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EXECUTIVE SUMMARY

Methylene chloride (METH) is a carcinogen. The chemical is classified as a Hazardous
Air Pollutant (HAP) by U.S. EPA. ltis also classified as a Toxic Air Contaminant (TAC)
in Califomia. METH is listed on Proposition 65 and is a listed hazardous waste under the
Resource Conservation and Recovery Act (RCRA).

The California Air Resources Board (CARB) estimates that emissions of METH from
consumer product strippers amount to 9.68 tons per day. METH based strippers are also
used by companies that offer stripping services to consumers. The METH strippers pose
acancer risk to workers and consumers in California.

IRTA is a nonprofit organization that tests and demonstratesVigatile Organic
Compound (VOC), low toxicity alternatives in a variety of different industries. DTSC
contracted with IRTA to identifytest, develop and demonstrate alternative-M&TH
stripping formulations in consumer product applications. The aim of the project was to
find safer alternative neMETH strippers that minimized the increase in VOC emissions.

This project involved testmalternative notMETH stripping formulations in four sectors
including:

A |l arge furniture stripping companies
A small furniture stripping companies
A contract st rsiriponsiteand appbyrstppaer by dand; and a

A consumer stripping where consumers
Benco Sales, a stripper and equipment supplier, assisted IRTA in the project by
developing alternative neWIETH stripping formulations thatould be tested in the four
sectors.

The alternative naMETH stripping formulations that worked most effectively in all
four sectors contain benzyl alcohol as the active ingredient. IRTA conducted a cost
comparison of METH based stripping formulationgl ahe alternative benzyl alcohol
stripping formulations for large furniture stripping companies and for consumer stripping.
The cost of using the most effective alternative in large furniture stripping companies is
comparable to the cost of using the hiETH content stripper most widely employed
today. The cost of using the most effective alternative in consumer stripping is lower
than the cost of using the METH strippers sold at hardware and paint supply stores.

The Department of Health Services Hakz&valuation System & Information Service
(HESIS) evaluated and compared the toxicity of the METH strippers used most widely
today and the alternative ndAETH strippers tested in this project. HESIS concluded
that the alternative stripping formulationghich contain benzyl alcohol, are generally
much safer for workers and consumers than the METH based strippers.

The South Coast Air Quality Management District (SCAQMD) regulates the VOC and
toxic emissions from furniture stripping facilities. The alagive strippers tested during

t h
t h

app



this project meet the District requirements for stripping formulations. CARB regulates
the VOC and toxic content of consumer product strippers in California. The most
effective alternative consumer product strippers testaghgl this project meet the
definition of an Low Vapor Pressure (LVP) material which indicates that CARB does not
classify it as a VOC.
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I. INTRODUCTION AND BACKGROUND

The California Air Resources Board (CARB) estimates that emissions from congrodect

paint strippers amount to 16.72 tons per day. Emissions of methylene chloride (METH) from
these paint strippers are 9.68 tons per day and emissions of VOC solvents from these paint
strippers are 7.04 tons per day. Many of the stripping produetslends of METH and VOC
solvents. Some of the stripping products may contain only VOC solvents and no METH.

The component of most concern in consumer product paint strippers is METH. The chemical is
a suspect carcinogen. It is classified as a Hamardar Pollutant (HAP) by U.S. EPA and as a
Toxic Air Contaminant (TAC) by the state of California. METH is a listed hazardous waste
under the Resource Conservation and Recovery Act (RCRA). The chemical does not contribute
to photochemical smog and haseb deemed exempt from VOC regulations by U.S. EPA and
the state of California

The Institute for Research and Technical Assistance (IRTA) is a nonprofit organization
established in 1989. IRTA works with companies and whole industries to identifyjeestop

and demonstrate low O C, l ow toxicty solvent alternative
Substances Control (DTSC) contracted with IRTA to test and demonstrate alternatives to METH
based consumer product strippers. This document presents tt® obthe analysis and testing.

