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ac id i ty  of  au tox id i z ing  methy l  oleate. Ca ta lys t  coneen t ra t ion ,  
0 .1% Co(OAe)~ ;  p ressure ,  100 p.s.i.u, a i r ;  t empera tu re )  100~ 

buil t  up if the rea(,tion is (~ontinued long elmugh. 
Af te r  22 hrs. about  3,400 nmq./kg, of t i t ra table  acid 
was I)resenl in the oxidized olcatc. 

Discussion 

The explosions were appa ren t ly  caused by an ac- 
celerated oxidation of the liquid phase ra ther  than 
by the reaction of gaseous by-products  with 0.2. In  
all explosions the liquid samIlle itself exploded, shat- 

ter ing the glass capsule;  in some, mild combustion 
cansed the glass woo] to melt. I n  one exper iment  the 
explosion occurred as soon as the pressure was ap- 
plied;  thus a reaction due to by-product  oxidation 
is rule(1 out unless :it occurred extremely fast. I t  is 
possible that  oxidative products,  such as hydroper-  
oxides, were built  up in the samples unti l  some crit- 
ical (~oncentration was reached, rt, sult ing in an ex- 
l)losion. :It is also possible tha t  the reaction involves 
a direct  union of O._, with the unsa tu ra ted  linkage, 
suggested by (]unstolm and ttildit(,h (5) as the ini- 
t iat ing reaction in forming hydroperoxides.  The 
nl(~tho(l of car ry ing  out the oxidation doubtless has 
a significant (,fleet (m the course of the reaction. In  
~his work the (>lea~e was essentially in the fo rm of 
a lhin film. Bulk oxi(lation, using a gas disl)crser, 
wouhl perhaps  give bet ter  yields, but  the llresent 
state of our knowh,dge does lint l>ermit the exhmsi<m 
of i)rcssure oxidation to larger bat(dies with any 
assurance tha t  they would not exph)de. 

l ' roduct  analysis, which may  throw some light on 
tim pc(;uliaritics of pressure oxidation of unsa tura ted  
esters, has not been eompleted. The pressnrc oxida- 
tim, of oleie acid is said to give a high yiehl of lac- 
tones (4).  The oxidized methyl  oleate reac, ts with 
n{mtral hydroxylamine  to fo rm hydroxamic  acids, a 
reaction characterist ic of both lactones and I)eresters 
(3).  At  the tempera tures  used sonic il~tercsterifica- 
tion may  take place to produce lacton(,s f rom hydr(>xy- 
esters, but  peresters arc equally likely. 
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Melting and Dilatometric Behavior of 2-Oleopalmitostearin and 

2-Oleodistearin 
W E R N E R  L A N D M A N N ,  2 R. O. FEUGE, and N.  V. LOVEGREN,  
Southern Regional Research Laboratory, 3 N e w  Orleans, Louisiana 

The glyecrides ,  2 -o leopMmitos tear in  a n d  2-oleodistear in,  
which a re  i m p o r t a n t  componen t s  of confec t ionery  fat,s, were 
synthes ized ,  and  the i r  me l t i ng  behavior  and  d i l a tomet r i e  prop-  
er t ies  were de te rmined .  

E a c h  g lyeer ide  was  f o u n d  to have  f o u r  m e l t i n g  po i n t s :  18.2, 
24.5, 33.0, a n d  37.4~ for  2 -o leopa lmi tos tea r in ;  22.8, 30.0, 
37.7, a n d  42.8~ for  2-oleadis tear in .  The  ra te  of  t r a n s f o r m a -  
t ion  of the  t h e r m o d y n a m l e a ] l y  uns t ab l e  po l ymorphs  a t  tem-  
p e r a t u r e s  j u s t  below the i r  m e l t i n g  po in t s  was f o u n d  to va ry  
f r o m  a few seconds  to more  t h a n  e igh t  days.  

For  each glyceride,  expans iv i t i es  were de t e rmined  for  th ree  
po lymorphs  a n d  m e l t i n g  d i la t ions  for  two po lymorphs .  Mix- 
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lu res  of  the  two glyeer ides  were examined  d i la tomet r ica l ly  a n d  
fmmd to behave in some respeets as single eomponents. The 
mix tu re s  were readi ly  t e m p e r e d  so t h a t  bo th  componen t s  were 
in the  same po]ymorphic  fo rm,  and  expans lv i t i e s  and  m e l t i n g  
d i la t ions  were ob ta ined  fo r  mix tu re s  in th ree  po lymorph ie  
forms .  

Di la tonle t r lc  d a t a  also were ob ta ined  fo r  a sample  of  cocoa 
bu t t e r  and  a sample  of sweet  milk chocolate of  the  coati1~g 
type.  

