
The Process Gas Chromatography of Fatty 
Distillation Streams. I. Analytical Chemistry 
L. D. METCALFE and E. H. STOLL, Research Laboratories, 
Armour Industrial Chemical Company, McCook, Illinois 

Acid 

Abstract 
I t  was decided to build a process o'as chromato- 

graph  to monitor  the f a t ty  acid stills. The initial 
work led to the development of phosphoric acid 
t reated polyester columns for  the GLC of unesteri- 
fled f a t ty  acids. The design and construction of a 
process analyzer for the f a t ty  acid stills was then 
begun. When this gas chromatograph was com- 
pleted, it was used to monitor  the still. Chromato- 
grams of the f a t ty  acid s treams are shown and dis- 
cussed. Quanti ta t ive results are compared to those 
obtained by conventional methyl  ester analysis. 
Work  with inert  suppor t  column packings is also 
described. 

Introduction 

O N E  OF T H E  MOST impor tan t  processes in making 
commercial f a t ty  acids is their  distillation. F a t t y  

acid mixtures  of known composition and even acids 
of high pu r i ty  can be made in this way. The distilla- 
tion streams are usually controlled by  a t i ter and a 
simple t i trat ion.  Such control procedures do not al- 
ways reflect the t rue composition of the f a t ty  acids in 
the stream. This is par t icu lar ly  t rue when closely 
controlled cuts are desired and their  is a narrow speci- 
fication range on the trace acids. Gas chromatog- 
r aphy  of the f a t ty  acid methyl  esters in the con- 
trol laboratory  will give the required information.  
However, this informat ion is often only historical and 
of l imited value in the operation of the still. 

A process gas chromatograph to monitor  the f a t t y  
acid stills would provide the necessary composition 
information.  At  the time it was first considered, no 
such ins t rument  had ever been built. One difficulty 
was the high temp at which the chromatograph would 
have to operate automatical ly  for long periods. Fu r -  
thernmre, at that  t ime no practical  column for  sepa- 
ra t ing  the higher unesterified f a t ty  acids had been 
developed. The initial work on this project  was the 
development of a gas chromatographic  co lumn tha t  
would separate the unesterified f a t ty  acids. The sepa- 
rat ion of unesterified f a t ty  acids has interested workers 
f rom the earliest days of gas ehromatography  (7). 
F a t t y  acids are difficult to gas chromatograph because 
of their  extreme polarity.  This polar i ty  and tendency 
toward dimerization cause extreme tail ing and often 
complete adsorption on the column. 

There are three general approaches to overcome these 
polar  effects: 1) the modification of the liquid phase;  
2) the modification of the carr ier  gas; and 3) the use 
of inert  solid suppor t  materials.  The modification of 
the inert  liquid phase has been reported by a number  
of workers (5,6,8,11,12,15,17). 

More recent approaches have been to modify  the 
carr ier  gas with a volatile acid such as formic acid 
(1,2). Some workers have had success with using 
inert  solid suppor t  materials  (3,10). Other approaches 
have been combinations of the modified liquid phase 
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with glass bead supports  (9,14), and capi l lary col- 
umns (10). 

In  the search for  a column that  would separate 
f a t ty  acids, certain specific requirements were laid 
out. The column had to be capable of separat ing a 
wide range of f a t t y  acids, a t  least C~-C.~o, at  reasonable 
temp. I t  would have to separate  sa tura ted  and un- 
sa tura ted  f a t ty  acids and be capable of continuous 
operation for m a n y  months without loss of efficiency. 
Compatabi l i ty  with a thermal  conductivity detection 
system was necessary. Good recoveries of acids would 
be necessary in order to quant i ta te  the results. 

A column consisting of a phosphoric acid t reated 
polyester on Celite was developed tha t  met  these re- 
quirements (11,12). This par t icu lar  column packing 
has since been widely used for the separat ion of f a t ty  
acids and many  other materials.  With  the advent  of 
this column, the design and construction of a com- 
pletely automatic  process s t ream gas chromatograph 
for the f a t t y  acid stills was begun. Exper iments  using 
the phosphoric acid column in the automatic  p lant  
.chromatograph tha t  was eventually developed arc de- 
scribed in this report.  These experiments  were con- 
cerned with the quant i ta t ive analysis of f a t ty  acids 
sampled f rom the still streams. Samples of the f a t ty  
acids chromatographed on the process ins t rument  were 
obtained. These samples were gas ehromatographed as 
methyl  esters in the laboratory  to obtain data  tha t  
could be compared to the results obtained as free 
acids. 

