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metric endpoint of the titrations and consequently 
represent the true iodine numbers of the unsaturated 
substance because of a) the absence of the subjec- 
tive factor in fixing the disappearance of the starch- 
iodine blue color, b) the impossibility of using an 
excess of thiosulfate solution (the endpoint is not 
actually reached with the thiosulfate reagent but is 
calculated from an extrapolation to a point of zero 
potential), and e) the absence of errors arising from 
adsorption phenomena, such as occur in the iodine- 
starch system. 

A useful application of dead-stop titrimetry could 
be found in micro iodine value titrations. It  has been 
demonstrated (Foulk and Bawden) that in titrating 
iodine with a thiosulfate solution, the endpoint, as 
shown by the instrunIent, occurs 4 drops of 0.001N 
thiosulfate solution after the blue starch-iodine color 
disappears. This is probably due to the removal of 
iodine from the titration by adsorption on the starch. 
The value of the instrument in micro iodine number 
deternfinations is obvious. 

Summary 
The amperometrie (dead-stop) method has been ap- 

plied to iodine value determinat ions  of fat ty acids 
and oils. The values obtained agree with those ar- 
rived at by the starch end-point method. The use of 

this simple instrument appears to give however more 
accurate results since the endpoint is determined by 
the extrapolation of the linear response of the gal- 
vanometer with small increments of added thiosul- 
fate to a zero galvanometer reading which corre- 
sponds to a zero iodine concentration. The fluctua- 
tions of the galvanometer needle give visible evidence 
of the approach of the endpoint, thereby facilitating 
the titration. 
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Dilatometric 'Studies of Pure Triglycerides and Mixtures 
B. M. CRAIG, W. O. LUNDBERG, and W. F. GEDDES, Division of Agricultural Biochemistry 
and the Hormel Institute, University of Minnesota, Austin, Minnesota 

T HE volume-temperature relationships of various 
natural fats and some synthetic triglyeerides 
have been studied with volumetric and gravi- 

metric dilatometers by several investigators. Coffey 
and Spannuth (4) employed a simple volume dila- 
tometer to determine these relationships in various 
fats and fat mixtures having widely different fat ty 
acid compositions and found that the measurements 
in a general way reflected the fatty acid composition 
of such systems. Bailey and his co-workers (2,3,6,8) 
employed a gravimetrie dilatometer to measure the 
volume changes associated with phase transforma- 
tions, the coefficients of expansion in the solid and 
liquid states, and the melting dilations for several 
simple triglyeerides. They calculated the percentage 
of solids at various temperatures for several fats and 
fat mixtures from dilatometrie data on the assumption 
that all triglyeerides present in such mixtures pos- 
sessed equal melting dilations. The results appeared 
to be in agreement with calorimetric data which they 
had previously obtained. 

Inasmuch as the melting dilations of individual tri- 
glyeerides have been shown to vary quite considerably, 
depending on their fat ty acid composition, Bailey (1) 
has recently indicated that the exact calculation of 
the proportion of the solid and liquid phases in the 
complex mixtures that constitute natural fats is ira- 
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possible. This is also true of a simple binary mix- 
ture of triglycerides unless a priori  knowledge of the 
identity, proportions, and properties of the individual 
components is available. 

The work reported here was undertaken to extend 
the available information on the coefficients of expan- 
sion and melting dilations of individual triglyeerides 
and to determine the effects of triglyeeride composi- 
tion on the melting range and on the proportion of 
solids within the melting range in synthetic mixtures 
of pure triglyeerides. 

Materials 
Eight simple and mixed triglyeerides were employed. 

The pure symmetrical mixed triglyeerides, oleodiste- 
arin, oleodipalmit in,  stearodiolein, palmitodistearin, 
and stearodipalmitin were prepared as described in 
another paper (5). The simple triglyeerides, triste- 
arin, tripalmitin, and triolein were prepared by re- 
acting purified methyl esters of the fatty acids witb 
triaeetin using sodium methoxide as a catalyst (7). 
The properties of these simple triglyeerides agreed 
with those reported in the literature for the pure 
compounds. 