O 
N THE BASIS 0f both direct and indirect  proof  
the triglycerides, 2-oleopalmitostearin and 2- 
oleodistearin, comprise about 75% of cocoa but- 

ter. Several investigators (1,11,17) have found that 
cocoa butter contains a large proportion of oleopalmL 
tostearin, up to 57% ; and recently conclusive evidence 
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has been presented (4,15) tha t  this glyeeride occurs 
as the 2-oleate. Hi ldi teh and Sta insby (11) and 
Meara (17) found tha t  cocoa but ter  contained 2- 
oleodistearin to the extent  of 19 and 22%, respec- 
tively. The melt ing points of a relat ively pure  f ract ion 
of the oleodistearin which Meara obtained f rom cocoa 
but ter  agree well with those found for  synthetic  2- 
oleodistearin, which was p repa red  for  the cur ren t  
investigation. Chapman et al. (4) presented evidence 
that  the physical  proper t ies  of mixtures  of 2-oleo- 
palmitostear in  and 2-oleodistearin closely resemble 
those of the monounsa tura ted  f ract ion of cocoa butter .  
Indi rec t  proof  of s t ruc ture  can be found in the fact  
that  so f a r  all d isa turated tr iglyeerides of vegetable 
oils which have been well characterized have been 
found to be of symmetr ica l  configuration. 

While there is ample proof  as to the amounts  and 
s t ructures  of the two major  compounds in cocoa but- 
ter, there are relat ively few data on their  physical  
properties.  A p p a r e n t l y  only Imt ton  (14) and L ave ry  
(12) determined the sew,ral melt ing-points  of 2-oleo- 
palmitostearin.  Lnt ton  found three mel t ing  points 
while Lave ry  found two melt ing points and one t ran-  
sition point. 

Several investigators (6 ,12,13,14,16)  determined 
the mel t ing points of 2-oleodistearin but  are in dis- 
agreement  as to the number  of melt ing points and 
the tempera tures  at which they occur. Pract ical ly  
no data are available for  either compound on the ease 
of t ransformat ion  from one polynmrphie form to an- 
other. Dilatometr ie  data  are available only for what 
appears  to he the next-to-highest melt ing fo rm of 
2-oleodistearin (5). 

In format ion  on the melt ing and dilatonwtric 1)e- 
havior of the two main eonq)onents of cocoa fa t  can 
be put  to direct  use not only in the tenll)cring and 
solidification operations in the mamffae ture  of choco- 
late but also in the (hwch)l)nwnt of new cocoa bntter-  
like fats  frmn domesti(, oils. Such new fats shouhl 
be compatible with eo(,oa butter.  Also they should 
contain sizal)lc proport ions of the same components or 
closely-rolated positional isomers. 

To obtain this informati(m the two major  com- 
ponents of cocoa bnt ter  were synthesized; the melt ing 
points of the several polymort)hic forms of each com- 
pound were determined,  together with the ease of 
l ransformat ion f rom one form to another.  Dilato- 
n l e t r i e  m e a s u r e m e n t s  w e r e  n l a ( l e  Oil e a c h  ( t O n l l ) O n l l ( ]  

and on their  mixtures.  Fo r  l)Url)ost~s of (.omparison 
(ti]atometrie measurements  also were made on cocoa 
but ter  and a sweet milk chocolate. 

Experimental 
Sy~dhesis, of Glycerides. Both the 2-oleopalmito- 

steariu and 2-oleodistearin were p repa red  f rom 1- 
monostearin. The la t ter  was isolated f rom a mixture  
of stearins obtained by react ing 100 par t s  of purified 
stcaric acid with 40 par ts  of glycerol in the presence 
()t' 0.1% sodium hydroxide for  3 hrs. at 200~ Af te r  
removal of the catalyst  and free glycerol the di- 
stearins and t r is tear in  were separated f rom the mix- 
ture by repeated fract ional  crystal l ization f rom a 
70% isopropyl a lcohol- -30% water  solution, and the 
l -monostear in was fu r the r  purified by f ract ional  crys- 
tallization f rom hexane (7). The melt ing point  of 
the final l -monostear in  wax 81.2~ and its pur i ty ,  
according to the periodic acid method of analysis (9), 
was 99.6%. 

The 1-monostearin was converted to 1-stearoyl-3- 
t r i tylglyeerol  by reaction with t r iphenylehlorometh-  
ane, using essentially the procedure  described by 
Verkade and van  der Lee (19). The purified product  
melted at 69.9-70.0~ 

The 1 - s t ea roy l -3 - t r i ty lg lyee ro l  was t reated with 
palmitoyl  chloride in the presence of quinoline to 
obtain 1-stearoyl-2-pahnitoyltr i tylglyeero],  which a f t e r  
purification melted at 37.1~ The la t ter  compound 
was detr i tylated,  and the palmitoyl  group was shifted 
f rom the 2- to 3-position to obtain 1-stearo-3-palmitin 
(19). The purified 1-s tearo-3-pa l i ln i t in  melted at 
70.7-71.0~ 

Oleoyl chloride was p repa red  f rom a highly-puri-  
fied oleie acid, which was obtained by the f ract ional  
crystall ization of the methyl  esters of olive oil f a t t y  
acids essentially according to the procedure  of 
Wheeler and Riemensehneider  (20), followed by  sa- 
ponification and acidulat ion of the methyl  oleate 
fraction. 

