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demineralizing water the exhausted, intimately mixed 
cation and anion resins are separated into layers by 
hydraul ic  classification and regenerated by appropri-  
ate t reatment  of each layer with solutions of acid or 
base, followed by rinsing and remixing (3). 

In  a catalytic process where considerable agita- 
tion is employed, at tr i t ion of the resins occurs, which 
probably prevents their  successful re-classification for 
regeneration since their  separation is governed by 
Stokes' law of settling. According to this law, the 
rate of settling of a spherical partiele in a quiescent 
fluid medium is a function of the square of its diam- 
eter and of its density. The same principle applies 
to hydraulic classification. Therefore anion and cation 
resin particles, if equal or nearly equal in density and 
if the same size, should not be amenable to hydraulic 
classification. Even though cation and anion resins 
of a different size range were used initially, they 
would probably be inseparable or only part ial ly sep- 
arable af ter  several re-uses on account of attrition. 

In  one experiment a mixture of anion and cat- 
ion resins, recovered from the reaction mixture by 
centrifugation following a hydrolysis reaction, was 
washed on a Buchner funnel with acetone, followed 
by eight washings with distilled water. When these 
resins were used to catalyze a hydrolysis reaction 
without fur ther  treatment,  84% phosphorus removal 
from a nondegummed soybean oil was effected in 30 
min. During this t reatment  the free fatty-acid con- 
tent increased to 0.86%. 

In another test the mixed resins were regenerated 
by washing with acetone followed by one wash of 
50 ml. of one normal hydrochloric acid, three washes 
with distilled water, one wash with 25 ml. of one 
normal sodium hydroxide,  and five washes with dis- 
tilled water. The regenerated mixed resins catalyzed 
the hydrolysis of 71% of the phosphorus from non- 
degmnmed soybean oil in 30 rain. at 121~ The final 
free fatty-acid content of the oil was 0.19%. 

A sample of the nondegummed soybean oil used in 
the tests and a sample of soybean oil recovered from 
a hydrolysis reaction, using mixed re~ins, were alkali- 
refined with 0.2% excess of 10% aqueous sodimn hy- 
droxide. The refined oils were analyzed for mono-, 
di-, and triglycerides by the adsorption method of 

Quinlan and Weiser (5). The refined oil contained 
3.1% monoglyeerides, 13.1% diglycerides, and 80.8% 
triglycerides while the hydrolyzed, refined oil con- 
tained 4.0'% monoglycerides, 14.7% diglycerides, and 
78.5% triglycerides. These data indicate that mono- 
and diglyeerides are formed by the hydrolysis treat- 
merit although the unexpectedly high amounts of 
mono- and diglycerides in both samples may have been 
caused by oxidized glyceridcs which were adsorbed 
and elutcd from the silica gel column together with 
the mono- and diglyceridcs. 

Summary 
A rapid method is described for t reat ing nonde- 

gummed soybean oil with water and a mixture of 
cation and anion exchange resins at elevated temper- 
atures. In less than 30 rain. 85% of phosphatide 
phosphorus is converted to a water-soluble, petroleum 
ether-insoluble form. Very  little free or combined 
fa t ty  acids are associated with the phosphorus thus 
split off from the phosphatide, and only a moderate 
increase in free fa t ty  acid in the oil phase occurs. I t  
is proposed that the phosphatides are largely con- 
verted to diglyeerides by the selective hydrolytic 
treatment.  
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Storage of 'Cottonseed 
F. A. NORRIS, LEE J. HILFMAN, and C. E. LAND, Swift and Company, Chicago, Illinois 

OSSES on account of cottonseed deterioration dur ing 
storage have been estimated at around $1 per  
ton. This f gu re  may be considerably higher or 

lower in a given locality or dur ing any specific sea- 
son. Storage losses are caused pr imari ly  by two 
factors, a) Enzymes or microorganisms (1, 2) break 
down glycerides with the formation of free f a t ty  
acids and glycerol. This hydrolysis is accelerated 
in the presence of high moisture, high acid, or dam- 
aged seed. I t  is also accelerated by increased tem- 
perature  up to the point where the biologically active 
agents are destroyed, b) Heat  developed (from the 
biological activity) affects the seed pigments so that  
they are not satisfactorily removed during subsequent 
refining and bleaching. 

