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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. 
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Fro .  2. V a r i a t i o n  of  r e s i d u a l  e x t r a e t a b l e s  w i t h  p a r t i c l e  size 
in l a b o r a t o r y  s tud ies .  

Moisture content of feed: 25.4% 
Residual extractables on moisture-free basis. 
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Fro. 3. Effect of moisture on residual cxtraetables in rate 
extractions. 

Extraction temperature:  l l 0 ~  
Residual extractables on moisture-free basis. 

solvent, and the physical  propert ies  of this are not 
affected great ly  by temperature .  

The particle size data give the expected result, and 
the effect of particle size var ia t ion is not very  great. 
when the range of particle sizes tested is considered. 
Fish meal, in general, gives smaller particles than  
does mater ia l  of land animal  origin (2) which has 
been processed in a somewhat similar manner.  

Moisture contents above 20% have a profound ef- 
fect upon the residual extraetables. This effect is due 
to the fai lure  of the organic solvent, trichloroethylene, 
to wet the fish meal readily. At  moistures below 20% 
the increase in residual extraetables, par t i cu la r ly  in 
the diffusion port ion of the extraction, probably  re- 
sults f rom a physical shrinkage taking place in the 
particle dur ing the a i r -drying operat ion which re- 
tards  the entrance of the solvent into the solid. These 
results duplicate the t rend as to the effect of moisture 

as repor ted by Arnold and Pate l  (4) for  soybeans and 
cottonseed and by Arnold and Arvidson (2) for meat 
offal. 

Because of the high moisture of the fish meal as it 
was received (45%) it was considered of interest to 
ascertain the improvement  possible with some of the 
commercial ly available wet t ing agents. In  all, 11 wet- 
t ing agents of differing compositions were tested, and 
it was found that  some improved the oil removal  and 
others tended to re tard  the extraction. The best wet- 
t ing agent, an  alkyl aryl  sulfonate, was found to im- 
prove the extract ion efficiency f rom 76.4 to 91.6%. 

Pilot  P lant  Studies 

The pilot p lant  model of the Iowa State College 
extractor  tha t  was used in these studies was also used 
in the work reported by Arnold and P 'Poo l  (5) and 
Arnold and Juh l  (3). This extractor  has a capacity 
of 5.44 lbs. of fish meal per  hour at an extraction 
time of 51.2 min. and one of 14.43 lbs. per hour at 
an extract ion time of 18.1 rain. 

The fish meal used in this phase of the investigation 
differed physical ly f rom tha t  used in the laboratory 
phase. In  the labora tory  ra te  extractions the fish 
meal was composed mainly  of fish flesh with some 
bone and shell material .  However,  in the pilot p lant  
work, the fish meal consisted of fish fins, fish scales, 
and fish flesh. This difference in physical  composition 
precluded the possibility of obtaining a correlation 
between labora tory  and pilot p lant  results. I t  also 
indicates the difficulty of securing precise data repre- 
sentative of fish meal in general. The screen analysis 
of the fish meal used in the pilot p lant  extractor  is 
given in Table I. 

Data  were collected in the pilot p lant  model of 
the Iowa State College extraetor  to show the effects 
of miscella concentration, extract ion time, extraction 
temperature ,  and moisture, when using triehloroethyl- 
ene as a solvent, h l fo rmat ion  was also collected on 
the extract ion of fish meal with commercial hexane 
(Skellysolve B) .  

Effects of the four  impor tan t  extract ion variables 
on the extract ion of fish meal with tr iehloroethylene 
are given in Figures  4, 5, 6, and 7. The effect of mis- 
eella concentrat ion upon the residual extraetables can 
be represented as a s t ra ight  line, and since this vari- 
able is not controllable to exact concentrations, it was 
necessary to correct the data  f rom other studies to a 
constant miscella concentration as has been done in 
previous studies with cottonseed (3) and meat  scrap 
(2). The selected miscella concentration for  compara- 
tive purposes was 15%. This was considered the best 
value since it was easily obtained, it did not introduce 
variat ions in the results as would a t tempts  to use a 
higher concentrat ion with the accompanying increased 
pumping,  3 and it did not result  in a f luctuating mis- 
cella overflow f rom the extractor  such as might occur 
with a low solvent rate. The data were corrected to 
the 15% miscella concentrat ion by mul t ip lying the 
actual  residual  extraetables by  the rat io of the resid- 
ual extraetables at 15% to the value for  the residual 
extraetables at the exper imental ly  determined mis- 
eella concentration. Both values for  the ratio were 
taken f rom Figure  4. 