Various mixtures of the simple and mixed triglyeer- 
ides containing two, three, four, and eight components 
were prepared. The mixtures of triglyeerides exam- 
ined contained 331~ tool per cent of saturated fatty 
acids aud 66~ tool per cent of oleie acid. 

Apparatus and Methods 
A gravimetrie type of dilatometer was used, similar 

to that described by Bailey and Kraemer (2), and is 
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Fia. 1. Gravimetrie dilatometer and filling device. 

illustrated in Figure 1. The dilatometer was immersed 
in a thermostatically controlled bath to within 8 cen- 
timeters of the expansion bulb. The capillary tubing 
connecting the dilatometer bulb and the mercury re- 
ceiving flask had an inside diameter of one-half milli- 
meter. I t  was found that the use of tubing of this 
small size made it unnecessary to apply a correction 
for the so-called "s tem emergence." iIowever the 
nsual volume corrections for expansion of the mer- 
cury and glass were made in all the measurements. 
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FIO. 2. u expansion of two glyeeride mixtures, show- 
ing vacuole formation and the effect of tempering the samples 
for 6-hour periods at 5 ~ and --5~ 

In  initial studies with individual simple triglycer- 
ides, difficulties were encountered with a phenomenon 
that  has been called " v a c u o l e "  formation when the 
sample was solidified in a single mass. This phenom- 
enon was encountered in triglyeeride mixtures in the 
temperature region below the melting point of the 
lowest melting triglyeeride. In  the latter ease the dif- 
ficulty could be overcome by alternate part ial  melting 
and solidification of the mixture. This is illustrated 
for two mixtures in Figure 2, which show an apparent  
contraction when the triolein began to melt. Curves 
1, 2, 3, and 4 for the ternary mixture illustrate results 
that  were obtained after successive treatments of par- 
tial melting and resolidifieation. In  curve 4 all of the 
"vacuo les"  had apparent ly been eliminated. How- 
ever the difficulties were more satisfactorily overcome 
in a manner suggested by Bailey and Singleton (3) 
for the t reatment  of saturated triglyeerides. 
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Fro. 3. Volume expansions of trii)ahnitin and tristearin. 

P r e t r e a t m e n t  o f  S a m p l e s  

In measurements with individual triglycerides the 
samples were solidified in small globules on a glass 
plate and then 1)laced in the dilatometer bulbs. After  
the dilatometer had been filled with mercury,  the sam- 
ples were equilibrated for 12 hours at a temperature 
slightly above the melting point of the beta prime 
(next to the most stable) polymorphie modification. 
The dilatomcters were then kept in a cold room at 
--15~ for 12 hours prior to being placed in the 
bath for the measurements. 

The triglyceride mixtures were similarly solidified 
in globular form with some additional precautions to 
prevent any gross separation of the components and, 
after  being placed in the dilatometers, were cooled to 
--60~ before the dilatometers were filled with mer- 
cury. The dilatometers were placed in a rooul at 5~ 
for two hours and then kept at - -6~ for 12 hours 
before the measurements were started. By employing 
this procedure no deviations in the dilatometrie curves 
were apparent  that could be at t r ibuted to vacuole for- 
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Fro. 4. Volume expansions of triolein, oleodipalmitin, and 
stearodipalmitin. 

mation or to first order polymorphic transitions. After 
preliminary work had shown that the volume expan- 
sion of all the triglycerides, including triolein, was 
linear from - -35  ~ to - -6~ all measurements were 
started either a t - - 1 0  ~ or - -15~ Measurements were 
made at 2 ~ intervals. The sample was allowed to 
equilibrate at each temperature for 40 minutes. 

Volume Expansion of Individual Triglycerides 
The volume expansions of the individual triglycer- 

ides are shown graphically in Figures 3, 4, and 5. 
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Figure 3 shows curves for the two saturated simple 
triglycerides. It should be pointed out that a slight 
and abrupt change of the slope occurs with all the 
saturated triglycerides during expansion of the solids. 
The reason for this change in slope is not known since 
presumably the triglycerides existed in their most 
stable polymorphic modification. Similar changes of 
slope are apparent in curves that have been pub- 
lished for saturated triglycerides by other investi- 
gators (3) and have been attributed to second order 
phase transformations. 

