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inlet oil temperature ,  160 ~ P. ; cooling-water tempera-  
ture, 34 ~ F . ;  sample weight, 1,300 g.; t ime of plas- 
ticizing, 4 men.; and tempering,  48 hrs. at 83 ~ F. 
Baking tests made on these samples are shown in 
Table u  

I t  is quite appa ren t  that  the per formance  of 
products  plasticized through the pilot p lant  unit  com- 
pares favorably  with those obtained with plant-  
Votated products. 

Some tests described in Table VI  were made with 
our conventional high-ratio shortenings, comparing 
their  per formance  with identical products  plastieized 
through a p lant  Votator.  Plasticizing conditions were 

T A B L E  V 
Performance and  P la s t i c i t y  D a t a  

Sample  A i r  A.S.T.M.  pene t r a t ion  
70~ 

( % b y  v o l . )  
A .................... 12.2 156 
B... 13 1 162 
C ...................... / 1 2 . 4 .  J 165 
D ..................... 13.0 t 6 0  
E . . . . . .  13 0 158 
F ........ : ........... :/ 12.2 / 168 

I 

Lb. cake  vo lumelLb ,  cake vo lume 
pilot p l an t  I p l an t  

p las l~Jzed  a plastici~ ed a 

256 255 
260 I 262 
262 254 
278 / 268 
250 254 
265 / 258 

a A r m o u r  n lc thod:  U n i t s  r epor t ed  ~re in m l . / 1 0 0  g. of cake.  

the same as used on the shortening described in 
Table VI. 

All results are given in ml. per  100 g. Both employ 
the Armour  Method. I t  should be quite obvious that  
margar ine  can easily be p repared  in the uni t  by 
adding all of the ingredients through container A. 
Should the unit  be used extensively for margar ine  
work, internal  construction of stainless steel would 
be recommended. 

T A B L E  V I  
P e r f o r m a n c e  H i g h  Ra t io  Type  Shortening" 

P i lo t  p lan t  p l a s ~ i z e d  

Sample  I c i n g  L a y e r  cake 
v o l u l n e  v o l u I u ~  

1 ............................ ~ 286 
2 ............................. 120 [ 290 
3 ............................ 128 / 2 9 I  
4 ............................ 135 / 288 
5 ............................. 130 j ?88 
6 ............................ 133 ~ 274 

P l a n t  plast icize~ 

I c i n g  L a y e r  cake 
vo lume volume 

126 287 
124 296 
I 2 6  292 
139 293 
133 286 

I 131 I 278 

Summarizing,  a pilot-plant plasticizer has been de- 
signed and built which will plasticize a 1,300-g. 
sample in four  minutes, giving a product  very  similar 
in performance and consistency to a plant-plasticized 
product.  The refit is quite useful for the prepara t ion  
of samples for  sales service as well as for  research 
purposes. 

R E F E R E N C E S  

1. Rich,  A. D., J. Am. Oil Chemis t s '  Soc., 19, 54 ( 1 9 4 2 ) .  
2. S laughter ,  J .  E., and  l~Ic3/lichael, C. E., J .  Am. Oil Chemis t s '  S~,c., 

26, 623 ( 1 9 4 9 ) .  
[ R e c e i v e d  A p r i l  20,  1 9 5 9 ]  

The Preparation and Properties of Some Urethane 
Foams from Castor Oil and Elaidinized Castor Oil' 
D. A. YEADON, A. R. MARKEZICH, and L. A. GOLDBLATT, 2 Southern Regional Research 
Laboratory, a New Orleans, Louisiana 

T HE P R E P A R A T I O N  and propert ies  of a series of semi- 
rigid to soft  ure thane foams made f rom formu- 
lations containing 50, 60, 70, and 80% of castor 

oil have been previously reported (6). The present 
s tudy  is concerned with the effect of variat ion in the 
degree of erosslinking on propert ies  of castor oil ure- 
thane foams and with a comparison of foams prepared  

1 P r e s e n t e d  at  the  50th  A n n u a l  Mee t ing  of the A m e r i c a n  Oil Chemis t s '  
Society, N e w  Orleans ,  La. ,  Apr i l  2 0 - 2 2 ,  1959. 

