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Simplified ,Methods for Determining Composition of 
Commercial Stearic and Palmitic Acids 1 
R. M. PETERS and W. C. CLARK, Emery Industries inc., Cincinnati, Ohio 

T HE need for a simple and rapid method for deter- 
mining the composition of commercial stearic and 
palmitic acids has assumed increasing importance 

in recent years. This is due largely to the emphasis 
being placed by both consumers and producers on the 
use of fa t ty  acids of given composition. The so-called 
Double and Triple Press Stearic acids are commer- 
cial grades which have been made and sold for more 
than 100 years. Each is a crystalline mix of satu- 
rated acids which has been separated from animal 
fat ty acids either by pressing or solvent crystalliza- 
tion. The normal compositions of these crystalline 
"S t ea r i c "  acids are as follows. 

Doub le ,  T r i p l e  
P r e s s  P r e s s  

% S t e a r i c  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41 .00  46 .5  
% P a l m i t i c  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51 .0  50 .0  
% M y r i s t i c  ..................................................... 2 .0 0.5 
% Ole ic  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 .0 3.0 
S t e a r i c / p a l m i t i c  r a t i o  ................................. 45/55 4 8 / 5 2  

New manufacturing methods have enabled produc- 
ers of fat ty acids to supply special fractions covering 
a much wider range of composition than were pre- 
viously available. Also research and development on 
the utilization of fat ty acids have shown the advan- 
tages and need for special fa t ty  acid compositions. To 
produce and seIt these new products with a given com- 
position requires the control of composition during 
production. 

The most generally acceptable method of determin- 
ing composition of commercial stearic and palmitic 
acids is the fractional dis t i l la t ion of their methyl 
esters in efficient fractionating columns. Since this 
method requires a relatively long time, expensive 
equipment, and a technically t ra ined  operator, it is 
unsuited for production control. 

The purpose of this paper is to present rapid, sim- 
ple, and reliable methods of determining the composi- 
tion of commercial stearic and palmitic acids. It  is 
presented for general use to enable both the producer 
and the consumer to analyze the composition of fa t ty  
acids without the inherent disadvantage of the frac- 
tional distillation method Used at present. 

Data are presented to show the accuracy and limits 
of the methods when compared to composition deter- 
mined by the fractional distillation of methyl esters. 

E x p e r i m e n t a l  Work 
To check the accuracy of the fractional distillation 

method, used for comparison test in most of this work, 
1 P r e s e n t e d  a t  t h e  f a l l  m e e t i n g ,  A m e r i c a n  Oi l  C h e m i s t s '  S o c i e t y ,  Ch i -  

cago ,  Oc t .  3 1 - N o v .  2, 1 9 4 9 .  

samples of " h i g h "  stearic and " h i g h "  palmitic acids 
were 'prepared and analyzed, Then a mix was pre- 
pared and analyzed, using 50% of each of the " h i g h "  
acids. Methyl esters were prepared for distillation 
in all cases. The results were obtained using a 4-ft. 
column with modified Stedman packing (1). They 
are shown in Table I. 

T A B L E  I 

A c c u r a c y  of  M e t h y l  E s t e r  F r a - c t i o n a t i o n  

5 0 / 5 0  M i x  

P a l m i t i c  . . . . . .  i . . . . . . . . . . . . . .  
S t e a r i c  . . . . . . . . . . . . . . . . . . . . . . . .  
Myristic . . . . . . . . . . . . . . . . . . . . . .  

O l e i c  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H i g h  
P a l m i t i c  

7 1 . 7  
2 7 . 4  

t r a c e  
0 . 9  

H i g h  
S t e a r i c  

9 2 . 3  I 

C a l c u l a t e d  F o u n d  

~ 7 . 9 5  3 7 . 1  
5 9 . 8 5  6 0 . 3  

0 . 6 5  1 .0  
1 . 5 5  1 .6  

201 

4.0 

3 . 5  

3 . 0  

Z . S  

c~ z.o 

2g 
r  

r 
I-0 

0 . 5  

O " 
, 0 %  

l 

I 

, ! 

\ i 

' t ' 

L 

l I 
I 

i 

A 

I i .  

I I i _ 

i ' i . I i 

I : 

STEARIC / PALMITIC 
~ I ( ] .  1 .  S h r i n k a g e .  

