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I N the course of developing the fract ionat ion process 
(5, 10, l l ,  12) at the Southern Regional Research 
Labora tory ,  relat ively large quantit ies of fine cot- 

tonseed meal were produced. This solvent-damp, fine 
cottonseed meal, mostly 300-mesh, was desolventized 
satisfactorily in a continuous pilot-plant  meal dryer  
of the screw conveyor type. 

In  addition to accomplishing the p r i m a ry  objective 
of desolventizing this fine meal on a continuous pilot 
p lant  scale, the investigation showed that  a reduction 
in free gossypol of up to 69% could be obtained dur- 
ing the dry ing  operation and also that  a desirable 
granula ted  product,  80% of which was coarser than  
20=mesh, could be produced. 

A br ief  resum6 of the fract ionat ion process follows 
since the characterist ics of the meal produced in frac-  
t ionation were not only responsible for  the drying 
problem but  also had some effect on the gossypol re- 
ducti'on and on the type of dried mater ia l  obtained. 
In  fractionation,  defat ted or undefa t ted  flakes are 
disintegrated (10) b y  liquid shear to separate the 
pigment  glands f rom the meal and then screened. 
Af te r  screening, the mater ial  is differentially settled 
(12), and the fine suspended meal essentially free of 
glands is decanted. The bulk of the solvent is re- 
moved by  either centr i fugat ion or pressure filtration. 
The final step in the process is desolventization, or 
dry ing  of the fine meal. 

I n  the ear ly p i lo t -p lant -sca le  f ract ionat ion runs, 
where the quantit ies of the fine meal recovered were 
fa i r ly  small, the meal was merely  spread on t rays  
and air-dried. This method afforded little or 11o con- 
trol  over  the desolventization operation. The prevail-  
ing tempera ture  and relative humidi ty  determined 
the time required for  complete desolventization, also 
the final moisture content of the meal. The solvent 
obviously was not recoverable. In  the fur ther  devel- 
opment of the fract ionat ion process therefore a pro- 
cedure for  the continuous desolvcntization of larger  
amounts  of fine meal under  controlled conditions was 
needed. 

Five pilot-plant-scale fract ionat ion runs  were then 
planned and conducted to determine the possibili ty 
of continuously desolventizing the fine meal without  
clogging the vapor  system and without  seriously af- 
fecting the quali ty of the meal produced. 

As an approach to the problem, a 4-stage, jacketed 
meal dryer,  which was available as pa r t  of the South- 

1Report of a study made under the Research and Marketing Act of 
1946. 

~Presented at the 42nd Annual Meeting of the American Oil Chem- 
ists' Society, New Orleans, La., :May 1-3, 1951. 
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ern Labo ra to ry ' s  continuous soh'ent-extraetion plant  
(4), was modified so that  it would be suitable for  
fine meal desolventization. In  ord inary  continuous 
solvent-extraction runs the extracted meal was fed 
to this dryer  by  gravi ty  f rom the discharge end of 
the inclined extractor,  and the mater ial  was then 
taken through the dryer  by  screw-conveyors. Sec- 
tions 1 and 2 contain r ibbon- type conveyors 10 inches 
in diameter  which rotate at 2.18 r.p.m., and sections 
3 and 4 have s tandard  solid flight conveyors, 16 and 

0SC t 
DESOLVENTIZ ED 

MEAL OUT 

- 5 0  G,~ CAN 

PLATFORM 
/ SCALE 

Fro.  1. Mea l  d r y e r  so lven t  e x t r a c t i o n  p i lo t  ) l an t .  
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Data  Showing  Gossypol Content  and  Pro te in  Solubi l i ty  of Meals Before a n d  After  the Desolvent izat ion Operat ion 

R u n  Number  

1 ................................................ 
2 ................................................ 
3 ................................................ 
3-A a ........................................... 
4 ................................................ 
5 ................................................ 
5-A a ........................................... 
5-B a ........................................... 

Solvent  
(Average)  

% 

20 
20 
20 
20 
20 
50 
50 
50 

Feed to Dryer  

Gossypol 

Free  Total  
% % 

0.45 O.75 
0.48 0.48 
0.22 0.23 
0.29 0.36 
0.29 0.39 
0.13 0.24 
0.17 0.40 
0.29 0.45 

Pro te in  
Solubi l i ty  c~ 

75.0 
82.5 
85.0 
83.0 
83.0 
86.6 
83.7 
83.9 

Desolventized P roduc t  

Gossypol 

Free Total  

0.21 0.85 
0.15 0.48 
0.07 0.22 
0.09 0.35 
0.12 0.41 
0.06 0.19 
0.06 0.33 
0.10 0.39 

Pro te in  
Solubi l i ty  

% 

65.0 
74.0 
81.0 

: 76.0 
: 76.0 

84.7 
84.5 
85.3 

Th iamine  
Content  
p.p.m. 

