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T A B L E  I V  

Resul ts  of Tests wi th  Castor, Pahn,  Sperm, 
and Sesame Oils 

An t iox idan t  a 

None ................................................ 
P G  ............................. : ..................... 
B H T  ................................................ 
B H A  ............................................... 

R Group of Phenone 
Methyl  ............................................. 
P ropy l  ............................................. 

Stabili ty,  
Hrs .  (70 meq. peroxide)  

Castor I P a l m  Sperm 

3.5 I 1.o 

111 4"~ l] 2.0 95 4.0 [ 3.5 

4 5  3 0  
117 4.0 I 2.5 

Sesame 

4.5 
16.0 

5.5 
4.5 

25.0 
12.5 

a Concn. ---- 0 .02% by wt. 

T A B L E  V 

Results of Tests with  Tallows and  Greases 

Ant iox idan t  

None .................... ........ 
B H A  ............................ 
PCx ............................... 
B H T  ............................ 
R Group of Phenone 

Methyl  ......................... 
P ropyl  ......................... 

Stabil i ty,  
Hrs .  (20 meq. peroxide)  

Tallows 

Fancy  Choice P r ime  

28 10 23 
170 > 260 83 

89 ~ 260 35 
95 197 43 

100 >260 31 
96 >260 40 

Greases 

Choice white  Yellow 

Aa B b A a B b 

0.5 1.0 2.0 30.0 
0.5 46.0 5.0 74.0 
0.5 63.0 3.5 57.0 
0.5 14.0 3.0 32.0 

0.5 10.0 5.5 60.0 
0.5 5.0 6.0 71.0 

a 0 .01%ant iox idan t .  
b 0.01'% an t iox idan t  p lus  0 .05% citric acid. 

metal scavenger, or synergist, the greases were sta- 
bilized satisfactorily. 

Conclusions 

On the basis of AOM tests run  to date it appears 
that  2,4,5-trihydroxyphenones are quite potent anti- 
oxidants for  many applications. Some of the lower 
members of the series, such as 2,4,5-trihydroxybutyro- 
phenone, are outstandingly effective in lard, paraffin 
wax, mineral  oil, and peanut  oil. In  other media, 
such as cottonseed oil, corn oil, castor oil, sesame oil, 
and tallows, they are less effective but  still fa i r ly  
active. In  greases, palm oil, and sperm oil, they are 
only moderately effective. 0ver -a l l  the 2,4,5-tr ihy- 
droxyphenones compare quite favorably with current  
commercial products. I t  would appear  that  as more 
testing is done, more applications for these com- 
pounds may be found. 

Subacute toxicity studies made w i t h  2,4,5-trihy- 
droxyacetophenone an d  2 ,4 ,5- t r ihydroxybutyrophe-  
none indicate that  they are of a low order of toxicity. 
Long-term feeding tests on rats and dogs are under- 
way with the butyrophenone,  and af ter  four months 
there are no apparent  ill effects. 

[Received October 14, 1954] 

Present Status of the Filtration-Extraction 
Process for Cottonseed 
J. J. SPADARO, H. L. E. VIX, H. K. GARDNER, E. L. D'AQUIN, P. H. EAVES, and E. A. GASTROCK, 
Southern Regional Research Laboratory, ~ New Orleans, Louisiana 

EVELOPMENT Of the various phases of the ill- 
D t ra t ion-extrac t ion for co t tonseed  has process 

been reported in previous papers (1, 2, 3, 4). 
Since the publication of these papers many impor tant  
i m p r o v e m e n t s  or "process ref inements"  have been 
made, and some of these have been applied commer- 
cially in the first large-scale plant  which was installed 
iH Mississippi. Many of these improvements have been 
developed on a cooperative basis with the Mississippi 
Cottonseed Products  Company 3 and the Lukenweld 
Division of Lukens Steel Company2 

Improvements  or changes in the processing pro- 
cedures and o p e r a t i n g  f ea tu r e s ,  which depict the 
present status of the development of the process for  
cottonseed, involve the following phases of the proc- 
ess: c o n d i t i o n i n g  of the meats or flakes prior  to 
cooking; extraction tempera ture ;  effect of screw con- 
veying both flakes and cooked meats;  effect of an 
open-weave type filter medium; effect of recycling the 
initial concentrated miscella fil trate; effect of reform- 
ing cooked material ;  effect of cake thickness; and 
product  quality. The following brief  discussion of 
the filtration-extraction process is required better to 
unders tand the application of the process refinements. 

