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By the end of 2007, most states and possibly Canada are expected to have exempted TBAC from VOC regulations. This
will allow manufacturers to formulate compliant solvent-borne cleaners for precision cleaning applications for which cur-
rent low-VOC technologies cannot be used or do not meet basic performance standards.

T
ertiary-butyl acetate (TBAc™ solvent1 or, generi-
cally, TBAC), is an oxygenated ester solvent. Until
recently, it had found limited use as a pharmaceuti-
cal intermediate. However, in December 2004, the
U.S. EPA granted Lyondell Chemical Company’s

1997 petition to add TBAC to the list of VOC-exempt com-
pounds.2 This action ended an eight-year process during which
the company was asked to
demonstrate that TBAC not
only had negligible photo-
chemical reactivity, the offi-
cial requirement for exemp-
tion, but that it also had low
toxicity and was not likely to
have other adverse environ-
mental effects.  

This exemption also
spurred considerable interest
in TBAC as a com-pliance
tool in a variety of applica-
tions, including coatings,
adhesives, inks and cleaners.
TBAC is not only VOC-
exempt, but it is also non-
HAP, not a TRI or Prop 65
chemical, and SNAP-
approved as a replacement
for ozone-depleting sub-
stances. TBAC’s two main
drawbacks are its odor, which is strong and camphor-like, and its
flash point of approximately 40°F. However, Lyondell and other
companies have identified several mask-ants and odor attenua-
tors, as well as co-solvents that increase or eliminate the flash
point of TBAC.

The federal exemption marked the beginning of a similar and,
fortunately, more expeditious process at the state level. This arti-
cle attempts to bring the reader up-to-date on the current status of
the TBAC exemption and provides a brief overview of the clean-

ing technologies for which TBAC will likely become an impor-
tant HAP- and VOC-compliance tool.

TBAC VOC Exemption Status 
As of the date this article was submitted, TBAC was already

fully exempt in 37 states and partially exempt in 49 states. The
status of the TBAC exemption, as of June 2006, is shown in

Figure 1. The states in
green either exempted
TBAC automatically or
have already completed
their VOC definition
update. States in yellow
grant some form of interim
relief during the rulemak-
ing period or have limited
exemptions. How this
relief is granted varies from
state to state, with some
states simply requiring that
TBAC users report their
emissions, as required by
the federal rule, while oth-
ers will allow TBAC to be
used as an exempt com-
pound only via permits.  

By early 2007, TBAC is
expected to be fully exempt
in 46 states and conditional-

ly exempt in all 50 states. Wyoming, Alaska and New Jersey will
allow the use of TBAC as an exempt solvent during their rulemak-
ing process. Cali-fornia does not grant interim relief during their
rulemaking process.

California has none-theless begun the pro-cess to exempt
TBAC. In a recent draft Environmental Impact Assessment,3 the
California Air Re-sources Board (CARB) indicated that it plans
to exempt TBAC in certain consumer and commercial product
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Figure 1
TBAC state exemption status as of June 2006.
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Raytheon Systems has evaluated TBAC in hand-wipe and cold cleaning
applications.1 It reported on its cleaning efficiency versus MEK and MPK in
removing common oils from aluminum and composite substrates. The soils
evaluated included facial oil, machine oil, silicone and fluorinated greases. The
authors concluded that all three solvents had comparable cleaning efficiency.

An internal evaluation was also conducted on five different industrial greas-
es and rosin flux. The greases were applied to steel coupons and immersed for
three minutes in solvent. The numbers shown in Figure 1 represent the aver-
age grease or flux removed from three coupons. The greases tested were sili-
cone grease, axle grease, Vaseline™ petroleum jelly,2 lithium grease and
Cosmoline™ grease.3

TBAC removed an average of 76 percent of these contaminants from the
coupons (Figure 1). It performed poorly only on Cosmoline grease (31 percent
removal). It performed almost as well as common halogenated cleaners such
as trichloroethylene (TCE; 98 percent), n-propyl bromide (nPB; 97 percent), and
perchloroethylene (PERC; 86 percent). It also performed better than Naphtha
(70 percent) and MEK (56 percent) and markedly better than the low- or zero-
VOC degreasers recommended to the SCAQMD by the Institute of Research
and Technical Assistance (IRTA).4