2 P r e s e n t  a d d r e s s :  W e s t e r n  Ut i l iza t ion  R e s e a r c h  and  D e v e l o p m e n t  Di-  
vis ion,  Agr i cu l t u r a l  Resea rch  Service,  U.  S. D e p a r t m e n t  of Agr i cu l tu re ,  
Albany,  C'alif. 

a One  of the  l abora to r i e s  of the  Sou the rn  Ut i l i za t ion  Resea rch  and  
Deve lopmen t  Div is ion ,  A g r i c u l t u r a l  R e s e a r c h  Servi~e,  U,  S. D e p a r t m e n t  
of Agr i cu l tu re .  

f rom elaidinized castor oil with analogous foams pre- 
pared f rom untreated castor oil. 

Increasing the degree of erosslinking in urethane 
foams f rom ea~tor oil should improve water  resistance 
and shrinkage propert ies  besides enhancing strength 
and hardness. The extent of crosslinking in easter oil 
ure thane foams can be adjusted in the prepolymer  
prepara t ion  by vary ing  the durat ion and tempera ture  
of reaction to permit  format ion of more allophauie 
ester groups.  A series of foams was made and tesied 
f rom prepolymers  prepared  this way f rom castor oil 
in which inereased amounts of erosslinks were ap- 
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parent ly  present as evidenced by greatly increased 
prepolymer viscosities. 

In the previous work three urethane foams were 
made from formulations containing hydrogenated,  
elaidinized, or part ia l ly  epoxidized castor oil for  com- 
parison with a similar foam from castor oil. Foam 
from a formulat ion containing 60% of elaidinized 
castor oil, one of the simpler modified oils, was indi- 
cated in these prel iminary tests to have improved 
water resistance and shrinkage characteristics. Thus 
comparison of a series of foams prepared from formu- 
lations containing 50, 60, 70, and 80% of elaidinized 
castor oil with the analogous series obtained from cas- 
tor oil should be informative. 

Experimental 
Prel iminary  to the preparat ion of these foanls sev- 

eral series of tests were made to determine optimum 
catalyst concentration, pH, and water content of the 
catalyst-water mixture used in making the foams. In 
the previous work the foaming procedure employed a 
commercial catalyst preparat ion of buffered 2-diethyl- 
aminoethanol. This part icular  preparat ion was later 
found to differ from its assumed composition and to 
be difficult to adjust  in pH. Therefore  in these and 
subsequent tests the catalyst-water  mixtures were 
prepared from reagent grade 2-diethylaminoethanol 
(Eastman) and the desired amount of water and were 
adjustable in pH with concentrated hydrochloric acid. 
These prel iminary studies were made with a prepoly- 
mer prepared in the customary manner  from a formu- 
lation of 60% of castor oil and 40% of an 80./20 
tolylene di-isocyanate (80% of 2,4- and 20% of 2,6- 
isomers). Results from these tests permit ted selection 
of optimum conditions used in preparat ion of the 
foams in the two series outlined above. 

Optimum Foaming Condition, s. Since in the earlier 
work the 2-diethylaminoethanol was used at a level 
of 1.9 g./100 g. of prepolymer a series of foaming 
tests was made in which the catalyst concentration 
was varied from one-half to twice this amount. The 
data in Table I show that  the 1.9 g. of catalyst level 
resulted in a foam of reasonable fomning time, dens- 
ity, and area shrinkage. Also it was observed that  the 
height of this foam was some 15% greater than that  
obtained with the lower 0.95 g. level. Therefore the 
1.9 g./100 g. of prepolymer level was considered about 
the optimum catalyst concentration to use and would 
be desirable for  comparison with previously reported 
results. 

In a second series of foaming tests the catalyst con- 
centration was held at the 1.9 g./100 g. of prepolymer 
level, and the catalyst mixture was adjusted from a 
pH  of 12-13 down to 9.0. I t  will be observed from 
Table I I  that  the catalyst mixtures below a pH  of 
about 10.1 produced the better results and that  actu- 
ally those about pH of 9.8 appeared optinmm. 