To prepare  the 2-oleopahnitostearin 29 g. (0.0964 
mole) of the oleoyl chloride in chloroform solution 
were added slowly to a solution of 30 g. (0.0503 mole) 
of 1-stearo-3-pahnitin and 33 g. (0.256 mole) of 
quinoline in chloroform. Af te r  reflnxing the mix ture  
for  3 hrs., it wax allowed to stand over-night at room 
temperature .  I t  was then dissolved in ethyl  ether 
and washed successively with 0.5 N sulfuric  acid, 
5% potassium bicarbonate solution, and water.  Af ter  
dry ing  over anhydrous  sodimn sulfate, the solution 
was filtered and the solvents were evaporated under  
reduced p re s su re  The reaction l)ro(hl(~t was dissolved 
in petrohunn ether, pu t  on a (,ohunn of act ivated 
a lmnina (twice lhe weight of the glyeeride),  and 
(quted with pctroleunl (,tin, r, whir removed any  di- 
glyceride (4).  The I)etroh,unt (qher was ewtporated, 
and the 2-oleopahnilostearin was then crystall ized 
several times from acetone lo obtain the purified 
compound melt ing at 37.4~ 

The 2-oleodistearin was prel)arcd f rom the 1-stea- 
royl-3-tri tylglycerol by pro(x, dures  similar to those 
used in the prepara t ion  of the 2-oleopalmitostearin. 
In  the prepara t ion  of 2-oloodistearin the intermedi- 
ates, 1,2-distearoyl-tri tylglyeerol and 1,3-distearin, 
melted at, 47.9-48.0 and 78.1~ respectively. Ana- 
lytical data  for the two glyceridos, 2-oleoDalmito- 
s tearin and 2-oleodistearin, are revorded in Table I. 

Melting l'oinls. The several melt ing points of both 
2-oleopalmitosteariu and 2-oleo(tislearin were deter- 
mined by the capi l lary  tube method. Crystals  of each 
glyceride, as obtained by  fract ional  crystal l izat ion 
f rom a solvent, were sealed in glass tubes measur ing 
about  1 ram. in diameter.  Melting points were oh- 

T A B L E  I 

Analy t ica l  a t l4  Phys ica l  D a t a  for 2-Oleopalmltostear in  
and 2-Oleodis tear in  

2-Oleopalmito- 2-Oleo- 
s tear in  d i s t ca r in  

P rope r ty  

Mel t ing  point ,  a ~162 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Form I ........................................... 
Fo rm lTd ......................................... 
Fornz I [ [ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Form I V  
~)~.n*ity, ~./mG,t 5oo(:.ili:Zi:Z:ii:Z. 
|-'~efraetive inde• n m/l~ ...................... 

] 'odine value 
Iaou u d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Calc .............................................. 
Hydroxyl  value . . . . . . . . . . . . . . . . . . .  

37.4 
33.0 
24.5 
18.2 

0 .88624 
1 . 4 5 4 3 l  

29.0 
29.5 

0 

42.8 
37.7 
30.0 
22.8 

0,~8502 
1.45452 

28.5 
28.5 

0 

a C~pil lary tube method, 
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ta ined in the conventional manner  both before and 
a f t e r  t emper ing  the crystals. The samples were 
fu r t he r  examined over short  t empera tu re  intervals  
by  the " t h r u s t - i n "  technique, tha t  is, the samples 
were solidified and tempered at  various tempera tures  
for  var ious periods of t ime and then th rus t  into a 
constant  t empera tu re  bath  mainta ined jus t  above or 
below the t empera tu re  where melt ing was thought  
to occur. The t empera tu re  and length of t ime re- 
quired to t r ans fo rm a lower mel t ing po lymorph  into 
one having a higher melt ing point  was noted. 

Dilatometric Measurem~nt.~. The dilatometrie  ex- 
aminat ions  werc carried out in di latometers  of the 
gravimetr ie  type  with mercu ry  as the confining 
liquid. The construction of these dilatometers,  their  
method of use, and methods employed in making  the 
various calculations have been described previously 
(2,3) except as noted. 

In  obtaining da ta  on the highest mel t ing po lymorph  
of each g]yceride, some evidence of vacuole forma-  
tion was encountered. The effects of this phenomenon 
were eliminated by repeated part ial  mel t ing and so- 
lidification of the sample dur ing  the ear ly stages of 
tempering.  

