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T 
HE OBJECT O f  this paper  is to repor t  on the in- 
dustrial-scale operation of our continuous, direct 
solvent-extraction plant,  using dehulled sun- 

flower seed as the feed material ,  and to discuss the 
influences of certain process variables upon plant  
operation. 

The high initial oil content of dehulled sunflower 
seed and the product ion of fines as the oil content is 
reduced dur ing extraction are factors whieh eliminate 
the use of conventional solvent-extraction systems for 
this material .  Fo r  these reasons sunflower seed is 
normal ly  pressed or prepressed, followed by solvent 
extraction for oil recovery. 

Runs conducted in our p lant  were made to deter- 
mine the processing conditions required for an 
efficient extraction with relat ively low solvent /feed 
ratios for maximum oil content in the full  miscella. 
The informat ion obtained permit ted  smooth, full- 
scale operation of our direct, continuous solvent- 
extraction installation, using dehulled sunflower seed 
as feed material ,  a feat  which is believed to be a 
significant advance in oil seed technology. 

Description of the Process 
Fil t ra t ion-extract ion (Fi l t rex)  has been described 

previously in considerable detail (1, 2, 3), hence the 
following will be limited to a brief  description of the 
processing steps to which sunflower seed is subjected. 

Preparation Section. The seeds were first cleaned, 
then dehulled. The commercially dehulled meats 
(Table I)  were then dried and rolled through a 

T A B L E  I 

Dehulled Sunf lower  Meats C o m p o s i t i o n  

% 
Oi l  c o n t e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 3 . 0 0  
F r e e  f a t t y  a c i d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 2 6  
Moisturo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 . 6 0  
lVfeats . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 0 . 9 0  
H u l l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ; . . . . . . . . . . . . . . . . . . . . .  9 . 1 0  

single-pass roll stand. The rolled meats were cooked 
in a five-high stacked-kettle cooker. Under  the influ- 
ence of moisture, heat, and a rap id  evaporat ive 
cooling step termed crisping, the meats assume a 
porous s t ructure  which facilitates oil release dur ing 
extraction. 

Cooking and crisping are processing steps not com- 
mon to other extract ion systems. These two unit  
operations however are responsible to a large extent 
for  F i l t r ex ' s  abili ty to process high oil-content ma- 
terials with or without  fine meat  particles present.  

Extraction Section. The solvent-extraction opera- 
tion in fi l tration-extraction is divided into two dis- 
t inct  phases. One is the extract ing or the pu t t ing  of 
the oil into solution with the extract ing solvent, and 
the second is the separat ion of the oil-solvent mixture  
f rom the spent meal by  filtration. 

F igure  1 is a view of the horizontal filter, showing 
pan drive, view ports, and piping. 

F igure  2 shows the compar tmented  miscella tank 

F I G .  1 .  H o r i z o n t a l  r o t a r y  v a c u u m  f i l t e r .  
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which receives, keeps separate,  and supplies counter- 
current  wash miseellas of various concentrations to 
appropr ia te  pumps.  

F igure  3 is a view of the solvent area of the p lan t  
including extraction, oil and solvent separat ion and 
recovery, and marc  (solvent damp meal) desolventi- 
zation. Capaci ty  of the p lant  is 50 tons of dehulled 
sunflower seed meats per  24 hrs. 

The p repared  mater ial  is fed continuously to the 
extractor,  where it is s lurried for  30--35 rain. under  
gentle agitat ion with a miscella of medium concen- 
tration. The s lur ry  formed is continuously deposited 
on the rotat ing pan  of the horizontal vacuum filter, 
where most of the concentrated miscella is removed. 
The solids which remain on the pan  form a cake of 
approximate ly  2 in. in thickness. The concentrated 
miseella previously removed is passed through this 
cake bed for  clarification. The cake receives three 
washings before being discharged for solvent removal.  
Miseellas of decreasing concentrations are used for  
the first two washes, and oil-free solvent is used for  
the final wash. The miseella resul t ing f rom the first 
wash goes to the extractor  to fo rm the slurry.  

