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Differential Thermal Analysis. III. Melting 
Curves of Oils and Fats 
J. HANNEWIJK and A: J. HAIGHTON, Unilever Research Laboratory, Vlaardingen, The Netherlands 

I N THE FIRST PART of  t h i s  s e r i e s  (1) the princip]e, 
appara tus ,  and procedure of the differential ther- 
mal  method for  the analysis of fats  are described. 

In  addition, examples of melt ing curves of water  and 
of some fa ts  are included. In  the second pa r t  (2) a 
description of melt ing curves of a number  of pure  
glycerides is given. In the present  paper  the various 
factors influencing the shape of the melt ing curves arc 
discussed in detail. These factors may  be based on 
the appara tus  (height and diameter  of f a t  layer,  ra te  
of heat ing) ,  but  they can be kept  constant,  and 
therefore the manner  hi which crystall ization takes 
place is of much greater  importance. The pretreat-  
mea t  of the fats  is also considered. Reproducibi l i ty  
of the measurements  is checked, using different sam- 
pie holders and thermocouples. F ina l ly  some D T A  
curves of na tu ra l  oils and fats are given. 

Influence of Cooling and Tempering on DTA Curves 
In  order to be able to draw the base line of a 

melt ing curve the determinat ion should s ta r t  f rom 
about 10 ~ to 20~ below the t empera tu re  at  which 
melt ing sets in. Cooling to this t empera tu re  m a y  be 
performed in the following ways. 

a) The fa t  or f a t ty  mixture is introduced into the  sample 
holder and is rapidly cooled. The melting curve obtained 
gives informat ion ~bout the fa t ty  portion as such. Figure  
l a  shows the curve of a chocolate with cocoa but ter  and 
a curve of chocolate with a substitute. 
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FIG. la .  - -  pure chocolate, f a t  phase = 100% cocoa 
but ter  
chocolate, fa t  phase = 50% cocoa butter,  
50% substi tute (hardened f a t ) .  

b) The sample holder, filled with premelted fat ,  is placed 
in the copper block, which is rapidly cooled subsequently 
until  the f a t  is completely solid. In  this way often recta- 
stable crystals will be formed, result ing in exothermic 
t ransformat ion peaks (maxima) in the curve. This method 
is particularly suitable for ~tudying the po!ymorphie 

c) 

behavior of fats .  The positions of these peaks can be 
useful for the identification of pure triglycerides and of 
fa ts  and oils. The curves for  such unestabiished fa t s  are 
drawn as dotted lines. 
The liquid f a t  is introduced into the sample holder and 
stabilized at a given temperature. On stabilizing, the 
following takes place. I f  a fa t  with a number  of tri- 
glycerides of different melting points is rapidly cooled, 

great  variety of mixed crystals will be formed, result- 
ing in a regular melt ing range (Figure  lb, dotted ]ine). 
I f  such an unstabilized fa t  is tempered at, e.g., 29~ par t  
of the mixed crystals will melt, and the more sa tura ted  
glyeerides will be reassoeiated to form new series of 
mixed crystals, having higher melt ing points. This is 
i l lustrated by two minima in Figure lb  (at  27 ~ and 
37~ Hence, by the selective stearin formation dur- 
ing tempering, the final melting point is increased from 
39 ~ to 42~ and the initial melting point is decreased 
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Fm. lb. Cocoa but ter  substi tute (based oI~ coconut oil):  
. . . . . . . .  rapidly cooled�9 

tempered a t  29~ 
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FI(~, le. Margarine f a t  blend: 
. . . . . . . .  rapidly cooled (directly af ter  u  
- - - -  af ter  1 hr of tempering at 5~C. 
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FIG. ld. Margarine fat  blend (as le)  : 
. . . . . . . .  after  1 hr. of tenlpering at 25~ 

after 1 hr. of tempering at 20~ 

p e r a t u r e  - A T  = 46.1 - 1.6 = 44 .5~  To c a r r y  o u t  
succes s ive  a n a l y s e s  a n u m b e r  of  s a m p l e  h o l d e r s  a n d  
t h c r m o c o u p l e s  of  su f f i c i en t  u n i f o r m i t y  m u s t  be  ava i l -  
able.  A n u m b e r  of  d e t e r m i n a t i o n s  w a s  c a r r i e d  o u t  
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from 22 ~ to 15~ The stabilization temperature is found 
as a maximum in the curves. Similar explan'~tions are 
given by Bailey (3) and 1VfeMiehael (4). Such reassoci- 
ations, which are, in our opinion, of equal or even greater 
importance than I)OIymorphic phenomena are frequently 
overlooked. As a result of tempering the temperature 
range at which fa ts  are plastic is enlarged. Generally 
the fat  becomes softer by crystal growth and formation 
of liquid oil and harder by stearin formation. The latter 
case occurs at high, the first at low temperatures. 