RATIO 
o/oo 



202 T H E  JOURNAL OF THE AMERICAN OIL CHEMISTS '  SOCIETY, J U N E ,  1950 

T A B L E  I I  

Pure Acids 

A c i d  v a l u e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T i t e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R.I.  at 70~ ..................................... 

E s t i m a t e d  p u r i t y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~Syristic 

L i t e r a t u r e  

2 4 5 . 4  

0 .0  
1 . 4 2 7 3  
5 3 . 9 ~  

Found 

2 4 3 . 0  
5 1 . 6 ~  
. 1 9  
1 . 4 2 6 8  
52.5~ 
95% 

Palmitio 

Literature 

2 1 8 . 7  

0 . 0  
1 . 4 3 0 9  
6 2 . 3 - 6 3 . 5 ~  

Found 

2 1 8 . 0  
6 o . 8 o e .  
.20  
1 . 4 3 1 o  
6 1 . 8 o c .  
9 6 %  

Stearic 

Literature 

1 9 7 . 5  

0 .0  
1 . 4 3 3 7  
6 9 . 2 - 7 0 . 5 ~  

Found 

1 9 8 . 0  
6 8 . 7 ~  
1 .0  
1 . 4 3 4 0  
6 9 . 5 ~  
98% 

The accuracy of the column analysis may be consid- 
ered to be within 1.0%, which is sufficient for  most 
purposes. The precision can be increased by distilling 
larger  samples, which would have taken a considera- 
bly longer time. 

To obtain curves showing stearie/palmitic compo- 
sition versus physical characteristics, pure  acids were 
prepared and mixes were made at 5.0% intervals to 
cover the complete range from 100% stearie to 100% 
palmitic. These pure acids were made by fractional  
distillation of methyl esters prepared from relatively 
pure commercial fa t ty  acids. The purified esters were 
hydrogenated to a low iodine value, and the fa t ty  
acids were recovered by split t ing with glycerol KOH. 
The fa t ty  acids were then re-distilled and the middle 
fract ion retained. The fa t ty  acids had the character- 
istics shown in Table I I  (2, 3). 

The oleic acid used in some of the mixes was ob- 
tained by solvent crystallization of commercial oleic 
to a saturated acid content of less than 3.0%. I t  
should be noted that  these " p u r e "  f a t ty  acids were 
not considered to be 100% pure bu t  were estimated 
by  use of I.V. and constants reported in the li terature.  
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Mixes were made using the " p u r e "  acids, and 
they were analyzed by fractional distillation of their  
methyl esters. Mixes were used instead of the pure 
acids to obtain proper  operation of the fract ionat ing 
column. By using the estimated analyses of these 
" p u r e "  acids, the compositions of the mixes were 
calculated and compared to column analyses. The 
results given in Table I I I  show that  our original 
estimation of the pure acids were relatively accurate. 

The mixes made, using the " p u r e "  stearie and pal- 
mitic acids, were investigated for  various physical 
propert ies:  shrinkage during solidification, specific 
gravi ty  of solidified acids, hardness (shore and pene-  
t rat ion) ,  refractive index at 70~ and melting point 
and titer. 

In  order to obtain uniform solidification conditions 
for analysis of shrinkage, specific gravity,  and hard- 
ness, the samples were melted in an 80~ oven in 
small straight-sided molds and then allowed to cool 
slowly in the oven. 
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The shrinkage (Figure  1) was determined as fol- 
lows : % shrinkage 

diameter of mold-diameter of cake 
)~ 100 

diameter of mold 

The specific gravities (4) of the solidified acids are 
shown in Figure  2. The hardness of the cakes was 
obtained by  two different methods (Figure  3) : 

a) Penetra t ion--s imilar  to ASTM D-5-25. 
b) Shore hardness (4) (used for waxes). 
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T A B L E  I I I  

F r a c t i o n a l  D i s t i l l a t i on  Check on :Mixes of the P u r e  Acids  

Acid  

Myr i s t i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P a l m i t i c  . . . . . . . . . . . . . . . . . . . . . . . . .  ~ ..... 
S t ea r i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oleic ...... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ca lcu la ted  F o u n d  Ca lcu la ted  F o u n d  

5.6 I 5.7 I 86.0 85.6  
88.4 t 88.o I 7.6 7.9 

4.0 ~ 4 .4  I 3.3 8.5 

Crystall ine inspection was also made on these sam- 
ples by  f rac tu r ing  and examining the broken ends. 