The di latometrie  curve for the lowest mel t ing form 
represented in F igures  1, 2, and 3 was obtaine 1 mostly 
by a " t h r u s t - i n "  technique. Generally,  for  each point 
shown on the curve, the sample was melted com- 
pletely, solidified by rap id  chilling, and placed in 
the di la tometer  bath  at  the indicated tempera ture .  
Then the mercury-conta in ing  flask at tached to the 
di la tometer  was loosened and lowered a few centi- 
meters  so tha t  mercury  could drop f rom the dilatom- 
eter  into the flask as the sample expanded, but  mer- 
cu ry  could not be sucked f rom the flask into the dila- 
tometer  as the t emper ing  effect became significant and 
the sample began to contract.  

To obtain da ta  on the next-to-highest mel t ing poly- 
morph  of each glyeeride, techniques which differed 
sl ightly with the different samples were employed. 
Wi th  2-oleopalmitostearin the samples in the dila- 
tometers  were melted, then cooled for  10 ram. in a 
water  bath  at  0~ t r ans fe r red  to a water  bath at 
22~ and held at this t empera tu re  for  30 min., 
t r ans fe r r ed  back to the water  bath  at  0~ for  5 rain., 
a f t e r  which the samples were t r ans fe r red  to the dila- 
tometer  bath, the t empera tu re  of which had been 
lowered to --37.7~ For  measurements  between 
--37.7~ and 28.4~ the t empera tu re  of the dila- 
tometer  bath  was increased step by step and held at 
each test t empera tu re  for 20 min. Above 28.40C. the 
samples were melted and re tempcred for  each de- 
terminat ion,  and the " t h r u s t - i n "  technique was 
employed. 

To obtain data  on the next-to-highest mel t ing  poly- 
morph  of 2-oleodistearin, the melted samples were 
solidified in ice water,  held at 25~ for  two days, 
and placed in the di la tometer  bath  at the lowest test 
tempera ture .  The samples were heM at each test 
t empera tu re  for  30 rain. Measurements  below room 
t empera tu re  were made in one run, and measurements  
above room tempera tu re  were made in another.  

F o r  mix tures  of 2-oleopalmitostear in  and 2-oleo- 
dis tearin the samples in the di latometers  were melted, 
placed in ice water  for 30 min., and then tempered  
for  1 day  at 25~ Then a short  segment of the dila- 
tometr ie  curve for  each mix ture  was delermined.  The 
samples were held at each test  t empera tu re  for  30 

rain. The entire operat ion was repeated unt i l  the 
complete curves were obtained. 

Results  and Discussion 

Melting Behavior. The melt ing point  of the lowest 
mel t ing po lymorph  ( F o r m  IV)  of 2-oleopalmito- 
s tear in was found only under  somewhat unusual  con- 
ditions. Not only was it necessary for  tile melt  to be 
quickly chilled, but  the time at the chilling tempera-  
ture had to be of short  duration.  When  the sample  
in a small capi l lary  tube was heated thoroughly to 
above 60~ plunged for  2 seconds in a bath at 0~ 
and then put  into a bath at  18.2~ the sample melted 
and remained melted for  1 or 2 seconds. Tests showed 
that,  with the capillaries employed, the 2 seconds at  
0~ completely solidified the sample, and the melt- 
ing observed at  18.2~ was not the result  of a core 
of hot melt  dissolving a film of solid fa t  on the inner  
wall of the capillary.  Such a si tuation occurred only 
on reducing the (,.hilling time at  0~ to about 0.5 
second. I lo ld ing the quick-chilled sample at  0~ 
for short periods of t ime more than  2 seconds and 
then thrus t ing  the sample into a bath at  18.2~ pro- 
duccd a pronounced change in t ranshIcency bnt  not 
complete melting. As the t emper ing  t ime at 0~ in- 
creased beyond about  40 seconds, the change in trans-  
lucency became more difficult to detect. 

When  a sample of 2-oleopalmitostearin was heated 
to above 60~ solidified by  quick chilling to 0~ 
and held at 0~ for  30 rain., F o r m  I I [  was obtaim,d. 
I t  melted completely at  24.5~ However,  when the 
sample tempered for  30 rain. at 0~ was fu r the r  tem- 
pered for  20 rain. at  22~ melt ing no longer occurred 
at  24.5~ When a quick-chilled sample was melted 
at  24.5~ then resolidified at 22.3~ and held at 
this t empera tu re  for  2 rain., it would no longer melt  
at  24.5~ 

Temper ing  a quick-chilled sample of 2-oh*opahnito- 
s tearin at 22~ so that  it no longer melted at 24.5~ 
produced Fo rm I I ;  the polymorph melted at 33.0~ 
Fo rm I I  also was obtained on cooling the melt  to 
room tempera ture ,  about 26~ 

F o r m  I, or the highest melt ing polynlorph of 2- 
oleopalmitostearin, mel t ing point  37.4~ was usu- 
al ly but  not always obtained on crystall ization of 
the glyeeride f rom a solvent such as acetone. On one 
occasion the crystals  obtained f rom acetone melted 
at 32.8~ Temper ing  these crystals at 32~ gradu-  
al ly raised the mel t ing point to 36.8~ in the course 
of 4.5 days. Melted samples solidified at 27~ and 
tempered  for  5 days at  32~ melted over the tem- 
pe ra tu re  range  36.5-37.4 ~ C. 