Essential steps of the process are shown in F igure  

1 Presen ted  a t  the 45 th  annua l  meet ing  of the  Amer ican  Oil Chemists' 
Society, San  Antonio,  Tex., Apr i l  11-14, 1954.  

2 One of the  laborator ies  of the Sou thern  Ut i l i za t ion  Research  Branch ,  
A g r i c u l t u r a l  Research Service, U. S. D e p a r t m e n t  of Agr icu l tu re .  

a The Agricultural Research Service has m e m o r a n d u m  of understand- 
ing with this Company.  

1. Prepared  cottonseed flakes are cooked in conven- 
tional four-to-six-high stack cookers, using lower tem- 
peratures  and shorter cooking time than normally 
used for  hydraul ic  cooking. Moisture content of the 
material  is maintained throughout  the cooking period 
at levels higher than for hydraul ic  cooking. The 
cooked material is " c r i s p e d "  by evaporative cooling 
and by reducing the size of any large agglomerates 
formed during the cooking ope ra t i on .  The condi- 
tioned material  is mixed with one of the miscella 
filtrates to form a s lur ry  which is held for 25 to 40 
min. The s lurry  is filtered, and the resulting cake 
countercurrent ly  washed three times on a horizontal 
ro ta ry  vacuum filter. Total time on the filter is only 
2 to 4 rain. The solvent damp extracted meal (marc) 
is discharged to a conventional desolventizer for meal 
and solvent recovery. The concentrated miscella is 
pumped to the oil recovery system for separation of 
oil and solvent. 

Conditioning of Meats or Flakes. Cottonseed used 
in the earlier pilot-plant runs had a normal average 
moisture content of 9 to 11%. The moisture of the 
result ing flakes was increased to the required 16 to 
22% in the first or second r ing of the cooker. In  
some of the recent runs the use of cottonseed having 
a moisture content of 6 to 8% showed the preferabil- 
i ty  of altering the method of adding the water. The 
drier  meats f rom this seed tended to produce more 
fines when flaked to 0.008 to 0.010 in. ; and the result- 
ing flakes required the addition of more water to at- 
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tain a cooking moisture comparable to tha t  used for 
the wetter  seed. I t  was found that  bet ter  results 
were obtained by adding par t  of the required cook- 
ing moisture to either or. both the meats  and flakes 
pr ior  to cooking. Sufficient water  is added to increase 
the moisture content of the flakes going to the cooker 
to 11 to 13%. By this procedure the diffusion of the 
water  and agglomerat ion of fines begins before the 
cooking step, and a more un i form intermixing of 
water  and flakes is a t ta ined in the cooker. 

Effect of Screw Conveying on Prepared Material. 
In  designing the first commercial f i l trat ion-extraction 
p l a n t  (installed in Greenwood, Mississippi),  the prob- 
lem arose of t r ans fe r r ing  the cooked mater ia l  a dis- 
tance of over 450 feet f rom the cooker to the solvent 
building due to the location of existing equipment.  
The use of screw conveyers was desired by both the 
manufac tu re r  and the oil mill because of the lower 
cost of screw conveyers as compared to other convey- 
ing equipment,  such as belt conveyers. But  it was 
conceivable that  screw conveying cooked mater ial  for  
that  distance might  undo the desirable agglomerat ion 
and particle size d i s t r i b u t i o n  a t ta ined dur ing the 
cooking and crisping steps. Physical  d e g r a d a t i o n  
might  actual ly  be sufficient to hamper  the filtration 
operation. 