F igure  4 shows the effect of f a t t y  acid composition 
on the refract ive index. The refract ive indices were 
determined at  70.0~ within _ .I~ with an Abbe 
refractometer .  

F igure  5 gives the melt ing point and t i ter charac- 
teristics of the s tear ic /palmit ic  mixes. The melt ing 
points were determined by  the s tandard  open cap- 
i l lary tube method, using p o w d e r e d  samples ,  and 
recording final melt ing temperature .  The t i ter  was 
determined similar to AOCS method Cc 12-41, except 
that  cooling was at room temperature .  Of these prop- 
erties, refract ive index, crystal  inspection, and t i ter  
seemed to offer the best possibilities for  analytical  
purposes. 
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R A T I O  

Addit ional  curves were made showing the effect of 
oleic and myrist ie  acids on refract ive index and titer,  
within the usual limits of normal  commercial  prod-  
ucts. The curves were drawn based on our est imated 
puri t ies of the stearic and palmitie acids, and the 
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F I G .  5. 

100% pure  curves were e x t r a p o l a t e d  to obtain a 
workable set of curves for  analyt ical  purposes. 

These curves were then investigated to determine 
their  accuracy in checking composition of commercial 
production. The samples checked and repor ted were 
obtained f rom five different manufac tu r ing  sources 
and therefore are r e p r e s e n t a t i v e  of more than one 
company ' s  production. No work was done on apply-  
ing these methods to mixtures  containing other acids 
(C12 and C2o), bu t  it is believed tha t  they would 
affect the t i ter  the same as do myrist ic  a n d  oleic 
acids. In  general, the addit ion of 1.0% contamina- 
tion to stearic or palmitic acid will lower the t i ter  
by  about  0.2~ 

In  order to use these curves accurately for com- 
position determinations it was found necessary to de- 
ter]nine the myrist ic  acid plus oleic acid content. The 
oleie acid content is easily obtained f rom the iodine 
value, bu t  the myrist ic  acid content must  be esti- 
mated. As an aid for  est imating the myrist ic  acid 
content of normal  commercial stearic and palmitie 
acids, the following values were assembled, based on 
the average of numerous column analyses:  

D o u b l e  p r e s s  s t e a r i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 5 %  m y r i s t i c  

T r i p l e  p r e s s  s t e a r i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 %  m y r i s t i c  

H i g h  s t e a r i e  . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 0 %  m y r i s t i e  

H i g h  p a h n i t i e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 0 %  m y r i s t i c  

All calculated compositions were made us ing  these 
est imated myris t ie  acid contents, and all the results 
repor ted include any  errors made in these estimations. 
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To use the crystalline range between 40/60 and 
5.0/50 s tear ic /palmit ic  rat io for  a method of  analysis 
of an unknown requires the addition of a relatively 
pure  " k n o w n "  to determine one or both of the limits 
of this crystalline range. When one of the crystal  
composition limits has been obtained, the s tear ic /  
palmitic ratio of the mix can be determined. Com- 
position of the unknown may  then be calculated by  
determining I.V. and est imating myrist ic  acid. This 
calculation is made, using method similar to Calcu- 
lation Example,  Table V. 

A comparison of crystal  method with fract ional  
distillation method is shown in Table IV. 

F I G .  6. 

Refractive Index 
Refract ive index measurements  (F igure  4) were 

made on several samples of commercial stearic and 
palmitic acids of known compositions. Care was taken 
to obtain constant t empera ture  (within 0.1~ and 
accurate iodine values in order to make proper  ad- 
jus tment  for  oleic acid content, bu t  the results ob- 
tained were about  5.0% in error  and hence not sat- 
isfactory. 

The following refract ive index values measured at 
70~ are presented to show that  a small error  made 
in estimating minor consti tuent  acids has a relat ively 
large effect on the refract ive index of the stearic- 
palmitie acid mix :  myrist ic,  1.4268; palmitie,  1.4310; 
stearic, 1.4340; oleic, 1.4411. Due to this inherent  dis- 
advantage the method was not investigated fur ther .  