PREVIOUS RELATED WORK

Over the last several years, IRTA conducted four projects that are related to the current project.
The first project, sponsored by the South Coast Air Quality Management District (SCAQMD),
involved performing a survey of furniture stripping facilities in the South Coast Basin and
determining their stripping practices and the quality of their ventilation systems. The second
project, sponsored by the National Institute for Occupationsal Safety arth HREOSH),
involved testing alternative I0METH content stripping formulations and designing, installing
and testing high air flow ventilation systems to determine if they could effectively reduce worker
exposure to METH strippers. The third projegipissored by CARB, was designed to work with
furniture stripping companies to investigate methods of reducing the risk of METH based
strippers to the surrounding community. As part of that project, alternativEBTH content
strippers were tested. Theufth project, sponsored by SCAQMD, involved limited testing of a
few nonMETH stripping formulations in furniture stripping facilities. No work has been
performed to date on alternative consumer product strippers.

CHARACTERISTICS OF PAINT STRIPPING

Themost widely used paint strippers rely on METH as the active ingredient. The results of the
earlier work indicated there may be as many as 80 facilities in California that have stripping
equipment and use relatively large quantities of stripper. Thespatoes generally purchase

their stripper from suppliers that provide the stripper in quantities ranging in size from five
gallon pails to 55 gallon drums. There are also companies in the state that prositee on
services to consumers for stripping kién cabinets or to offices for stripping wood cabinets;
these facilities use the stripper to strip in place. The stripping companies purchase their strippers
from paint supply or hardware stores. There are probably some 500 additional facilities in the
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state that do some stripping as part of their business; typical facilities would include antique
shops. These facilities purchase small quantities of stripper from hardware or paint supply stores.
Consumers also purchase strippers from paint supply add/&éue stores.

The SCAQMD began developing a regulation on METH furniture stripping facilities several
years ago. The large furniture stripping facilities in the South Coast Basin that applied stripper
with equipment believed it would be unfairregulate their operations when small facilities that
strip by hand could still purchase METH based strippers from paint supply and hardware stores
and these operations would not be regulated. It is important to find alternativdBEldt
stripping formulaibns that can be used by large furniture stripping companies who purchase
stripper from suppliers and by companies and individuals who purchase consumer product
strippers. During this current project, IRTA focused on testing-MBH strippers in a
comprénensive way. The structure of the tests was designed to find alternatidBETah
strippers for:

| arge furniture stripping firms that ap

A small furniture stripping firms that ap
A c 0 nt rp@\wde strip@ng $etviaes to consumers and offices; and
A consumers that strip wood items by hand

The items that are commonly stripped using consumer product paint strippers are made of wood
and, less often, metal. A variety of coating types musistbpped using these stripping
formulations. Stripping effectiveness is determined by the ability of a stripping formulation to
strip the coating and the wood or metal type is comparatively unimportant.

The most common type of wood coating that requsegping today is the conventional
solventborne coating. This type of coating represents more than 50 percent of the coatings that
require stripping by furniture strippers. Between 20 and 30 percent of the coatings encountered
are conventional clear vaishes which include shellacs. Crdisgked clear finishes that also fall

into this category have begun to be used over the last 15 or 20 years. Waterborne latex and
acrylic coatings and high performance crtisked pigmented and clear coatings accdonthe
remaining 15 to 20 percent of the finishes encountered by furniture strippers today. The same
types of coatings are likely to be encountered bysiten contractors and by consumers. The
characteristics of metal coatings are likely to be simildre most commonly encountered metal
coatings are probably traditional solventborne coatings. Waterborne coatings and powder
coatings probably account for a small percentage today. The-leosd, powder and
waterborne coatings that are more diffidoltstrip will be increasingly used in the future because

of more stringent coating VOC regulations.

PROJECT ALTERNATIVES STRATEGY AND FINDINGS

IRTA worked with a stripper supply company, Benco Sales, during this project to test alternative
nonMETH stripping formulations. Benco Sales formulated a variety of
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different alternatives for the different stripping applications and these were tested f
effectiveness. For furniture stripping companies with equipment and contractors who strip on
site, it was assumed that a stripper needed to strip relatively quickly. In contrast, for furniture
stripping companies without equipment and consumers wipoitems at home, it was assumed
that strippers need not strip quickly.

During this project, IRTA tested and compared baseline and alternativMEdH strippers

with two large furniture stripping firms that use equipment for stripping. IRTA also tested
baseline and alternative strippers at the furniture stripping companies where the strippers were
applied by hand. These tests represented stripping by small furniture stripping companies and by
consumers. IRTA tested baseline and alternative strippromne contractor who strips ite.

