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SEPARATION SCIENCE, 2(2), 257-273 (1967) 

Effect of Carbon Number, Phase Polarity, 
Temperature, and Flow Rate on Preparative Scale Gas- 
Chromatographic Separations of Saturated Methyl Esters * 

ARTHUR ROSE, D. J. ROYER, and ROBERT S. HENLY 
DEPARTMENT OF CHEMICAL ENGINEERING, 
THE PENNSYLVANIA STATE UNIVERSITY, 
UNIVERSITY PARK, PENNSYLVANIA 

Summary 
A study of the operating conditions giving the highest production rate for a 
preparative scale gas-chromatographic separation of saturated methyl ester 
mixtures in a 1-in. I.D. X 3-ft column is described. The results obtained on 
egs (polar) and SE30 (nonpolar) columns in general were quite similar, 
with the exception that the production rates obtained in the egs columns 
were about one-third to one-fourth of those obtained in the SE30 column 
under comparable operating conditions. It was found that the production- 
rate values for a mixture increased approximately linearly with increased 
carrier gas flow rates up to 4.00 liters/min. As the column temperature was 
increased for each sample mixture, the production rate increased and 
passed through a maximum value, after which the production rate de- 
creased rapidly. The maxima in the production-rate curve occurred for rela- 
tively small samples which were rapidly eluted through the column. The 
production rate decreased with an increase in the carbon number of the 
constituents in the methyl ester mixtures. 

Efficient preparative scale sample purification by gas chromatog- 
raphy can only be performed when the factors affecting the sample 
production rate are understood. Numerous studies have been made 
concerning analytical column resolution and efficiency over the 
past years. However, such studies are not necessarily applicable to 
preparative scale success because it is dependent on achieving 

* This article will be published later in a volume entitled Separation Tech- 
niques: Proceedings of the Nineteenth Annuul Summer Symposium on Analytical 
Chemistry. 
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258 A. ROSE,  D. J. ROYER,  AND R. S. H E N L Y  

efficient sample separation under quite different (i.e., much higher) 
conditions of solute concentration. These higher concentrations 
normally invoke noticeable changes in the separation factor and 
solute distribution coefficients. Also, the higher concentrations, 
along with the greater diameter of preparative columns, cause heats 
of absorption and desorption and heat-transfer rates to become im- 
portant. When sizeable temperature changes and gradients occur, 
separation factors and distribution coefficients will be greatly 
influenced. 

Published experimental studies of important operating factors 
which affect the performance of preparative columns are quite 
limited (1,7,1 I). Theoretical investigations pertaining to the effect 
of various parameters on the sample purification rate have been 
more extensively conducted (2-6,10). Experimental and theoretical 
work has undoubtably been hindered by the imposing list of inter- 
related factors which affect the operation of such columns and 
which greatly complicate an optimization of the system. Although 
the reported use of preparative scale work is increasing, there is a 
noticeable lack of adequate data to describe the preparative scale 
separations and performance of particular systems. Performance 
data is usually limited to theoretical plate measurements. It is 
important to determine the number of theoretical plates present in 
a column; however, theoretical plate calculations are based on an 
assumption of low sample concentration which is normally not used 
in preparative scale chromatography. I t  has consistently been the 
observation in this laboratory for the system under investigation 
that the practical results, in terms of sample production rate, are 
not related in an absolute manner to the number of theoretical 
plates achieved in a given column. In particular, the sample pro- 
duction rate has been found to be strongly affected by experimental 
operating conditions, whereas the number of theoretical plates 
were found to not vary at all or to vary in a manner which was not 
directly related to practical preparative performance. Therefore, 
it is far better to describe actual preparative scale performance in 
terms of the production rate that can be attained in a given system 
at specified operating conditions. 

Previous publications from these laboratories (8,9) have given 
data on some of the important operating parameters for 1-in. I.D. 
preparative columns. The present paper extends this study to the 
influence that carrier gas flow rate and column temperature can 
have on the performance obtained in the same 1-in. I.D. columns. 
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GC SEPARATIONS OF SATURATED METHYL ESTERS 259 

NOMENCLATURE 

The two basic terms, maximum separable sample size (ml) and 
maximum production rate (ml/hr), which will be used here as a 
measure of the preparative scale performance, were discussed in 
an earlier publication (8). It is especially important to note that 
these two terms refer to sample separations in which the individual 
component peaks, if trapped in their entirety at 100% efficiency, 
would yield individual component purities greater than 99%. The 
production rate is based on the total sample injected, not on the 
yield of a particular component; i.e., production rate = quantity 
of feed processed per unit time. All production rates would be in- 
creased considerably if lesser separation and rejection of an appro- 
priate intermediate fraction were accepted. 