Preparation Conditions 
In  all of the following runs, water  was added to 

the second r ing of the cooker; the first r ing was used 
as a preheater .  Previous experiments have shown 
that  water  added to the relatively cool mater ia l  in the 
first r ing of the cooker eaused oil release, which ad- 
versely affected the cooking operation. Those same 
experiments also showed that  preheat ing pr ior  to 
moisture addition permi t ted  the product ion of meats 
which extracted to lower residual lipids contents. 
Similar results have been obtained with peanut  
kernels (4). 

Rolling, drying,  cooking, and crisping were done 
on an industr ial  scale. The mater ial  result ing f rom 
these various prepara t ions  was extracted on a bench 
scale (5). 
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FIo.  2. Miscel la  t a n k  wi th  l iqu idqeve l  con t ro l  p i lots ,  valves,  
a n d  pumps .  

. ! : "  ........ 

Experimental Results 

The studies included the effect of rolling', drying, 
cooking, solvent/meats ratio and mass velocity upon 
residual lipids content. Solvent/meats ratio is the 
weight ratio of oil-free solvent  to prepared  meats 
introduced into the plant. The solvent used for these 
studies was a commercial grade of n-hexane. Mass 
velocity is the rate at which misee]la passes through 
the cake bed and filter medium, measured in pounds 
of filtrate per hour per square foot of filter area. 

The results of these runs are tabulated in Table II.  
F rom these results it can be seen that  a single rolling 
before cooking' is not as effective as a double rolling 
before cooking. I t  is also shown that drying before 
a single rolling is more effective than a double rolling. 
This results f rom the higher rolling efficiency possible 
with dried material. The best results were obtained 
with material which had been rolled, cooked, and re- 
rolled after  cooking. Re-rolling af ter  oil cells have 
been weakened by heat and moisture during cooking 
seems to promote more complete oil-release in the 
extraction step. 

As previously mentioned, mass velocity is a meas- 
ure of the filterability of miscella (or solvent) through 
the cake bed. For  a high value of this variable (6,000- 
7,000), the wash liquids percolate rapidly through 
the cake bed without covering the bed completely. 
This uneven washing results in a meal containing an 
unnecessarily high residual lipids content. Con- 
versely a Iow mass velocity (1,0,00 to 2,000) allows the 
wash liquids to aecumulate on the surface of the cake 
bed; and, in addition to the undesired intermingling 
of the wash fractions, high residual lipids also result. 

An efficient washing is obtained with a mass re- 

loeity of 3,000 to 4,000. Under these Conditions a 
favorable distribution of wash liquids was obtained 
with no intermingling of the various wash fractions. 

That  the removal of oil from the oil-bearing ma- 
terial takes place in the extractor  is an important  con- 
cept. Pract ical ly  no extract ion takes place on the 
filter. I f  insufficiently extracted material  is conveyed 
to and washed on the filter, even ideal washing condi- 
tions will not produce an extracted meal with an 
acceptably low residual lipids content. A second con- 
cept is that the mass velocity of a par t icular  prepa- 
ration is not only a measure of probable washing 
efficiency but  also an indication of the degree of 
extraction to be expected in the extractor  itself. 

Actual ly a par t icular  preparat ion will give two 
distinct mass velocity values. The first, and higher, 
value measures the ability of the material  af ter  cook- 
ing aud crisping to pass solvent. The second value 
measures the ability of the material  to pass solvent 
af ter  the concentrated miscella has been refiltered 
through the cake bed. The fines removed from the 
concentrated miscella, the original cake bed, and the 
filter medium add up to a greater  resistance, hence a 
lower resultant  mass velocity value. These two mass 
velocities will be identified in the following discus- 
sion as the mass velocity before refiltration (mass 
velocity dur ing �9 the higher value, and 
mass velocity af ter  refiltration (the wash liquid mass 
velocity).  

Figure  4 shows the relationship between these two 
mass velocities. An initial mass velocity of 6,000 to 
7,000 lbs. per hour (sq. ft.) is reduced to about 3,000 
lbs. per  hour (sq. ft .)  af ter  deposition of the fines 
upon the cake bed. Prepara t ion  of the sunflower 
meats used for this evaluation are shown in Table I I I .  