Finally, IRTA tested baseline and alternative strippers on wood and metal panels containing
coatings that consumers commonly encounter today and coatings that consumers could
encounter in the future.

Some of the noMETH alternative strippers on the market today contain ingredients that have
other toxicity problems. As an example, some stripping formulations contanethyl
pyrollidone (NMP) which is a reproductive and developmental toxin. IRTA tested two NMP
strippers available on the market today for the consumer hand stripping application. Many of the
nonMETH stripping formulations are classified as VOCs so that conversion to these alternatives
would increase VOC emissions. The aim was to formulate alteenatiippers that did not
contain other toxic materials like NMP and that had as low a VOC content as possible.

The results of the tests indicate that alternative-M&TH strippers are available that can
effectively strip items for consumer product apafions and for large furniture stripping

facilities that strip with equipment. The most effective and safest alternative stripping
formul ations contain benzyl al cohol . This <c¢h
consumer product regulationgeaning it is not considered to be a VOC.

STRUCTURE OF DOCUMENT

Section Il of this document describes the stripping process for large furniture stripping facilities
that use equipment, contractors that stripst@ and smaller furniture strippers arshsumers

that apply stripper by hand. Section Il includes a detailed description of the formulations and
the stripping tests that were conducted to determine the effectiveness of the alternative strippers.
Section IV provides a cost analysis and congmarifor the METH and neMETH strippers for

large furniture stripping companies and consumer stripping applications. Section V discusses
and compares the environmental characteristics and the toxicity of the METH based and
alternative stripping formulaties. Finally, Section VI provides a summary of the results of the
testing.
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. CHARACTERISTICS AND DESCRIPTION OF STRIPPING FORMULATIONS
AND STRIPPING PROCESSES

This section presents detailed information on the METH based stripping formulatiorssethat
commonly used today and the procedures that are used for stripping by large furniture stripping
facilities that use equipment, contractors that perforrsiten stripping and small furniture
stripping facilities and consumers that strip by hand.

LARGE AND SMALL FURNITURE STRIPPING FIRMS

The use of stripper varies widely from firm to firm. Tabld provides estimates of stripper
usage for the industry using the assumption that there are 248 firms that perform stripping in the
South Coast Basin and wa that number in the state. The values for the South Coast Basin were
determined from a survey that was conducted
SCAQMD. The survey results indicated that 248 firms in the Basin used METH formulations
for stripping. An estimated two or three of the largest strippers use more than 1,200 gallons of
stripper per year. An estimated 15 strippers use between 700 and 1,200 gallons of stripper
annually. About 20 strippers use between 200 and 700 gallons perYeasmallest strippers,

about half of the firms in the Basin, use less than five gallons of stripper per year. The remaining
86 strippers use between five and 200 gallons of stripper per year. The stripping firms that use
more than about 200 gallonsrpyear are likely to purchase stripper from suppliers; the stripping
firms that use less than 200 gallons per year purchase stripper from suppliers or from paint
supply or hardware stores. The firms that use less than five gallons of stripper anmchkg@u
stripper from hardware or paint supply stores.

Table 2-1
Estimated Annual Stripper Usage by Furniture Stripping Facilities
Annual Stripper Usage Number of Firms Number of Firms
(gallons per year) in South Coast Basin in Califomia
1,200- 2,000 3 6

700- 1,200 15 30
200- 700 20 40
5-200 86 172
<5 124 248
Total 248 596
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About half the people in California live in the South GoBasin. Assuming that the South
Coast Basin accounts for about half the stripping companies in the state, the statewide
distribution might be expected to be similar. On this basis, there may be as many as 496
stripping facilities in California. Accordgly six of those stripping facilities use between 1,200
and 2,000 gallons of stripper annually and 40 stripping facilities use between 700 and 1,200
gallons per year. The vast majority of the stripping facilities use less than five gallons of stripper
per year.

A Material Safety Data Sheet (MSDS) for a METH based stripper used by many of the large
furniture stripping facilities that use equipment is shown in Appendix A. This stripping
formulation, called Benco #B7 Industrial Paint Remover, contains METH (darhkthane),
methanol and small amounts of glycol ethers, wetting agents and wax. The stripper contains wax
to prevent the METH, which has a very high vapor pressure, from being emitted immediately; it
holds the stripper on the surface of the part. Thpp&r contains wetting agents because it is
generally rinsed from the part after stripping.