T A B L E  I 
Effect  of Catalys t  Concent ra t ion  on ~ o a m  Charac ter i s t ics  

Catalyst con- F o a m i n g  
cent ra t ion  a t ime 

rain. 
0.95 60+ 
1,90 29 
2.85 13 
3.80 8 

F o a m  dens- 
i ty 

lbs . / cu ,  f t .  
2.7 
2.8 
2.1 
2.1 

F o a m  sh r inkage  

A r e a  L i n e a r  

% % 
3 13 

10 19 
19 17 
17 8 

a G r a m s  of D E A E  (2-dieth laminoe thanol )  p e r  100 g. of p repolymer .  
The  cata lys t  as  added conta ined the  a m o u n t  of w a t e r  r equ i r ed  for  the 
calculated res idua l  i socyanate  content  of the  prepolymer .  

T A B L E  I I  
Effect of p H  of Cata lys t -Water  Mixture  on F o a m  Charac ter i s t ics  

Cata lys t -water  mix tu re  

Composition a 1 ~  

Commercia l  D E A E  

ca ta lys t+H~O b 1120~ 13 D E A E + H ~ O  b 
D E A E + H C I + H ~ O  c 
DE A E + H C I + t t , o O  e I 9:84 
D E A E + H C I + t t ~ O  e 
D E A E + H C I + H - ~  e I 9:7 

oamir  
t ime  

rain. 
30-4 (  

10 
18 
2O 
41 

240 + 

Foain 
density 

lbs . /eu ,  f t .  
2.8 

5.2 
2.9 
2.6 
3.0 
4.0 

Foam shr inkage  

Area  Linear 

20 

39 47 
10 201 

0.1 5 
nil 1 nil 

a D E A E  conc~mtration of 1.9 g , / 100  g. of prepolymer .  
b A m o u n t  r equ i r ed  for the calculated res idua l  i socyanate  content  of 

prcpolymer .  
r A m o u n t  r equ i r ed  for the de t e rmined  reskh~al i soeyanate  content  of 

the prepolymer .  

In the third series of prel iminary tests conducted, 
the quant i ty  of water present in the catalyst-water 
foaming mixture was varied between 100 and 120% 
of the theoretical requirement  (based upon chemical 
analysis) (4), while adjusting the pH between 9.8 
and 9.9 and holding the amine content at the 1.9 g. 
level. The results f rom this series, given in Table 
III ,  indicate that  optimum foaming characteristics 
resulted with 10% of additional water in the catalyst- 
water mixture. Accordingly subsequent foam prep- 
arations were made with a catalyst-water  mixture  
containing 1.9 g. of 2-diethylaminoethanol per 100 g. 

T A B L E  I I I  
Effect  of W a t e r  Content  in Fo rmula t ion  on F o a m  Character is t ics  

Cata lys t -water  mix tu re  a 

Excess p i t  
water b 

% 
0 9.84 
5 9.87 

10 9.87 
20 9.89 

Foaming 
_ _  t i m  

F o a m  Fw~n sh r inkage  

densi ty  _ _ A r e a  Linear__ 

tb~../c~. It. % [ % 
2.6 2.2 0.7 
2.6 1.5 2.1 
2.5 0.3 0.7 
2.4 / 1.0 J 1.7 

Contained 1.9 g. D E A E / 1 0 0  g. of prepolymer .  
b Above that  r equ i red  for the de t e rmined  res idua l  i soeyanate  in the 

prepolymer .  

of prepolymer and 10% excess water  over that  re- 
quired for the analyzed residual isocyanate and were 
adjusted with concentrated hydrochloric acid to a pH 
in the 9.8 to 9.9 range. 