29.73 
34.82 
38.81 
38.36 
37.96 
33.70 

33.67 

Free 
Gossypol 

Reduc t ion  
% 

53.4 
68.8 
68.2 
69.0 
58.6 
53.8 
64.8 
65.6 

aRefers  to the  fine meal recovered by reprocess ing the coarse meal f rac t ion  produced in different ial  set t l ing.  

10 inches in diameter, respectively, and rotate at  0.37 
r.p.m. The discharge end of the dryer  was equipped 
with a quick-opening slide gate which was manual ly  
operated at predetermined intervals. This method of 
discharging would have caused fluctuation in vacuum 
and consequently would have induced fine meal to 
enter the vapor  system. 

To modify  this dryer  for  fine meal desolventization 
a plug- type screw feeder and a plug-type screw dis- 
charger  were added (F igure  1), and the chutes be- 
tween the sections were provided with heating coils 
and insulated. The par t ia l  sealing, effected by  the 
feeder and discharger, permi t ted  operation of the 
dryer  system under  a vacuum of 0.3 to 0.5 inches 
of water  without an appreciable fluctuation. This 
slightly reduced pressure and heating of the chutes 
promoted the t rans fe r  of solvent vapors f rom the 
dryer  sections to the vapor  scrubbers  and solvent 
condensers without the condensation of solvent and 
moisture in the discharge chutes and seal arrange-  
ments. 

The feed rate to the dryer  was 84 to 100 pounds of 
fines per  hour on a solvent-free basis. Meal retention 
time in the dryer  was about  45 minutes. In  each of 
the 5 runs 150 to 450 pounds of meal were desol- 
ventized. A steam pressure of 25 pounds per  square 
inch in the dryer  jackets resulted in vapor  temper-  
a tures  of 180~ in the first section, 170 ~ in the sec- 
ond section, and 125 ~ in the last two sections. The 
apparen t  drop in the vapor  t empera tu re  in the last 
two dryer  sections indicated that  the bulk of the 
solvent was removed in the first two sections. Wate r  
vapor,  removed in increasing amounts as the solvent 
content was reduced, exerted a s t r ipping effect in 
removing the final solvent traces in the last sections. 
Although the vapor  t empera ture  in the last dryer  
section was 125~ the exit meal t empera ture  was 
150 to 155~ 

Under  these conditions it was found that  the fine 
meal, as well as marc  (solvent damp, extracted flakes) 
f rom the solvent extract ion plant,  could be contin- 
uously desolventized in this modified dryer  without 
clogging of the vapor  system. 

Table I shows the results of analyses of meal sam- 
ples taken before and af ter  desolventization. In  the 
first 4 runs the fine meal was recovered by  centrifu- 
gation whereas the meal for  the fifth run  was recov- 
ered by  pressure filtration. The main differences in 
these two meals were tha t  the centr i fuged meal con- 
tained 20% solvent and had a bulk density of 15 
pounds per  cubic foot while the meal recovered by  
filtration contained 50% solvent and had a bulk  
density of 95 pounds per  cubic foot. 

The percentage reduction in free gossypol due to 
the desolventization operation ranged f rom 53 to 69%, 
based on the free gossypol content before desolventi- 
zation. This reduction on a pi lot-plant  scale is com- 
parable  to results obtained in a series of l abora tory  
experiments  (6) in which the free gossypol was re- 
duced by 50 to 55% under  controlled conditions of 
moisture and heat. The reduction in per  cent protein 
solubility (2) ranged f rom 4 to 10% for the first 4 
runs  whereas for  the fifth run  the protein solubility 
was, for  all pract ical  purposes, unchanged. The thia- 
mine contents ranged f rom 29.7 to 38.8 p.p.m, which 
is considered very  high. For  hydraulic-  and screw- 
pressed meals the thiamine contents range between 10 
and 15 p.p.m. The t rend of decreased gossypol con- 
tent  and increased protein solubility in the feed to 
the dryer  for  succeeding runs  was due to variat ions 
in the fract ionat ion process operat ing conditions. Not 
shown in the table are the moisture contents which av- 
eraged 8% before, and 3% af ter  drying. The free and 
total gossypol determinations were made according to 
the p-anisidine colorimetric method (8, 9) developed 
at the Southern Regional Research Laboratory .  Pro- 
tein solubility was determined by  peptizat ion with 
0.5 N sodium chloride solution. The thiamine content 
was determined by  a published method (3, 7), modi- 
fied at the Southern Regional Research Labora tory .  
The desolventized meal f rom the fifth fract ionat ion 
run, unlike tha t  f rom the other 4 runs, was a granu-  
lated, pellet-like, material .  F igure  2 shows several 

