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Standard Test Method for
Alcohol Content and Purity of Acetate Esters by Gas
Chromatography *

This standard is issued under the fixed designation D 3545; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope E 260 Practice for Packed Column Gas Chromatography

1.1 This test method covers the determination by gas Summary of Test Method
chromatography of the ester content and the corresponding ) i o )
alcohol content of acetate esters. This test method has been3:1 A representative specimen is introduced into a gas-
applied to ethyl,n-propyl, isopropyl, n-butyl, isobutyl, and I|_qmd partition column. The acetate is separated from impuri-
2-ethoxyethyl acetates. ties such as alcohols, pther esters, ethers, and several uniden-

1.2 Water, and in some cases acetic acid, cannot be detdfi€d compounds while the components are transported
mined by this test method and must be measured by othdhrough the column by an inert carrier gas. The separated

appropriate ASTM procedures and the results used to normaf®mponents are measured in the effluent by a detector and
ize the chromatographic value. recorded as a chromatogram. The chromatogram is interpreted

1.3 This standard does not purport to address all of thePY @pplying component attenuation and detector response
safety concerns, if any, associated with its use. It is thdactors to the peak areas, and the relative concentrations are
responsibility of the user of this standard to establish appro-détermined by relating the individual peak responses to the
priate safety and health practices and determine the applicalot@! peak response. Water and acidity are measured by Test
bility of regulatory limitations prior to use. Methods D 1364 and D 1613, respectively, and the results are

1.4 For specific hazard information and guidance, see théSed to normalize the values obtained by gas chromatography.

supplier's Material Safety Data Sheet for material listed in this4 Significance and Use

specification. . . . .
4.1 This test method is useful for identifying and for
2. Referenced Documents determining the quantity of various impurities in acetate esters.
21 ASTM Standards: 4.2 Total purity of the acetate esters must be determined by
D 1364 Test Method for Water in Volatile Solvents (Karl US€ of other appropriate ASTM procedures with this test
Fischer Reagent Titration Methdd) method.

D 1613 Test Method for Acidity in Volatile Solvents and 5. Apparatus

Chemical Intermediates Used in Paint, Varnish, Lacquer, . .
and Related Producs 5.1 Chromatograph-Any gas chromatograph having either

D 2593 Test Method for Butadiene Purity and Hydrocarbon? thermal conductivity or flame ionization detector, provided
Impurities by Gas Chromatography the system has sufficient sensitivity and stability to obtain for

E 180 Practice for Determining the Precision of ASTM 0.01 % of the parent alcohol a recorder deflection of at least 20
Methods for Analysis and Testing of Industrial Chemigals MM at a signal-to-noise ratio of at least 5 to 1. The specimen

size used in judging the sensitivity must be such that the
column is not overloaded, which would result in peak broad-
ening, loss of resolution, shifting retention times and formation
of leading peaks. Volumes of 5 pL with thermal conductivity

This test method is under the jurisdiction of ASTM Committee DO1 on Paint and 1 to 2 pL with flame ionization detectors have been found
and Related Coatings, Materials, and Applications and is the direct responsibility o

Subcommittee D01.35 on Solvents, Plasticizers, and Chemical Intermediates. acceptable-
Current edition approved Jan. 10, 2002. Published March 2002. Originally 5.1.1 The injection port of the chromatograph must have a
published as D 3545 - 76. Last previous edition D 3545 - 95. volume of at least 1.2 mL to provide for proper vaporization of
2 Annual Book of ASTM Standardéol 06.04.
2 Annual Book of ASTM Standardgol 05.01. —_—
4 Annual Book of ASTM Standardgol 15.05. 5 Annual Book of ASTM Standagdgol 03.06.
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the material. The use of a smaller injection port or on-column7. Preparation of Apparatus
injection has been found to cause peak broadening and tailing. 7 1 column Packing Preparatiea-Place 100 g of Chro-

5.2 Columr—A 3-m length of 6.4-mm outside diameter mosorh G-HF, 80 to 100 mesh, in a large evaporating dish.
aluminum or stainless steel tubing packed with 80 to 100-meshissolve 10 g of Dow Corning QF-1/FS 1265ilicone in 50
Chromosorb G-HP that has been coated with 9.05 % Dow m|_ of acetone and add to the solid support. Add sufficient
Corning QF-£ silicone and 0.45 % nonylphenoxypoly(ethyl- acetone to wet and cover the solid support. Evaporate the
eneoxy)ethanol(CAS # 9016-45-9), HLB = 19.0 has beeretone in a fume hood with gentle stirring and under a gentle
found suitabl€. Any column, packed or capillary, or any stream of nitrogen. Dissolve 0.5 g of nonylphenoxypoly(eth-
packing material capable of resolving one acetate ester frOWIenexy)ethanol(CAS # 9016-45-9). HLB = 18iA 50 mL of
any other esters and from any impurities that may be presefethylene chloride and add it to the packing material. Add
and giving equivalent or superior performance may be used.gfficient methylene chloride to wet and cover the packing.