Crystal Inspection 
Inspection of the crystals on the stearic-palmitie 

mixes showed tha t  there was a definite visual crystal  
range between 40/60 and 50/50 s tear ic /palmit ic  ratio. 
This crystalline range had sharp limits since mixes of 
39/61 and 51/49 s tear ic /palmit ie  ratio showed marked 

dec rea se  in crystal  s tructure.  The presence of oleic 
acid and myrist ic  acid within the scope of this inves- 
t igat ion did not  affect this crystall ine range. 

I t  was also noted tha t  the relat ively pure  acids 
had a large soft flaky crystal. There was no definite 
limit of crystal  pa t t e rn  useful for  analytical  purposes, 
bu t  it may  be repor ted tha t  90% or bet ter  pu r i ty  
would give a product  which is very  soft and has large 
crystals. 

T A B L E  I V  

Composition by Crysta l  

P e r  Cent  Pa lmi t i c  Acid 

Crystal  73.078.06874.3 Method .5 . Column 71 78.4 67.4 74.7 Method .7 

The accuracy of the crystal  method was surpris-  
ingly good, but  it had the disadvantage of usually 
requir ing several mixes, and the accuracy of the re- 
sults depended on a visual inspection of the crystal  
s tructure,  thus introducing a human  error  dependent  
upon the experience and t ra ining of the operator.  

Titer Method 
The t i ter  method (Figure  6) proved to be the most 

reliable method because results are accurate and are 
reproducible even with relat ively unt ra ined  opera- 
tors. The usefulness of the t i ter  curve for  analytical  
work is confined to the steep pa r t  of the curve where 
there is a decided difference in t i ter  for  a small 
change in s tear ic /palmit ic  ratio. The novelty of this 
t i ter  method lies in the deliberate shif t ing of the  
composition f rom the flat p a r t  of the curve by  the 
addit ion of a " k n o w n "  high stearic or palmitic acid. 

To test a product  for  s tear ic /palmit ie  rat io which 
is completely unknown, it is first necessary to obtain 
a t i ter  and I.V. Then it is necessary to add a small 
amount  (about  10%) of " h i g h  s tea r ic"  content f a t t y  
acid and determine t i ter on the mix. I f  second t i ter  
is higher than the original, the unknown is on the 
stearic side of the eutectic, and, if lower, it is on the 
palmitie side of the eutectic. Normally,  the approxi-  

T A B L E  V 

Calculation Example  
A sample  of double pressed stearic acid h a v i n g  an  I .V.  of 5.9 and 
t i ter  of 54.5~ is used as a n  example.  The  myristic acid content is 
1.5% as previous ly  ment ioned .  To shift composition onto the steep part 
of the t i ter  curve,  3 3 %  of a re la t ively  p u r e  stearic acid "known" is 
added.  

i o, c i Myristo I S arc I  almit c 
K .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 3.5 I 0 .0  / 95.0 I 1 .7 
U n k n o w n  ............................ i 6.5 I 1.5 L A I B 

Two-th i rds  of " u n k n o w n "  and  one- thi rd  " k n o w n "  gave  t i ter  ---- 57.3~ 
Mix has  5.5 oleic, 1.0 myrist ic,  64 /36  stearie/palmitic ratio as read from 
the  t i ter  curve .  

Stearic Acid Balance  E q u a t i o n  

,666A-[ - .333  X 95 11 64 :x: .935 a 
A ~ 42 .3% stearic 

6 .5% olaic 
1 .5% myristic 

B ~ 49 .7% palmitie 

a P e r  cent  of s tear ic  plus  palmit ic  acids in the  mix. 
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mate composit ion during production is known and it 
is not necessary to run the above tests. 

When the sample to be tested has a titer on the 
steep part  of the titer curve, all that is needed to de- 
termine composit ion is iodine value and titer. Sam- 
ples with titers within the eutectic or flat part of the 
titer curve require the addition of either stearic or 
palmitic acid to obtain a titer on the steep part of 
the curve. The composition of the unknown can t h e n  
be calculated from the composit ion determined on the 
m i x .  

A calculation example is given in Table V, showing 
the necessary adjustments  which must  be made on a 
material  balance equation in order to obtain good 
results. 

Table V I  shows the composit ion of commercial  ste- 
aric and palmitic  acid determined directly from titer 

T A B L E  VI 

Composition Determination 
Comparison of Direct Titer Method With Column Analysis 

A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  
F . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
K . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ; . . . . . . . . . . . . .  

