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be run  simultaneously by one analyst.  Sufficient 
quantities of the separated glycerides are obtained so 
that  characterization by  chemical analysis can be 
made. The method is applicable to mixtures  contain- 
ing mono-, di-, and trig]ycerides and glycerine. 

Summary 
Monoglyeeride concentrates are quant i ta t ively sep- 

arated into mono-, di-, and tr iglyeeride components 
on silica gel columns by an adsorption chromato- 
graphic technique. The separated glycerides are de- 
termined gravimetrical ly.  The adsorption on silica 
gel is dependent  on the number  of hydroxyl  groups 
in the molecule, and the influence of unsa tura t ion  and 
chain length is minimized. Combinations of benzene 
and ethyl ether are used for  elution, thus prevent ing 
isomerization, which f requent ly  results when polar 
solvents such as alcohols are used. 

The procedure for the chromatographic separation 
is simple and s t ra ightforward.  The equipment  used 
is easily obtainable. The silica gel adsorbent  requires 

only ad jus tment  of its water  content before use. 
Mixtures of both sa tura ted  and unsa tura ted  glye- 

erides and those having different f a t t y  acid chain 
length have been separated. Known mixtures  have 
also been analyzed. For  a known mixture  containing 
15% tr ipalmit in,  45% distearin, and 38% monopal- 
mit in the average deviations f rom the calculated val- 
ues were 0.4%, 0.2%, and 0.6%, respectively. 
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An Instrument for Measuring the Hardness of Fats and Waxes 
N. V. LOVEGREN, W. A. GUICE, and R. O. FEUGE, Southern Regional 
Research Laboratory, :~ New Orleans, Louisiana 

PARENTLY a real ly sat isfactory method of meas- 
ur ing the hardness of fats  has heretofore not 
been described in the l i terature.  The needle 

and cone penetrometers,  together with their  various 
modifications, are suitable for measuring the consist- 
ency of plastic, senti-solid fats  but  are not  suitable 
for measuring the hardness of solid or substantial ly 
solid fats. Ins t ruments  which do measure hardness 
are commercially available but leave something to be 
desired when used on products  like cocoa but ter  and 
confectionery fats. 

The Shore Durometer  is current ly  in wide use to 
measure the  hardness of wax-like products.  I t  con- 
sists essentially of a frustoconical  indentor, a spring 
to force the indentor into the test  sample, and a scale- 
and-pointer  a r rangement  to indicate the depth of the 
indentation. Among the undesirable features  of this 
ins t rument  are the var ia t ion of load with depth of 
indentation, the use of a fatigue-susceptible spr ing 
to supply the load, an a rb i t r a ry  some (0-100),  and a 
limited range. The la t ter  results in readings of 100 
for  different samples of quite hard  materials,  whieh 
obviously do not have the same hardness. 

A survey of other ins t ruments  and procedures 
which might  be used with hard  fats  and waxes indi- 
cated that  a modified Brinell  hardness test  would be 
most likely to meet all requirements.  The Brinell  test 
(A.S.T.M. Method E 10-54 T) has been used for many  
years  to determine the hardness of metallic materials.  
Confectionery fats, which may  consist of 75% or more 
of hard crystals at room temperature ,  and completely 
solid fats  and waxes have a number  of propert ies  in 
common with metal  crystals. 

Tests of the Brinell  types  consist of pressing a per- 
fectly round ball onto the test surface unti l  there is 

1 Presented at  the 31st Fall Meeting of the American Oil Chemists'  
Society, Cincinnati ,  0. ,  September 30-October  2, 1957. 