Several of those low-VOC “cleaners” produced an increase in contaminant
on the coupons or were essentially ineffective. Acetone and IPA, the two main
solvents recommended for non-aqueous cleaning, removed an average of 22
percent and 10 percent of these six soils, respectively. Clearly, TBAC is a much
more effective degreaser than these low-VOC alternatives and would result in
lower solvent costs and fewer solvent emissions if it were exempt and used
instead of acetone and IPA.

TBAC is also much less aggressive than acetone on common plastics such
as ABS, acrylics, polycarbonate and polystyrene. It is also less flammable, less
volatile and less hygroscopic than acetone. However, TBAC’s strong odor and
flammability could be a nuisance and a safety hazard if not properly managed.
For this reason, Lyondell and others have been evaluating blends of TBAC with
non-flammable solvents and odor maskants.5

n-Propyl bromide (nPB) is a VOC, but it is also an excellent non-flammable
degreaser. Based on information provided by NAVAIR,6 the degreasing efficien-
cy and measuring the flash point of various blends of TBAC and nPB are being
evaluated.7 Preliminary results suggest that adding as little as 15 percent nPB
to TBAC significantly increases its degreasing efficiency on certain greases and
also suppresses the flash point.8 This could provide an improved margin of
safety in hand-wipe, cold cleaning and, especially, vapor degreasing applica-
tions.

Microcare9 is also evaluating TBAC as a cold cleaning solvent prior to vapor
degreasing with Vetrel® solvents and achieving promising results.
Hydrofluorocarbon solvents are VOC-exempt but have relatively low KB values
(20 to 40). They are often blended with polar solvents to improve their clean-
ing efficiency on polar soils and greases. These polar solvents include
methanol and trans-1,2-dichloroethylene, which are VOCs. TBAC, with its KB
value of 114 and VOC-exempt status, is a potential substitute for these polar
solvents in blends with hydrofluorocarbons.

Notes:
1. James Foreman, 11th Annual Solvent Substitution Workshop, September 15,
1999.
2. Vaseline™ is a registered trademark of Unilever Corp.
3. Cosmoline™ is a registered trademark of Houghton International.
4. www.aqmd.gov/rules/doc/r1171/ch2_1171_tech_doc_20030801.pdf
www.lyondell.com/html/products/techlit/2402.pdf
5. Dr. El-Sayed Arafat, personal communication.
6. TBAC is being evaluated as a replacement for MEK and other VOC solvents for
precision cleaning, thinning, and paint cleanup as part of the DOD ESTCP project.
7. The author wishes to thank Karl Leopke and John Dingess of Enviro Tech
International for samples of EnSolv™ and EnSolv-LO cleaners and technical infor-
mation on the flash point of these products. EnSolv is a registered trademark of
Enviro Tech International.
8. A flame is sometimes observed at the ignition source with closed cup testing but
does not propagate, suggesting efficient quenching of the flame by the nPB.
9. Tom Tattersall, personal communication. Microcare Marketing Services is the
official North American distributor of Vertrel™ Solvents. Vertrel is a registered trade-
mark of E.I. du Pont de Nemours and Company, Inc.

DEGREASING EFFICIENCY>>

Figure 1: Cleaning efficiency of various solvents and formulated cleaners on five industrial greases and rosin flux.
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categories. CARB has tied the exemp-tion to its CONS-2 rule-
making process, which will probably not be completed until 2007.
So, TBAC will probably not be available as a compliance tool for
consumer cleaner categories for another year or two.  

The districts and counties regulate VOC emissions from point
sources such as printing shops and solvent-cleaning operations.
The South Coast Air Quality Air Management District
(SCAQMD) has proposed to amend rule 1171 for solvent clean-
ing opera-tions, but has not yet proposed to exempt TBAC in that
rule or in any of the other rules that regulate the VOC content
limit of products used in industrial cleaning operations, such as
1122, 1124 and 1136 (see Table 1). Lyondell is submitting com-
ments requesting that the SCAQMD exempt TBAC in rule 1171.
The proposed rule is scheduled to go before the board for
approval in June 2006.