A test was conducted in the pilot p lant  in which 
cooked cottonseed material ,  p repared  as is normal ly  
done for  fil tration-extraction, was repassed through a 
17-ft. conveyer, 6 in. diameter, unti l  the total  convey- 
ing distance was 500 ft. Periodic samples were taken 
for  f i l trat ion-extraction tests. These tests showed an 
appreciable decrease in mass velocity (lbs. of filtrate 
per  hour  per  sq. ft. of filtering area) with distance of 
conveying. Fo r  example, in a test in which the screw 
conveyor tu rned  at 37.5 r.p.m., a sample taken at 34 
ft. had a mass velocity of 4,570 as compared to 1,000 
for  the sample taken at  510 ft. Fo r  pract ical  opera- 
tion the p repared  mater ia l  for extract ion should have 
a mass velocity above 2,000. 

Method of Crisping. The original method of crisp- 
ing the cooked mater ia l  was another  phase of the 
process tha t  was considered impract ical  for  commer- 
cial use. The cooked mater ial  was spread in thin 
layers on open t rays  for 10 to 20 rain. to a t ta in  an 
evaporat ive cooling effect which would decrease the 
moisture content by 2 to 4% and decrease the tem- 
pera tu re  to 130 to I50~ Large  lumps were broken 
up by  hand. The later  method developed for the 
crisping operation was to discharge the cooked ma- 
terial  f rom the cooker t o  a screw conveyer, the top 
of which was opened for the first half  and hooded 
for  the last  half  to permit  the movement  of air over 
the mater ia l  by aspiration. Large  agglomerates were 
broken up by  the screw conveyer. The conveyed ma- 
ter ial  was discharged on a shaker screen as discussed 
below. The combination of screw conveying, move- 
ment  of air  over the material ,  and screening effected 
the desired c o n t i n u o u s  c r i s p i n g  action considered 
pract ical  for commercial  operation. 

Screening versus "Reforming" Cooked Material. 
For  the ear ly test runs  cooked  mater ia l  was " r e -  
f o r m e d "  by  passing the mater ia l  th rough a set of 
smooth rolls to break up large agglomerates formed 
in the cooker and to reduce size of hull  enclosed meat  
particles. To re-roll the warm, cooked mater ial  did 
not appea r  commercial ly practical  either economically 

C O T T O N S E E D  
f 

I CRACKING I 
IHULL REMOVAL I 

I CONDITIONING I 
t 

I FLAKING I 

I MILO COOKING I 
t 

I r  I 
I 

JCOOKED FLAKES] 

AGITATION WITH I 
MISCELLA l 

A i ~ PAN 

- - ' ~  ~ F ILTRATE RECEIVERS 

I 
OIL RECOVERY I SYSTEM DESOLVENTIZER 

t I ,~, I 
CRUDE SOLVENT DRIE  O SOLVENT 

OIL ~ M E A L  

I 
MAKE UP 

- -  VACUUM SOLVENT 
Fro. 1. Flow diagram for the filtration-extraction process. 

(cost of expensive rolls) or f rom the operat ional  view- 
point. A procedure was devised in which the cooked 
mater ia l  was screened over an 8-mesh screen, and the 
overs, amount ing  to about 10% of the totul material ,  
were put  through a hammer  mill to break up the 
large agglomerates.  This appeared  to be a satisfac- 
tory  procedure and was used in the recent pi lot-plant  
runs. 

Effect of 1'empcrature. R e c e n t  p i l o t - p l a n t  r u n s  
have shown that  s lur ry ing  (extraction) and fil tration 
steps can be conducted at tempera tures  of 110-130~ 
Reduced pressures of up to about 10 in. Hg.  can be 
used at these tempera tures  without any  appreciable 
effect upon fil tration characteristics. Ext rac t ion  effi- 
ciency is improved as shown in a pi lot-plant  test r un  
in which the extract ion tempera ture  was increased 
f rom room tempera tu re  (about 76~ to 110~ Re- 
sidual lipids decreased f rom 1.13 to 0.73%. 