Q . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Titer Method 

Titer % Stearic 

~ 

6 7 . 3  9 2 . 4  
6 4 . 0  8 0 . 0  
6 3 . 2  7 7 . 5  
5 8 . 5  6 3 . 0  
5 9 . 4  6 5 . 5  
5 6 . 0  5 1 . 5  
6 5 . 7  8 6 . 0  
6 3 . 4  7 8 . 0  
6 4 . 3  8 1 . 0  
5 6 . 2  5 5 . 0  
6 6 . 3  8 7 . 8  
6 6 . 7  8 9 . 8  
6 0 . 0  6 7 . 7  
5 8 . 3  6 3 . 4  
6 7 . 6  9 3 . 0  
5 7 . 8  6 0 . 6  
6 6 . 6  8 9 . 4  

Column 
Analysis 

% Stearic 

9 1 . 6  
8 1 . 2  
7 8 . 0  
6 5 . 1  
6 4 . 4  
5 3 . 1  
8 5 . 3  
7 9 . 0  
8 1 . 2  
5 7 . 6  
8 6 . 8  
9 0 . 6  
6 7 . 1  
6 2 . 7  
9 2 . 3  
6 0 . 7  
8 9 . 7  

Diff. 

% 
+o.8 
- - 1 . 2  
- - 0 . 5  
- - 2 . 1  
+1.1 
- - 1 . 6  
+0.7 
- - 1 . 0  
- - 0 . 2  
- - 2 . 6  
+1.o 
- - 0 . 8  
+ 0 . 6  
+ 0 . 7  
+0.7 
- - 0 . 1  
- - 0 . 3  

Titer Method 

~ _ % Palmitic 

1~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 4 . 7  7 5 . 0  

:::::::::::::::::::::::::::::::::::::::::::: 

Column 
Analysis 

% Palmitic 

7 2 . 8  
7 8 . 4  
7 4 . 4  

Diff. 

% 
+2.2 
+1.1 
+ore 

and iodine value in comparison with the composition 
determined by fractional  distil lation of the methyl  
ester. Note that his method is accurate in ranges of 
fairly high stearic or palmitie content, that is, when 
the titer falls on the steep part o f  the curve. 

Table VII  shows the composition of stearie and pal- 
mitic acids where the titer of the " u n k n o w n "  is in 

the flat or eutectic part of the titer curve in compari- 
son with the composit ion determined by fractional  
distil lation of the methyl  esters. 

The composit ion of Double and Triple Press Stearic 
acids required the addition of 331~% of 95% stearie 
content " k n o w n "  to obtain a titer in the steep part 
of the curve. The " u n k n o w n "  composit ion was cal- 
culated as shown in Calculation Example ,  Table V. 

The higher palmitic content unknowns  were deter- 
mined by the addition of 30% " k n o w n "  high pal- 
mitie acid. 

The data given show that the composit ion as de- 
termined by titer and titer curve is normal ly  within 
about 1.5% error. With  accuracy of column analysis 
being 1.0%, the 1.5% error of the titer method when 
compared to column analysis is very good and gives 
a sufficiently reliable composit ion determination for 
production control. The method is very rapid, and 
satisfactory results can be obtained with relatively 
untrained operators. 

The titer curve presented may  a l so  be used to de- 
termine the total per cent of oleic acid and myrist ie  
acid of a sample if the approximate stearic/palmit ic  
ratio is known.  This is useful  in checking Double  and 
Triple Press Stearic acids since their stearic/palmit ie  
ratio is normally  between 50/50 and 45/55,  which is 
in the fiat part of the titer curve. As an example, 
Triple Press Stearie has a titer of about 55.4~ which 
from the chart would indicate 3.0% oleic acid plus 
myrist ic  acid. An  iodine value of 2.5 would show 
2.8% oleie acid content, thus indicating myrist ic  acid 
content of only 0.2%. 

Another feature of this titer curve is that high 
stearic or pa]mitic acids may be tested for percentage 
of the main constituent by the use of titer alone. The 
results in Table V I I I  indicate that stearie and myris- 
tie acids are equivalent in effect on the titer of a high 
palmitie content fat ty  acid. Analogous results are 
also obtained on high stearie content fat ty  acids. 