5.3 Recorde+—A recording potentiometer with a full-scale gyaporate the methylene chloride with gentle stirring under a
deflection of 1 mV. Full-scale response time showds or  gentle stream of nitrogen. Commercially available columns or
less with sufficient sensitivity and stability to meet the require-packings, or both, are available from several chromatography
ments of 51 . supp'y sources.

5.4 Specimen Introduction Systepf\ny system capable of 7.2 Column Preparation-The method used to pack the
introducing a representative specimen into the column. Migolumn is not critical provided that the finished column
crolitre syringes have been used successfully. produces the required separation of all of the components to be
6. Reagents and Materials determined. Commercially available columns or packings, or

' both, are available from several chromatography supply

6.1 Carrier Gas appropriate to the type of detector used. ggyrces.

Helium or hydrogen may be employed with thermal conduc- 7.3 Chromatograph-Install the column in the chromato-

tivity detectors and nitrogen, helium, or argon with flame graph. Use the information in Table 1 as a guide to establish the
ionization detectors. The minimum purity of the carrier gasconditions of column temperature and carrier gas flow that give
used should be 99.95 mol %. the necessary resolution of the components in the product

6.1.1 If hydrogen is used special safety precautions must bgeing analyzed. Allow sufficient time for the instrument to
taken to ensure that the system is free of leaks and that th@ach equilibrium as indicated by a stable recorder baseline.

effluent is vented properly. Control the detector temperature constant to within 1°C with-
6.2 Column Materials . N out thermostat cycling, which causes an uneven baseline.
6.2.1 Liquid Phase Dow Corning QF-1/FS 1268silicone  adjust the carrier-gas flow rate to a constant value.
and nonylphenoxypoly(ethyleneoxy)ethanol(CAS  # _ ) ) ,
— Note 1—Useful information on column preparation may be found in
9016-45-9), HLB = 19. Test Method D 2593 and Practice E 260
6.2.2 Solid Support Chromosorb G-HP/ 80 to 100 mesh '
size. . 8. Calibration and Standardization
6.2.3 Solvents-Methylene chloride and acetone, reagent g q |gentification—Determine the retention time of each

grade. _ _ _ _ component by injecting small amounts either separately or in
6.2.4 Tubing Materiat—Stainless steel and aluminum have . ,wn mixtures. The esters should elute close to the typical

been found satisfactory for column tubing. The tubing must b§eention times given in Table 1 and the chromatograms should
nonreactive with the substrate, sample, and carrier gas al bsely approximate those shown in Figs. 1-6.

must be of uniform inter'nal Qiameter. L 8.2 The area under each peak of the chromatogram is
6.3 Standards for Calibration and IdentificatienStandard .,nsidered a quantitative measure of the corresponding com-
samples of all components present are needed for identificatiqf, ,nq. The relative area is proportional to concentration if the

by retention time and for calibration for quantitative measureyatector responds equally to all the sample components. The
ments. Most can be obtained from chemical supply houses. eqhonse to different components is generally significantly

different for both flame ionization and thermal conductivity
detectors and especially for flame ionization detectors. Differ-
® A registered trademark of Manville Products Corp., Lompoc, CA 93436, hasence in detector response may be corrected by use of relative
been found suitable for this purpose. . . . .
” The sole source of supply for this material known to the committee at this time'€Sponse factors obtained by Injecting and measuring the
is Manville Products Corp., Lompoc, CA 93436. If you are aware of alternativeresponse to known blends. For precise and accurate determi-
suppliers, please provide this information to ASTM International Headquartersngtion of the parent alcohol, prepare and ana|yze a known

Your comments will receive careful consideration at a meeting of the responsibl B :
technical committee which you may attend. blend of the acetate and alcohol in which the alcohol content