Effect of Filter Media. Several filter media have 
been tr ied since under tak ing  the developmental  work 
for the fi l trat ion-extraction process. In  the pre-pilot- 
p lant  s tudy  (4) a 20 x 250 twilled Dutch wire filter 
cloth proved much more s a t i s f a c t o r y  t h a n  c a n v a s  
duck material .  In  the early pi lot-plant  runs  the 20 x 
250 twilled Dutch wire filter cloth was replaced with 
a 24 x 110 plain Dutch weave wire filter cloth (4), 
which was more sturdy,  gave better  fi l tration rates, 
was less expensive, and yet  permi t ted  sat isfactory 
fines retention. 
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As the process showed commercial  possibilities, a 
more open-weave filter medium was desired. The pur-  
pose was to insure the maintenance of a clean filter 
medium, with the filter blowback arrangement ,  for 
continuous 24-hr.-per-day operation. Invest igat ion of 
filter media showed that  No. 942 Saran  4 and a 60 x 60 
mesh plain weave stainless steel wire cloth gave satis- 
fac tory  results al though the la t ter  was considered 
more sturdy.  The 60 x 60 mesh medium was conse- 
quent ly  used in two 24-hr. pi lot-plant  runs conducted 
with rice b ran  and cottonseed. No sign of plugging 
was evident at the end of these runs, nor at the end 
of the recent pilot-plant runs, all of which were con- 
ducted with the same filter medium. 

The fines in the first filtrate increased f rom an av- 
erage of 0.20 to 0.50% in changing f rom the 24 x 110 
mesh screen to the 60 x 60 mesh screen. The increase 
in fines however was more than  overcome by  the de- 
velopment  of a method of recycling the first filtrate. 

Effect of Recycling the First Filtrate. The filter 
was altered to permit  an addit ional  " w a s h "  space on 
the filter as shown in the flow diagram. The first 
miseella filtrate, obtained f rom the initial fi l tration 
of the s lur ry  deposited onto the filter, is pumped  back 
onto the filter at a point immediate ly  af ter  the cake 
is formed. The cake acts as a filtering medium to 
remove the bulk of the fines f rom the first filtrate. 
This second filtrate then becomes the product  mis- 
cella, which is pumped  to the oil recovery system. 
This recycling procedure reduces the fines content to 
about 0.03 to 0.05%. 

Effect of Cake Thickness. Although the early pilot- 
p lant  runs were conducted with a 1-in. cake on the 
filter, a 2-in. cake was used in most of the la ter  pilot- 
p lant  runs. Tests with other oil-bearing materials,  as 
well as with cottonseed, had shown that  the 2-in. cake 
gave the best results with p repared  mater ial  having 
the desired f i l t ra t ion-extract ion c h a r a c t e r i s t i c s .  In- 
creasing the cake thickness f rom 1 to 2 in. tended to 
decrease residual lipids in the cake without any  ap- 
preciable decrease in mass velocity. The thicker cake 
also improved the fines retent ion and minimized the 
effect of any  unevenness in the cake surface. 

Product Quality. Crude cottonseed oils produced 
f rom cooked cottonseed meats by  the filtration-extrac- 
t ion process, using five different lots of seed, were 
evaluated for color stabil i ty under  severe storage con- 
ditions. Comparison was made with oils produced 
f rom the same lots of seed by hydraul ic  pressing of 
cooked and uncooked flaked meats  and by direct Sol- 
vent  extraction of uncooked flaked meats. Changes 
in the quant i ty  of gossypol-like materials  in the crude 
oil occurring dur ing  storage have been studied to de- 
termine any  relat ionship of the changes to the color 
s tabil i ty of the oils. 