2 From work  supported in pa r t  by funds  f rom t h e  Quar te rmas te r  
Food and Container  Ins t i tu te  for the Armed Forces, Chicago, Ill. 

a One of the laboratories of the Southern Utilization and  Development 
Division, Agr icu l tura l  Research Service, U. S. Depar tment  of Agricul ture.  

obtained an impression, the dianleter of which is equal 
to a fract ion of that  of the steel ball. Sometimes the 
impression is so slight that  it is barely visible to the 
naked eye. Under  such slight deformation of the test 
surface the results tend to be removed f rom the realm 
of empiricism and placed on a more or less funda-  
mental  basis. The hardness units tend to be related 
to well-defined physical  properties.  I t  has been dem- 
onstra ted (2), both theoretically and experimentally,  
that  when a ball of given diameter  under  a given force 
penetrates an elastic, isotropie material ,  the depth of 
indentat ion is determined solely by  the elastic modulus 
of the material ,  provided the s t ra in  is small. While 
solid fa ts  and waxes are not elastic, isotropie materi-  
als, they would be expected to behave to some degree 
like such materials.  

There appears  to be no published evaluation of the 
adaptat ion of the Brinell  test  to determining the 
hardness of solid or substant ial ly solid fats. Ravieh 
and Volnova (1) used one adapta t ion of the test  to 
measure the hardness  of mixtures  of t r ipalmit in  and 
t r is tear in  but  did not repor t  all of the conditions 
under  which their  tests were made. Also they were 
not concerned with the effect of operat ing procedures 
on the hardness  values. Von Rosenberg (2) described 
a test procedure for determining the hardness  of 
waxes which embodied some of the principles of the 
Brinell  test. He devised an ins t rument  for  forcing 
a plunger,  which measured 5 mm. in diameter  and 
had been ground to a hemispherical  point, into the 
test sample;  the force was such that  the depth of 
penetrat ion was usually less than 0.5 mm. Wi th  the 
load on the  plunger  the penetra t ion was measured in 
0.001-ram. units. Then the load was removed, and the 
penetrat ion was again measured. F rom these vahles 
the elastic and permanen t  deformations were calcu- 
lated, and the la t ter  was then used to calculate a 
hardness index. 

The present  repor t  will be concerned with the 
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FIG. 1. Dimensions and structural details of hardness tester. 

description of an ins t rument  and technique, adapted  
f rom the Brinell  test, which can be used to determine 
precisely the hardness and softening characteristics 
of fats  and waxes. 

Hardness Tester 

The hardness tester which was designed and built  
is depicted in F igure  1. This ins t rument  is believed 
to be simplified to the greatest  extent possible without  
sacrificing the accuracy of the determinations to be 
made with it. All par ts  can either be purchased or 
readily made in a machine shop. 

The steel ball used to make an impression in the 
test sample rests in a conical recess in the end of the 
%-in. stainless steel shaft  at tached to the 3-in. plat-  
form for  the weight. A spr ing clip held in place by a 
removable pin through the shaft  holds the steel ball 
in the recess. This a r rangement  make it simple to 
change the size of the ball used in the test. The total  
weight of the platform,  shaft,  collar, pin, spr ing clip, 
and a %-in. ball is 200 g., which is the minimum 
weight tha t  can be put  on a test sample. 

The assembly of platform, shaft, etc., for  support-  
ing the sample to be tested is identcial with the assem- 
bly for holding and weighting the test  ball. 

A loading screw is used to push the test sample 
upward  unt i l  the test ball and all the weight on the 
ball rests on the sample. I n  order not to impar t  any  
circular motion to the test sample a single-row radial  
bearing has been mounted on a steel nut  by  cement- 
ing the outer race of the bearing to the nu t ;  and this 
uni t  has been inserted between the loading screw and 
the 3~-in. ball at the bot tom of the shaft  suppor t ing 
the tes~ sample. The 10 small ball bearings in: the 
single-row radial  bearing provide a relat ively frie: 
tion-free connection. 

The shafts  support ing the test ball and sample are, 
of course, careful ly  aligned with each other and with 
the center line of the loading screw. 

Two levelling screws mounted in the base plate are 
employed to align the ins t rument  so tha t  the ~ - in .  

shafts suppor t ing  the test ball and sample are exactly 
vertical. 