Figure 21 shows a picture of a typical flow tray, the equipment used by the larger furniture
stripping facilities to apply the stripper to parts. It is a slopleallow tank eight feet long and

four feet wide with a drain at the lower end. The stripper is pumped through a brush from a five
gallon container. The item to be stripped is placed in the tray and the worker moves the brush
over the part vigorously At times, it is necessary to scrape the item to completely remove the
coating.

Figure 21. Typical Flow Tray

When the worker is finished stripping the item, it is transferred from the flow tray to the water
wash booth. A picture of a typical water skiabooth is shown in Figure2 High pressure
wands containing water and oxalic acid are used to rinse the remaining stripper and coating
residue from the item. The oxalic acid is used to brighten the wood surface.

Small furniture stripping firms dmot use equipment for stripping. Rather, they apply the
stripping formulation to the parts by hand. The #B7 stripper has low viscosity so it can be
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pumped through the pumps in the flow tray. The strippers used by smaller firms that are applied
by hand e often more viscous so they will remain on the part long enough to strip the coating.
The parts are generally rinsed off with water to remove the stripper and the paint residue.

Figure 22. Typical Water Wash Booth

An MSDS for a typical strippaused for hand stripping by the industry is shown in Appendix A.
This stripping formulation, called Benco #B4 Industrial Paint Remover, is used by some smaller
stripping firms and by some contractors that perforasite stripping. Like #B7, this strippin
formulation contains METH, methanol, a glycol ether, a wetting agent and wax. It also contains
a cellulose compound that thickens the formulation for hand stripping. Another typical stripping
formulation used by small furniture stripping companies ¢tlaat be purchased in a paint supply

or hardware store is made by Jasco and is called Premium Paint & Epoxy Remover. An MSDS
for this stripper is shown in Appendix A. Like #B7 and #B4, it contains a high concentration of
METH and methanol.

CONTRACTORS THAT PERFORM ONSITE STRIPPING

There is no information on how many California firms there are that perforsit@stripping.
Some of the large furniture stripping firms performste stripping. Many painting contractors
that provide painting services tonsumers and offices likely also performgite stripping.

Kitchen cabinets are often stripped by-gite stripping contractors. When large furniture
stripping companies perform this service, they remove the cabinet doors and kitchen drawers and
takethem back to their shops to be stripped. The other kitchen wood is stripjsée.ofVood
cabinetry is also stripped by contractors in offices and office buildings. FigBreh®dws a

picture of a kitchen before being stripped by a contractor.
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Stripping formulations used by contractors for strippingsib@ are generally quite viscous since

they must remain on vertical surfaces for a period. The Benco #B4 stripper described above is
an example of a MEA stripper designed for this type of stripping. An MSDS for another
stripper used for this purpose, called Lifteeze Paint & Varnish Remover, is shown in Appendix A.
The Lifteeze stripper contains between 35 and 45 percent METH, methanol, acetoneemad tolu

It has a lower METH content than the Benco #B4 stripper.

CONSUMER STRIPPING

Consumers purchase stripping formulations in small quantities at paint supply or hardware stores.
They generally use the strippers to strip doors, door jambs, Kiteiemets and various types of

wood furniture and, in some cases, metal items. Most of the stripping formulations used
historically had fairly high concentrations of METH. As discussed in Section Ill, there are non
METH alternatives on the market todajhese stripping formulations generally need to be more
viscous because they are used to strip a variety of items and must be able to be used on vertical
surfaces.

The Lifteeze Paint & Varnish Remover discussed above is available in paint supply stases and
likely to be purchased by consumers. The Jasco Premium Paint & Epoxy Remover is another
stripping formulation that consumers might purchase in hardware stores. In both of these
formulations, METH is the major active ingredient.
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[ll. ALTERNATIVE STR IPPING TESTS

This section describes the test program IRTA used to determine the efficacy of the alternative
stripping formulations. It discusses the test procedure and the test results of the baseline METH
strippers and the alternative AbMETH strippes.