Duplicate determinations for the tristearin gave 
melting dilations of 0.1512 and 0.1517 ml. per gram. 
Duplicate determinations on one sample of triolein, 
illustrated in Figure 4, gave melting dilations of 
0.0585 and 0.0610. A third determination with an- 
other sample of triolein prepared in another labora- 
tory gave a melting dilation of 0.0665. 

Duplicate determinations of the melting dilations 
of the mixed triglycerides showed somewhat poorer 
agreement; values of 0.1526 and 0.1395 were obtained 
for stearodipalmitin. The results of two experiments 
with palmitodistearin, shown in Figure 5, gave values 
of 0.1360 and 0.1452. 

In all cases duplicate values for the coefficients of 
expansion of the liquid and solid states, respectively, 
agreed very closely. 

Table I summarizes the average values for the coef- 
ficients of expansion of the liquid and solid states and 
the melting dilations of the individual triglycerides. 
Two values are given for the coefficients of expansion 
of the solid saturated triglycerides because of the 
change in slope referred to earlier. 

TABLE I 

Melting Dilations and Coefficients of Expansion of 
Single Triglycerides 

Coefficient of Expansion 
i Melting Dilation 

Triglyceride Solid State Liquid State 

Found Reported Found Reported Found Reported a 

Triolein ( a )  

Triolein (b)  

Stearodiolein 

Oleodistearin 

Oleodipalmitin 

Paimitodistearin 

Stearodipalmitin 

Tristearin 

Tripalmitin 

ml./gm. 
0 . 0 5 9 7  0 . 0 8 3 0  

0 . 0 6 6 5  0 . 0 8 3 0  

0 . 0 9 0 5  

0 . 0 9 2 5  

0 . 0 9 6 5  

0.1406 

0 . 1 4 6 0  

0 . 1 5 1 6  0 , 1 6 7 1  

0 .1621  0 . 1 6 1 9  

ml. /gm. /~  

0 . 0 0 0 7 1  0 . 0 0 0 3 8  

0 . 0 0 1 0 0  0 . 0 0 0 3 8  

0 . 0 0 1 1 8  

0 . 0 0 0 6 0  

0 . 0 0 0 5 3  

0.00032 
0 . 0 0 0 4 3  

0 . 0 0 0 3 3  
0 . 0 0 0 4 7  

0 . 0 0 0 3 4  0 . 0 0 0 2 3  
0 . 0 0 0 4 4  

0 . 0 0 0 3 1  0 . 0 0 0 2 2  
0 . 0 0 0 4 4  

ml./gm./~ 
0 . 0 0 0 9 3  

0 . 0 0 0 9 9  

0 . 0 0 1 0 5  

0 . 0 0 0 9 2  

0 . 0 0 0 9 1  

0 . 0 0 0 9 3  

0 . 0 0 0 9 7  

0 . 0 0 0 9 5  0 . 0 0 0 9 2  

0 . 0 0 0 9 7  0 . 0 0 0 9 2  

aValues reported by Kraemer and Bailey ( 6 ) .  

The coefficients of expansion of the liquid state 
are very nearly the same for all of the triglycerides, 
but in the solid state the coefficients for the satu- 
rated triglycerides are appreciably lower than those 
for the triglycerides that contain oleic acid. The val- 
ues for liquid tripalmitin and tristearin agree well 
with those reported by others (6) ,  but the values for 
the solid state are considerably higher than previ- 
ously reported. 
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The values for  the melt ing dilations increase with 
increasing saturat ion of the triglycerides. Triolein has 
the lowest value and t r is tear in  and t r ipa lmi t in  the 
highest. The agreement  with values found by  others 
is reasonably good for  the la t ter  two compounds, bu t  
the values do not agree well in the ease of triolein. 
The causes of these discrepancies are not known. 