A column of Carbowax 20M terminated with ter- 
phtbal ic  acid on a Teflon suppor t  was recently re- 
ported (3). Excellent  results were obtained with this 
column. I t  was decided to repor t  the results of the 
experiments  with this column packing in this paper.  
A column using this packing mater ia l  was also used 
in the p lant  ins t rument  with good results and is re- 
ported here. 

A complete process gas chromatography  system for 
the f a t t y  acid stills has been developed. The entire 
project  involved devising columns that  would separate 
the unesterified acids, the design and construction of 
an automatic  gas chromatograph,  and finally its opera- 
tion. The total  project  was one of great  technical dif- 
ficulty tha t  has never been t r ied before. Nevertheless, 
a great  stride has been made toward its final solution. 

Expe r imen ta l  

Apparatus. Process and conventional laboratory  gas 
chromatographs were used in this work. The design 
and construction of the process ins t rument  will be 
ful ly described in Pape r  I I  of this series (16). 

Column Packings. The phosphoric acid modified 
polyester column packing was made by  dissolving the 
20% .by wt (based on the column packing wt) of 
diethylene glycol adipate polyester in chloroform. To 
this solution was added 3% w / w  phosphoric acid (85% 
HsPO4).  The liquid was mixed thoroughly. Hexa-  
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methyl  disilazane (HMDS)  treated, acid washed, 
Chromosorb W, 60-80 mesh, (Johns-I~Ianville) was 
st irred into the liquid mixture. The chloroform was 
then evaporated on a steam bath. The packing was 
then heated in an oven at  106C to remove the balance 
of the solvent. The Carbowax 20M Terphthal ie  acid 
terminated,  10% on Teflon T-6, 60-80 mesh, was ob- 
tained f rom the Wilkens Ins t rumen t  & Research Co., 
Walnu t  Creek, Calif. 

The packings were vibrated into 0.25-in. copper 
tubing tha t  had been t reated with a chloroform solu- 
tion of HMDS and the ends of the column were Mso 
plugged with t IMDS treated glass wool. 

The HMDS t rea tment  consisted of filling the copper 
tube with a 10% (v /v )  solution of hexamethyl  di- 
silazane and lett ing it s tand for  one hr. The glass 
wool was also allowed to stand in the HMDS solution 
for  one hr. The solution was then removed and the 
tube and wool allowed to air  dry. The columns used 
in this work varied f rom 30-60 in. in length. 

Fatty Acids. F a t t y  acid mixtures  used for deter- 
mining quant i ta t ive  factors  were made by weighing 
pure  distilled f a t t y  acids into the mixture.  The f a t t y  
acids used in the p lant  ins t rument  were sampled 
directly f rom the still streams. Samples f rom the three 
still s t ream acids were also taken and converted to 
methyl  esters with BFa-methanol  (13) for fu r the r  
quant i ta t ive studies using the laboratory instrument.  

Gas Chromatographic Technique. The gas chroma- 
tography  data of the acids in the stills was obtained 
using the automatic  features of sample injection and 
tape programming,  buil t  into the process instrmnent .  

Provision had also been made for  manual  injection of 
samples with syringes and this technique also was used 
in the experimental  work. The general chromatograph 
conditions are as follows: 

The injection temp was 280C, the column temp 
225C and the helium flow rate was 75 m l /  min when 
the DEGA-HsPO4 columns were used. Wi th  the 30-in. 
column of Carbowax 20)/[-Terphthalie acid on Teflon 
6, the column temp used was 240C and the helium flow 
was 100 ml /min .  

When the laboratory  instruments  were used, the col- 
umns and conditions were similar to those used in the 
process chromatograph.  The samples were introduced 
into these instruments  with Hamil ton  microsyringes. 

Results  and Discuss ion  

Application of the Process Instrument. Before a 
column is used on the p lan t  instrument ,  i t  is condi- 
tioned and tested thoroughly on the labora tory  gas 
chromatographs.  Quanti ta t ive results are obtained 
with known mixtures  and  op t imum temp and flow 
rates are determined. This informat ion is placed on 
the column identification tag so that  when the column 
is first used the p lant  operator  will know exactly what 
to expect f rom the column. A sample laboratory  chro- 
matogram is also at tached to the column. All this 
information is useful in initially setting up the auto- 
matic p rogram for the process chromatograph.  

F igure  1 shows the chromatograms obtained f rom a 
sample automatical ly  injected and also a manual  
syringe injection of f a t t y  acid f rom the No. 1 Over- 
head still tower dur ing a " C o c o "  f a t ty  acid distil- 
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Fro. 1. Automatic and manual injections of the No. 1 overhead still stream during a Coco fatty acid distillation using the process 

gas chromatograph. Column: 5-ft, 20% DEGA, 3% I-LPO~, 60-80 mesh, Chromosorb W. 