Da ta  showed that  the color of most of the filtra- 
t ion-extraction cottonseed oils were relatively stable 
under  severe storage conditions. Color stabil i ty was 
sl ightly bet ter  than that  obtained with oils produced 
by  hydraul ic  pressing and direct solvent extract ion of 
uncooked flaked meats. Some of the hydraul ic  pressed 
oils which were init ial ly slightly bet ter  in color had a 
higher rate of reversion and resulted in final oil col- 
ors, a f te r  storage, that  were similar to the colors of 
the comparable fi l trat ion-extraction processed oils. No 

4 Th e ment ion of t rade  products  does not  imply  tha t  they are endorsed 
by the Depa r tmen t  of Agr icu l tu re  over s imi la r  products  not  mentioned.  

quant i ta t ive relationship could be established between 
the amount  of gossypol-like materials  which disap- 
peared dur ing storage and the increase in red color 
of the refined and bleached oils. Gossypol loss and 
red color increase appea r  to be related, but  apparen t ly  
other factors  such as degree of gossypol breakdown, 
age and nature  of the seed, and the presence of other 
minor  components affect the relationship. 

Commercial Application of the Filtration-Extrac- 
tion Process. Many of the above process modifica- 
tions, as well as the earlier pilot-plant data, have been 
appl ied to the first commercial f i l tration-extraction 
plant,  recently designed and placed into operation for  
the Mississippi Cottonseed Products  Company,  Green- 
wood, Miss., by the Lukenweld Division of the Lukens 
Steel Company.  

Meats prepara t ion  conditions for  fil tration-extrac- 
tion at  Greenwood were obtained with minor modifi- 
cations of the existing equipment .  I t  was necessary 
only to install pipe lines, including rotameters,  to 
permit  the addition of water  and s team to the second 
r ing of the cooker and water  to the flakes in the con- 
veyer  between the rolls and the flake surge bin. The 
flakes were fed to the cooker f rom the surge bin at  a 
constant ra te ;  the excess was discharged into a " r u n  
a r o u n d "  conveyer and back to the surge bin. 

As in the pi lot-plant  runs, the d ry  seed being proc- 
essed at  Greenwood was bet ter  p repared  for filtration- 
extract ion by the addit ion of pa r t  of the water  to the 
flakes. Good operat ion was obtained with flake mois- 
ture increased up to 11 to 12%. Above 12% moisture 
tended to hamper  operations in tha t  the opening to 
the first r ing of the cooker would periodically plug. 
Addi t ion of all of the r e q u i r e d  m o i s t u r e  into the 
cooker resulted in lower mass velocities ver i fying the 
pi lot-plant  findings. 

Crisping was at ta ined by discharging the cooked 
mater ia l  to an open-top 10-ft. conveye r  and then to 
an aspira ted bucket elevator and aspira ted belt con- 
veyer. Two belt conveyers were installed to convey the 
cooked mater ial  450 ft. f rom the prepara t ion  build- 
ing to the solvent extract ion building. The use of a 
shaker screen installed at the end of the first belt and  
s tar t  of the second belt was not deemed necessary 
when operation got under  way. 

The conditions used in the extract ion and product  
recovery end of the process were comparable to those 
used in the pi lot-plant  work. The following examples 
are given: extraction and fil tration tempera tures  are 
115 to 125~ ; filter medium is a 60 x 60 mesh plain 
weave stainless steel screen; first miscella filtrate is 
recycled;  a cake thickness of 2 in. is used;  the solvent 
to cooked meats ratio is about 1.1 to 1 ; mass velocities 
of 2,500 to 3,000 were a t ta ined;  vacuum requirements  
were 7 to 11 in. of mercury.  The oil and solvent f rom 
the miscella, and meal and solvent f rom the marc  were 
recovered in conventional equipment.  

Summary 
Improvements  and refinements in the process for  

f i l trat ion-extraction of cottonseed resul t ing f rom fur-  
ther  pi lot-plant  development studies are described as 
well as their  adapta t ion  to the first commercial plant .  
These improvements  which depict the present  s tatus 
of the process for  cottonseed include pr incipal ly  cer- 
ta in modifications in the method of conditioning of 
the meats  or flakes pr ior  to cooking and in the pro- 
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eedure for cr isping;  selection of best conveyor type  
for  conveying cooked mater ia l  over relat ively long 
distances without objectionable eomminut ion;  selec- 
tion of filter medium combining the desired proper-  
ties of durabil i ty,  non-fouling, and low fines retention ; 
determinat ion of opt imum filter-cake thickness;  and 
d e v e l o p m e n t  of a method for  clarification of the 
product  miscella by continuous r e c y c l i n g  t h r o u g h  
the formed cake on the filter. Also discussed is the 
qual i ty  and color stabil i ty of the oil produced f rom 
comparable lots of cottonseed by  the fll tration-extrae- 