V o l u m e  E x p a n s i o n  o f  T r i g l y c e r i d e  M i x t u r e s  

Figure  6 shows the dilatometrie curves for  two 
b inary  and one t e rna ry  mixture.  Several points of 
interest are appa ren t  f rom these curves. 1. In  these 
three cases there are distinct phases tha t  melt  dis- 
cretely, each containing a preponderance of one or 
another  of the tr iglycerides in the mixture.  2. The 
triolein phase in these three mixtures  has the same 
melt ing point as the pure  triglyceride, i.e., about  4.8 ~ 
C. 3. The melt ing points of the phases that  contain 
mainly a sa tura ted  tr iglyceride are lowered 5 ~ or 
more by  the presence of triolein in the mixture.  The 
melting ranges, of course, are lowered correspond- 
ingly on the t empera tu re  scale and are also broad- 
ened to some extent. 

I t  is of interest  to determine in these cases whether  
a constant solid-to-liquid ratio exists in those portions 
of the curves immediately following the complete melt- 
ing of the triolein phase. Assuming a constant solid- 
to-liquid ratio, the theoretical expansion curves in this 
region were calculated for  the two b ina ry  mixtures  
f rom the previously determined coefficients of ex- 
pansion of the individual  tr iglycerides and are rep- 
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Fro. 6. Volume expansions of glyceride mixtures: 
I I ,  2 triolein 66.5%; tristearin 33.5%. 
II ,  3 triolein 68.7%; tripalmitin 31.3%. 

I I I ,  4 triolein 57.4%; stearodiolein 25.2%; palmitodistearin 
24.4%. 

resented by  the dotted lines in F igure  6. I f  any 
decrease in the solid-to-liquid ratio had occurred in 
this region, that  is, if any  of the sa tura ted  trig]yc- 
erides had liquefied, the observed expansion curves 
should have fallen above the theoretical curves. Since 

the reverse was true, it is l ikely tha t  no appreciable  
l iquefaction of the sa tura ted  tr iglycerides occurred 
in this region. 

The observations that  the actual  curves fall  below 
the theoretical curves and tha t  the melt ing points of 
the sa tura ted  tr iglycerides are lowered in the pres- 
ence of triolein indicate tha t  there is p robab ly  some 
solution of triolein in the solid sa tura ted  tr iglycer-  
ides. On the other hand, the fac t  that  the melt ing 
point  of the triolein is not al tered in these mixtures  
suggests that  the sa tura ted  tr iglyeerides do not fo rm 
a solid solution in the triolein phase. 

The propor t ion of the p reponderan t  t r iglyceride in 
each discretely melt ing phase was fu r the r  examined 
by  means of simple calculations. First ,  it was as- 
sumed that  the discretely melt ing phases consisted 
of single triglycerides.  Then f rom the observed melt- 
ing dilations in the discrete melt ing segments of these 
curves and f rom the known melt ing dilations of the 
pure  individual  triglycerides,  a calculation of the tri- 
glyeeride composition of the mixtures  was made:  In  
Table I I  the calculated compositions are compared 
with the known compositions of the three mixtures.  

In  the two b ina ry  systems there is close agreement  
between the calculated and known values. Hence in 
these systems the assumption tha t  the discretely melt- 

TABLE I I  

Calculated and Actual Percentages of Glyeerides in the 
Mixbures Shown in Figure 6 

Percent  Glyeeride Glyeeride 
Mixture 

IT, 2 

]I ,  3 

1ii ,  2 

Glyceride 

Triolein 
Tristearin 

Trielein 
Tripalmitin 

Triolein 
Stearodiolein 
Palmitodistearin 

Actual Calculated 

66.5 64.5 
3:1.5 34.1 

(;8.7 65.4 
:H.3 27.5 

50.4 57.4 
25.2 18.2 
24.4 27.9 
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FIG. 7. Volume expansion of glyceride mixture II, 2 (triolein 
65.5%, tristearin 33.5%) illustrating the method of calculating 
percentage solids. 
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ing phases consisted of single triglycerides was very 
nearly correct. In the ternary system there was less 
agreenlent between calculated and observed values, 
and therefore even though there are three discrete 
melting segments in the curve, the discretely melt~ 
ing phases must contain appreciable proportions of 
other triglycerides in addition to those that are pre- 
ponderant. 