The effect of extraction time, shown in Figure  5, 
indicates tha t  the extract ion process is one of surface- 

3 Pumping is the increase in the solvent level at the solvent inlet Bide 
of the extractor. 
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FIG.  4, V a r i a t i o n  o f  r e s i d u a l  e x t r a c t a b l e s  w i t h  m i s c e l l a  con-  
c e n t r a t i o n  i n  p i l o t  p l a n t .  

Ext rac t ion  t ime: 26 min. 
Ext rac t ion  tempera ture :  110~ 
Average feed moisture:  21 .2% 
Residual  extractables on moisture-free basis. 

5 T O  

ffl 
~4 

ul 
3 ,,J 

bl 
e~ 

~ 2  
z 

w a. 

% 

r 

DATA CORRECTED 
I5 % MISCELLA 

0 

0 

I 0 2 0  30 4 0  5 0  60  
EXTRACTION TIME, MINUTES 

F r o .  5. V a r i a t i o n  o f  r e s i d u a l  e x t r a c t a b l e s  w i t h  e x t r a c t i o n  
t i m e  i n  p i l o t  p l a n t .  

Average feed moisture:  21.2% 
Extrac t ion  tempera ture :  110~ 
Residual  extractables on moisture-free basis. 

washing for  short extractions a n d  one of washing 
and diffusion for  longer extractions. The reasons for  
this conclusion are: 

1. T h e  f ish m e a l  h a s  b e e n  c o o k e d ,  a n d  i n  t h i s  o p e r a t i o n  t h e  
p r o t e i n  o f  t h e  f ish h a s  b e e n  c o a g u l a t e d  a n d  su f f i c i en t  t i m e  
h a s  e l a p s e d  f o r  a g o o d  p o r t i o n  o f  t h e  oi l  to  d i f f u s e  to  t h e  
s u r f a c e  o f  t h e  m e a l  p a r t i c l e s .  

2. I f  t h e  d a t a  h a d  b e e n  p l o t t e d  o n  s e m i - l o g a r i t h m i c  p a p e r ,  
t h e  d a t a  f o r  e x t r a c t i o n s  o f  m o r e  t h a n  28 r a in .  i n  d u r a t i o n  
w o u l d  l ie  o n  a s t r a i g h t  l ine .  T h i s  s t r a i g h t  l i ne  m e a n s  t h a t  

d i f f u s i o n  is  c o n t r o l l i n g  t h e  r e d u c t i o n  in  r e s i d u a l  e x t r a c t -  
a b l e s  w i t h  i n c r e a s e d  e x t r a c t i o n  t i m e .  

Figure  6 shows tha t  a proport ional  decrease in 
residual extractables is obtained with increasing ex- 
t ract ion temperature .  Moisture (F igure  7) plays a 
more impor tan t  role in extract ion in the pilot p lant  
than  in the laboratory.  This greater  effect of moisture 
is due to the change in the effect of the wet t ing of the 
fish meal by the extract ing miseella. Ne~vertheless the 
effect of moisture in the range of contents covered is 
not great.  
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F m .  6. V a r i a t i o n  o f  r e s i d u a l  e x t r a c t a b l e s  w i t h  e x t r a c t i o n  
t e m p e r a t u r e  in  p i l o t  p l a n t .  

Average feed mois ture :  21.2% 
Extrac t ion  time: 26 rain. 
Residual  extractables on moisture-free basis. 

Following the promising results in the labora tory  
with wet t ing agents, an  extract ion in the pilot p lant  
was carr ied out, using the best wett ing agent  tested 
in the laboratory.  The results showed tha t  the extrac- 
tion is not improved to any  appreciable extent by the 
wett ing agent. The fish meal used in this exper iment  
was the same as tha t  used in the laboratory.  

The conditions tha t  were found to be best for  the 
extract ion of fish meal with tr ichloroethylene were 
130~ extract ion time of 28 min., a moisture content 
of the feed of 6.5%, and a miscella concentrat ion of 
15%. The residual extractables under  these conditions 
were 1.27%. The results of the extract ion run  with 
commercial hexane are given in Table I I .  