Earlier publications (8,9) have discussed the effect that various 
column-inlet operating conditions, sample injection systems, and 
sample injection techniques have upon the sample separation and 
production rate. The column design and functional accessories 
have already been discussed and are not variable in this work. 
Variables to be considered here are sample injection time I, sample 
size S, coluinn temperature T ,  carrier gas flow rate F ,  and carbon 
number C. Accordingly, it is desirable to devise a short-hand 
method of indicating which of these variables have been locally 
optimized. 

Two maximum production rates are presented in this work. 
These are defined as: 

Maximum production rate (I, S) = maximum production rate at a 
fixed column temperature, carrier gas flow rate, and for a specific 
feed mixture. Injection time Z and sample size S have been locally 
optimized. 

Maximum production rate (I, S, T )  = maximum production rate at 
a fixed carrier gas flow rate and for a specific feed mixture. Injec- 
tion time I ,  sample size S, and column temperature T have been 
locally optimized. 

EXPERIMENTAL 

The equipment and column packing procedures used in this 
work were the same as have been described previously (8). 

All columns were l-in. I.D. X 3 ft in length and packed with 
either 20% egs on 80/100 mesh Gas Chrom P or with 20% SE30 on 
the same support (Applied Science Laboratories, Inc., State Col- 
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260 A. ROSE, D. J. ROYER, AND R. S. H E N L Y  

lege, Pa.). A constant-temperature circulating-air oven was used to 
thermostat the column and associated apparatus. The column inlet 
cone in all cases was purposely maintained about 60°C higher than 
the operating column temperature. The inlet cone was heated by a 
Nichrome resistance winding placed around the cone. Helium was 
used as the carrier gas. The carrier gas flow rate, as reported 
throughout this work, is in liters per minute measured at atmos- 
pheric pressure and room temperature. 

Sample injections used in this work were equal-weight binary 
mixtures of saturated fatty acid methyl esters covering the carbon 
number range 8 to 20. The component parts of the binary mixtures 
differed by two carbon atoms in each case. All data runs have been 
made with a modified injection technique, injection system, and 
column heating, as described in a previous publication (8). 

Sample injections were made through a 22 gage syringe needle 
as a rotary spray issuing against the wall of an empty vaporizer 
block. Two layers of 4-in.-diameter steel shot were placed over the 
exit port of the vaporizer to prevent unvaporized material from 
entering directly into the column. 

The entire flow of sample and carrier gas issuing from the column 
passed through the $-in. I.D. gas channel of a thermal conductivity 
detector. The detector consisted of a 4-in. cube of carbon steel 
drilled to accept Gow-Mac W-9225 thermal conductivity filaments. 

The maximurn production rates ( I ,  S) were determined for the 
various binary methyl ester mixtures over a range of column tem- 
peratures and carrier gas flow rates. The normal range of gas flow 
rates investigated was 1.25 to 2.86 liters/min. Results were ob- 
tained for one binary mixture at a gas flow rate of 4.00 literdmin. 
However, it was found that at the higher temperatures a column 
was ruined in a relatively short period of time at a 4.00 liters/min 
flow rate. Therefore, most of this work was limited to a maximum 
gas flow rate of 2.86 liters/min. The three binary samples used in 
this work were equal-weight mixtures of the following: methyl 
caprylatelmethyl caprate; methyl myristate/methyl palmitate; 
methyl stearatelmethyl arachidate. 

RESULTS 

Methyl Ester Injections on SE30 Column 

The experimental procedures by which the maximum production 
rate was determined for a given set of column operating conditions 
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GC SEPARATIONS OF SATURATED METHYL ESTERS 261 

are presented in (8). The maximum production rate (I, S )  for a 
specified column temperature and carrier gas flow rate was always 
obtained with the maximum separable sample size, which in turn 
was obtained over a range of optimum injection times. 

Maximum-production-rate (I, S )  values for an equal-weight mix- 
ture of methyl caprylate and methyl caprate were determined for 
the various column temperatures and carrier gas flow rates in an 
SE30 column as shown in Figs. 1 and 2. The maximum production 
rate (I, S) increased approximately linearly with increased carrier 
gas flow rates, as shown in Fig. 1. The manner in which the pro- 
duction-rate data are plotted in this paper was used to simplify the 
figures and not to indicate high accuracy of the data. There is ob- 
viously scattering of the data, and smoothed lines should in actu- 
ality be fitted to the data points. Although most of the gas-flow-rate 
data were not extended above 2.86 liters/min, Fig. 2 shows that the 
maximum production rate (I, S )  continued to increase up to 4.00 
liters/min. However, at column temperatures above about 215"C, 
the column could not survive this high flow rate. As the column 
temperature was increased, the maximum production rate (I, S) 

I 
I 0  2.0 3.0 4.0 

CARRIER GAS FLOW RATE (Llrnin.) 