T A B L E  V I I I  

Composition of High Pa]mitic Acid 
Titer ~ 5 6 ~  

Column Analysis 
Calculated 

from 
Titer Curve 

or 
Composition 

Sample 1 Sample 2 

PalmitJc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 1 . 0  8 1 . 0  8 1 . 0  8 1 , 0  
Stearic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5 . 0  9 .0  1 5  ] 
Myristic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .0  7 .0  1 .0  } 1 9  
Oleic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 .0  3 .0  3 .0  J 

T A B L E  V I I  

Composition Determination 
Comparison of Indirect Titer Method With Column Analysis 

Per Cent Palmitic Acid 
Double and Triple Press Stearic Acid 

Titer Column 
Method Analysis Diff. 

A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Z . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

% 
4 9 . 9  
4 9 . 3  
5 0 . 2  
5 1 . 1  
5 1 . 6  
4 9 . 2  
5 2 . 2  
4 7 . 6  
4 7 . 7  
4 8 . 6  

% 
5 0 . 9  
4 9 . 9  
5 2 . 7  
5 2 . 3  
5 3 . 4  
5 1 . 6  
5 2 . 9  
4 8 . 0  
5 0 . 5  
5 0 . 2  

% 
- - 1 . 0  
- - 0 . 6  
- - 2 . 5  
- - 1 . 2  
- - 1 . 8  
- - 2 . 4  
- - 0 . 7  
- - 0 . 4  
- - 2 . 8  
- - 1 . 6  

nigher  Palmitic Content Acids 

K . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 8 . 9  / 6 8 . 2  + 0 . 7  
L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 8 . 9  / 6 7 . 4  + 1 . 5  
M . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . .  7 0 . 2  7 1 . 6  - - 1 . 4  
N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ".'." 7 4 . 8  7 4 . 4  + 0 . 4  

It is evident from these results that the composit ion 
of the main constituent of a high palmitic or stearie 
acid can be determined by titer alone, without  refer- 
ence to other fat ty  acids. The steep slopes of the 
curves are such that the oleic and myrist ic  acids have 
about the same effect on the titer as the change in 
stearic/palmit ie  ratio. 

Summary  
The most reliable method for determining composi- 

tion of commercial  stearic and palmitic acids has been 
fractional  distil lation of their methyl  esters: Because 
of the long time required for this determination it was 
desired to devise a more simple and rapid method 
which could be used for plant production control. 

Pure acids were prepared and mixes of myristic,  
palmitic, stearic, and oteic acids were nlade to cover 
the usual composition range of c o m m e r c i a l  stearie 



2 0 6  T H E  J O U R N A L  OF T H E  A M E R I C A N  O I L  C H E M I S T S '  S O C I E T Y ,  J U N E ,  1 9 5 0  

and pahnitic acids. Physical  propert ies  of these mixes 
were determined, result ing in data showing composi- 
tion versus liter, melt ing point, refract ive index, hard- 
ness, shrinkage, and crystall inity.  

Refract ive index measurements  did not give de- 
sired accuracy when appl ied to commercial  products  
al though they appeared  to be accurate when using 
pure  acids. 

A definite, easily perceptible crystalline range is 
between 50/50 and 60/40 palmit ic /s tear ic  ratio. The 
addition of palmitic or stearic as necessary to deter- 
mine limits of the crystalline range permits  calcula- 
tion of the unknown with a fa i r  degree of accuracy. 

The composition versus t i ter  curves were found to 
be reproducible and accurate. Composition of a sam- 
ple may  be determined directly when the t i ter  falls 
on the steep pa r t  of the curves. Samples with t i ter  
on the euteetic or on the flat pa r t  of the t i ler  curve 
require the addition of stearic or palmitic acids to 
obtain a t i ter  on the steep pa r t  of the curve. The 
composition of the unknown is then calculated f rom 

the composition determined on the mix. The myris t ic  
acid content is estimated f rom the source of the sam- 
ple, and oleic acid is calculated f rom iodine value 
determination.  

Of the three methods presented in this report ,  the 
t i ter  method proved to be the most versatile and reli- 
able. The use of crystal  inspection was surpr is ingly  
accurate but  had the disadvantages of requir ing sev- 
eral mixes, and accuracy relied on visual inspection 
of crystals. The use of refract ive index for  composi- 
tion determination,  al though rap id  in nature,  only 
had an accuracy of about  5.0%. 