For simple mixtures in which the melting of sev- 
eral phases occurs discretely and where the identity 
and melting dilations of the preponderant triglyc- 
erides in those phases are known, it is possible to 
determine with a fair degree of accuracy the solid- 
to-liquid ratio in some regions of the curves. The 
procedure is illustrated in Figure 7 for the binary 
system containing triolein and tristearin. The method 
is similar to one recently suggested by Bailey (1). 

The method will be described only briefly. Section 
B in Figure 7 is an adjusted curve, obtained by mul- 
tiplying the observed melting dilation in this temper- 
ature region by the ratio of the melting dilations of 
pure triolein, and pure tristearin. The effect of this 
adjustment is to make the melting dilations of trio- 
lein and tristearin equal and thus facilitate the calcu- 
lation of the solid-to-liquid ratio. The line for the 
completely solid system is then extended, and from 
the point E corresponding to the melting point of 
triolein a line is drawn parallel to segment DG. Simi- 
larly from a point on the adjusted curve, representing 
the temperature at which the system becomes com- 
pletely liquid, another line is drawn parallel to line 
DG. The ratio of the segments CD to DE, or FG to 
GH then represents the solid-to-liquid ratio in the 
temperature range of DG. 

I t  is apparent that calculations of the solid-to-liq- 
uid ratio will be reasonably accurate only in mixtures 
that contain discretely melting phases and where the 
phases consist predominantly of single triglycerides. 
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Fro. 8. Volume expansions of glyceride mixtures:  
I I I ,  5 triolein 65.0%; stearodipalmitin 17.1%; tristearin 17.9%. 
1u 4 triolein 60.4%; oleodistearin 20.2%; tristearin 10.2%; 

tripalmitin 9.2%. 
III ,  6 triolein 33.3%; stearodiolein 33.3%; oleodistearin 33.4%. 

Figure 8 contains dilatometric curves for two other 
systems with three components and a system with four 
components. In these cases, partly because the melt- 
ing ranges of individual triglycerides have been ex- 
tended by the presence of small amounts of other 
triglycerides in the same phase, the melting ranges 
overlap and triolein is the only discretely melting 
phase that is evident. It is also noteworthy in these 
cases that the melting point of the triolein is not 
appreciably affected by the other triglycerides in the 
mixture. 
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FIG. 9. V o l u m e  expans ions  o f  g l y c e r i d e  m i x t u r e s :  
IV, 5 triolein 40.4%; stearodiolein 20.2%; oleodistearin 20.3%; 

oleodipalmitin 19.1%. 
IV, 6 triolein 47.2%; stearodiolein 20.2%; oleodipalmitin 19.0%; 

tristearin 13.6%. 
IV, 2 triolein 38.5%; stearodiolein 23.0%; oleodistearin 23.0%; 

tristearin 15.5%. 
IV, 3 triolein 46.6%; stearodiolein 20.0%; oleodistearin 20.0%; 

tristearin 13.4%. 

Figure 9 represents additional systems with four 
components. The observations made in connection 
with Figure 8 apply here also. Curves 3 and 4 in 
this figure represent systems containing the same 
four triglycerides but in different proportions. The 
two curves are similar in shape, but the melting point 
of the tristearin phase in curve 3, representing a sys- 
tem containing 8% less triolein, is slightly higher 
than in curve 4. In both cases, of course, the melt- 
ing point is lower than that of pure tristearin, as 
was observed in the binary systems. 

Figure 10 shows curves for systems with four and 
eight components and also a curve for a commercial 
hydrogenated vegetable shortening. In the first two 
cases the melting point of the triolein phase appears 
to have been affected by the presence of the other 
components.  No identifiable discreet melting dila- 
tions appear in the curve for the commercial short- 
ening although there are changes in slope in portions 
of the curve. 

On the basis of solid-to-liquid ratio calculations in 
relatively simple systems where the different melting 
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Fin. 10. Volume expansions of glyceride mixtures IV, 7; 
VIII,  1; and a commercial shortening: 

IV, 7 triolein 54.(}%; stearodiolein 2 0 . 2 % ;  t r is tear in  13 .6%;  
t r ipalmit in  12.2%. 