8 Silicoup QF-1/FS 1265 (1000), a product of Dow-Corning Corp., Midland, MI @PProximates the maximum .SpeCiﬁcaltion limit. Calculate the
48640, has been found suitable for this purpose. alcohol response factor relative to unity for the acetate. With
° Aregistered trademark of GAF Corp., Dyestuff and Chemical Div., 140 W. 51stthermal Conductivity detectors. the response factor of all

St., New York, NY 10020 has been found suitable for this purpose. . iti ther th th icohol b dtob f
1°The sole source of supply for this material known to the committee at this imdMpuriies otner than tne alconol may be assumed 1o be one for

is Dow-Corning Corp., Midland, MI 48640. If you are aware of alternative Obtaining the purity value. With flame ionization detectors, use
suppliers, please provide this information to ASTM International Headquartersexperimenta"y determined response factors.

Your comments will receive careful consideration at a meeting of the responsible

technical committee which you may attend. Note 2—Data on thermal conductivity and flame ionization detector
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responses may be found in the literatdite.

9. Procedure Ester

9.1 Introduce a representative specimen into the chromato-Ethy! acetate

raph using sufficient material to ensure a minimum of 10 9 "oy acetate
grap 9 i : . . 0 Isopropyl acetate
recorder deflection for a 0.1 % concentration of impurity at the n-Butyl acetate

most sensitive setting of the instrument. Isobutyl acetate
) - . o 2-Ethoxyethyl acetate
9.2 Using the same conditions as for component identifica-

Mean
Purity

99.8
96.9
99.2
98.5
98.7
99.1

Mean
Alcohol
Content

0.17
2.7

0.46
0.48
0.45
0.51

tion and standardization, record the peaks of all components at 1 '€ results were analyzed in accordance with Practice

attenuation settings that provide optimum peak heights. Me
sure the area of all peaks (Note 3) and multiplying each area b
the appropriate attenuation factor to express the peak areas on

Ester Content

aE 180. Within-laboratory and between-laboratory standard de-
ations were found to be as follows:

] Within Between
a common basis. Laboratories Laboratories
Note 3—Peak areas may be determined by any method that meets theEthyl acetate 0.019 (8)* 0.026 (7)*
precision in Section 12. Electronic integration of peak areas was employed’Propy! acetate 0.032 (8) 0.138 (7)
btain the results used to establish the precision of this test method Isopropy| acetate 0.014 (7) 0.071 (6)
too p * n-Butyl acetate 0.029 (6) 0.056 (5)
Isobutyl acetate 0.042 (8) 0.213 (7)
10. Calculation 2-Ethoxyethyl acetate 0.014 (8) 0.142 (7)
10.1 Apply the apprqprlate detector response factor to A Degrees of freedom are shown in parentheses.
correct for the difference in response to the components. Make Parent Alcohol Content
correction to account for water and acidity as determined by within Between
the ASTM procedures given in Test Methods D 1364, D 1613, Laboratories Laboratories
D 2593, and Practices E 180 and E 260. Ethyl acetate 0.004 (7)" 0.028 (6)"
; n-Propyl acetate 0.015 (8) 0.062 (7)
f II10.2.Calculate the weight percent of each component 8| Copropyl acetate 0.003 (8) 0.009 (7)
ollows: Parent Alcohol Content
; 0 — X _ Within Between
Weight %= (A/B) X (100~ C) @ Laboratories Laboratories
where: n-Butyl acetate 0.004 (7) 0.011 (6)
A = corrected peak response of a component, Isobutyl acetate 0.014 (8) 0.017 (7)
B = sum of corrected peak responses, and 2-Ethoxyethyl acetate 0.005 (8) 0.015 (7)

C = sum of water and acidity (as acetic acid), weight %. ———— _
A Degrees of freedom are shown in parentheses.

- 10.3 Calculate the percent composition by dividing the pgased upon these standard deviations, the following criteria
individual corrected component areas by the total correctedngyid be used for judging the acceptability of results at the
area. 95 % confidence level.
12.1.1 Repeatability—Two results, each the mean of dupli-

11. Report cates, obtained by the same operator on different days should

11.1 Report the percent purity of the acetate being ana|yzege considered suspect if they differ by more than the following:
and the corresponding alcohol to the nearest 0.01 % absolute. Alcohol
Duplicate runs for ester content that agree within 0.06 % Eoter Come?o;) absolute) content
absolute are acceptable for averaging (95 % confidence level).