FIG.  2. G r a n u l a t e d  m e a l  s c r e e n e d  f r a c t i o n s .  

screened fract ions of the granula ted  meal. A screen 
analysis was made of the granula ted  mater ial  using 

4The use of t r ade  names does not  const i tute  an  endorsement  by the 
U. S. Depa r tmen t  of Agr icu l tu re  of thei r  p roduc t  over s imi lar  prod- 
ucts not  mentioned.  
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a Rotap4 for a 10-minute period. The weight percent- 
age of the screened fractions were 37.3% on 5-mesh, 
21.4% on 8-mesh, 16.3% on 16-mesh, 5.5% on 20- 
mesh, 9.2% on 40-mesh, and 10.3% through 40-mesh. 
This gives a total of 80.3% of the material coarser 
than 20-mesh. 

Since operating conditions were the same in all 
the desolventization runs, the physical characteristics 
of the meal fed to the dryer  was the principal cause 
of obtaining the different product  although the dif- 
ferent  degree of compression obtained with the heav- 
ier material in the plug-type screw feeder may have 
contributed. 

Summary 
1. The continuous desolventization of fine cotton- 

seed meal has been successfully accomplished in a 
modified pilot-plant meal dryer  of the screw-conveyor 
type under  controlled conditions. The work should 
also have application in commercial solvent-extrac- 
tion where a general fines problem (1) exists. 

2. Free  gossypol content has been reduced as much 
as 69% during the desolventization operation with- 
out appreciably affecting the protein solubility of 
the meal. 

3. A meal in granular  form can be obtained, pro- 
vided the feed material  has certain physical char- 
acteristics. This granulation, or essentially pelleting, 
effect should have application par t icular ly  in nutri-  
tional work where the feeding of meal in pellet form 
of various sizes is required. I t  is believed that  a 
number  of conditions contr ibuted to the granulation. 
The most important  was probably the high density of 
the material which was fed in a compressed or ex- 
t ruded  form. I t  is likely that  the fineness of the ma- 
terial, the moisture content, and the solvent content 

contr ibuted to this consolidation during desolventi- 
zation, bu t  the quantitat ive effect of these variables 
has not been determined. I t  is thought  that any 
material  that  can be made to hold together during 
the init ial  pa r t  of the desolventization will tend to 
produce a granulated product  at the end of the dry- 
ing period. 
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A Note on A 'Sensitive Detector for Trichloroethylene 
PROCTER THOMSON, Chemical Division, The Procter and Gamble Company, Cincinnati, Ohio 

THElCE are on the market  leak detectors that are 
_ [ v e r y  sensitive to trichloroethylene. The instru- 

ment is designed to detect leaks in distillation 
equipment. One method is to spray a halogenated 
hydrocarbon around the suspected spot, withdraw va- 
pors from the outlet of the still, and pass these 
through the detector. The vapors pass by a red hot 
surface, near another (cool) surface, several hundred 
volts D.C. being impressed across the gap. The hot 
surface ionizes the halogenated hydrocarbon,  and the 
voltage drives the ions across. The current  is ampli- 
fied and shows on a meter. 

The work reported here was done with the leak de- 
tector described in Electronics, March, 1948, page 100. 
A similar device is described in Chemical Processing, 
April,  1951, page 64. 

A series of known samples containing 1,000, 100, 
10, and 1 p.p.m, of trichloroethylene in oil was pre- 
pared. The samples were 250 grams and were mixed 

well in 500 ml. Er lenmeyer  flasks, stoppered, and 
allowed to stand at room temperature  overnight. 

A test was made by lowering the instrument probe 
vertically within the flask to about one-half inch from 
the surface of the oil. The meter showed a definite 
deflection with the 0.01% sample and none with 
0.001% at room temperature.  At 85~ this limit of 
detection is lowered to between 0.001 and 0.0001%. 
The practical limit of the modified Beilstein test now 
in use is 0.01% (100 p.p.m.). 

The leak detector is simple and rapid in operation. 
A standard method of using it could be devised if the 
increased sensitivity obtained can just i fy  the cost. 
Roughly quanti tat ive results are possible in the range 
10-100 p.p.m, trichloroethylene and perhaps lower. 
The instrument costs about $500. 

The work was done by E. 3s Sallee, who is submit- 
t ing a paper  on the modified Beilstein test for  the 
same purpose. 

[ R e c e i v e d  J u l y  26, 1951]  