T A B L E  I I  

Ext rac t ion  wi th  Commercial Hexane  

Ext rac t ion  tempera ture  .......................................................... 130~ 
Ext rac t ion  time ....................................................................... i 26.0 rain. 
Miscella concentrat ion ............................................................ p 4.04 % 
~VIoisture in feed ...................................................................... 23 .09% 
Residual  extractables,  hexane soxhlet .................................... , 3 .18% 
l~,esidual extractables, tr ichloroethylene soxhlet ..................... ] 3 .71% 
F~e~idual extraetahles (trichloroe~hylene ex t rae t tor0 ,  I 

tr ichloroethylene soxhl~t a .................................................. / 1 .62% 

" Da ta  corrected to 4 .04% miscella so tha t  a more realistic com- 
par ison  could be obtained. Residual  extractables on moisture-free basis. 
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]fm. 7. E f f e c t  of m o i s t u r e  on r e s i d u a l  e x t r a c t a b l e s  i n  pilot 

Extrac t ion  time: 26 rain. 
Ext rac t ion  tempera ture :  l l 0 ~  
Residual  extractables on moisture free basis. 

p l a n t .  

The extract ion with hexane shows conclusively that  
extraction of fish meal is best carr ied out with tri- 
ehloroethyleue if as great  an oil recovery as possible 
is to be obtained under  a given set of extract ing con- 
ditions. The actual  difference in the results is due to 
the difference in the rate of solution of the oil corn- 

portents in the solvents, as has been suggested by 
Karnof sky  (6). 

The toxici ty to cattle of c e r t a i n  ba tches  of  tri- 
ehloroethylene-extracted soybean oil meal has raised 
the question of possible toxicity of other products  
extracted by triehloroethylene. Since the work pre- 
sented in this pape r  was a s tudy in extraction only, 
the use of tr iehloroethylene as an experimental  sol- 
ve~t should not be construed as a recommendation 
by the authors tha t  the product  result ing f rom this 
extract ion is or is not suitable as a feed. 

Summary 
Data  are given which show the effect of the various 

extract ion variables on the extraction of fish meal in 
both the labora tory  and pilot plant.  The use of wet- 
t ing agents, a l though promising in the laboratory,  
does not appear  to be of much value for  pilot p lant  
operation. A higher percentage of the oil compo- 
nents is removed by  triehloroethylene under  a given 
set of extract ing conditions than with hexane. The 
mechanism of the extract ion is believed to be one of 
surface-washing for  short extractions, and for longer 
extractions this washing process is supplemented by 
diffusion. 
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Adsorption of Synthetic Detergents Affects Use and 
Waste Disposal I 
L. H. FLETT, L. F. HOYT, and J. E. WALTER, National Aniline Division, 
Allied Chemical and Dye Corporation, New York, New York 

ETERGENTS are members of a broad class of 
D compounds known as agen t s , "  "surface-act ive  

so-called because they are wi thdrawn f rom water  
solution by  surfaces of all types. The detergent  mol- 
ecules, a t t rac ted  f rom the solution to the surface, ori- 
ent themselves with their  water-solubilizing groups 
directed toward the solution and the water-repel lent  
groups toward the surface. In  this way an ent irely 
new surface is created. This surface effect, known as 
"adsorption," gives rise to the washing, wetting, suds- 
ing, dispersing, and other propert ies  associated with 
detergents.  

In  ord inary  use the amount  of detergent  which mi- 
grates to the surface is no inconsiderable par t  of tha t  
which is present.  I t  may  in fact  involve most of the 
detergent  present  in solution. Fur the rmore  the deter- 
gent which becomes associated with the surface may  be 
fixed there in a way tha t  serves to al ter  the propert ies  

1 P r e s e n t e d  a t  the  ~all meeting, American Oil Chemists' Society, Min- 
neapolis, Minn., Oct. 11-13, 1954. 

of the t reated mater ia l  even af ter  it is removed f rom 
detergent  solution. 

Adsorption Needs to Be Understood 
This discussion is concerned with a description of 

the magni tude of these surface effects and with the 
manner  in which they  can be promoted or retarded,  
according to the par t icu la r  effect which the user wishes 
to achieve. 

The economical and effective use of detergents,  e spe -  
cially in industry,  requires a clear unders tanding of 
the effect which the detergent  is intended to achieve 
and whether  the effect is to be temporary ,  as in wash- 
ing where it nlust last only unti l  the di r t  is floated 
away, or whether it is to be more permanent ,  as in 
textile finishes or in processes for sterilizing and moth- 
proofing. I t  also requires a knowledge of the bond 
between the surface and the detergent.  The detergent  
may  be loosely bound so that  the bulk of it can be 
rinsed away by fresh water  ; o r  it may  be firmly bound 