TABL~ II 

Data on Ex(racted :Meals 

]~esidual 
lipids 

T y p e  of roiling. I ~un  I Lbs. I Rate I Mo,:sture i sRe~ ls / /#lake I :Mass I Solve, at ] v  . . . . . .  /~Sluf  ry ] 

1 ] L b & / h r . /  ] I I ~ c h e s  J ] 
I [ I I % I r a m )  t ram.  I sq .  f t .  r [ l b . ~ l b .  [ M e r c u r y  I ~  I 

Rol~d%.:.......:. . . . . . . . . . . . . . . . . . . . . . . . .  / 1 / 5 0 0 0  / 4 4 0 9  I 5 6 / 0 1 I 0 1~--0 lS I 4 0 0 0  I 1 7  [ 4 0  / 1 4 0  / 
t~e-~oneo oe~o~'e ~ooki~g< ....... / 2 / 4;500 / 4:409 i 5:6 / 0[1 ] 0:15--0:18 ] 4',000 I 1:7 ] 4:0 ] 14:3 ] 

Dried before rolling .................. / 4 [ 41600 ! 41409 t 1.8 [ 0.1 [ 0.15-0.18 j 4,0 [ .7 [ . ] 

% 
2.94 
1.15 
0.67 
1.05 

a Processed without drying.. 
b Flaker one pair rolls 800 ram. in diameter. 
e Determined after crisping. 
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TABLE III 
Sunf lower  i~eats P r e p a r a t i o n  Data  

(for  bench-scale extract ion)  

VOL. 36 

l~0.n number  1 2 3 4 5 

Flaking- condit ions Dry before Dry before Dry  before Dry before Dry before 
ro l l ing  ro l l ing  ro l l ing  ro l l ing  ro l l ing  

Moisture af ter  drying,  % ........................................ 
i~olls separaXion, mm ............................................... 
F lake  thickness,  mm ................................................ 
Lbs. processed .......................................................... 
F lake  feed rate  to cooker, l b s . / h r  ........................... 
Cooking condi t ions  

Total  time, rain .................................................... 
Temperature ,  ~ : 

I~,ing : 1st ......................................................... 
2nd ........................................................ 
3 rd  ......................................................... 
4th ......................................................... 
5th ......................................................... 

Ring,  2nd, moisture,  % ........................................... 
After  crisping,  moisture,  % ................................... 
Mass velocity, l b . / h r .  (sq. ft .)  ................................ 
Cake thickness,  in .................................................... 

1.8 
0.1 

0 .15-0 .18  
8,850 
4,409 

55 

190 
200 
20O 
2O6 
210 

7.1 
1.21 

1,800 
2 

1.8 
0.1 

0.15--0.18 
8,000 
4,409 

55 

190 
200 
200 
210 
2 2 2  

7.6 
1.3 

3,000 
2 

1.8 
0.1 

0.15--0.18 
7,900 
4,409 

55 

190 
200 
206 
210 
2 2 5  

8.1 
1.31 

4,000 
2 

1.8 
0.I 

0.15-0 .13  
8,300 
4,409 

55 

210 
210 
212  
214 
2 2 5  

8.3 
1.36 

5,200 
2 

1.8 
0.i 

0.15--0.18 
8,100 
4,409 

55 

215 
2 2 0  
2 2 0  
2 2 5  
2 8 0  

11.6 
1.32 

7,000 
2 

5000 

%000 

3000 

~ 2ooo 

~.~ looo 
2 

i i o0-0 L 3000 4ooo 5000 6 7ooo 

MA.3-~ VELOCITY BEFORE REFILTRATION, Lb/(hr)/( sq.rt. ) 

F r o .  4. R e l a t i o n s h i p  b e t w e e n  m a s s  v e l o c i t y  b e f o r e  a n d  a f t e r  
r e / i l t r a t i o n ,  

Figure 5 shows the relationship between mass ve- 
locity before refiltration, solvent/meats ratio and 
residual lipids content. I t  is apparent  that a) resid- 
ual lipids content decreases with an increase in sol- 
vent /meats  ratio, b) residual lipids content decreases 
with an increase in mass velocity, and c) mass 
velocity has a more pronounced influence upon resid- 
ual lipids content at lower solvent/meats ratios. 
Meats prepared as shown in Table I I I  were also used 
for this evaluation. 