Duplicate runs for the parent alcohol content that agree within 5}2{(‘)3;‘*3;&9 o0 oo
0.02 % absolute are acceptable for averaging. Isopropy! acetate 0.05 0.01
n-Butyl acetate 0.10 0.01

. . 2 Isobutyl acetate 0.14 0.05

12. Precision and Bias' 2-Ethoxyethyl acetate 0.04 0.02

12.1 The precision statements are based upon an interlabo-12 1 2 Reproducibility—Two results, each the mean of du-
ratory study in which one operator in each of nine laboratoriegyjicates, obtained by operators in different laboratories should

analyzed in duplicate on two days one sample of each of thge considered suspect if they differ by more than the following:
following esters:

Alcohol
Ester Content Content
(% absolute)

. . . Ethyl acetate 0.09 0.10
Messner, A. E., et alAnalytical ChemistryVol 31, 1959, pp. 230-233. Dietz, n-Propyl acetate 0.46 0.20
W. A., Journal of Gas Chromatographyol 5, No. 2, February 1967, pp. 68-71. Isopropyl acetate 0.24 0.03
12 Supporting data are available from ASTM International Headquarters. Request n-Butyl acetate 0.20 0.04
RR: D01-1004. Isobutyl acetate 0.71 0.06
2-Ethoxyethyl acetate 0.47 0.05
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TABLE 1 Instrument Conditions and Retention Times

Ethyl Acetate n-Propyl Acetate Isopropyl Acetate n-Butyl Acetate Isobutyl Acetate

2-Ethoxyethyl
Acetate

Temperatures, °C:

Column, isothermal 90 90 90 90 90

Injection port 180 180 180 180 180

Dectector block 280 280 280 280 280
Carrier gas: helium helium helium helium helium
Carrier flow rate, mL/min” 75 75 75 75 75
Typical retention time, min 3.1 4.8 35 8.1 6.8
Relative retention times (major

component = 1.00):

Air 0.33

Ethanol 0.59

Unidentified 0.96

Ethyl acetate 1.00

Unidentified 1.26

Unidentified 1.48

Unidentified 1.66

Unidentified 2.74

Air 0.19
Unidentified 0.44
n-Propanol 0.48
Unidentified 0.62
Unidentified 0.67
Unidentified 0.73
Unidentified 0.88
n-Propyl acetate 1.00
Unidentified 1.29
Unidentified 1.38

Air 0.25
Isopropanol 0.51
Unidentified 0.74
Unidentified 0.86
Isopropyl acetate 1.00
Unidentified 1.31
Unidentified 1.37

Air 0.11
n-Butanol 0.42
Dibutyl ether 0.55
Unidentified 0.60
Unidentified 0.68
Unidentified 0.70
n-Butyl acetate 1.00
Unidentified 1.05
Unidentified 1.18
Unidentified 1.33
Unidentified 151

Air 0.13
Isobutanol 0.41
Unidentified 0.51
Unidentified 0.62
Unidentified 0.68
Isobutyl acetate 1.00
Unidentified 1.12
Unidentified 1.35

Air

Unidentified
Unidentified
2-Ethoxyethanol
Unidentified
2-Ethoxyethyl acetate
Unidentified
Unidentified
Unidentified

Ethylene glycol diacetate
Unidentified

140

0.23
0.31
0.38
0.51
0.74
1.00
1.18
1.36
1.64
2.10
3.08

A Adjust the carrier gas flow so that the major component will elute at approximately the typical time shown.

12.2 Bias—Bias cannot be determined because there are no
available materials having accepted reference values.
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13. Keywords
13.1 acetate esters; alcohol content; purity
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Retention Time, min.
FIG. 1 Typical Chromatogram of Ethyl Acetate
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n-Propyl Acetate

n-Pron.yI Alcohol

2 4
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-

Retention Time, min.
FIG. 2 Typical Chromatogram of n-Propyl Acetate
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Isopropyl Acetzte

Isopropyl Alcohol

YU

] i 1

Retention Time, min.

FIG. 3 Typical Chromatogram of Isopropyl Acetate
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Butznol
Butyl Acetate

=

L 1 1

Retention Time, min.
FIG. 4 Typical Chromatogram of Butyl Acetate



Response

Isobutyl Alcohol
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Isobutyl Acetate

? | ! i

Retention Time, min,
FIG. 5 Typical Chromatogram of Isobutyl Acetate
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2-Ethoxyethanol
2-Ethoryethyl hcetate

Response

I I A . i 1 1

Retention Time, min.
FIG. 6 Typical Chromatogram of 2-Ethoxyethyl Acetate

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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