonty found in oven or dryer pro-
cesses. This poor performance is the
result of the catalyst's cell structure be-
coming coated or poisoned with oxidized
ash, which deteriorates its ability to oxi-
dize the hydrocarbons at the preheat
temperature and also may reduce flow
through the system. Consequently, ad-
ditional fuel must be burned to elevate
the fumes to a higher temperature in
order to achieve oxidation.

Catalytic converters are best suit-
ed for clean ink processes that involve
no silicone. Typical equipment costs for
a catalytic converter would run around
$230,000, with annual operating costs
around $24,000. Equipment installation
costs of approximately $100,000 can be

expected. .
» Recuperative thermal oxi-

dizer: This unit oxidizes the fumes in a
combustion chamber but, unlike the
common afterburner, makes use of the
existing 1500 F gas by passing it through
the low-temperature inlet gas stream
via an indirect shell-and-tube heat ex-
changer, thus preheating the incoming
contaminated gas to within 65-80% of
oxidation temperature.

The recuperative system is eco-
nomical to operate when the heat re-
lease of the hydrocarbons is sufficient to
replace the fuel required for combus-
tion. The 20-35% of the heat lost during
incineration can be reused for indirect
building heat or generating steam, or be
returned to the process. However, aux-
fliary fuel must be used on processes
that do not contain ample fume energy
for self-destruction, or processes that
are cyclical in nature. Factors such as
equipment size, heat-transfer coeffi-
cients and stress, limit the system’s pre-
heat efficiency. Reusing the 20-35% lost
heat requires an additional investment
for heat-transfer equipment and its
maintenance.

The recuperative thermal oxidizer
is suitable for processes that need to
incinerate fumes with a high solvent con-
tent—typically fumes with an air-to-sol-
ids ratio above 25% LEL (10,000 scfm/
gpm [gal/min]}. Capital equipment costs
for these systems run around $20¢,000,
with annual operating costs of around
$50,000. Installment costs are estimat-
ed at $100,000.

p Regenerative thermal oxi-
dizer: In this system, oxidized gases
from the combustion chamber pass
through a porous heat-transfer section,
storing by conduction 85% of the heat in
millions of inert ceramic elements. By
the use of valving, incoming contaminat-
ed air is directed to the heat-transfer
section where the fumes are preheated
by conduction of the stored heat to with-
in 5% of oxidation temperature on their
way to the combustion chamber. There
is a continuous cycle of alternately stor-
ing and releasing heat within three heat-
transfer sections, which permits an un-
interrupted flow of contaminated
process gas through the system at all
times,

The regenerative system is simple
and reliable, requiring little or no addi-
tional fuel, even when fume hydrocar-
bon levels approach zero. When little or
no hydrocarbons are present, only 5% of
narmally required fuel is needed for oxi-
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dation. In many cases, just a pilot burner
is sufficient, when coupled with the Y5%
preheat efficiency. Up to now, most
available systems have been mainte-
nance-intensive, because they use hy-
draulic or electric valving. However, the
newest systems eliminate most of the
maintenance because they utilize a sin-
gle-speed-reducer mechanical valving
system,

Regenerative thermal oxidizers are
recommended for larger process flows
with lower solvent concentrations, be-
cause the high primary heat recovery
will reduce operating fuel costs. A 5%
LEL or greater will result in almost no
fuel usage. Investment costs are typical-
ly around $280,000, with annual operat-
ing costs around $9,300.

RECUPERATIVE VS. REGENERATIVE

The difference between a 95%-effi-
cient regenerative unit and a 65%-effi-
cient recuperative unit, in terms of fuel
use, may not be 30%; it may be higher,
depending upon the type of burner in-
corporated. The reason is that the high-
er the exit temperature {(dictated by the
unit's preheat efficiency), the greater
the amount -of fuel required to bring the
combustion air to the required tempera-
ture. When the net fuel value is calculat-
ed along with the preheat efficiency, the
actual fuel-use difference could be as
high as 40%.

As for operating costs, the actual
fuel-cost saving for a 10,000-scfm unit
could be over $50,000/yr for the regen-
erative system, with no solvent pre-
sent, compared with a typical recuper-
ative system.

To further enhance the economics
of regenerative thermal oxidation, the
spent fumes, now slightly elevated in
temperature, can be reintroduced into
the process from which they came or, by

use of a heat exchanger, used as building

%ﬁ%‘r

heat. What was once an undesirable pol-
utant becomes a desirable energy
source, replacing up to 60% of the luel
used to heat the process.

A typical regenerative system re-
cetving fumes at 200 F would return the
clean air back to the process at 265 F, at
95% preheat efficiency,

CASE HISTORIES IN PLASTICS

As was stated at the beginning of
this article, the-choice of proper fume
incineration system can meim not only
that EPA requirements are mel, but
also that the system could pay for itself
and, eventually, lower your cost of man-
ufacturing. A recent example is a major
vinyl floor-coverimg manufacturer,
which now mieets the new clean-air stan-
dards with a regenerative fume inciner-
ation system. This firm managed to turn
a potentially unprofitable situation into a
profitable one.