Despite more than 50 years of commercial opera- 
tion, in many respects cottonseed storage is still an 
"art," without sufficient scientific background. Some 
of the most interesting and intensive work done to 
date has yielded negative results in tha t  no chemical 
inhibition of hydrolysis caused by enzymes or micro- 
organisms has proven practical  on a commercial scale. 
The inhibitors are either toxic or not sufficiently 
active (1). 

Cottonseed is usually stored in seedhouses or silos. 
The seed houses may be of wood construction, but  the 
modern types are made of steel with metal sides and 
roof. The roof is sloped at 45 ~ to equal the angle of 
repose of seed. Cooling facilities are normally pro- 
vided by large fans connected to ventilating ducts 
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TABLE I 

E q u i l i b r i u m  Mois ture-Poin ts  of Cottonseed at  V a r i o u s  
Rela t ive  Humid i t i e s  

Mater ia l  used as satd. sol. 

CH8 COOK ........................................ 
CaC12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

K2CO3 ................................................ 
Ca (NO3) 2 .......................................... 
NaBr .................................................. 

KN0a -~ NI~CI .................................. 

NaC1 ................................................... 

NAN0,2 ............................................... 

l~Br ................................................... 

KC1 .................................................... 
B aCls. 2 ItIsO ....................................... 
KNO3 ................................................. 
K.~SO~ ................................................ 
~-~20 .................................................... 

% R.H.  at Equi l .  
75~ moist .  

20.0 5.5 
31.1 6.1 
43.0 7.3 
51.0 8.3 
62.0 8.8 
71.2 10.5 
75.0 11,5 
80.0 13.4 
84.0 15.1 
85.0 15.3 
92.3 20.8 
94.5 22.1 
98.3 27.8 

100.0 29.0 

located in the floor in such a way that  air  can be 
moved through the seed in any and all sections of 
the house. Silos are made of steel, or brick and tile. 
They are relatively small in diameter as compared to 
height. Cooling is obtained by ducts located in the 
floor. 

Ordinari ly  Cottonseed is unloaded into the avail- 
able storage facilities and kept there unti l  processed. 
Air  is passed through the seed for cooling purposes 
whenever this appears desirable in the judgment  of 
the mill superintendent.  Seed temperatures are take]] 
f rom time to time to warn of any build-up of tem- 
perature  ("heating"). High acid, damaged, or other 
seed which is not thought to store satisfactorily is 
processed as received insofar as is possible. 

The use of air to cool seed is, on the surface, a very  
simple process; however " b l o w i n g "  with humid air 
may complicate matters considerably by actually in- 
creasing the moisture content of the stored seed as a 
result  of the moisture equilibrium that  is set up be- 
tween the seed and the air in contact with it. Such 
an equilibrimn was first shown in 1929 by Thornto~ 
and Briggs (3),  later by several others (4, 5, and 6), 
and finally in greater  detail by Karon (7, 8), who 
stored seed in desiccators at various relative humidi- 
ties obtained through the use of salt solutions known 
to produce a definite relative humidi ty  in the air 
above the solution. Thus one cannot " c o o l "  with air 
without considering the effects on seed moisture. 

There is ample evidence (1, 2) that, as seed in- 
creases in  moisture, the development of F F A  is mark- 
edly accelerated. I f  the seed is a l ready field-damaged, 
this effect is even more pronounced. On the other 
hand, seed of low moisture can be stored over rela- 
t ively long periods with little risk. 

In  connection with some other research we recently 
had an oppor tuni ty  to s tudy seed storage fur ther ,  
investigating in part icular:  the effect of air blowing 
on seed moistures and the feasibility of seed drying 
at room t e mpe ra tu r e  and at elevated temperatures.  
A summary of our findings is reported here. 