VI I I ,  1 triolein 38.4% ; stearodiolein 29 .1% ; oleodistearln ] 4 . 4 %  ; 
ole4)dipalmitin 13 .5%;  palmitodis tear in 1 .7%;  stearodi- 
palmit in  1 .7%;  t r is tear in  0 . 6 % ;  t r ipalmit in 0 .6%.  

dilations of the individual  tr iglycerides arc known, 
and on the basis of our observations that  in more 
eomph~x systems the melting ranges are extended, and 
except in the simplest systems, overlap, we concur in 
Bai ley ' s  conclusion (1) that  the calculation of solid- 

to-liquid ratios f rom the dilatometric curves of natu-  
ral  fats  is not possible with any  degree of accuracy 
unless informat ion f rom other types of measurements  
is available. 

Summary 
The melt ing dilations and the coefficients of expan- 

sion of the solid and liquid states have been repor ted  
for  five symmetr ica l  mixed tr iglycerides and three 
simple triglycerides.  The melt ing dilations were found  
to decrease with increasing proport ions of oleic acid 
in the t r iglyceride molecule. In  some simple mixtures  
the melt ing dilations of the several phases were found  
to occur discretely, bu t  in the more complex systems 
there was an extension and over lapping of the melt- 
ing ranges. In  the mixtures  of triolein with more 
sa tura ted  tr iglycerides,  the melt ing point  of triolein 
was found to be general ly unaffected, but  the melt- 
ing points of the more sa tura ted  glycerides were 
lowered by  the presence of triolein. Calculations of 
the solid-to-liquid ratios f rom dilatometric  data  were 
found to be impossible in the more complex mix- 
tures due to wide variat ions in the melt ing dilations 
of the several phases and to the over lapping of their  
mel t ing ranges. Approx imate  calculations of solid-to- 
liquid ratios in simple systems in which melt ing di- 
lations occur discretely can be accomplished if the 
melt ing dilations of the individual t r iglycerides are 
known. 
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Sweetwater Deionization on a Plant Scale I 

W. F. RAHLES, Archer-Daniels-Midland Company, Chemical Products Division, Wyandotte, Michigan; 
A. C. REENTS, Illinois Water Treatment Company, Rockford, Illinois; D. M. STROMQUIST, 
Illinois Water Treatment Company, Rockford, Illinois 

T I I E  ion exchange phenomena and the basic proc- 
ess have been described in innumerable  publi-  
cations and have been thoroughly discussed at  

various meetings similar to this over the last  decade. 
The process itself has been applied to water  and 
m a n y  other purifications, of which one of the most 
recent and novel is the t rea tment  of glycerol sweet- 
waters  and crude glycerols. 

K a h l e r  (1) described the purification of crude 
glycerol by  ion exchange, and recently Caskey (2) 
delivered a general treatise covering ion exchange 
purification of various impure  glycerols. Reents and 
Stromquist  (3) lately published a more detailed s tudy 
of t rea tment  of crude glycerols and glycerol sweet- 
waters  by  ion exchange to produce a C.P. product.  
There are other articles in the l i tera ture  regard ing  
glycerol purification, but  none of them concerned 
the product ion of C.P. or U.S .P .  glycerol by  ion ex- 

z Presented a t  the 25th Annual  Fall  Meeting, American Oil Chemists '  
Society, Chicago, Ill., Oct. 8-11, 1951. 

change and evaporation.  All previous work on the 
ion-exchanging of glycerols to produce a C.P. product  
necessitated distillation as a final measure. The pro- 
duction of a chemically pure  glycerol by  ion exchange 
and evaporat ion with the subsequent el imination of 
distillation has ted several firms to purchase and in- 
stall large scale equipment  for  the t rea tment  of both  
glycerol sweetwaters and crude glycerols. The Arch-  
e r -Danie l s -Mid land  Company plant  at Wyandot te ,  
Michigan, t rea t ing  glycerol sweetwaters obtained by  
hydrolysis,  has been in successful operat ion for  over 
a year,  the operation of which will be discussed in 
a la ter  portion of this paper.  A similar installation 
on the west coast has been in operation for  several 
months. A soap lye crude ion exchange purification 
unit  has been operat ing successfully over a period of 
a few months. This is also located on the west coast, 
and a discussion of the characterist ics of this uni t  
will be presented at this meeting by  a member  of the 
company concerned. 