Its problem was dealing with the
VOC'’s released during the printing of
resilient vinyl sheet flooring. By in-
stalling a regenerative fume inciner-
ation system specifically designed for
its needs, the firm has been able to
heat the plant with recycled air, result-
ing in a savings of $58,000/yr in fuel
costs,

This processor is realizing addition-
al savings of $200,000/yr in natural gas
by using this system, instead of a less-
efficient system with a conventional air-
to-nir exchanger. Thus, pavback in cost
of fuel alone will come in about four
years.

Not every incineration systent can
have such substantial pavback designed
into it, because of the many variables
involved, But every process must he
analyzed not only for potential savings,
hut alse for any changes that may be
required in order to meet state and fed-
eral codes.

That’s because it is no longer suffi-
cient merely to destroy 95% of a facili-
tv's emissions. You are also now re-
quired to capture a specified quantity of
hydrocarbons heing generated within
vour facility, to yield an overall rate of
caplure/destroy efficiency. This rate de-
pends on a number of variables, such as
the nature of the process, type of VOC's
emitted, annual production, and geo-
graphic location.

In the state of Connecticut, for ex-
ample, plants doing flexographic printing
on vinyl film must achicve a fume cap-
ture/destroy efficiency of 60-75%. This
percentage may be different for other
manufacturers within the state, or for
the same sort of operation in other
states. To determine what the regula-
tions are for their specific process, man-
ufacturers must check with'their region-
al office of the state air-guality board.

A recent case in point is a firm do-
ing printing on vinyl fim. In order to
meet local codes, it required a process
modification whereby a “loop™ was de-
signed between the print stations and
the dryer, which previously had been
exhausted individually, as well as more
efficient collection exhaust hooding.
This hooding and recirculating loop low-
ered the total exhaust volume, while
also making incineration more efficient
by increasing solvent concentrations.

T'his new focus on higher fume col-
lection and destruction efficiencies will
abviously require higher capital equip-
ment expenditures, Thus, the more effi-
cient and simple the emission-control
device, the lower the annual operating
expense to offset ever-increasing capital
expense. 10
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HAPPY HOLIDAYS!

'EPA GIVES STYRENE
CLEAN BILL OF HEALTH

INTER/PORT

News and Views for the Recreational Boating 'Indua*try

Editad and produced in Chicago, Wadnesday, Decomber 12, 1990

NMMA directors and staff wish you 2 Merry Christmas and & Happy New Year.
INTER/PORT will not be published during Christmas week, so look for the next

issue on or about January 2.

Tnt a major development for fiberglass boatbuilders and other‘industsies relyingcn
molding processes, the Environmental Protection Agency has decided not to-cias-
sify styrene as a carcinogen. The decision from EPA’s Office of Drinking Water
(OD'W) comes after review of all existing evidence and the recommendations of {ta
own Selence Advisory Board, Comprised of many of the country’s top sclentists
having expertise in this area, the EPA Science Advisory Board went on record as
saying that there was no sclentific justification for classifying styrene as a "probable

human carginogen.”

-. . 'J
cturers in light of mehSures, :

The decision is particularly significant to boat manufa Ju
vide for separate tonsideri-

Included in the recently passed Clean Air Bill that pro '
tion of boat building in the development of styrene emigsion standards. Under the
legislation, determination of emission standards must welgh specific capabilities of
manufacturers to mect the standards, including economic costs and techrical
feasibility of proposed pollution control technology - determinations which rest
with the EPA. The ODW did say that it will set a maximum contaminant jevet for
styrene in drinking water, as required by taw for other chemicals, but thase levels
are not anticipated to pose any serious compliance problems for industry.

EPA’s new stance on styrene is due In lacge part to the efforts of the Styrene In-
formation and Research Center (STRC), an organization which recelves substantial
funding from NMMA, and has worked closely with assoclation staff and member
fitms over the past two years to fend off stringent styrene lepislation at both state
and federal levels. SIRC chalrman Ken Harman was encouraged by EPA’s deci-
sion. "It is consistent with earller decisions by OSHA and the National Institute of
Occupatlonal Safety and Health (NIOSH) and also with the views of the leading
sclentific panel of the Buropean Community,” he said. "All have now agreed that
the facts simply are not there to classify, regulate or tabel styrene as a carcinogen.”

The "facts” that Harman refers to are part of a large body of evidence collected
and compiled by SIRC over several years and tecently presented at the group’s

annual meeting by Geoffrey Granville of Sheil Canada, chairman of SIRC's
continued
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FIGURE 8

Influence of Gel Time
on

Styrene Emissions
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FIGURE 9

Influence of Temperature
on

Styrene Emissions
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FIGURE 10

Influence of Air Flow Rate
on

Styrene Emissions
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FIGURE 11

Influence of Styrene Content
on

Styrene Emissions
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FIGURE 12

Viscosity vs. Percent Styrene (at 20 C)
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FIGURE 13

Comparison of Suppressed Resin
| and

Standard Resin
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