FIG. 1. Maximum production rate studies, C,/C,,, injection, SE30 column, 
1-in. I.D. X 3 4  column. 
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FIG. 2. Maximum production rate studies, C&,, injection, SE30 column, 
1-in. I.D. x 3-ft column. 

reached a maximum value [maximum production rate (I, S ,  T ) ]  
and then declined, as shown in Fig. 2. 

Maximum-production-rate ( I ,  S )  values at varying column tem- 
peratures and carrier gas flow rates were also determined for an 
equal-weight mixture of methyl myristate and methyl palmitate 
and for an equal-weight mixture of methyl stearate and methyl 
arachidate as shown in Figs. 3 and 4. The maximum production rate 
(I, S )  versus carrier gas flow rate plots obtained for the above two 
sample mixtures were quite similar in nature to the results shown 
in Fig. 1 for the methyl caprylatelmethyl caprate mixture. How- 
ever, as the average carbon number of the sample increased, the 
maximum production rates ( I ,  S) decreased. 

The maximum production rate (I, S ,  T )  for each binary mixture 
at the various carrier gas flow rates, as determined from Figs. 2, 3, 
and 4, occurs at a relatively high column temperature for each 
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FIG. 3. Maximum column, 

CARRIER GAS 
FLOW RATE 

(L/min.) 2.86 
2.00 

1.56 
1.25 

0 ' 2 6 0 ' ' '  240 280 " 

COLUMN TEMPERATURE ['C) 

FIG. 4. Maximum production rate studies, C,&, injection, SE30 column, 
1-in. I.D. X 3-ft column. 
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Up COLUMN TEMPERATURE ("C) 

FIG. 5. Comparison of maximum production rate, sample elution time, and 
maximum separable sample size as a function of' column temperature. 
1-in. I.D. X 3-ft 20% SE30 column, carrier gas flow rate 1.54 literslmin, 

C&,, (50/50 wt.) injections. 

binary mixture. The maximum-production-rate (I, S) data at a car- 
rier gas flow rate of 1.54 liters/min, as shown in Fig. 3, is repro- 
duced in Fig. 5 along with the variation of the maximum separable 
sample size and the sample elution time with column temperature. 
Both maximum separable sample size and elution time decrease 

W a. 

W 0 

165 ml/hr MAX PRODUCTION RATE I,,s, 

I 0 
2 4 6 8 10 12 14 16 18 20 

ELUTION TIME IN MINUTES AFTER INJECTION OF SAMPLE 

FIG. 6. Maximum separable sample size peak characteristics at varying col- 
umn temperatures, C&,, injection, SE30 column, I-in. I.D. X 3-ft column, 

carrier gas flow rate.1.54 literslmin, attenuation = x 128. 
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80r 

I I I I I 1 

1 0 ~ 3 0 4 0 5 0 6 0  7b 
MAXIMUM SEPARABLE SAMPLE ELUTION TIME ( m i d  

FIG. 7. Maximum production rate for varying sample cycle times for SE30 
column, 1-in. I.D. X 3-ft column, carrier gas flow rate 1.54 literslmin. 

with increasing column temperature. Initially the rate of decrease 
of elution time is greater than the rate of decrease of maximum 
separable sample size. However, a temperature is reached at which 
this trend reverses. This results in the maximum production rate 
( I ,  S) passing through a maximum value to give the maximum pro- 
duction rate ( I ,  s, T ) .  Figure 6 shows selected chromatographic 
curves which were used to prepare Figs. 3 and 5 and also illustrates 
that relatively high column temperatures and small injections re- 
sult in rapid elution times and high sample production rates. 
Figures 7 and 8 illustrate the advantage of choosing the proper 
column temperature and therefore cycle or elution time to attain 
the highest production rates for the particular methyl ester injec- 
tion in the SE30 column. 

A very convenient means of summarizing all the information 
obtained for the methyl ester injections in the SE30 column is to 
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FIG. 8. Maximum production rate for varying sample cycle times for SE30 
column; carrier gas flow rate 2.86 literslmin; 1-in. I.D. X 3-ft column. 
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FIG. 9. Maximum production rate ( I ,  S, 2') variation with carbon number 
SE30 column, 1-in. I.D. X 3-ft column. 
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relate the maximum production rate ( I ,  S ,  T )  to the binary mid- 
carbon numbers and gas flow rates as shown in Fig. 9. Figure 9 
therefore indicates the highest production rate possible for each 
binary mixture for the stated operating conditions and experimental 
design used in this study. 