Prepolymcrs. Prepolymers for the preparat ion of 
the urethane foams were made by the procedure pre- 
viously described (6). Mater ia ls  used were a commer- 
cial grade of d ry  castor oil, a laboratory-elaidinized 
castor oil (2) containing about 70% of its double 
bonds in the trans configuration, and a commercial 
grade of 80/20 tolylene di-isocyanate. For  the series 
of foams with increasing degrees of crosslinldng, tem- 
peratures chosen for prepolymer preparat ion were 
110 ~ 130 ~ and 150~ respectively, while for  the 
series from elaidinized castor oil 110~ was used for 
the prepolymer of 60% oil content, and 130~ for 
that  of 50% oil content. All prepolymers were heated 
at their  respective reaction temperatures  for  1 hr. 
except the prepolymer containing 50% of elaidinized 
castor oil, which was heated for 4 hrs. Propert ies and 
analyses of the oils and prepolymers are tabulated 
in Table IV. Methods of the American 0 i l  Chemists' 
Society (1) were used ill the determinations except 
that  percentage of hydroxyl  was determined by a 
modification of the method of West et al. (5),  using 
a 3/1 ratio of pyr idine/acet ic  anhydride,  nitrogen by 
a macro Kjeldahl  procedure, unreaeted isocyanate by 
the method of Tazuma et al: (4),  and viscosities by the 
use of Gardner  Bubble Viseometer tubes. 
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TABLE IV 
P r o  turtles of Castor Oils and Prepolymcrs  

Tests Castor oil E la id in ized  castor oil a 

Oils 
Viscosity, eps. at  50~ ......................................................... 
Mel t ing point,  ~ ................................................................. 
Mois ture  (Kar l -F ischer ) ,  % ................................................ 
Hydroxyl ,  % ........................................................................ 
Acid va lue  ............................................................................ 
Iod ine  va lue  (Wi j s )  ........................................................... 
Saponif icat ion value ............................................................ 
Nitrogen,  % ......................................................................... 

Prepolymers  
Oil in formula t ion ,  % .......................................................... 
Tempera tu re  of prep., ~ ..................................................... 
Viscosity, cps. a t  25~ ................................................... 
t~esidual isocyanate,  % ....................................................... 

130 

0.05 
4.98 
0.67 

85.2 
179 

60 60 
l l O  130 

15,400 34,200 140,000 
11.5 11.1 10.1 

50 
130 

15,500 
15.4 

210 
34--45 

0.19 
4.66 
0.0O 

83.2 
186 

0.06 

60 70 
110 110 

23,500 ...... 
11.4 8.6 b 

80 
110 

5.7 b 

a Labora to ry  isomerized u s i n g  oxides of nit l ,  ogen, analyz ing  about  70% t r a n s  double bonds by in f ra red .  
b Calculated values  for prepo]ymer and oil mixtures .  

Foam Preparation. Foams were p repared  f rom the 
above prepolymers  in a manner  similar to that  previ- 
ously described (6). Each 200-g. batch of prepolymer  
was mixed with 1.0 g. of a dispersing agent  4 and then 
the required amount  of catalyst-water  mixture.  Af te r  
a thorough, rapid  agitat ion period of 1 rain. the mix- 
ture  was allowed to foam in polyethylene molds (10 
era. deep and 30 X 12 eln. in cross-section), f rom which 
the foams could be easi]y removed. The prepara t ions  
of foam f rom formulat ions containing 70 and 80% of 
elaidinized castor oil were found to be somewhat more 
sensitive and critical in the pre-foaming standing 
period than  in the prepara t ion  of similar foams f rom 
castor oil. Data  on the prepara t ion  of the foams are 
included in Table V. 

Testing. After  s tanding at least three days at room 
tempera ture  (ca. 25~ the foanls were cut into speci- 
mens suitable for  testing. The samples that  were to be 
tested for  compression and tensile s t rength were con- 
ditioned (at  21~ and 65% R.H.)  for  at least three 
days before testing. Tests were made on at least four  
specimens f rom three or four  separate  batches of 
each formulat ion.  Using the procedures a l ready de- 
scribed (3, 6), the foams were tested for  foaming 
time, density, shrinkage, tensile s t ren~h-pcreen tage  

Dow Corn ing ' s  DO 200 f luid  of 50 centistokes viscosity was  used, 
other  equiva len t  d i spers ing  agents  are sat isfactory.  

of elongation, compression-deflection, compression set, 
water  absorption, energy absorption, and the effect on 
s t rength propert ies  of accelerated humid aging. In  
addition, water  vapor  penetrat ion was determined as 
follows: l-in. thick cylindrical samples 1 sq. in. in 
cross-section were inserted into the open end of a 
150-ram. • 27-ram. I. D. test tube, containing 20-25 g. 
of anhydrous  silica gel. The tubes were weighed, 
placed in desiccators containing water,  and held in a 
constant t empera tu re  cabinet at 35~ for  several 
days ;  the increase in weight was determined daily. 
The water  vapor  penet ra t ing  the foam samples was  
expressed in mg. /day / in .2 / i  n. thickness. This test was 
conducted on the original samples and on the samples 
af ter  the three weeks of accelerated humid aging 
t reatment .  