With the exception of the base and the two C-type 
supports  clamped to the 5/s-in. stainless steel rod, the 
various par ts  of the ins t rument  are made of stainless 
steel. The base and supports  are made of brass. 

The test balls are Grade 1 ball bearings in diameters 
of ~ ,  ~/16, 1~, :~, and 1/~ in. These ball bearings are 
available in either carbon or stainless steel. In  car- 
bon steel they are spherical to within ~ 0.000025 in. 

Test Procedure 

t tardness  tests of the type under  discussion must  
be conducted at  a constant, known temperature .  The 
test data which will be reported below were obtained 
by operat ing the ins t rument  in a constant tempera-  
ture cabinet made of transi te and wood and measur- 
ing 2 x 2 x 2 ft. The cabinet was equipped with a glass 
window and two hand holes, enabling the operator to 
make measurements  as easily as if the ins t rument  had 
been on a labora tory  bench. 

The test sample need not have a par t icular  shape. 
One of the few requirements  is that  the sample rest 
solidly on the sample p la t form and that  the surface 
on which the test  is to be made is perfect ly  horizontal 
and remains so throughout  the test. Other require- 
ments are that  the thickness of the sample at  the 
point of the indentation is at least 10 times the depth 
of the indentation and that  the distance of the center 
of the indentat ion f rom the edge of the sample or 
edge of another  indentation is at  least two and one- 
half  times the diameter  of the indentation. 

]n determining the hardness values repor ted be- 
low the fa t  or wax generally was melted and poured 
into a steel dish measur ing 40 ram. in diameter  by 
8 ram. deep. Af t e r  solidification the top side of the 
test sample was smoothed by rubbing it over fine sand 
paper  mounted on a flat surface. The sample then 
was placed on the sample p la t form of the hardness 
tester with the smoothed face downward, and the 
test was made on the molded face. 

The thermal  history of a sample of fa t  or wax has 
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an impor tan t  bear ing on its hardness: Some aspects 
of this factor  wil l  be discussed below. Concerning the 
immediate test ing technique, a sample measur ing 
about  40 ram. in diameter  and 6 mm. in thickness 
should be at the test  t empera ture  at least one hour  
before the test  is made. P re fe rab ly  the sample is 
stored at  a lower t empera ture  jus t  pr ior  to testing. 
Because no evidence has ever been found that  crystals 
of fa t  can be superheated,  the suggested sequence of 
tempera tures  should put  the sample in thermM equi- 
librium. On the other hand, if  the sample is cooled 
down to the test  temperature ,  there is danger  that  
any  liquid components of the fa t  wig  supercool and 
not solidify. 

F o r  most tests with hard  fats  it is recommended 
that  a ball 3~ in. (9.525 mm.) in diameter  be used. 
The weight applied to this ball should be such that,  
for  the tests to be made, the rat io  of the diameter  
of the impression d, to the diameter  of the ball D, 
ranges  between 0.15 and 0.45. When  the ra t io  d/D 
falls outside of this range, the weight on the bai l  
should be changed. I f  the available weights do not 
yield ratios within the suggested range, a ball of 
ei ther a smaller or larger  diameter  should be used. 

The impression in the test sample is made by turn-  
ing the loading screw (Figure  1) unti l  the weighted 
test bali is suppor ted  entirely by the sample. Timing 
is begun the moment  the entire load is s u p p o r t e d ,  
which  can readi ly  be determined by watching the 
point at  which the load rests on the uppe r  C-type 
,support. Af t e r  exact ly one minute  the loading screw 
is turned backward,  and the sample is lowered unti l  
the test ball no longer touches it. 

The diameter  of the impression is measured with 
the aid of a cathetometer  or a magni fy ing  glass with 
a built-in scale. I t  is desirable tha t  this measurement  
be accurate to within 0.02 ram. A movable lamp can 
be used to advantage  to br ing into sharp definition 
the edges of the impression. Two diameters  of the 
impressmn can be measured at r ight  angles to each 
other, and their  average value can be used in calculat- 
ing the hardness, though, if  the ins t rument  has been 
built  as described, the two measurements  have near ly  
always been found to be equal. 