F o r  2-oleopalmitostearin the three melt ing-points  
found  by  Lu t tou  (14) are in good agreement  with 
three of the four  melt ing-points found in the cur ren t  
investigation. He  did not repor t  a melt ing point at 
24.5~ The three melt ing-points for  2-oleopabnito- 
s tearin repor ted  by  Lave ry  (12) do not agree closely 
with melt ing points found in the cur rent  investiga- 
t ion;  the difference is at  least 2 ~ in each e ~ e  

The mel t ing behavior of 2-oleodistearin was sinfi- 
lar  to that  of 2-o]eopalmitostearin. The lowest melt- 
ing polymorph,  or Fo rm I V  of 2-oleodistcarin, ex- 
hibited a fleeting mel t ing-point ,  s taying completely 
liquid for  1 or 2 seconds, when a melted sample was 
quickly solidified by  thrus t ing  it for  2 seconds into 
a bath  at  0~ and then thrus t ing  it into a bath  at  
22.8~ Temper ing  the quickly solidified solid at  
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Expans iv i ty  and Melting ;Dilation of 2-OIeopaJmitostearin, 2-Oleodistearin, and Mixtures Containing Them 

Compound Temperature  Coefficient Melting Dilatometrie 
or interval,  Polymorphic of dilation, melt ing 

mixture  ~C. form expansion, point, a 
ml,/g./OC, mi . /g ,  oC. 

2 -Oleopalmitostearin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

641 

2-Oleodistearin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Mixture  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 

2-Oleopalmitostearin 90% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2-Oleodistearin, 10v~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  r 

Mixture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 - Oleopalmitostearin, 1 0 %  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2-Oleodistearin, 90% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

�9 Mixture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 -Oleopalmitostearin, 72.5% ................................ 
2-Oleodistearin, 27.5% ........................................ 

Cocoa butter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Milk chocolate, coating type .................................... 

a Point  of complete melt ing unless otherwise stated. 
Poin t  of mid-melting. 

--38 to 4-20 
--38 to ~-10 
--38 to ~- 3 

37 to 63 

--3~ to Jr 3 
--38 to -- 5 
--38 to 0 

42 to 63 

--38 to 0 
--38 to ~- 5 
--35 to --10 

35 to 60 

--38 t o +  3 
--38 to ~- 5 
--38 to --10 

42 to 60 

--38 to 0 
--38 to ~ 5 
--38 to --10 

36 to 60 

--38 t o - -  5 
--38 t o - -  5 

40 to 60 

--38 to --  5 

46io- 60 

I 
IS 
I I I  

Liquid 

I 
1I 
I I l  

Liquid 

I 
l I  

Liquid 

I 
I I  
I I I  

Liquid 

I 
I I  
I I I  

Liquid 

I 
I I  

Liquid 

I 
I I  

Liquid 

0.000272 
0.000424 
0.000507 
0.000883 

0.000281 
0.000475 
0.000528 
0.000873 

0.000262 
0.000423 
0.000479 
0.000867 

0.000235 
0.000479 
0.000524 
0.000872 

0.000233 
0,000434 
0.000600 
0.000881 

0.000462 
0.000627 
0.000867 

0.000206 

0.000381 

0.1230 
0.1009 
0.0757 

0.1129 
0.09~2 

0.1159 
0.0972 
0.0774 

0.1194 
0.0952 

0.1148 
0,0942 
0.0741 

0.0961 
0.0657 

0.0306 

37.25 
33.2 
24.2 

42.6 
37.7 

35.5 
32.25 
24.75 

42.2 
37.1 

36.1 
31.6 
25.9 

34.1 
27.3 

35.7, 33.0 b 
27.0, 24.5 h 

0~ for periods of time more than 2 and under 60 
seconds caused the sample to undergo only a change 
in translucency on being thrust into a bath at 22.8~ 

Heating a sample of 2-oleodistcarin to more than 
60~ then quickly solidifying and tempering it for 
several minutes at 0~ produced Form III,  melting 
point 30.0~ On tempering Form II I  for just 80 
seconds at 27.8~ it was converted largely into Form 
II, melting point 37.7~ Form II also was obtained 
on melting and heating the glycerides to more than 
60~ solidifying it at 26~ and storing it over- 
night at this tcmpcrature. 