Results and Discussion 

The foams prepared  f rom prepolymers  having in- 
creased amounts of crosslinks, or f rom the elaidinized 
castor oil, show that  foaming times were only slightly 
less than  for  analogous castor oil foams previously 
reported,  The data in Table V indicate foaming times 
of about 15 to 40 min. compared to 20 to 45 rain. 
for  the series f rom castor oil. Foam densities were in 
the range 1.7 to 6.7 lbs./cu, ft., substant ial ly the same 
as the 1.7 to 6.4 range of the analogous castor oil 

T A B L E  V 
Proper t ies  of Foams 

Oil in  formulatiob_ Charac ter i s t ics  Tensi le  s t rength  

Or ig ina l  

Type 

Castor ............................ 
Castor ............................ 
Castor ........................... 

E la id in ized  castor. ........ 
E la id in ized  castor ......... 
E la id in ized  castor ......... 
E la id in ized  castor ......... 

Percent  
age 

60 
60 
60 

50 
60 
70 
80 

PreD. 
temp. 

~ 
110 
130 
150 

130 
110 
110 
110 

Foam Type Dens i ty  Sh r inkage  
t ime 

20--22 Semir ig id  2.4 1 3 
2 1 - 2 5  Semir ig id  2.5 2 4 
15--16 Semir ig id  3.1 1 1 

14 Semir ig id  1.7 11 11 
2 2 - 2 7  Semir ig id  2.7 1 1 
2 3 - 3 4  [ Soft  I 4.2 3 3 
3 0 - 4 0  Soft / 6.7 4 2 

Ultimate 
e longat ion  

v~ p .s.i. 
51 19.3 
40 16.4 
23 16,7 

23 14.8 
44 34.7 

125 31.7 
142 8.9 

Aged 

100% Ul t ima te  
elonga- e longat ion  

l ion  

p.s . i .  % p.s . i .  
63 18.8 
53 17.0 
34 18.2 

20 6.1 
48 15.9 

~:~ 135 15.5 
7.5 157 3.7 

100% 
elonga- 

tion 

p .s A. 

12.0 
2.9 

Oil in  f rmula t ion  I 

Percent-  
Type L age 

Castor ............................ 60 
Castor ............................ 60 

Ela id in ized  cas )r ......... [ 50 
Ela id in ized  cas )r ......... ] 60 
Ela id in ized  )r ......... ] 70 
Ela id in ized  )r .......... I 80 

Compression-deflection modulus  

Or ig ina l  

10% 25%[50.% 
p.s . i ,  p .s . i .  " p .s . i .  

6.9 6.6 8.7 
7.3 7.2 9.4 

10.7 11.1 15.3 

4.7 5.0 6.2 
8.7 8.7 12.1 
0.49 0.52 0.87 
0.22 0.29 0.49 

Aged 

10% 25% 50% 
p.sA.  p,&~. p .s . i .  
5.2 5.0 i 7.3 
6.2 6.3 8.9 
9.0 9.6 13.6 

5.1 5.4 7.2 
7.2 7.6 10.9 
0.31 0.40 0.68 
0.36 0.45 0.72 

Compression set 

O r i g i n a l ,  Aged 

% % 
47 45  
48 47 
48 48 

50 50 
46 42 
35 21 
41 37 

E n e r g y  a 
absorp- 

t ion  
o r ig ina l  

% 
31 
31 
35 

27 
30 
46 
48 

Water resistance 

Absorp- 
t ion 

o r ig ina l  

% 
348 
361 
333 

411 
228 
196 
155 

Penetration 

Orig ina l  Aged 

mg./d~, m g . / d .  
264 . 