- 

Methyl Ester Injections on egs Column 

Analogous experiments to the methyl ester injections in the 
SE30 column were performed with the same equal-weight binary 
mixtures in an egs column. Figures 10 and 11 illustrate that the 
effects of the column temperature and carrier gas flow rate on the 
maximum production rate ( I ,  S )  of an equal-weight mixture of 
methyl caprylate and methyl caprate in the egs column were quite 
comparable to that noted for the SE30 column in Figs. 1 and 2. 
Maximum-production-rate ( I ,  S) values for comparable operating 
conditions were, however, lower than obtained in the SE30 col- 
umn. Although comparable sample resolution occurs in both egs 
and SE30 columns, the elution rate of the preparative scale methyl 
ester samples is much more rapid with SE30 columns than in egs 
columns. Sample injections of methyl myristate and methyl palmi- 
tate and of methyl stearate and methyl arachidate in the egs column 

I 
0' 1.0 2.0 3.0 

C A R R I E R  GAS FLOW RATE (L/rnin 1 

FIG. 10. Maximum production rate studies, C,/C,, injection, egs column, 
1-in. I.D. X 3-ft column. 
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CARRIER GAS 
FLOW RATE 

1Lhnin.I 

1.54 
1.25 

, 
0' ' I20 140 160 Id0 

COLUMN TEMPERATURE (OC) 

FIG. 1 1. Maximum production rate studies, C&, injection, egs column, 
1-in. I.D. x 3-ft column. 

(Figs. 12 and 13) showed comparable results with the same sample 
injections in the SE30 column in Figs. 3 and 4, respectively. Again 
the maximum-production-rate ( I ,  S) values obtained in the egs col- 
umn were lower than for the SE30 column. An experimental dis- 
crepancy apparently has appeared in Fig. 12 for carrier gas flow 

CARRIER GAS 
2 E - ,.,- FLOWRATE 

5 a 

(L/min.l 

COLUMN TEMPERATURE ("C) 

FIG. 12. Maximum production rate studies, C,&, injection, egs column, 
1-in. I.D. X 3 4  column. 
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2 00 
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FIG. 13. Maximum production rate studies, C,,/C,, injection, egs column, 

1-in. I.D. X 3 4  column. 

rates of 1.25 and 1.54 liters/min at a column temperature of 170"C, 
in which a higher than expected maximum production rate ( I ,  S) 
of the methyl ester sample occurred. The reason for this discrep- 
ancy is unknown. 

20 40 60 80 
MAXIMUM SEPARABLE SAMPLE ELUTION TIME ( m i d  

0 

FIG. 14. Maximum production rate for varying sample cycle times for egs 
column, 1-in. I.D. X 3-ft column, carrier gas flow rate 1.54 literdmin. 
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40r 

I I 4 I I 
20 40 60 

MAXIMUM SEPARABLE SAMPLE ELUTION TIME (rnin 1 
FIG. 15. Maximum production rate for varying sample cycle times for egs 

column, 1-in. I.D. X 3-ft column, carrier gas flow rate 2.86 literslmin. 

It is evident from Figs. 11 through 13 that relatively high column 
temperatures result in increasing maximum production rates ( I ,  S) 
for each methyl ester injection in egs columns as well as in SE30 
columns. Figures 14 and 15 illustrate that a proper choice of oper- 

5t 

CARRIER GAS 
FLOW RATE 

(L/min.l 

BINARY MID-CARBON NUMBER 

FIG. 16. Maximum production rate ( I ,  S ,  T )  variation with carbon number, 
egs column, 1-in. I.D. X 3-ft column. 
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GC SEPARATIONS OF SATURATED METHYL ESTERS 271 

ating conditions is necessary to achieve maximum sample produc- 
tion rates for the egs column. A summary of the methyl ester data 
obtained with the egs column is shown in Fig. 16. 

DISCUSSION 

The significance of this work is to point out the considerable 
effect that carrier gas flow rate and column temperature can have 
on the production rate of preparative scale samples. It has been 
found that small sample injections which elute rapidly give the 
best sample production rates. 