R E F E R E N C E S  

1. Weitkamp, A. ~V., and  B r u n s t r u m ,  L.  C., ~I. Am. Oil Chem. Sot. ,  
18, 47-50 (1941) .  

2. Markley, K. S., " F a t t y  Acids," Inlerseienc~ Publ ishers  inc., New 
York (1947) ,  pp. 114-119. 

3. Dorinson, A., McCorkle, ~I. i~., and  Ralston, A. W., $. Am. (?hem. 
Soc., 64, 2739-2741 (1942) .  
ho 4'ld Worth ,  A. :tI., "The Chemistry and  Technology of Waxes ,"  l%ein- 

Publ ish ing Company, 1947, pp.  338-343. 

[Received November 7, 1949] 

Nomographs for ,Calculating the Fatty Acid Composition of 
Oils and Fats From Iodine and Thiocyanogen Values 
S. A. HUSSAIN, State of Hyderabad, India, and F. G.DOLLEAR, Southern Regional 
Research Laboratory, 1 New Orleans, Louisiana 

N O M O G R A P H Y  is a rapid  and relatively accurate 
means of graphic  analysis. In  a homographic  or 
a l ignment  chart  an index line intersects three 

scales of values which satisfy an equation involving 
three variables. When more than three variables are 
present, auxi l iary lines are also constructed to read 
the value of a variable when the other variables are 
known. The precision of these charts  depends on the 
selection of scale and the design and accuracy of the 
graduat ions on the axes. 

N o m o g r a p h y  has been f requent ly  employed in 
chemical engineering to avoid mult ipl ic i ty  of routine 
calculations in operat ing a process or designing equip- 
ment  and also in industrial  laboratories for  analytical  
control purposes.  Few homographs  are found in the 
l i terature  which are applicable to oils and fats. W a n  
and Ho (1) constructed a homograph for  correction 
and consequent calculation of the iodine value of tung  
oil at s tandard  conditions f rom the iodine value de- 
termined at different temperatures ,  times of contact, 
and excess of reagent.  Osburn, Wood, and Werkman  
(2) published an al ignment  char t  for  the par t i t ion  
determinat ion of volatile f a t t y  acids in a t e rna ry  
mixture  of acids. Using the half  distillation value, 
Suomalainen and Arehimo (3) p repared  a homo- 
graph  for  tile calculation of the quant i ta t ive rela- 
tions of the lower molecular weight f a t t y  acids in a 
b inary  mixture  of acids. I l lar ionov and Torehinskii 
(4) described a homograph for  d e t e r m i n i n g  the 
iodine values of oils f rom their  refract ive indices at 
different temperatures .  However  no nomographs have 
been published for  the calculation of glyceride tom- 

1 One of the laboratories of the B u r e a u  of Agr icu l tura l  and  Indus t r i a l  
Chemistry, Agr icu l tura l  t~esearch Administrat ion,  U. S. Department of 
Agricul ture .  

position of oils and fa ts  f rom their  physical or ehemi- 
cal constants. 

The present  report  describes the construction of 
nomographie charts for  the calculation of glyceride 
eomposition of oils and fats. Equations published in 
the Official Methods of the American Oil Chemists '  
Society (5) relat ing the glyeeride composition and 
the iodine and thioeyanogen values were used in con- 
s t ruct ing the homographs by  the appl icat ion of the 
technique described in detail by  Davis (6). 

Construction of the Nomographs 
Equations (5) for  the calculation of the glyeeride 

composition when the iodine and thiocyanogen values 
are determined on the triglycerides,  and (A) when  
no linolenin is present,, are: 

(1) % Linolein, Y = 1.246 IV  - -  1.253 TV 
(2) % 01ein, Z = 2.525 TV - -  1.348 I V  
(3) % Satura ted  @ Unsaponifiable, S ~ -  100 - -  

( Y + Z )  

a) For  the equation 
(1) % Linolein, Y = -  1.246 IV - -  1.253 TV 

Y 1.253 
(4) I V - -  + - -  TV 

1.246 1.246 

(5) I V  = 0.8025' Y + 1.0056 TV 

I f  the desired length 'of the scale for  the Y- and TV- 
axes is 20 inches, and the range of change of Y, TV, 
and I V  is between 0 to 100 units, and if ms, mTv, 
and miv are the moduli 2 for  Y, TV, and IV, respec- 
tively, then 

The modulus is defined as the length of line that represents  a change 
of one uni t  in the funct ion of a variable. 