The tempering period is mainly determined by the time 
necessary to obtain a constant temperature in ~he fa t  
r~ass. The influence of the %emperature during temper- 
ing is illustrated in Figures lc and ld. The maxima are 
clearly shown. X-ray analyses have revealed that  all 
samples were in the fl'-form after cooling and that  in 
about 14 days no transitions have taken place. 

d) A sliding stabilization of the fat  results in more repro- 
ducible results. The liquid fa t  is ill this case gradually 
cooled to --70~ (2 days). The cooling must be carried 
out under standardized conditions. The curves obtained 
with fats stabilized in this way are particularly suitable 
for identification purposes. 

C a l i b r a t i o n  

F o r  c a l i b r a t i o n  p u r p o s e s  a s t a n d a r d  f a t  w a s  u s e d  
w i t h  a s h o r t  m e l t i n g  r a n g e ,  o b t a i n e d  b y  r e p e a t e d  
c r y s t a l l i z a t i o n  of  h a r d e n e d  c o t t o n s e e d  oil f r o m  ace-  
tone .  T h e  t e m p e r a t u r e  a t  t h e  m i n i m u m  is b lock  tern-  
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Fro. 2. DTA curves of various oils ( - -  stabilized; 

. . . . . . . .  nonstabilized): a) safflower oil; b) sunflower oil; 
e) corn oil. ~ # 
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FIG. 3a. 
]~IG. 3. DTA curves of various oils ( stabilized; 

. . . . . . . .  nonstabilized): a) tung oil; b) feasted oil; c) lin- 
seed oil; d) soybean oil. 
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w i t h  the  s t a n d a r d  fa t ,  u s ing  a se lec t ion  of 10 sample  
ho lders  a n d  e igh t  the rmocouples ,  to check the  scat-  
t e r i n g  in  the  resul ts .  The fo l lowing  mean  va lues  were  
f o u n d  ( s t a n d a r d  dev ia t i on  be tween  b r a c k e t s ) :  P e a k  
a r e a  23.8 cm. 2 ( a - - 1 . 6 ) ,  t e m p e r a t u r e  di f ference a t  
m e l t i n g  m i n i m u m  1.61~ ( ~ =  0.09),  me l t i ng  min i -  
m u m  at  44.5~ ( ~ - - 0 . 1 ) .  

D T A  Curves  of  N a t u r a l  Oils  and  F a t s  

The  D T A  curves ,  bo th  for  s t ab i l i zed  a n d  uns ta -  
b i l ized  fa ts ,  give i n f o r m a t i o n  abou t  t h e i r  me l t i n g  a n d  
p o l y m o r p h i c  behavior .  The curves  can t he r e fo re  be 
used  for  ident i f ica t ion .  I n  F i g u r e s  2 to 6 a n u m b e r  
of such curves  is given.  The d o t t e d  l ines  r e f e r  to nn-  
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FIG. 4a. 
Fig, 4. DTA curves of various oils ( - -  stabilized; 

. . . . . . . .  nonstabilized): a) cottonsecd oil; b) peanut oil; 
c) sesame oil; d) olive oil. 

s t ab i l i zed  ( r a p i d l y  cooled)  fa ts ,  the  d r a w n  l ines  to 
s l owly - s l i d ing  s t ab i l i zed  fats .  Samples  of 400-rag. f a t  
were  used  in  a l l  cases whi le  the  h e a t i n g  r a t e  a m o u n t e d  
to 1.8~ C . /min .  

D T A  curves  of oils  a n d  fa t s  which  have  a more  
compl i ca t ed  cha rac te r ,  such as wha le  oil, h e r r i n g  oil, 

AT 
~ C , 

T 

-40 -30 -20 -10 O 10 20~ 
I I , I l t i , , I  

i ,  r I I 

�9 ~ t J 

1.0 

FIG. 4b. 

hT 
o C 

-4-0 - 3 0  - 2 0  -10 0 10 20 30~  
I I I ~ ,  I 

0,5  " / " - V  
; ~ / l ' x  

-II c 

1,0 

•IG. 4c. 

-60 -50 -40 -30 
AT , t t 
~ C 

0 .5  

1.0 

-20 -10 0 lO~ 

�9 # 

:W 
xj  
-7  

Fm. 4d. 

AT 
oc 

t 
-30 -20 -10 0 10 20 

. 0 , 5 ' ~ ' '  

30 40 
. i 

~IG. 5 a .  

