Journal of Chromatography, 93 (1974) 413-419
© Elsevier Scientific Publishing Company, Amsterdam ~— Printed in The Netherlands

CHROM. 7365
PETROCHEMICAL ANALYTICAL PROBLEMS

1II*. GAS CHROMATOGRAPHIC CONTROL OF ACETATE ESTER PRODUC-
TION USING POROUS POLYMER BEAD COLUMNS

IRMA OTVOS, IMRE MARTINUSZ** and GYULA PALYT
Research Group for Perrochemistry of the Hungarian Academy of Sciences, Veszprém (Hungary)
(Received December 18th, 1973)

SUMMARY

H,0-ROH-ROAc-AcOH (R=Me, Et, n-Pr, iso-Pr, n-Bu, sec.-Bu, iso-Bu,
tert.-Bu) mixtures in the presence and absence of sodium chloride were successfully
analysed using Porapak Q and T columns. The separation achieved permits the ana-
Iytical control of the production by either intermittent or continuous sampling.

INTRODUCTION

The increasing outputs and quality demanded in the solvent industry (see, e.g.,
refs. 2 and 3) have led to the need for rapid and simple analytical procedures that can
be utilized as sensors in automation. If gas chromatography (GC) is to be used as an
analytical tool, good resolution and possibly low tailing are necessary for this purpose.

Our aim was to develop a GC method for use in the control of acetate ester
production. From the analytical viewpoint, the problem was to analyze H,O-ROH-
ROAc-AcOH (R=Me, Et, #-Pr, iso-Pr, n-Bu, sec.-Bu, iso-Bu and rzert.-Bu) mixtures
over a wide concentration range of each component. As the esterification is catalysed
by hydrochloric acid, the crude product samples could contain hydrochloric acid or
(after neutralization) 1-29, of sodium chloride.

Several papers have dealt with the GC and GLC analysis of systems of similar
composition, but the following considerations excluded most of the reported possi-
bilities:

(1) because of the presence of water as well as the simultaneous presence of
alcohol and acetic acid, all methods based on the analysis of derivatives were excluded ;

(2) as the ester:alcohol ratio was a crucial aspect of the problem it did not seem
advisable to use acid-deactivated silica supports; and

(3) as the samples could contain hydrochloric acid and/or water, deactivation
of the support by water did not seem suitable.

These considerations and our previous favourable results obtained with analo-
gous very polar substrates* prompted us to use columns with microporous cross-

* For Part II, seec ref. 1.
** Egyesiilt Vegyimiivek (United Chemical Works), Budapest, Hungary.
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linked polymer beads. Although these excellent packing materials have been reported
by other workers *~!7 to be particularly suitable for use with highly polar mixtures,
systematic work on the system of interest to us was lacking. Our results concerning
this problem are reported in this paper.

EXPERIMENTAL

Analytical-grade reagents were used for the systematic experiments. Industrial
samples were taken from the ester production plant of the Egyesiilt Vegyimiivek
(United Chemical Works). Budapest, Hungary.

Gas chromatographic measurements were performed using a Fractovap GT
chromatograph (Carlo Erba, Milan, Italy) with a thermal conductivity detector and
2 mx0.4 cm glass columns”. Porapak Q and T were of commercial origin (Waters
Ass., Framingham, Mass., U.S.A.). Hydrogen was used as the carrier gas.

RESULTS AND DISCUSSION

Preliminary experiments showed Porapak Q and T to be the most suitable
microporous polymer packings.

Optimal conditions were selected on the basis of log tz’ versus 1/T plots, which
were linear. as can be seen for example in Fig. 1.

The working temperatures listed in Table I were found to be advantageous for

the systems investigated.
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Fig. 1. log tr’ versus 1/T plots for the system Hz20 (1)-EtOH (2)-EtOAc (3)-AcOH (4 on2 m X
0.4 cm columns of (a) Porapak Q and (b) Porapak T. Carrier gas (hydrogen) flow-rate, 150 ml/min.

* The use of metal tubing (aluminium, steel) caused more tailing and influenced the retention
time of water and acetic acid in an irregular manner, as expected?: 18,
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TABLE I
ADJUSTED RETENTION VALUES OF THE COMPOUNDS INVESTIGATED
Columns as in Experimental; carrier gas (hydrogen) flow-rate, 150 ml/min; chart speed, 0.75 m/h.

Substance Column ti’ (mm)
remp.
“C) Porapak Q Porapak T
H20 140 7 -
H20 160 2.3 -
H=20 180 1.0 19
AcOH 140 126 914
AcOH 160 52 362
AcOH 180 29 192
MeOH 140 18 32
MeOAc 140 105 167
EtOH 160 19 65
EtOAc 160 100 158
n-PrOH 160 52 134
n-PrOAc 160 254 230
iso-PrOH 160 40 82
iso-PrOAc 160 190 217
n-BuOH 180 73 156
n-BuOAc 180 251 280
sec.~-BUuOH 180 59 111
sec.-BuUOAc 180 206 223
iso-BuOH 180 63 131
iso~-BuOAc 180 226 253
tert.-BuOH 180 40 69
tert.-BuOAcC 180 210 178
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Fig. 2. Van Decmter plots of (a) methanol on Porapak Q and (b) ethanol on Porapak T at 120°.
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The best range-for the carrier gas velocity was determined from thc Van
Deemter curves. These showed a generally regular shape (see for example Fig. 2b) but
sometimes did not show well defined minima (see for example Fig. 2a). The facts that
the Van Deemter minima were not at the same flow-rate (u) value for all substances
containing a given R group and that sometimes the minima were absent enabled only
an approximate determination of the optimal & value to be made, which was 120-170
ml/min for all systems.