I 287 
317 

264 303 
236 274  
370 458 
545 558 

a Percen tage  of va lue  for control  foam rubbe r  h a v i n g  the fo l lowing p rope r t i e s :  density,  7.2 lbs . /cu,  f t . ;  50% compression modulus,  1.0 p~s.i.; and 
ultimate tensile s t rength,  16.6 p.s.i, at  218v/~ elongation. 
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of elaidinized castor oil foams. 

series. Shrinkage values showed improvement, par t ly  
because of the optimum foaming conditions used, by 
being reduced to a range of 1 to 4% in all cases except 
for  the foam containing 50% of elaidinized castor oil, 
which however was reduced about half of the value 
for  the equivalent eastor oil foam, i.e., 11 vs. 21%. 

The tensile strengths (Table V) of the series of 
castor oil foams with increased erosslinking were lower 
than previously reported for an analogous foam of 
60% castor oil content (6) and decreased slightly with 
increasing of crosslinking. On the other hand, the 
series with varied amounts of elaidinized castor oil 
showed tensile strengths up to 50% greater  than that  
of the analogous series f rom castor oil (8.9 to 34.7 
p.s.i, compared to 6.3 to 27.9 p.s.i., respectively).  
Aging of the foams of the series with increasing cross- 
links had only slight effect on their tensile strengths. 
However aging of the foams of the series from ela- 
idinized castor oil decreased their  tensile strengths 
to less than 50'% of the values obtained on the original 
samples. 

Compressive strength tests (Table V) show increas- 
ing values as the degree of crosslinking increased in 
the foams prepared from castor oil, the 50% com- 
pression modulus for  the foam from the 150~ pre- 
pared prepolymer being nearly twice that  of the value 
obtained for the 110~ prepolymer. Aging of the 
foams decreased their  compressive strengths only 
slightly. Compressive strengths of the series of foams 
from elaidinized castor oil compared favorably with 
those obtained on the series of foams from castor oil, 
results ranging from 0.49 to 12.1 p.s.i, as compared to 
0.52 to 10.4 p.s.i, for the respective series. In  general, 
aging of these foams only slightly affected their  com- 
pressive strengths except for  the foam of 80% ela- 

idinized castor oil, which increased from 0.49 to 0.72 
p.s.i. This is i l lustrated in the compression-recevery 
curves for 70 and 80% elaidinized castor oil foam 
samples (Figure  1). Similar curves of slightly lower 
values than were obtained on the original samples 
resulted from tests of the aged foam samples of 70% 
elaidinized castor oil whereas an increased compres- 
sive strength was observed in the curve of the aged 
foam as compared to the curve of the original foam 
from the 80% oil formulation. The recovery curves 
for both 70 and 80% aged foams follow closely those 
of the original samples. 

Compression set values, compared very well for the 
foams from 50, 60, and 70=% oil content but  were 
markedly different for the foams of 80% oil content. 
The foams from 80% of elaidinized castor oil gave 
higher values (41%) as compared to that  obtained for 
a comparable castor oil foam (16%).  The semirigid 
foams all showed little recovery in the compression 
set tests, with the values all falling in the 46-50% 
range (50% indicates no recovery).  Aging of the 
foams decreased the compression set values only very  
little with no noticeable difference for  some of the 
rigid foams, e.g., foams f rom prepolymer containing 
50% of elaidinized castor oil and the prepolymers of 
castor oil prepared at 130 ~ and 150~ Energy  ab- 
sorption values for the semirigid foams were 25-35% 
and for the soft foams 4 6 - 4 8 %  as compared to 20-30'% 
and 47-50% for the respective values previously ob- 
tained on similar foams from castor oil. 

For  the foams in the series of increased cross- 
links, water absorption values were substantially the 
same, ranging from 333 t o  361% (Table u  How- 
ever water vapor penetrat ion values, were indicated to 
increase with the degree of crosslinking (264 to 317 
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mg./day/ in .2/ in ,  thickness). For  the series of foams 
from elaidinized castor oil, water-absorption values 
markedly decreased frmn 411 to 155% as oil content 
increased to 80%. This is a like t rend but  lower than 
the 515 to 170% range obtained for the analogous 
foams from castor oil. Results of water-vapor pene- 
trat ion tests, ranging from 236 to 545 mg./day/ in .2/ in .  
thickness, indicated an increasing t rend as oil content 
increased. Aging caused a slight increase in these 
values. The foams from the formulat ion containing 
60% of elaidinized castor oil were the most resistant 
to water-vapor penetration. 