An increase in the carrier gas flow rates hastens the elution rate 
and normally increases the production rate. The sample production 
rate in this work was found to increase approximately linearly with 
carrier gas flow rate at a given column temperature. Exceptions to 
the preceding statement were noted only for sample injections 
made at high column temperatures (significantly above the opti- 
mum column temperature) and at the highest carrier gas flow rate. 
At the operating conditions just mentioned, the sample elution 
rate was quite rapid. It was noted for the carrier gas flow rate of 
2.86 liters/min that the maximum separable sample size was usu- 
ally noticeably lower than expected at the highest column tempera- 
tures investigated for each sample. This resulted in the sample 
production rate being lower for a carrier gas flow rate of 2.86 liters/ 
min than for the carrier gas flow rate of 2.00 liters/min, as shown in 
some of the data presented above. 

The carrier gas flow rate cannot be increased indefinitely be- 
cause, at some point, column damage will occur in the form of flow 
channeling or a removal of the stationary liquid phase from the 
solid support. Column damage, which can be attributed only to an 
excessive carrier gas flow rate, has been observed in several experi- 
mental columns used in this laboratory. The flow rate at which 
damage occurred was influenced to a great extent by the column 
temperature. For example, SE30 columns which had been oper- 
ated successfully at carrier gas flow rates of 4.0 liters/min at col- 
umn temperatures up to 215°C for several weeks failed to give 
routine separations at lower flow rates after the column had been 
operated at a carrier gas flow rate of 4.0 liters/min at temperatures 
of 240 to 250°C for only a relatively short time. The carrier gas 
velocity at which column damage occurred was only about one- 
third to one-half the velocity suggested for high-speed analysis in 
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preparative scale columns (e.g., 10) in which carrier gas velocities 
of 100 cmlsec were used for calculational purposes. The necessity 
of using relatively low carrier gas rates to prevent column damage 
as found in this work may prove to be a serious limitation in gas- 
liquid preparative chromatography. 

Selection of the proper column operating temperature has been 
shown to be an especially important variable, because the sample 
production rate varies greatly with the column temperature. At a 
relatively low column temperature for a given sample the separa- 
tion factor is high and sample loading may be quite high per unit 
area of column packing. However, the high sample loading results 
in overloading and wide sample bands. As a result, the elution time 
is lengthy and the sample production rate is quite low. A rise in the 
column temperature results in a shift of phase equilibrium toward 
the gas phase and shortens the retention time, thereby resulting in 
an increased production rate. However, the column temperature 
increase also decreases the separation factor, which in turn limits 
sample loading and production rate. Although sample elution is 
quite rapid, excessive column temperatures result in a drastic de- 
crease in the permissible sample loading, with a resulting decrease 
in the production rate. I t  is quite apparent, then, that the column 
temperature regulates both the sample separation and elution rate 
and that a balance between these two factors must be effected to 
obtain the highest column productivity. 

There are still other important variables that would have to be 
investigated before the absolute maximum rate of sample produc- 
tion for the methyl ester samples could be reported for this experi- 
mental system. Two important variables which merit further study 
would be the column length and the amount of stationary-phase 
support. Such studies would most certainly suggest further modi- 
fications in the operating conditions and/or system design. 

Acknowledgment 

This work was supported in substantial measure by a series of 
grants from the National Heart Institute of the National Institutes 
of Health. 

REFERENCES 

1 .  W. J. DeWet and V. Pretorious, A n d .  Chern., 32(2), 169 (1960). 
2. S. M. Gordon and V. Pretorious,J. Gas Chromatog., 2, 196 (1964). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
4
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



GC SEPARATIONS OF SATURATED METHYL ESTERS 273 

3. S. M. Gordon, G. J .  Krige, and V. Pretorious, J .  Gas Chromatog., 2, 241 (1964). 
4 .  S. M. Gordon, G. J .  Krige, and V. Pretorious,]. Gas Cliromatog., 2,246 (1964). 
5. S. M. Gordon, G. J. Krige, and V. Pretorious,J. Gas Chromatog., 2,285 (1964). 
6. S.  M. Gordon, G. J.  Krige, and V. Pretorious, J .  Gas Chromatog., 3, 87 (1965). 
7. G. M. C. Higgins and J. F. Smith, in Gas Chromatography 1964, (A. Goldup, 

8. A. Hose, D. J. Royer, and R. S. Henly, Separation Sci., 2(2), 211 (1967). 
9. A. Hose, D. J .  Royer, and R. S. Henly, Separation Sci., 2(2), 229 (1967). 

ed.), Butterworth, London, 1965, p. 94. 

10. D. T. Sawyer and H. Purnell, Anal. Chem., 36(3), 457 (1964). 
11. M. Verzele, J. Bouche, A. DeBruyne, and M. Verstappe,J. Chromatog., 18,253 

(1965). 

Received by editor September 22, 1966 
Submitted for publication December 12, 1966 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
4
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