On tempering Form ] [ of 2-oleodistearin for 8 days 
at 35~ the melting point gradually increased from 
37.7 to 42.0~ A sample of this glyceride completely 
in the highest melting form, Form I, was found to 
melt at 42.8~ 

The melting points found for 2-oleodistearin are 
in fair agreement with those reported by Daubert 
and Clarke (6) and would also be in fair agreement 
with those reported by Malkin and Wilson (16) ex- 
cept for the fact that the latter found melting points 
at both 41.5 and 43.5~ instead of a melting point 
at about 42.8~ Lutton (13) found three definite 
melting-points. In a later article (14) four are listed, 
one of which was associated only with crystals pre- 
cipitated from solvent. Lavery (12) found melting 
points at about 36.8 and 41.8~ and a solid-to-solid 
transformation at 22.4~ 

Filer et al. (8) characterized polymorphs of 2- 
oleodistearin melting at 43.0 and 37.6~ which melt- 
ing points correspond almost exactly with the melting 
points of Forms I and II, respectively. The poly- 
morph melting at 43.0~ was shown to be the beta 
form, and that melting at 37.6~ was the beta prime 
fornL 

In addition to the melting points reported for the 
two glyccrides, transition points probably exi.r at 
which visual melting cannot be made to occur Lutton 
(14) claims both glyc(-rides undergo a reversible trans- 

formation between sub-alpha and alpha forms below 
0~ In the current investigation it was found that, 
on solidifying 2-oleodistearin at room temperature, 
holding it over-night at this tcmI)erature, then heat- 
ing it gradually to its melting point, 37.7~ a change 
in appearance occurred at 35~ The sample became 
whiter and more nearly opaque. 

Dilatometric Behavior. The volumetric expansions 
vs. temperature for thrcc of the polymorphs of 2- 
oleopalmitostearin are shown graphically in Figure 1. 
The coefficients of expansion in the solid and liquid 
states, the volume changes accompanying melting, 
and the dilatometric melting points obtained from 
these curves are recorded in Table ]I, together with 
data obtained from the dilatometrie curves in the 
other figures. 

A dilatometric curve for Form IV of 2-oleopalmi- 
tostearin could not be obtained because the size of 
the sample in the dilatometcr, several grams, made 
impossible the extremely rapid rate of solidification 

1.14 

.3 
2; H r  

2 
1.06 

O 

~j 1.02 

0.98 

- ; s  

of:/ii 
i---7"---7Sl ~ I ~ L 1 1 L 

- 4 o  - z o  o z o  4 0  s o  

T E M P E R A T U R E ,  ~ 

FIG. 1. D i l a t o m e t r l c  c u r v e s  f o r  t h e  p o l y m o r p h s  o f  2-oleo- 
p a l m i t o s t e a r l n :  A ,  ] ,"orm I ;  B ,  ~"orm I I ;  a n d  (3, F o r m  I I I .  
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and heating required to obtain data on this poly- 
morph. Even Form I l l  was so unstable that the 
complete curve could not be obtained by the " th rus t -  
i n"  technique. No difficulty was encountered in ol)- 
tainin~' a curve for Form II ,  which converts to the 
lherumdynamically stable polymorph, F o r m  I, at a 
relatively slow rate. 

l)ilatometric curves for three of the polymorphs of 
2-oh'odisleariu at(, given in Figure 2. Here also the 

I i ~ i l j I 7 - - l - - - -  
114 

J 
r i o  - 

d 
B A 

0 L 0 6  

L,. t.oz C 

L~J 
C3_ 
U') 

0 9 8  
- 4 0  - 2 0  0 2 0  4 0  6 0  

TEMPERATURE, ~ 

FIll. 2. ])ilatometric curves for the polymorI)hs of 2-oleo- 
distearin: A, Form 1; B, Fro'hi II; :,nd C, Form III.  

curve for Form I I I ,  (',urve C, is incomplete because 
of the marked la(,k of stabilily. The discontinuity in 
Curve C at 2~ was (,ausc(l t)y the I)artial transfor- 
mation of Form I l l  to Form I1 under tit(; part icular  
lest-conditions (,ml)h)ycd. 1Xnd(,r other test-conditions 
this discontinuity (.ouht al)l)ear at a higher or lower 
tcnq)crature. 

As mentioned earlier, the only dilatometric data 
heretofore available for the two glycerides were data 
obtained by Craig ct al. (5) for one polymorph of 2- 
olcodistearin. They apparent ly  obtained data on the 
polymorph identified here as Form II ,  Curve B of 
Figure  2. Their t'Mculated value for the melting di- 
lation was 0.0925 ml./g., which is in good agreement 
with the value of (}.(1932 ml./g, listed in Table I I .  
Their calculated expansibility was 0.00060 ml./g. /~ 
which is somewhat higher than the value of 0.000475 
ml./g. /~ recorded in Tahle II .  