The retention behaviour of the substances investigated under the above condi-
tions is shown in Table I. A considerable difference in the behaviour of the two types
of Porapak towards substances containing active H atoms can be seen. The fact that
acetic acid is eluted before any of the esters except for methyl acetate on Porapak Q
was utilized in practical work: this column was used for samples with a low acetic acid
content, and thus more exact results could be obtained. The large differences between
the retention values of the alcohols on the two polymers. while the differences are con-
siderably lower for the corresponding acetates. seems to be of theoretical interest.

The resolution factors'® (R,) were determined for the neighbouring peaks and
are listed in Table Il. It can be seen that the resolution is good, as a result of the low

"

TABLE II

PEAK RESOLUTION FACTORS (R:) FOR THE NEIGHBOURING PEAKS OF THE
SYSTEMS INVESTIGATED

Columns as in Experimental, carrier gas (hydrogen) flow-rate, 150 ml/min.

Column Substance pair R Subsrance pair Rs
temp. (Porapak T) (Porapak Q)
°O)

140 H20-MeOH 0.4 H20-MeOH 0.7
140 MeOH-MeOAc 3.2 McOH-MeOAc 3.0
140 MeOAc-AcOH 5.8 MeOAc-AcOH 0.4
160 H20-EtOH 1.6 H:0-EtOH 1.5
160 EtOH-EtOAc 1.7 EtOH-AcOH 1.4
160 EtOAc-AcOH 2.8 AcOH-EtOAc 1.5
160 H20-n-PrOH 3.8 H20-1n-PrOH 1.9
160 n-PrOH-n-PrOAc 1.1 n-PrOH-AcOH 0.1
160 n-PrOAc-AcOH 2.1 AcOH-n-PrOAc 2.0
160 Hz0-iso-PrOH 2.8 H20-iso-PrOH 2.3
160 iso-PrOH-iso-PrOAC 2.6 iso~-PrOH~AcOH 0.2
160 is0-PrOAc~-AcOH 1.8 AcOH-iso-PrOAc 2.2
180 H20-n-BuOH 5.8 H20-AcOH 1.0
180 n-BuOH-AcOH 0.8 AcOH-n-BuOH 1.5
180 AcOH-n-BuOAc 1.9 n-BuOH—-n-BuOAc 3.8
180 H20-sec.-BUOH 3.8 H20-AcOH 1.7
180 sec.~-BUOH-AcOH 2.1 AcOH-sec.-BUOH 0.9
180 AcOH-sec.-BUOAc 0.7 sec.-BUOH-sec.-BuOAc 3.1
180 H20-iso-BuOH 34 H20-AcOH 1.7
180 iso-BUOH-AcOH 1.0 AcOH-iso-BUuOH 0.8
180 AcOH-~iso-BuOAc 1.0 iso-BuOH-iso-BuOAc 2.8
180 H20-rere.-BuOH 2.0 H20-AcOH 2.0
180 tert.-BuOH-rert.-BuOAc 3.1 AcOH-rert.-BUOH 0.3
180 tert.-BuOAc-AcOH 0.6 tert.-BuOH-rerr.-BuOAc 4.3
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Fig. 3. Definition of Sp according to Fuchs?2?,

tailing of the peaks. We characterized the symmetry of the peak by the S, values
suggested by Fuchs?®. The definition of the S, peak symmetry is shown in Fig. 3, and
the S, values of the peaks obtained are shown in Table IIL.

For the more polar components, the S, values are generally higher on Porapak
T, which results in a better separation generally being achieved on this column. The
results indicate some structural effect on S, but the explanation of this effect requires

further study.

TABLE III

PEAK SYMMETRY VALUES (Sp) FOR THE SUBSTANCES INVESTIGATED

Columns as in Experimental, carrier gas (hydrogen) flow-rate, 150 ml/min. Spis given as the main
value for sample sizes from 0.5to 21°.