The SCAQMD did, however, exempt TBAC in some automo-
tive coatings (rule 1151)4 and has also proposed to exempt it in
industrial maintenance coatings,5 in response to a request by the
Southern California Alliance of Publicly Owned Treatment
Works.6 Clearly, interested parties in Southern California and
elsewhere can influence whether TBAC is exempted in certain
operations. Other districts and counties are expected to follow the
lead of SCAQMD and CARB in the coming months.

Canada has also recently proposed strict new VOC regulations
for surface cleaners use in automotive refinishing. The new rule
limits the VOC content in surface cleaners for plastic substrates
to 780g/L and all other substrates to 200g/L and will be effective
in 2007. The proposed Canadian rule contains the same list of
VOC-exempt compounds that will need to be updated to exempt
TBAC.7 Lyondell has formally requested that Environment
Canada do so. Environment Canada is considering the request,

but has not yet committed to exempting TBAC.

Where Can TBAC Be Used?
The stringent VOC content limits imposed on products used in

cleaning operations has led many in California to switch to water-
or acetone-based cleaners or exempt halogenated solvents.
Likewise, stringent HAP content and emission limits have led
formulators in other parts of the country to move away from
MEK,8 toluene, xylene and other HAPs in their cleaners.

TBAC is a fast-evaporating solvent (2.8 times faster than n-
BuAc) with very low water solubility (0.3 percent), a KB value
of 114, a flash point of 40° F, and a strong camphor-like odor.9 It
can be used in most applications where acetone, MEK and
toluene are used. Its low flash point will also keep it out of for-
mulations that have a 100° F flash point requirement unless it is
blended with a co-solvent that can increase or suppress its flash
point.  

TBAC will be used predominantly in solvent-based industrial
cleaners, es-pecially in the following applications:

• Hand-wipe cleaning
• Cold cleaning
• Aerosol degreasers 
• Brake cleaners
• Vapor degreasers (in blends with non-flammable halogenat-

ed solvents)
• Paint strippers
• Paint gun and adhesive gun cleanup
• Ink cleaners
The Degreasing Efficiency sidebar illustrates TBAC’s broad

Table 1
VOC content limit of cleaners and strippers in the South Coast Air Quality Management District.

Rule    Point Source                         Production or operation
VOC content
limit, g/liter
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affinity for greases, making it a potentially useful component in
compliant cleaners and degreasers. TBAC is also a good solvent
for a variety of resins used in coatings, inks and adhesives.

Conclusions
VOC-exempt TBAC provides cleaner formulators and users

with a new, cost-effective tool for HAP and VOC compliance.
Unlike other VOC-exempt solvents, TBAC has an intermediate
evaporation rate and broad solvency for greases and resins, yet it
is less aggressive than acetone on plastic and rubber substrates.
Several cleaner formulators and users are evaluating it in hand-
wipe, cold cleaning, and vapor degreasing operations. 

By the end of 2007, most states and possibly Canada are
expected to have exempted TBAC from VOC regulations. This
will allow manufacturers to formulate compliant solvent-borne
cleaners for precision cleaning applications for which current
low-VOC technologies cannot be used or do not meet basic per-
formance standards. PCM
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Notes:
1. Product of  Lyondell Chemical
2. www.epa.gov/ttncaaa1/t1/fr_notices/tbac.pdf
3. www.arb.ca.gov/research/reactivity/tbac0.pdf
4. www.aqmd.gov/rules/reg/reg11/r1151.pdf
5. www.aqmd.gov/rules/proposed/r1113/2-par1113-2006-01.pdf
6. www.aqmd.gov/rules/proposed/r1113/3-par1113-pdsr2006-01.pdf
7. www.ec.gc.ca/nopp/voc/en/defn.cfm
8. MEK was removed from the HAP list in December 2005 but is still a

VOC.
9. www.tbac.com
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