F E B R U A R Y ,  1 9 6 5  M E T C A L F E  AND S T O L L :  

lation. I t  will be noted tha t  the automatic  injection 
tails more than  the hand injection (this tail ing effect 
was an ar t i fac t  due to the automatic  sample injection 
system and was subsequently corrected by  a design 
change).  In  spite of the tailing, these peaks were 
easily measured by the automatic  integrator.  The 
integrat ion can be p rogrammed so that  the results 
obtained compare favorably  with the analytical  results 
obtained by a laboratory analysis of the methyl  esters. 

Table I shows a comparison of the quant i ta t ive re- 
sults of the f a t t y  acids displayed in F igure  1. One 
result  is the most recent control laboratory  analysis;  
another  result  is tha t  of the process instrument.  The 
thi rd  result  is tha t  obtained f rom a sample taken at  
the same time the process ins t rument  sampled the 
f a t t y  acid stream. This sample was converted to 
methyl  esters and run  on a D E G A  column in the con- 
ventional manner.  Each result  varies slightly f rom the 
others. The process ins t rument  analysis is lower for  
lauric acid and higher for  myrist ic  than  the two 
laboratory analyses. This was caused by the fact  tha t  
the in tegrator  did not take into account the tail ing 
effect. This can be pa r t l y  corrected by  adjus t ing the 
integrat ion base line to a higher base. Nevertheless, 
for  all pract ical  purposes, the results are acceptable. 
The process ins t rument  was intended as a rap id  guide 
for the still operators. I t  was not our intention to re- 
place the control laboratory  analysis as the final 
au thor i ty  of f a t ty  acid composition. All samples must  
still meet control laboratory  analytical  specifications 
before being shipped. 

C8 

F A T T Y  A C I D  D I S T I L L A T I O N  I 

TABLE I 
Anatysis of Eatty Acids in the Still Streams 
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Iv[ost recent a 
Process Labor~tory control 

Acid analysis a.nalysis a laborutory 
analysis 

No. 1 Stream 
Caprylic ........................... 0.6 0.4 0.4 
Capric ............................. 0,6 0.4 0.6 
Lanr ic  ............................ 95.7 97.3 96,6 
i'¢[yristic ......................... 3.1 1.9 2,4 

No. 3 Stream 
Myristic ......................... nil nil 3.5 
Palmitic ........................ 44.0 44.3 50.2 
Stearic . . . . . . . . . . . . .  56.l  55.6 46.3 

a Analyzed as methyl esters. 

The quant i ta t ive results of the No. 3 s t ream are also 
shown in Table I along with the comparable laboratory 
methyl  ester analysis. Also shown is the most recent 
control analysis. In  this case, the difference between 
these analyses is striking. The myrlst ic  acid has  disap- 
peared, and the quant i ta t ive composition of the C~6 
and Cls acids has reversed. In  this case the proces~ 
chromatograph gave a more correct picture  of the 
s t ream composition than  the most recent control analy- 
sis which was many  hours old. This experiment  dem= 
onstrates the purpose of the process instrument ,  i.e., 
to give the still operators a running  picture  of the 
f a t t y  acid s t ream composition. 

F igure  2 shows a complete analyt ical  profile of the 
three overhead still s t reams dur ing  a Coco f a t ty  acid 
distillation. The time scale on the chart  was varied 
so tha t  all three chromatographs could be shown in one 
figure. The total  t ime involved for  the three analyses 
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FIG. 2. P r o c e s s  g a s  c h r o m a t o g r a p h i c  a n a l y s i s  prof i le  o f  t i le t h r e e  o v e r h e a d  s t i l l  s t r e a m s  d u r i n g  a Coco f a t t y  ac id  d i s t i l l a t i o n  

run .  C o l u m n :  5 - f t ,  2 0 %  D E G A ,  3 %  I-I~PO~, 6 0 - 8 0  m e s h ,  C h r o m o s o r b  ~ r  No .  1 - - 2 0 X .  No .  2 - - 2 0 X .  No .  3 - - 5 X .  
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TABLE I I  

Relative Retention Time (PaImitic Acid = 1.00) for Normal Fatty Acids 
Using Two Different Columns 

Acid 20-M TPA 
c o h l m n  a 

C a p r o i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C a p r y l i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C a p r i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' 
L a u r i e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M y r i s t i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P a l m i t i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t e a r i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 1 e i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A r a c h i d i e  . 
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TABLE I I I  