Dilatometrie data were obtained for three mixtures 
of 2-oleopalmitostearin and 2-oleodistearin (Table 
I I ) .  The set of dilatometric curves obtained for a 
mixture of 72.5% 2-oleopalmitostearin and 27.5% 2- 
oleodistearin is given in Figure  3. The ratio of the 
two glycerides in this mixture is the same as that 
found in cocoa butter. 

The curves in F igure  3 are typical of those found 
for the three mixtures with one exception. A com- 
plete curve could not, be obtained for Fo rm I I I  of 
the mixture containing q0% 2-oleodistearin and 10% 
2-oleopalmit,~steari_~]. While it is a recognized ~ ' ~  
that the rate of polymorphic transformations in a 
glyceride are re tarded by the addition of other gtye- 
erides, the presence of 10% of 2-oleopahnitostearin in 
the 2-oleodistearin did not slow the rate of transfor-  
mation in the latter sufficiently to allow measure- 
meats to be made by the " t h r u s t - i n "  technique. 

Dilatometrically the mixtures behaved like single 
compounds. The melting ranges were short, and the 

i . , ,  I I I I I I I I I J~l _ I 

J 
t.tO - -  g [  - -  

.._J 
( ~  L O G  

I J_ 1.02 
0 
LIJ 
a .  - . I -  _ _  

0.,8 J I ] I l I J l I I - -  
- 4 0  - 2 0  0 2 0  4 0  6 0  

TEMPERATURE, ~ 

I,'l('. 3. I)ih~tmnctric curves for the Cmnl)OSition 72.5% 2- 
oleopalmitostearin and 27.5% 2-oleodistearin: A, both glyc- 
erides in Form I;  B, both glyeerides in Form II; :aid C, both 
glycerides in Form III.  

mixtures could be tempered like single compounds. 
The melting point of each mixture was within aboizt 
om~ degree of that predicted by the l l ihlcbrand solu- 
bility equation (10). 

According to the Hildebrand equation, an cutcctic 
mixture of the two glycerides should contain 78% 
2-oleopalmitostearin, which is close to the 72.5% mix- 
turc represented in Figure  3. To what extent au 
eIdectic actually formed and its coml>osition will be 
detcrmine<l in another investigation. 

In Figure 3 the plotted poiuts for the upper  por- 
tions of the melting segmcuts of the curves show 
that melting became more gradual  as the liquid line 
was approached, indicating the presence of a small 
amount of higher-melting solids. The occurrence of 
a small amount of polymorphic transformation at the 
melting temperatures may have been responsible. On 
the other hand, the observed behavior may have been 
caused by the limited segregation of components 
during solidification and tempering. 

For  purposes of comparison, dilatometrie curves 
were obtained for a sample of commercial cocoa but- 
ter, F igure  4. Curve A was obtained on chilling the 
melted sample to O~ holding the sample at this 

, . , , _  I I I I I I I I l I _ 

t . l O -  I - -  

B A 
0 1 . 0 6  - -  I - -  

I 

_o i 
1.1_ 1 .02  - -  I 

I1. 
~ej 

o.ge I I l I I I I I I I 
- 4 0  - 2 0  0 2 0  4 0  6 0  

TEMPERATURE, ~ 

F[o. 4. Dilatometric curves for a sample of commercial 
cocoa butter: A, the two major glyeerides, 2-o leopalmito-  
s t ear in  and 2-o leodis tear in ,  in  F o r m  I ;  :B, the  t w o  m a j o r  
g lyeer ides  in  F o r m  II .  
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tempera ture  for 30 rain., and tempering for  15 days 
at 25~ Curve B was obtained on chilling the melted 
sample at 0~ holding it  at this t empera ture  for  
30 rain., and pu t t ing  it in the dilatometer bath held 
at about -38~  

The approximately  14% of diunsaturated glycer- 
ides in cocoa but ter  (17) melt at tempera tures  below 
those of the two main components. According to the 
curves in F igure  4, melting starts at about 0 ~ C. F rom 
Curve A, F igure  4, it was calculated (18) tha t  this 
sample of cocoa but ter  a f te r  being welLtempered con- 
tained the following percentages of l iquid:  

Temperature, Content of 
~ liquid, % 

0 .................................................................... 0.6 
5 .................................................................... 1.9 

1O .................................................................... 4.1 
15 ................................................................... 6.8 
20 .................................................................... 10.8 
25 .................................................................... 16.7 
30 .................................................................... 36.1 
34.1 ................................................................. 100.0 

I r [ 1 l J I [ J 
j o o s -  

Z 0.04 ~ ' - / A  - -  

C 2 0.02 ~ _ ~  
U) 

o.oo ~ 

~'• ,I 1 L 1 1 1 1 1 I i 
LD -40 -20 0 20 40 60 

TEMPERATURE, ~ 
Fro .  5. D i l a t o m c t r i e  c u r v e s  f o r  a s a m p l e  of  s w e e t  m i l k  

choco la te ,  c o a t i n g  t y p e :  A,  t he  two  m a j o r  g l y c e r i d e s  of  cocoa 
f a t  i n  F o r m  I ;  B ,  t h e  two  m a j o r  g l y c e r i d e s  i n  F o r m  I I .  