The hardness index is calculated f rom the formula:  

P (100) 
H =  

7rD 
2 (D - -  ~/D 2 - -  d ~) 

where H is the hardness  index, P is the weight of the 
ball in kilograms, D is the diameter  of the ball in 
millimeters, and d is  the diameter  of the impression 
in millimeters. I n  the above equation the denomi- 
nator  is the curved area, of the impression in te rms 
of the diameters of the impression and bali while 
the factor  100 in the numera to r  reduces the dimen- 
sions of the hardness  index to kilograms per  square 
centimeter. 

Test Data and Discussions 
I t  has been the experience of metallurgists  that  

hardness as measured by the Brinell  method is rela- 
t ively independent  of the size of ball and weight used 
in the measurement.  To cheek the effect o f  these 
factors  when measurements  are made on a fat,  test 
samples were p repa red  f rom highly hydrogenated  
cottonseed oil. All of the samples or  test disks were 
molded at  one t ime and tempered as a group to en- 
sure uniformity.  

The effect of changes in the test weight on hard-  
n e s s  values determined at  different temperatures ,  
using a 3~-in. ball, is indicated in F igure  2. As is 
evident f rom these curves, when the ratio d/D begins 
to exceed 0.15, the hardness  index becomes pract ical ly 
independent  of the applied weight. Because the maxi- 
mum test load used in this series was 6.2 kg., the ratio 
d/D for  the various determinations was always below 
0.45. The highest rat io obtained was approximate ly  
0.40 for  one of the tests made at  50~ 

In  F igure  3 a r e  shown the effects of vary ing  the 
size of the test ball and vary ing  the load on the ball ;  
the la t ter  is expressed in terms of d/D. The data in- 
dicate that  vary ing  the size of the ball does affect the 
hardness value but  not to an impor tan t  degree be- 
tween d/D vMues of about  0.15 and  0.45. Deviat ion 
f rom an approximate ly  average value is generally a 
mat ter  of a few percentage units. 

The ha rdnes s  index has been found to va ry  with 
the length of time that  the test weight is applied, and 
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this variat ion call be significant when the time factor  
varies several-fold. Fo r  example, the hardness index 
of the. highly hydrogenated cottonseed oil when tested 
at 30~ using a 4.2 kg. weight and a ~ - in .  ball 
varied as follows: 

Hardness  index T ime ,  sec: 

155 20 
146 30 
145 60 
136 120 
120 300 

When the reciprocal of the hardness index is plotted 
on an ari thmetical  scale against  the time on a loga- 
r i thmic scale, the plot ted points fall  along a s traight  
line. Such plots are reproduced in F igure  4. 

Working  with waxes, Von Rosenberg found a simi- 
lar s t raight  line relat ionship on plot t ing the recipro- 
cal o f  the hardness index vs. the logari thm of the 
time. 

The effect on the hardness index of vary ing  the test 
weight, ball size, and length of t ime the weight was 
applied was investigated, using other fats  and waxes. 
The results obtained with samples of cocoa butter ,  
sugar  cane wax, and ceresin wax are summarized in 
Tables I, I I ,  and I I I ,  respectively. 

TABLE I 

Test Data for Cocoa Butter  A 

Ball size Wt. applied Durat ion of d/D Hardness  
test index 

inches 

�88 

% 

�89 

kg. 
0.2 
0.2 
0.2 

0.2 
0.4 
0.4 
0.7 

0.2 
0.5 
0.5 
0.5 
0.5 
1,2 

0.7 
1.2 
1.7 

sec, 
10 
6O 

120 

6O 
10 
6O 
6O 

6O 
10 
3O 
6O 

120 
60 

60 
60 
6O 

0.252 
0.294 
0.294 

0.228 
0.268 
0.315 
0.441 

0.168 
0.210 
0.220 
0.262 
0.262 
0.409 

0.228 
0.307 
0.346 

17.4 
12.7 
12.7 

11.9 
17.3 
12.4 
10.8 

9.8 
15 .8  
14.3 
10,0 
10.O 

9.6 

10.3 
9.9 

10.8 

TABLE ] I :  