GC Analysis of a Known Fat ty  Acid Mixture Using a Five-Ft Column of 
Carbowax 20M-Terphthalic Acid on Teflon 

DEGA Calculated I Difference 
columnb Acid Mass I Mole + By area I ~ - - -  

0.07 ...... % I % Mass M:ole 
0.12 . . . . . . . . . . . . . . . . .  
0.18 ():20 Caprie (O-lO) .............. -,9,9--78 1 3 . 4 - -  ~ i l  ± 0.5 I-1.3 - - 2 , 3  
0 . 3 1  0 . 3 4  L a u r i e  ( C - 1 2 )  . . . . . . . . . . . .  ] .4.7 1 7 . 3  16+2 ----- 0 . 4  -~1+5 - - 1 . 1  
0.56 0.56 Myristic (C-14) .......... 19+8 20.4 21.3 ~ 0.4 +1.4  -~0.9 
1 . 0 0  1+00 P a l m i t i c  ( C - 1 6 )  .... . . . . . . .  2 6 . 2  2 4 . 4  2 3 . 3  - -  0 . 3  - - 2 . 9  - -1+1 
1 . 7 6  1 . 7 3  S t e a r i c  ( C - 1 8 )  2 9 . 6  2 4  6 2 8  1 ~--- 0 . 7  I - - 1 . 5  I J~3 .8  
1 . 6 9  .... 
2 . 6 5  

a Five-ft column, 10% Carbowax 20-M terminated with Terphthalic 
Acid on 80-100 mesh Teflon-6 at 240C, 

b Four-ft column, 20% diethylene glycol adipate, 3% H~P04 on 60-80 
mesh Chromosorb W at 225C. 

was approx  one hr. The number  one s t ream was moni- 
tored for  the C6-C12 acids in 10 min. The analysis 
of the No. 2 s t ream through myrist ic  acid took 15 
min to complete. A little more than  30 min was the 
t ime required for  the Cls acids to emerge dur ing the 
No. 3 s t ream analysis. 

The analyt ical  t ime can be speeded up  for  less com- 
plicated acid mixtures  than Coco acid in any  number  
of ways. This can be done by changing operat ing con- 
ditions or modifying the column. However,  using an 
isothermal system, the separation must  be balanced 
with the time of analysis so that  all the C6-C~s peaks 
can be resolved and their  areas integrated. F r o m  the 
above examples, one can easily see how. the automat ic  
GLC program can be set up to follow the distillation 
run  f rom s ta r t  to finish. Dur ing  this t ime the opera- 
tors have almost continuous knowledge of composition 
of the three streams. I t  is also possible to set the pro- 
g ram to monitor  any  individual  s t ream more often 
than  the others if necessary. As many  as six com- 
plete ana lyses /hr  of the No. 1 s t ream could be pro- 
g rammed if so desired. 

Use of Inert Support Column. A five-ft column of 
10% Carbowax 20M terminated with terphthal ic  acid 
on Teflon 6 was constructed. The use of this packing 
for  free f a t t y  acids had been recently repor ted (3). 
This packing was tested using f a t ty  acid samples for 
its separat ing ability, relative retention time, and also 
for quant i ta t ive results. The peaks showed very good 
symmet ry  with excellent separat ion of the chain 
lengths. Table I I  gives the relative retention t ime 
(Pahnit ic  Acid = 1.00) for a series of f a t ty  acids, 
C6-Ceo. Table I I I  shows the quant i ta t ive analysis of 
tile Clo-C18 f a t t y  acid mixture  using peak areas and  
calculated as both mass and mole percentage. The com- 
position by area using this column is slightly closer 
to mole percentage than mass percentage. In  earlier 
work (12) using phosphoric acid I ) E G A  columns, we 
repor ted tha t  the uncorrected quant i ta t ive results 
with f a t t y  acids were also closer to mole percentage. 
Normal ly  response correction factors are used when 
analyzing f a t ty  acids and  their  methyl  esters by GLC. 
The correction factors are most impor tan t  when the 
sample has equal amt  of acids of widely va ry ing  chain 
lengths. The factors are least impor tan t  when there 
is one major  acid with small amt  of adjacent  chain 
length acids. Since the la t ter  case represents  the most 
impor tan t  samples encountered, correction factors 
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PIG. 3. P r o c e s s  g a s  c h r o m a t o g r a p h i c  a n a l y s i s ,  u s i n g  a n  i n e r t  s u p p o r t  co lu mn ,  t h r e e  o v e r h e a d  st i l l  s t r e a m s  d u r i n g  a Coco f a t t y  
ac id  d i s t i l l a t i o n  run .  C o l u m n :  30-in.,  1 0 %  C a r b o w a x ,  2 0 M  T e r p h t h a l i c  a c i d  on  Tef lon  6+ No .  1 - - 2 0 X .  No.  2 - - 2 0 X .  No .  3 - - 5 X .  
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were not built into the instrument. With such good 
results obtained on the laboratory instrument, a 30-in. 
column was prepared and used on the process instru- 
ment. Figure 3 shows the stitl stream profile obtained 
with the column on the plant instrument during a 
Coco fatty add  distillation. The quantitative results 
compared favorably with those obtained by the chro- 
matography of the same acids as esters. 