]~'IG. 5. DTA curves of various oils (---- stabilized; 
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c) antarctic whale off; d) Norwegian herring oil. 
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FIG. 6. DTA curves of various oils and fa ts  ( - -  sta- 

bilized; . . . . . . . .  nonstabilized: a) pahn oil; b)  Shea bu t te r ;  
c) coconut oil; d) palm kernel oil; e) tallow; f )  cocoa butter .  

tallow, lard etc., may differ, according to the origin. 
For  unstabilized castor oil (F igure  5a) no curve 

could be drawn. This is because of the transforma- 
tion into a glassy mass af ter  shock-cooling, which 
does not show thermal  effects upon heating. In  most 
liquid oils two distinctly different crystal forms are 
detected i the first i~ unstable. This form i~ rapidly  
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t ransformed into the second, more stable one. Some- 
times this transit ion takes place so rapidly that a 
sharp maximum above the zero line is achieved (saf- 
flower, sunflower, rapeseed, and soybean oils: Figures 
2a, 2b, 3d, 5b). 

In other cases transit ion and melting take place 
simultaneously, and the t ransformation ~naximum is 
less distinct or much flatter (corn oil, tung oil, and 
teaseed oil: Figures 2e, 3a, 3b). Sometimes the curves 
do not indicate whether metastable forms are formed 
or not (cottonseed, peanut, and sesame oil: Figures 
4a, 4b, 4c). 

Only for linseed oil (Figure 3c) was it possible to 
record the metastable form. For  olive oil only one 
form could be detected (Figure 4d). 

Most of the liquid oils s tar t  melting between - 5 0  ~ 
and -30~  Exact  temperatures however cannot be 
given because small deviations from the zero line can 
be caused by dr i f t  of this line as well as by small 
amounts of melting fat. This is in agreement with an 
investigation into the thermal properties of fats and 
oils carried out in the Southern Regional Research 
Laboratory,  New Orleans (5-8).  The workers stated 
that cottonseed oil starts melting at about -75~ 
However it is still an open question whether these 
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small thermal  effects are caused by real melt ing or 
by increasing rotat ion in the crystal  lattice. 

According to the observations of Oliver et el. (6),  
it was also found that  D T A  curves often have a long 
" t a i l , "  which points to melt ing processes within a 
t empera tu re  range in which the oil is visually clear. 
For  example, the curve of cottonseed oil (F igure  4a) 
ends at 17~ al though the oil was visually clear 
at 0~ 

Cont ra ry  to W a r d  et al. (8), a metastable fo rm 
was found for a-tung oil (F igure  3a). Appa ren t l y  
this form melts between - 6 0  ~ and - 3 0 ~  but could 
not be obtained in a pure  state because of its low 
stability. Since W a r d  et el. found a melt ing of a-tung 
oil over two pr incipal  t empera ture  ranges (viz.,  for  
the first component  f rom - 4 3  ~ to - 1 0 ~  and for the 

second f rom - 1 0  ~ to +3~ it should be assumed 
tha t  the oil was not completely stable on measuring.  
For  coconut oil (F igure  6c) two forms exist;  when 
cooling rapidly,  the ~-form is obtained, which has a 
final melt ing point of 13~ The t ransi t ion to the 
fl ' -form however obviously starts  below 0~ so tha t  
transit ion and mel t ing  take place s imultaneously and 
none or very  litt le of the a-form can be observed in 
the D T A  curve. 

Remarks 

One of the most interest ing possibilities of the 
D T A  method is the calculation of the heat of melt- 
ing of a sample f rom the actual area  between the 
curve and the base line. I n  the case of fa ts  with 
nar row melt ing ranges (pure  glycerides, cocoa but-  
ter)  a correlation exists between the surface area 
of the curve and the heat of melting. Problems en- 
countered with the establishment of such correlations 
are discussed by  Erikson (9) and other workers. 

Analogous to the determinat ion of melt ing curves, 
it is also possible to plot cooling curves. I n  this case 
the copper block with a sample is first heated and 
subsequently cooled at  a constant rate.  

Summary 

The applicat ion of the differential thermal-analysis  
method for  s tudying  the melt ing behavior of oils and 
fats has proved very  useful. The shapes of the curves 
depend largely on the pretreatment of the fats. From 
these curves, indications regarding the t emper ing  of 
the fats  can be obtained. D T A  curves show the fre- 
quent  occurrence of mixed crystals in fats. The curves 
are sat isfactori ly reproducible,  provided that  a care- 
ful ly identical p re t rea tment  is given. 
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Detergent Bars from Salts of e-Sulfonated TaBiow Acids 1'2 
J. K. WELL, A. J. STIRTON, E. W. MAURER, W. C. AULT, and W. E. PALM, Eastern Regional 
Research Laboratory, '~ Philadelphia, Pennsylvania 

S Y N T I I E T I C  D E T E R G E N T  BAR i s  expected to equal o r  

approximate  the excellent characterist ics of soap 
in soft or moderate ly  hard  water,  to be more 

efficient than soap in very  hard  water,  and perhaps  to 
be useful  ill sea water  as well. Detergent  bars  are 
judged with reference to soap as a s tandard.  F r o m  

consideration of the many  problems encountered in 
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