Test Data for Sug~r Cane Wax 

Ball size Wt, applied Duration of d/D Uardness  
test index 

inches 
% 

:he 

kg. 
0.7 
1.2 
2.2 
4.2 
6.2 

2.2 
4.2 
4.2 
4.2 
4.2 
6.2 

4.2 
6.2 

4.2 
6.2 

,~'ee. 
6O 
60 
60 
6O 
60 

6O 
10 
3O 
60 

120 
6O 

6O 
6O 

6O 
6O 

0.202 
0.265 
0.350 
0.479 
0.589 

0.231 
0.298 
0.302 
0.309 
0.315 
0.390 

0.249 
0.301 

0.163 
0.202 

216 
213 
221 
218 
204 

228 
260 
252 
242 
232 
219 

210 
211 

221 
211 

As indicated above, the t empera tu re  at which hard- 
hess is determined and the thermal  history of the test  
sample have a pronounced influence on the hardness 
value obtained. F r o m  Figure  5 it is evident tha t  the 
hardness  of cocoa bu t t e r  B changed significantly with 
temperature .  As the test  t empera ture  increased f rom 
about  12 to 20~ the hardness index decreased about 
50%. Obviously, in this par t icular  case, the obtain- 
ing of accurate results required controll ing the tem- 

TABLE I I I  

Test Dat~ for Ceresin Wax 

Bail size Wt. applied Durat ion  of d/D ~ardnes s  
test index 

inches 
~6 

�88 

% 

�89 

kg. 
0.2 
0.4 
0.7 
0.7 
0.7 

0.4 
0.7 
1.2 

0.7 
1.2 
1.2 
1.2 

1.2 
2.2 

see.  

60 
6O 
10 
6O 

120  

60 
6O 
60 

6O 
10  
30 
60 

60 
6O 

0,214 
0.298 
0.336 
0.395 
0.407 

0.230 
0.298 
0.389 

0.203 
0.225 
0.245 
0.262 

0.205 
0.266 

24.4 
24.6 
33.8 
24.2 
22.7 

23.6 
24.4 
24.1 

23.8 
33.0 
27.8 
24.0 

22.4 
24.0 
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F I 6 .  5. H a r d n e s s  c u r v e s  f o r  cocoa  bu t~e r  B :  1)  b a r s  m o l d e d  

by  m a n u f a c t u r e r  a n d  s t o r e d  a t  r o o m  t e m p e r a t u r e  ( 2 4 - 2 8 ~  
f o r  s e v e r a l  m o n t h s  b e f o r e  t e s t i n g ;  a n d  2)  t e s t  s a m p l e s  ob- 
t a i n e d  b y  m e l t i n g  s o m e  o f  t h e  b a r s ,  s e e d i n g  t h e  m e l t  a s  i t  
r e so l id i f i ed ,  a n d  t e m p e r i n g  the  r e s o l i d i f i e d  cocoa  b u t t e r  f o r  24 
hrs .  T e s t s  m a d e  w i t h  a :f~-in. b a l l  a n d  l o a d  a p p l i e d  f o r  1 ra in .  

pera ture  to within a small f ract ion of one degree. 
Apparen t ly  the great  change in hardness between 12 
and 20~ can be a t t r ibuted  to a softening of the fa t  
crystals and not to par t ia l  melting. I t  has been found 
(4) that  over this range the liquid content of cocoa 
but ter  changes by about 2 or 3 percentage units. 

Pract ical ly  all fats  :and waxes are able to exist in 
two or more polymorphic forms, hence their  hardness 
at a given tempera ture  is affected by the amount of 
tempering each sample receieved pr ior  to testing, 
where temper ing  refers  generally to holding a sam- 
ple a few degrees below its melt ing point for a period 
of time. Seeding a fa t  with crystals of its highest 
melt ing polymorphie  form as the fa t  begins to solidify 
and aging the solidified fa t  for  extended periods of 
time also tend to t emper  it. Invar iab ly  the best tem- 
pered samples are the hardest.  