This particular column packing shows great promise 
for the gas chromatography of unesterified fat ty 
acids. The drawbacks of this column are that it re- 
quires higher temp than the polyester columns; the 
fatty acid emergence time is longer for a given column 
length; the unsaturated and saturated acids are not 
completely resolved. However, these disadvantages are 
more than offset by the fine symmetrieal peaks and the 
excellent quantitative results obtained using peak 
areas alone. How long these columns will maintain 
their efficiency is not known at this time. The DEGA- 

IIaP04 columns have operated as long as six months 
before replacement was necessary. 
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Process Gas Chromatography of Fatty Acid Distillation 
Streams/II. Design and Construction of the 
Process Chromatograph 
E. H. STOLL, L. D. METCALFE, N. E. NUDING, G. P. HARTSUCH and S. H. SHAPIRO, Research 
Laboratories, Armour Industrial Chemical Company, McCook, Illinois 

Abstract 
When applied to fat ty acid process chromatog- 

raphy, conventional instrumentation is inadequate 
because of the temp required for effective vapori- 
zation of the sample. The instrument described 
uses a special injector operating at 300C for 
analysis of distillate streams containing fat ty 
acids C6 through Cls. Tape programmed opera- 
tion presents analytical data as a ehromatogram 
or as digital printout of electronically integrated 
peak areas. Details of construction are discussed 
together with some design problems. 

Introduction 
A T R O U B L E S O M E ,  IF N O T  a serious, problem hinder- 

ing process chromatography of the fat ty acids 
has been the necessity for converting these acids to 
their methyl esters before injection into the chromato- 
graph instrument. By eliminating this step, the phos- 
phoric acid column opened the way for designing a 
practical process analyzer which can accept samples 
of these acids directly from the process stream (1,2). 

This analyzer was designed specifically to monitor 
continuously the composition of distillate streams in 
a fractionating process where the acids range from 
6-18 atoms in carbon chain length. Because of tile 
elevated temp needed in handling the higher boiling 
acids, special techniques and departures from con- 
ventional design were required, making the instrument 
somewhat unique. A description of its construction 
and operation are given here, and some problems en- 
countered in its design are also treated. The chemistry 
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and column technology related to this project are cov- 
ered in another paper (3). 

Sample Handling 
Since the materials in the processing stream require 

a temp of ca. 80C to keep them fluid, all pumps and 
sample lines leading into the chromatograph are 
steam traced. The hairpin column and its heater, to- 
gether with the thermal conductivity detector, are 
housed in an insulated cabinet held at an environ- 
mental temp of 80C by a 750-w fin heater. The temp 
is regulated by a mercury bulb thermostat through its 
electronic control circuit. 

Separate sample loops of ~ in. stainless steel tubing 
constantly circulate fresh materials from the three 
still overhead lines to a comnlon point about 40 in. 
from the chromatograph cabinet. Rated pump capac- 
ity (Eastern Industries, Hamden, Conn., Model DH- 
I1, Type 100/C99) is 1 gal/min. Upon programmed 
command, the proper stream is diverted through its 
solenoid valve into the instrument. While the previ- 
ous sample is being analyzed, the new stream flushes 
out the lines in preparation for its own analysis. 

To insure fresh sample at the time of injection flow 
rates of l0 ec/min are used. Correspondingly, dead 
space and sample volume are kept to less than 15 ec by 
using miniature inline filters, 1/~ in. OD sample lines 
of minimum length and a sample chamber of only 
0.2 cc capacity in the injectors. Waste sample flows 
through a channel common to all three streams and, 
after passing through a flow meter, is discarded. The 
sample handling system is pictured in Figure 1. 

Each of the three injectors delivers a 3.5 x 10 -a ec 
sample metered by a calibrated undercut in a sample 