Dilatometric  curves also were obtained for a sam- 
ple of commercial ,  sweet  milk chocolate, coat ing type 
(F igure  5).  To obtain Curve A the chocolate, as re- 
ceived from the manufacturer ,  was tempered for sev- 
eral months  at room temperature.  A small  block of 
this chocolate was then sealed in a dilatometer, and 
measurements  were  made wi thout  the usual  melt ing,  
solidification, and tempering treatments  in the dila- 
tometer. To obtain Curve B a tempering procedure 
similar to that used to obtain Curve B for cocoa 
but ter  was employed. 
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[ R e c e i v e d  N o v e m b e r  26, 1958]  

A Small Laboratory Model, Wiped-Surface Heat Exchanger for 

Chilling and Texturating Shortenings I 

H A R V E Y  R O Y C E  and P. W. M O R G A N  JR., Research Department, Wesson Division, 

Hunt  Foods and Industries Inc., N e w  Orleans, Louisiana 

A m h d a t u r c  u  t ype ,  w i p e d - s u r f a c e  h e a t  e x c h a n g e r  f o r  
c h i l l i n g  "~nd t e x t u r a t i n g  s h o r t e n i n g  h a s  b e e n  d e s c r i b e d .  

The  p a c k a g e  u n i t ,  m o u n t e d  on a t a b l e  a b o u t  2 x 4  f t .  in  
d i m c n s h m s ,  f i t t e d  w i t h  c a s t e r s  f o r  m o b i l i t y ,  n e e d s  o n l y  to  b e  
p l u g g e d  in to  a n  e l e c t r i c a l  o u t l e t  f o r  o p e r a t i o n ,  o p e r a t e s  a t  f a t  
feed-rah'~s of  l 0  to  80 lbs .  p e r  b o a r ,  w i t h  a n  i n t e g r ' a t e d  a~ t o n  
F r e o n  r e f r i g e r a t i o n  u n i t  c a p a b l e  of  h o l d i n g  t he  c h i l l i n g  u n i t  
to  ~ + I ~  in  t h e  r a n g e  - - 3 0 ~  to  + 6 0 ~  4-s tep  p u l l e y  a g i t a t o r  
d r i ve s  on bo th  c h i l l i n g  a n d  t e x t u r a t i n g  u n i t s  g i v i n g  330 to  
1170 r .p.m, s p e e d  r a n g e ,  a l u m i n u m  a l l o y  c h i l l i n g  a n d  t e x t u r a t ~  
l u g  u n i t s ,  f a t  a n d  a i r  F l o w r a t o r s  w i t h  n e e d l e  v a l v e  con t ro l ,  
f r e e - s w i n g i n g  w i p e r  b l a d e s ,  a n d  a f e w  o the r  m i n o r  f e a t u r e s  t h a t  
l e a d  to s m o o t h  o p e r a t i o n .  

The  u n i t  h a s  b e e n  f o u n d  u s e f u l  i n  our  l a b o r a t o r y  to  p r o c e s s  
v a r i o u s  t y p e s  of  s h o r t m d n g s  f o r  r e s e a r c h  p u r p o s e s ,  to  s u p p l y  
spec i a l  s h o r t e n i n g s  to p r o s p e c t i v e  c u s t o m e r s  f o r  e v a l u a t i o n ,  a n d  
to check  the  o p e r a t i o n  of  the  p l a n t  V o t a t o r s .  

z Presented at  51st Annual  Meeting, American Oil Chemists' Society, 
Dallas, Tex., April  4-6, 1960. 

I 
N TIIE ~ID-1930'S the closed continuous internal  

chiller and plasticizer, known as the Votator,  came 
into use and has substantially replaced the chili 

roll. Bailey (1),  Dawson (2),  F incher  (3),  James 
(5), Joyner (6), IV[cMichael (7,9), and Slaughter (9) 
have given excellent descriptions of the various sys- 
tems used for chilling and texturating plastic fats, 
including margarine. 

In 1957 Steffen and Vander Wal (I0) described a 
batch procedure for plasticizing small samples of fats 
in the laboratory, using a refrigerated Kitchen-Aid 
Mixer (Model K-4-B). IV[ore recently, in 1959, Har- 
rington, Bates, and Stingley (4) described a batch 
laboratory-size plasticizer, which will chill and plas- 
ticize a 1,300-g. sample in 4 rain., giving a product 
very similar in consistency and performance to a 
plant plasticized product. 