Of the several fa ts  and waxes which were investi- 
gated, cocoa but te r  was found to be the most sensitive 
with respect to the effect of temper ing on hardness. 
By  va ry ing  the thermal  history, differences in hard- 
ness va ry ing  over sevenfold could be brought  about. 
The differences in hardness  observed unde r  a specific 
set of test conditions are recorded in Table IV. 
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T A B L E  I V  

Effect of Temper ing  on Hardness  of CocOa Bu t t e r  

S a m p l e  

Bars tested as received from manu-  
fac turer  

Cocoa but ter  melted by hea t ing  to 
38~ melt seeded on solidifica- 
tion, tempered for 5 hr. a t  27~ 
cooled for 10 rain. at 5~ to re- 
lease from mold. 

0oeoa but te r  melted by hea t ing  to 
50~ solidified, and held for  5 
hr. a t  5~ 

0.2 
0.7 
1.2 

Wt.  d / D  
applied 

k g .  
0.7 0.181 
1.2 0.229 

0,7 0.181 
1.2 0.232 

0.134 
0.252 
0.331 

Hardnes s  
i n d e x  

29.8 
31.7 

29.8 
30.8 

15.6 
15.2 
15.0 

~ Tests made at" 15~ %tin .  ball  used,  and load put  on ball for  
60 sec. 

Even well tempered samples of cocoa but ter  tended 
to show differences, as is evident f rom the curves in 
F igure  5. 

Several of the conditions recommended in car ry ing  
out the hardness tests were not investigated exten- 
sively. The recommendation that  the thickness of the 
test sample at the point of indentat ion be at  least 10 
times the depth of the indentat ion is based on the 
observation tha t  this thickness always yielded repro- 
ducible results with the fa ts  and waxes which were 
tested. I t  appears  to be: la rger  than  necessary. The 
thickness recommended is a convenient one; also it 
conforms with the specifications Of the A.S.T.M. test 
for  determining the Brinell  hardness of metals. 

On the basis of considerations similar to the above 
it was recommended that  the distance of the center of 
the identation f rom the edge of the sample or edge 
of another indentat ion be at least tw(~ and one-half 
times the diameter  of the indentation. 

With  regard  to. the reproducibi l i ty  of results, hard- 
ness values obtained under  identical conditions have 
generally been found to deviate no more than  two or 
three percentage units f rom an average value. For  
example, successive measurements  of  the hardness  of 
sugar  cane wax, made at 30~ and Using a ~6- in .  
ball, 4.2 kg. weight, and a test  t ime of 60 seconds, 
gave the following hardness values: 235, 238, 245, 
242, and 242. The average for the series is 240, and 
the maximum deviation is 2.1%. 

To show the versat i l i ty of the ins t rument  which h~s 
been described, hardness  values determined for  a va- 
r ie ty  of fa t  and wax products  are recorded in Table 
V. I t  is beliexed that  this is the first t ime that  the 
hardness of these compounds has been shown on a 
common scale. Unless noted otherwise, the hardness 
of each sample was determined af ter  heat ing it to a 

T A B L E  V 

Hardness  Values of Several  Fa t  and Wax  P r o d u c t s  a 

Produc t  

Ros in  .......................................................................... 
Ca rnauba  wax ........................................................... 
Suga r  cane wax ......................................................... 
Crude  candeli l la  wax ................................................. 
Rice b ran  wax ........................................................... 
T r i s t ea r in  ................................................................... 
Hydrogena ted  cottonseed oil ...................................... 
Hydrogena ted  jojoba wax .......................................... 
Ceres in  wax . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P a r a f f i ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chocolate l iquor  ......................................................... 
B e e s w a x  ..................................................................... 
Cocoa but te r  (aged)  .................................................. 
Commercial  c a n d y  fats  other t han  cocoa bu t t e r  ........ 