t ion process, as compared with tha t  by  hydraul ic  
pressing, and by solvent extraction of uncooked flakes. 
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Solvent Extraction of Fish Offal I 

L. K. ARNOLD, Professor of Chemical Engineering, and H. C. ARVIDSON JR., 
Formerly Graduate Assistant, Iowa Engineering Ex)eriment Station, 
Iowa State College, Ames, Iowa 

S 
OLVENT EXTRACTION, which has been applied exten- 

sively to certain oilseeds, such as soybeans, has 
had a relat ively limited applicat ion to fish and 

fish products. Most of these applications have been 
to fish livers or whole fish (1, 7, 8). The large amounts  
of fish offal and surplus fish which are wasted or in- 
efficiently processed have aroused an interest  in the 
indus t ry  in the applicat ion of continuous countercur-  
rent  solvent extract ion to these materials.  

This investigation is concerned p r imar i ly  with the 
solvent extract ion with tr ichloroethylene of fish meal 
produced by the wet cooking of fish wastes. The ma- 
terial  used in this s tudy  contained f rom 13 to 19% 
oil and 20 to 45% moisture and was p repared  for  ex- 
t ract ion in the labora tory  static-bed rate  extractions 
by  passing it through a Universal  No. 2 household 
food chopper with a coarse cutter.  The mater ia l  used 
in the pilot p lant  model of the Iowa State College 
extractor  was p repared  for extract ion by  passing the  
fish meal through a John  Deere No. 10-A hammer  
mill operat ing at 3,150 r.p.m, with a screen having 
l~-in, square openings. 

Laboratory Studies 
The laboratory  data were obtained by means of nor- 

mal  static-bed rate  extractions. The appara tus  (4) for 
this investigation consisted of a 1-in. jacketed glass 
tube with the necessary auxiliaries to permit  the bed 
of fish meal and the incoming solvent to be main- 
tained at a constant temperature .  The overflow mis- 
eella rate was 10 ml. per minute.  

The screen analysis of the fish meal a f ter  passage 
through the food chopper is given in Table I. The 

1presented at fall meeting, American Oil Chemists' Society, ]l~inne- 
apolis, lYIinn., Oct. 11-13. 1954. 

TABLE I 

Screen Analysis of Fish Meal Used in Laboratory and 
Pilot P lant  Studies 

U. S. Screen Size r Scre'e~ 

_ _  _ _  _ _  Inches 

:iiiiiiii iii iiiiiiiiiiiiiiiiiiiiiii iiiii 
Percentage passing 

screen 

Laboratory Pilot plant  

98.3 94.5 
90.7 87.2 
72.4 81.8 
58.4 77.4 
42.1 70.5 
27.7 60.8 

variables investigated in the labora tory  were temper-  
ature,  part icle size, moisture, and wett ing agents. The 
results of these experiments  for  the first three vari- 
ables are given in F igures  1, 2, and 3. 
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Fro. 1. Yarlatlon of residual extractables with temperature 
in laboratory studies. 

Moisture content of feed: 25.4% 
Residual extractables on moisture-free basis. 

The fish meal used in the s tudy  of the effect of 
t empera tu re  on the extraction had a moisture content 
of 25.4%, and it will be shown later  that  moisture 
content influences the results appreciably.  The effect 
of t empera tu re  on the residual extraetables 2 is not 
great  because the extract ing solution is almost pure  

Residnal extractables  are determined by means of a Soxhlet extrac- 
tion using trichloroethylene as a solvent. The ratio of hexane extractables 
to trichloroethylene extractables  has  been found to be 0.86. 