LARGE FURNITURE STRIPPING FIRMS

IRTA worked with two large furniture stripping firms to compare the stripping capability of the
METH and norMETH alternative strippers. The two companies, Sunset Strip in Huntington
Beach and Strip Joint in RedondBeach, collected a range of furniture items prior to the
stripping tests. The stripping tests were conducted in flow trays.

The baseline stripping formulation for these tests was Benco #B7 Industrial Paint Remover
which is the industrial stripping formation used by most furniture stripping companies with
equipment. This formulation, as discussed earlier, contains between 70 and 85 percent METH
and eight to 15 percent methanol. The stripping procedure and test results for Sunset Strip and
Strip Joint ae discussed below.

Sunset Strip

Several items were stripped at Sunset Strip with #B7 and three alternatiETdh designed

for flow tray stripping. One item was a chest containing three drawers that had a lacquer coating.
A picture of the chest ishewn in Figure 3L. A picture of the three drawers before stripping is
shown in Figure 2. The second item was a mirror frame containing a shellac coating. The third
item was a door with a shellac coating. A picture of this item is shown in Figgird Be fourth

item was a chair with a white enamel coating. Figufeshows some of the items in the flow

tray.

_ R
Figure 31. Chest at Sunset Stri
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Figure 33. Door at Sunset Strip

Some of thatems or parts of the items were stripped with #B7 and with three alternative non
METH strippers. One of the alternatives, called #B94 Industrial Paint Remover, was too thick
for flow tray stripping and the owner found it difficult to use. An MSDS fos froduct is
shown in Appendix B.

An MSDS for the second alternative, called Benco #B96 Industrial Paint Remover, is shown in

Appendix B. This formulation contains 50 to 60 percent benzyl alcohol (called aromatic alcohol
on the MSDS), hydroxy benzenedaformic acid.
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Figure 34. Items in Flow Tray at Sunset Strip

An MSDS for the third alternative that was tested, called Benco #B73 Industrial Paint Remover,
is shown in Appendix B. This formulation contains 40 to 50 percent benzyl alcohold(calle
alphahydroxy toluene on the MSDS) and 20 to 30 percent of an ester solvent.

The results of the flow tray stripping indicated that #B7 stripped the items more quickly than the
alternatives. For instance, the #B7 stripped the drawer with the lacqui@gdoafive minutes
whereas the #B96 stripper took about 15 minutes to strip the similar item. The #B96 also
required more rinsing. This is to be expected since the stripper components have lower vapor
pressure. An advantage of the #B96 was that ihdidequire rinsing with the oxalic acid which

is used with the #B7. The owner of Sunset Strip stripped the furniture items himself and
indicated that the #B96 performed acceptably.

The #B7 also stripped the items more quickly than the #B73 alterrsitipper. The owner
judged that the #B73 was not as effective as the #B96 alternative stripper. In addition, he
indicated that the odor of the #B73 was retained on the furniture items and was difficult to
eliminate.

During the testing, IRTA, Benco Salasd the owner observed that less of the alternative low
vapor pressure strippers was required than the higher vapor pressure METH stripper. It was
estimated that about half the amount of stripper was required. In addition, the participants noted
that almut twice as much waste was generated when the alternatives were used because there was
less evaporation. The waste generated in stripping operations should be considered hazardous
waste because it contains the coating residue.
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Strip Joint

At the StripJoint, several similar items were collected and stripped in the flow tray with the #B7,
the baseline METH stripper, and two alternative stripping formulations, the #B94 and #B96
discussed above. The #B73 was not tested because it was less effectihe #HB86 stripper

and the odor was strong.

Figure 35 shows four of the items after they were stripped with the baseline #B7 stripper. The
items that were stripped included a drawer made of mahogany with a lacquer coating, a dental
cabinet drawer withmultiple layers of a latex coating, a mahogany door with several coats of
enamel and an oak drawer and door with a varnish coating. The #B7 stripped all the coatings
effectively except the dental cabinet drawer with the latex coating. The worker Hadde &he
coating off with a tool.

Figure 35.

The #B94 alternative stripper stripped the varnish coating and the lacquer coating easily. It did
not strip the enamel panel completely in the same time allotted for the #B7 stripper. It did,
however, strip the latex coating from the dental drawer wtheh#B7 was not able to strip.
Figure 36 shows the items after stripping with the #B94. As was the case at Sunset Strip, the
worker judged the #B94 stripper to be too thick for easy flow tray stripping.