In view of the foregoing results, it is evident that  
a high mass velocity material is required during the 
extraction step for optimum oil release and that  a 

T A B L E  I V  

Sunf lower  Meats P r e p a r a t i o n  Da ta  
(for i ndus t r i a l  r u n )  

F l a k i n g  condi t ion D r y i n g  before 
ro l l ing  

Mois ture  af ter  drying,  % ......................................... 
Rolls separat ion,  mm ................................................. 
F l ake  thickness,  ram ................................................. 
Wt. of sunflower meats processed, tons .................. 
Cooking condi t ions  

Temperature ,  ~ : 
R i n g  : 1st .......................................................... 

2nd  ......................................................... 
3rd  ......................................................... 
� 9  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 L h  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Moisture, % 

I ~ i n g - - 2 n d  ........ ~ .................................................... 
After  c r i sp ing  ........................................................ 

NSass velocity, l b . / h r . / ( s q ,  f t . )  ................................ 

1.8 
0.1 

0 .15-0 .18  
58 

215--218 
2 2 0  
2 2 0 - - 2 2 2  
2 2 4 - - 2 2 8  
228--232 

11.8 
1.41 

7,000 

T A B L E  V 

Sunf lower  Meats  Ex t rac t ion  Data  
(for i n d u s t r i a l  r u n )  

Feed rate, l b . / h r  ............................................................. 
Wt, of sunflower meats  processed, toils ......................... 
Solvent  ratio,  l b . / l b  ......................................................... 
Ex t rac to r  teml>erat.ure, ~ .............................................. 
Cake th ickness  on filter, in  ............................................. 
V a c u u m  required,  in. of mercu ry  ................................... 
L i p i d s  in  fiita'ate, % 

1st  ................................................................................. 
2nd ............................................................................... 
3rd  ................................................................................ 
4th ................................................................................ 
5t~h ................................................................................ 

Solvent  in  marc, % ........................................................... 
Res idua l  l ip ids  in  desoNentized meal, % ...................... 
Mois ture  in desolventized meal, % ................................... 

4 ,409 
53 

1.7 
115 

2 
3 .8-4.5  

30.1 
29.8 
10.0 

2.8  
0.4 

39.0 
1.68 
3.8 

somewhat lower mass velocity is required during 
countercurrent  washing on the filter for  optimum 
cake-washing efficiency. A good preparat ion meets 
both of these requirements since the initially high 
mass velocity value in the extractor is reduced to the 
proper  range for washing by refiltration of the con- 
centrated miscella through the cake bed. 

Tables IV and V show the preparat ion and extrac- 
tion conditions of a full-scale industrial run  conducted 
to ver i fy  the experimental  findings. Table V also 
includes the results of that  run. 

The physical layout of the preparat ion section of 
the plant does not readily lend itself to re-rolling 
after  cooking. The second best procedure,  that  is, 
drying before roiling followed by cooking and crisp- 

1,8 

1.7 ~als~nt/mats 
1.6 ~tlo, 1.7 

1.5 a t s ~  
o~ 1.3 

Solvent/me 
1.2 ratlo, ~ ~  

i~ 

0.9 5ol~n~/m 

0.7 

0 , 6  :1 

0 ~  I i I'~ I olo I I 
1000 2000 3000 ~000 5 0 6000 7000 

V~OCZTy m P o ~  eEF~L~*~ZO,, ~ d ( ~ - ) / ( . , . r t . )  

FIG.  5. R e l a t i o n s h i p  b e t w e e n  m a s s  v e l o c i t y ,  r e s i d u a l  l i p i d s  
c o n t e n t ,  a n d  s o l v e n t / m e a t s  r a t i o .  
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ing, was employed. Nevertheless residual lipids con- 
tent was reduced to 1.68% oil at 3.8% moisture, or 
1.58% oil calculated to 10% moisture. 

Conclusions 
The influence of certain variables upon the direct, 

continuous, solvent extraction of sunflower seed meats 
has been discussed. I t  has been shown that the ideal 
preparat ion consisted of first reducing the huh  con- 
tent to about 10% b.y weight. Then the dehulled 
meats were rolled, cooked, crisped, and re-rolled prior  
to solvent extraction. Drying before rolling; followed 
by cooking and crisping, was also helpful in the 
reduction of residual lipids content but  to a lesser 
degree than was re-rolling af ter  cooking. 