Test  
t empera-  

t u r e  

~ 

3O 
3O 
3O 
3O 
30 
3O 
30 
3O 
3O 
30 
25 
30 
2-~ 
25 

Hard-  
ness 

i n d e x  

860 
420 
320 
260 
210 
170 
140 

65 
25 
24 
19 
17 
15 

4 -12  

aBall  and load sizes va r ied  to su i t  the i n d i v i d u a l  products .  Test  load 
appl ied  for one minute  in  all cases. 

few degrees above its nlelting point, pouring the melt  
into the mold, cooling the sample to room tempera-  
ture, and then determining the hardness. 

Summary 
Heretofore  a good niethod for measur ing the hard- 

ness of fa ts  and waxes has no.t been available. In-  
s t ruments  current ly  used to measure hardness (not 
consistency) are relatively inaccurate and give results 
based on an a rb i t r a ry  scale. 

A new ins t rument  and technique have been devised 
for measur ing the hardness of fats  and waxes. They 
are essentially an adapta t ion  of the Brinell  hardness 
test used for metal  and alloys. In  determining the 
hardness  of a f a t  or wax, a perfect ly  round steel ball 
having a diameter  as small as 0.1250 in. or as large 
as 0.5000 in. is pressed with a force of 200 g. to 
about  6 ks. onto the surface being tested. The hard-  
ness index, in terms of ki lograms per  square: centi- 
meter,  is determined f rom the slight impression pro- 
duced. The index is relat ively independent  of ball  
size; test load, and other test conditions, provided 
these are confined to certain ranges. 

Hardness  indices have been determined for prod- 
ucts ranging  f rom poorly tempered cocoa but ter  to 
rosin. Differences in hardness  observed have varied 
over 1500-fold. The hardness  of cocoa but ter  has been 
found to vary  over seven-fold, depending on thermal  
history. 

~ E F E I ~ E N C E S  

1. Ravich,  G. B., and Volnova, V. A., Acta Physicochim. U.P~.S.S., 
17, 3 2 3 - 3 3 6  (1942) .  

2. Rosenberg,  G. F. yon, Fette,  Seifen, Ans t r ichmi t te l ,  5 6 ,  2 1 4 - 2 1 8  
(1954 ) .  

3. Scott, J .  R., Trans .  Ins t ,  Rubber  Ind. ,  11 ,  2 2 4 - 2 3 8  (1935) .  
4. Steiner,  E. H., J .  Sci. Food Agr.,  7,  4 2 5 - 4 3 6  (1956 ) .  

( R e c e i v e d  O c t o b e r  24,  1 9 5 7 ]  

Ion Exchange Resin Catalyst Stability in in-situ Epoxidation I 
W. WOOD and J. TERMINI, The Permutit Company, New York, New York, 
Division of Pfaudler Permutit Inc., Rochester, New York 

T 
m~ expandi,~g epoxide applicat ions within the last 
decade as plasticizers and chemical intermediates 
have sparked the development of improved epoxi- 

dation processes. Evidence of this development is the 
use of a solid ion exchange resin catalyst  in the in-situ 
epoxidation process. Vital  to the success of this proc- 
ess is the stabil i ty of the resin catalyst  to physical 
breakdown when exposed to the highly oxidizing con- 
ditions of epoxidation. 

Presented at  the fall  meeting,  American  Oil Chemists '  Society, Cin- 
cinnat i ,  0., September 30, October 1-2,  1957. 

Factors  affecting resin catalyst  stabil i ty have been 
evaluated in our labora tory  in an effort to extend 
resin life, thereby making this process more at trac- 
tive for epoxidation. This pape r  presents a method 
for  evaluating resin stabil i ty and shows how metal  
contamination and cross-linking of the ion exchange 
resin, the concentration of hydrogen peroxide, the 
operat ing temperature ,  and the use of a complexing 
agent  affect resin stability. The epoxidation process 
will first be reviewed briefly to provide background 