The #B96 alternative stripper also stripped the varnish and lacquer coatings easily. It stripped
the enamel coating as quickly as the #B7 stripper. This stripping formulation stripped the latex
coating on the dental drawer more effectively and quickpntthe #B94 and much more
effectively than the #B7. Figure®@shows the items after stripping with #B96.
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Figure 36. Items After Stripping With #B94 at Strip Joint
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Figure 37. Items After Stripping With #B96 at Strip Joint

The alternative stpper that performed best at the Strip Joint was #B96. It performed better than
the #B7 in stripping the latex coating. The owner of the Strip Joint used the #B96 stripper to
strip several items in the flow tray at a later date. He indicated that iihygestwas acceptable

and that it performed effectively as an alternative to #B7.
At Strip Joint, IRTA, Benco Sales and the owner made the same observations about usage and

waste generation as at Sunset Strip. About twice as much of the METH strippenva7
required and the alternative strippers generated about twice as much waste.
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CONSUMER HAND STRIPPING

At Sunset Strip and Strip Joint, IRTA conducted tests of alternative strippers that would be
provided by suppliers to small furniture stripping fitieis without equipment. The results of the
tests are discussed below.

Sunset Strip

At Sunset Strip, IRTA conducted preliminary hand stripping tests with a baseline METH stripper,
#B4, and four alternative neMETH strippers. Two of the alternativeripping formulations,

called #B74A and #B94A, contain benzyl alcohol and acetone. MSDSs for these strippers are
shown in Appendix B. Two other alternative stripping formulations, called #B74 and #B95,
contain benzyl alcohol but do not contain acetoneSD¥s for these products are shown in
Appendix B.

The items that were hand stripped at Sunset Strip included a bed rail with a shellac coating, a
chair with two coats of enamel and a bookcase shelf with a lacquer coating. F&sh®o®s a
picture of he bed rail with the five strippers applied in the sequence right to left: #B95, #B74,
#B74A, #B95A and #B4. The bed rail was checked after three minutes and after six minutes.
After three minutes, the #B4 baseline stripper had stripped about 90 pErttentoating. #B95

was the best stripper of the five; it had stripped 100 percent of the coating. #B74 was
comparable to the #B4 baseline stripper; it had stripped 90 percent of the coating. The #B74A
was less effective; it stripped 70 percent of ¢teating. The #B95 stripped 85 percent of the
coating. Figure ® shows the bed rail after six minutes. #B4, #B95 and #B74 stripped 100
percent of the coating. #B95A stripped an estimated 95 percent of the coating and #B74A
stripped only 75 percent difi¢ coating.
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Figure 38. Bed Rail After Applying Five Strippers at Sunset Strip
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Figure 39. Bed Rail After Six Minutes at Sunset Strip

Table 31 summarizes the results of the bed rail stripping tests. The alternative, #B95, was the
best performingtripper followed by #B4, the baseline METH stripper.

Table 3-1
Results of Stripping Tests for Bed Rail With Shellac Coating at Sunset Strip

Estimated Coating Removal (Percent)

#B4 #B95 #B74 #BO95A #B74A
Three Minutes 90 100 90 85 70
Six Minutes 100 100 100 95 75

The lacquer on the bookshelf was easier to strip. The baseline #B4 stripper stripped the coating
in about one minute. The #B95 was faster; it stripped the coating in less than one minute. The
#B95A stripped the coating in about one minute. The #B74 stripper removed the coating in three
minutes but the #B74A stripper did not remove the coating in three minutes. Fgorehdws

the bookshelf after stripping. The sequence of strippers isathe sequence as before from

right to left: #B95, #B74, #B74A, #B95A, #B4.

Table 32 summarizes the results of the stripping tests for the bookshelf. Again, the alternative
#B95 performed best followed by the #B4 baseline METH stripper.

Table 3-2
Resultsof Stripping Tests for Bookshelf With Lacquer Coating at Sunset Strip

#B4 #B95 #B74 #B95A #B74A
< One Minute - Stripped - -
One Minute Stripped - - Stripped -
Three Mirutes - - Stripped -
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