I t  has been shown that  the use of relatively low 
solvent/meats ratios required initially high mass re- 
locities and that mass velocity during extraction was 
higher than that  realized during cake washing. 

The full industrial-scale run  confirmed the experi- 

mental  findings; thus the direct, continuous, solvent 
extraction of sunflower seed meats is a commercial 
reality. An oil-content reduction from 53% to 1.68% 
in one operation is a technological advance of great 
magnitude. 

Except  for periods when rice bran is processed, the 
plant is in continuous operation on sunflower seed 
meats and consistently produces meals containing 
between 1.5% and 1.7% oil content. 
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Ozonolysis as a Method 
of Olefinic Linkages 

for Establishing the Position 

F. L. BENTON, ARTHUR A. KIESS, and H. J. HARWOOD, Central Research Laboratories, 
Armour and Company, Chicago, Illinois 

O ZONOLYSIS combined with chromatography has 
not been an entirely satisfactory method in our 
laboratory for locating the positions of double 

bonds in unsaturated f a t ty  acids. Li tera ture  reports 
(1, 2, 3, 4, 5, 6), including some which appeared af te r  
this work was begun, had indicated a reasonable de- 
gree of success with the method. We therefore exam- 
ined the procedures in greater detail, using oleic acid 
as the representative compound. 

The methyl oleate employed in our investigation 
satisfied the requirements for high pur i ty  on the basis 
of melting and freezing curves and infrared spectra. 
The presence of methyl linoleate was not detected in 
its ultraviolet spectra, and both iodine and saponifi- 
cation values lay well within the accepted limits of 
puri ty.  Because the methyl oleate was converted to 
oleic acid under  saponification conditions which pre- 
viously had been shown to effect no conjugation of 
the double bond system of methyl linoleate, it was 
assumed that  no isomeric octadecenoic acids were 
formed during saponification. When oleie acid was 
ozonized however and the products of ozonide decom- 
position were chromatographically resolved, relatively 
large fractions corresponding to seven-, eight-, and 
ten-carbon mono- and dicarboxylie acids were ob- 
tained in addition to the expected pelargonic and 
azelaic acids. 

This report  is concerned with our at tempts to de- 
termine, in a semi-quantitative manner, the origin of 
these unexpected cleavage products. These acids 
might have been formed dur ing either ozonization or 
ozonide decomposition or might have resulted from 

positional isomers contained in the methyl  oleate 
which were not detected by the methods employed to 
establish its puri ty.  Our results are summarized in 
Table I. Observations and conclusions regarding 
fractions other than the C9 follow. 

C7 Dicarboxylic Acid Fraction. Runs 1, 2, 3, and 4 
are representative of ozonizations carried out in sol. 
vents commonly used for this purpose;  a relatively 
large Cv dicarboxylic fract ion was obtained in each 
case. I t  has been shown however that  this fraction 
results from lower-molecular-weight monocarboxylic 
acids, such as acetic acid or other acidic substances. 
Thus, when acetone was t reated with ozone, then 
heated with alkaline peroxide, and the product  was 
chromatographically resolved, a broad peak in the 
region of the CT-Cs fract ion was obtained. Similar 
results were also obtained with methanol and tetra- 
ehloromethane, n-Hexane was not attacked by ozone 
under  the conditions employed, and its use as a sol- 
vent eliminated the C7 fract ion completely (Runs 6, 
7, 8, and 11). Thus the C7 fraction was an ar t i fact  
and not pimelic acid. 

Clo Dicarboxylic Acid Fraction. The Clo fraction, 
isolated by the same chromatographic procedure used 
in the analytical procedure, contained some azelaic 
acid and an unidentified amorphous substance but  
not sebaeic acid, When the ozonide was subjected to 
vigorous decomposition (heated under  reflux for 3 
hrs. with alkaline peroxide, Run 11) or when ozoni- 
zation was effected in acetic acid at 90-95 ~ (at which 
temperature  the ozonide probably decomposed as 
rapidly  as it formed, Run 12), the Clo fract ion was 