Substance Column Sp
remp.
) Porapak Q Porapak T

H:0 140 0.21 0.35
H:0 160 0.22 0.33
AcOH 140 0.22 0.50
AcOH 160 0.23 0.52
AcOH 180 0.55 0.51
MeOH 140 0.20 0.29
MeOAc 140 0.60 0.71
EtOH 160 0.44 0.40
EtOAc 160 0.42 0.50
n-PrOH 160 0.33 0.56
u-PrOAc 160 0.47 0.60
iso-PrOH 160 0.46 0.36
iso-PrOAc 160 0.38 0.50
n-BuOH 180 0.15 0.50
n-BuOAc 180 0.60 0.40
sec.-BuOH 180 0.20 0.27
sec.-BuOAc 180 0.50 0.45
iso-BuOH 180 0.22 0.76
iso-BuOAc 180 0.50 0.62
tert.-BuOH 180 0.46 0.28
tert.~-BuOAc 180 0.62 0.52

* Relative standard deviation, # 8--9%.
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The quality of the chromatograms can be seen from the curves shown in Fig. 4,
The hydrochloric acid content of the samples did not cause interference. Samples con-
taining sodium chloride in amounts up to 59; (in practice the sodium chloride content
does not exceed 1.59,) were successfully analyzed by filling a 5-6-cm length of the
starting end of the column with glass-wool and injecting the sample directly into the
column. The glass-wool should be changed after 20-25 h operation of the column
(i.c.. after 100-150 samples).

Imv
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Fig. 4. Chromatograms of the system H20 (1)-EtOH (2)-EtOAc (3)-AcOH (4) on 2 mx 0.4 cm
columns of (a) Porapak Q at 160" and (b) Porapak T at 180°, Carrier gas (hydrogen) flow-rate,
150 ml/min.

We found that both retention times (adjusted) and the shape of the peaks
depended on the amount of sample introduced (i.e.. in practical work on the sample
composition). This is in agreement with the observations of Eek and Galceran'*. The
variation of the retention times did not exceed 4 5.6%9/, (relative standard deviation),
which did not cause problems in the analytical work. The change in the peak shape
influenced the formal response factor (f;) of the substances. The variation of the /,
values could not be neglected and therefore it was necessary to determine them for all
possible compositions.

If calibration was made using changes of 2024 in the amounts of the individual
components. quantitative analysis could be carried out with a mean relative standard
deviation of + 10.8%, for components of 1-1024. while for components under 1% the
results are of only an orientative (approximate) character.

Serial analyses with intermittent sampling for a period of over 1 year (more than
3000 analyses) showed that the method can be used advantageously in industrial
control work. In the case of automation with continuous sampling. the ahove precau-
tions should be built into the program of an on-line computer.

We found in practice that the short analysis times. good resolution and the
steady quality of the columns over a long period compensate well for the special
precautions that are necessary in the calibration work.



PETROCHEMICAL ANALYTICAL PROBLEMS. III. 419

ACKNOWLEDGEMENTS

C.

The authors are indebted to Prof. L. Marko (Veszprém) and Dr. B. Bartha,
Sc. (Budapest) for supporting this work. and also to Mrs. E. Fekete and M. Beke

for careful technical assistance.

REFERENCES

[}

1. Otvss, S. Iglawski, D, Hunneman, B. Bartha, Z. Balthazar and G. Palyi, J. Clromatogr., 78
(1973) 309.

R. F. Goldstein and L. A. Waddams, The Petroleum Chemicals Industry, Spon, London, 1967,
pp. §9-68, 371-92 and 489-90.

F. Asinger, Die perrochemische Industrie, Akademie-Verlag, Berlin, 1971, pp. 816-911.

I. Otvss, G. Palyi, Z. Balthazar and B. Bartha, J. Chromatogr., 60 (1971) 422,

O. L. Hollis, Anal. Cheni., 38 (1966) 309.

O. L. Hollis, Anal. Chem., 38 (1966) 1860.

W. P. White and O. L. Hollis, J. Gas Chromatogr., 6 (1968) 84,

O. L. Hollis and W, V, Hayes, in A. B. Littlewood (Editor), Gas Chromarography 1966, Insti-
tute of Petroleum, London, 1967, p. 57.

J. F. Johnson and E. M, Barrall, J. Chromarogr. 31 (1967) 547,

L. I. Moseva and K, I. Sakodinskii, Gazov. Klromatrogr., No. 9 (1969) 86.

S. B. Dave, J. Chromatogr. Sci., 7 (1969) 389,

V. Palo and H. llkova, J. Chromatogr., 53 (1970) 363.

J. D. Burger, J. Gas Chromatogr., 6 (1968) 177,

L. Eek and T. Galcerin, Chromarographia, 2 (1969) 541,

F. Onuska, J. Jandak, S. Duras, and M. Krecmarova, J. Chromarogr., 40 (1969) 209,

H. L. Gruber and H. Plainer, Chromerographia, 3 (1970) 490,

R. S. Mann and K. W, Hahn, Aunal. Chem.,, 39 (1967) 1314,

A. Simon, . Otvés and G. Palyi, Kém. Kdzl., 37 (1972) 81, and references cited therein.

D. Ambrose, A. T, James, A.I. M. Keulemans, E. Kovats, H, Réck, C. Rouit and F. H. Stross,
in R. P. W, Scott (Editor), Gas Chromarography 1960, Butterworths, London, 1960, p. 429,
P. Fuchs, Dr. Techn. Thesis, Veszprém University of Chemical Engincering, Veszprém, 1972,