Summary 
The preparat ion and properties of two series of 

castor oil urethane foams, one f rom castor oil and 
the other f rom elaidinized castor oil, were investigated. 
The first series of foams was made from prepolymers 
containing 60% of castor oil prepared at increasing 
temperature  levels to va ry  the degree of crosslinking 
in the final foams. These foams had lower tensile 
strengths than observed for a previously prepared 
foam of 60% castor oil and did not show significant 
differences in water resistance as crosslinking varied. 
They were increased near ly  100% in compressive 
strength with increased crosslinking and had very  
good shrinkage characteristics as values of only 1 to 
2% were obtained. 

A second series of foams was prepared from 50, 60, 
70, and 80% of elaidinized castor oil to. compare with 
foams from a similar series f rom castor oil. This 
series of foams of 50 to 80% elaidinized castor oil 
contents was similar in density (1.7 to 6.7 lbs./cu, f t . ) ,  
had improved shrinkage characteristics (11, 1, 3, and 

4%, respectively),  showed increased compressive and 
tensile strengths (up to 12.1 p.s.i, at 50% compression 
modulus and 34.7 p.s.i, ult imate tensile for  the 60% 
foam formulat ion) ,  and had better water-resistance 
properties (411 to 155% vs .  515 to 170% water absorp- 
tion) than the analogous foams from castor oil. In  
general, humid aging only slightly affected the values 
obtained for the foams and was significant in only a 
few instances, e .g . ,  decreased tensile in the elaidinized 
castor oil series. 

Thus increasing crosslinks in the foam apparent ly  
did not improve water resistance but  did improve 
shrinkage characteristics in addition to some increased 
strength properties, as would be anticipated. Foams 
from elaidinized castor oil, while similar in density 
and foaming characteristics to analogous foams from 
castor oil, exhibited less shrinkage and improved 
water-resistance. 
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Second Interim Report of the A.O.A.C.-A.O.C.S. 
Crude Fiber Liaison Committee 

T 
HE INITIAL INTERIM REPORT Of the A.0.A.C.-  
A.O.C.S. Crude Fiber  Liaison Committee was 
published in the May 1959 issue of the Journa l  

of the A.O.A.C.(1). In this initial report  the need for  
improvement in the precision and accuracy of the 
current  official crude fiber method was discussed. 
The nlethod itself was also discussed in detail, indi- 
cating those areas in the method where deviations or 
lack of operator techniques could result in loss of 
accuracy and precision. 

In  this initial report  it was announced that a 
collaborative study comparing the official method 
(2, 3) with the Oklahoma State Fi l ter  Screen method 
(4) and a method involving the use of a Buchner  
Funnel  (5) would be conducted by the Liaison Com- 
mittee. Pr ior  to the submitting of samples, a four th  
method was submitted to the Liaison Committee by 
F. W. Quackenbush and E. D. Schall of Purdue  
University. This method utilizes a Shimer filtering 
funnel  and, for  the purposes of identification, will 
be referred to as the Purdue  Method. The committee 
was intr igued by the apparent  simplicity of the filter- 
ing operation using the Shimer Funnel  and decided 
to inelude this method as a par t  of the collaborative 
study. Thus a total of four  methods was compared. 

In  order to  obtain complete data, that  is, within- 
laboratory and between-laboratory preeision, the 
A.O.C.S. statistical design was used. This requires 
two operators in each laboratory to run  each sample 
by each method in duplicate on two different days. 
Twelve of the committee members agreed to partici- 
pate, and four  samples including a 50% soybean oil 
meal, a cottonseed meal, a dai ry  feed, and alfalfa 
meal were submitted to each laboratory. Using the 
design described above, each collaborator reported 
16 results on each method, or a total of 64 results. 
More than 750 results were obtained and subjected 
to statistical analysis. 

The methods as they were used in this collaborative 
s tudy are described below. I t  will be noted that  the 
collaborators were permit ted some options in the 
choice of equipment and reagents. These are ex- 
plained in the initial Inter im Report. 

Methods 

The following" reagents and apparatus were com- 
mon to all methods used in the collaborative study, 
and in the interest of brevi ty  only the special items 
will be listed under  each test method. 