Seed Moisture Equilibrium 
In  our work we used uncleaned mixed seed as 

processed at oil mills at several locations. Varying 
relative humidities were obtained through the use 
of saturated salt solutions in desiccators kept at 75~ 
The humidities were checked with an electric hygrom- 
eter. This was equipped with eight sensing elements 
covering a total relative humidi ty  range of 5 to 99%. 
The hygrometer  itself was checked daily against a 
sling psychrometer,  using the relat ive humidi ty  of 
the room as a check-point. The relative humidi ty  of 
the salt solutions, as given in the l i terature (9, 10), 

agreed with the electric hygrometer  readings except 
in the high humidi ty  ranges (i.e., over 58%).  In  these 
cases it was always found that  some decomposition of 
the salt had occurred or that  the solution was not 
completely saturated. Hence, when there was any  
disagreement, the relative humidi ty  determined by 
the electric hygrometer  was accepted as correct. 

Weighed samples of cottonseed were placed in the 
desiccators and withdrawn at definite time-intervals 
for moisture analysis by the oven method. From these 
data the moisture equilibrium points were determined 
(Table I ) .  

A graph of these findings (Figure  1) shows that  
they agree quite well with Karon (7) (dotted line) 
except in the high humidi ty  regions. At  these levels 
it is difficult to find the equilibrium moisture-point of 
cottonseed before decomposition takes place. Fo r  ex- 
ample, it was found that, af ter  11 days of storage, 
mold formation was g rea t  enough to give erroneous 
moisture results. This can be demonstrated by re- 
calculating the original moisture basis, the gain in 
weight of the sample, and the weight af ter  dry ing  
in the oven. Results are shown in Table II .  The 
average of 7.9% for  the original moisture can be 
calculated for all samples except the two stored for 
11 days at 93 and 97% relative humidity.  This 
increase shows that  there was a loss in dried weight 
apparent ly  because of decomposition. 
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Fra. 1. Effect of R.H. on C.S. moisture. 

The effect of temperature  on equilibrium moisture 
was studied at 44, 77, and 100~ I t  was found that  
increasing temperature  merely accelerated the rate of 
moisture absorption, causing more rapid at tainment  
o~ equilibrium. This confirms the work of Thornton 
and Bishop (4). 

To check the effect of seed location on equilib- 
r ium moisture, seed from Cairo, Ill . ,  Houston and 
Ft. Worth,  Tex., Litt le Rock, Ark., and Harlingen,  
Tex., were stored at 31% relative humidi ty  and found 
to reach essentially the same equilibrium moisture. 

T A B L E  I I  

Change  in  Mois ture  Content  Because of Decomposi t ion 

Recalculated o r ig ina l  mois tures  a t  
I)~ys s t o r e d  

88% R t t  93% R H  97% R H  

3 .................................................. 8.0 7.9 7,9 
6 .................................................. 7.9 7.8 8.0 

11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.9 8.9 10.0 
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The work reported here emphasizes the importance 
of taking air t empera ture  and humidi ty  into account 
when cooling seed by air  since, if the air in contact 
with the seed is higher in relative humidi ty  than that  
in equil ibrium with seed of that  moisture, the seed 
moisture will increase unt i l  the new equilibrium point 
is reached. In  this way the moisture content of seed 
leaving the storage may  be quite different f rom that  
in the seed initially. 

I t  is not usually apparen t  what  relative humidi ty  
in the outside air is maximum if seed moisture is not 
to be increased. This is because the final equilibrium 
depends on the relative humidi ty  of the air in con- 
tact  with the seed, and this may  be quite different 
f rom the measured relative humidi ty  of the outside 
air. As air increases in temperature ,  its moisture- 
car ry ing power also increases. Thus if cold outside 
air  is passed through warmer  seed, the air will have 
greater  mois ture-carrying power and may actually 
do some drying of the seed. On the other hand, if 
warm outside air is passed through relatively cool 
seed, the air  will increase in relative humidi ty  per- 
haps  even to the point  of becoming saturated and 
actual ly depositing water  on the seed. Table I I I  illus- 
trates this point by showing what  relative humidi ty  
in outside air  at 80 ~ would be required if one wanted 
the equivalent of 55% relative humidi ty  in contact 
with seed of various temperatures .  The cooler the 
seed, the lower the relative humidi ty  required in the 
outside air since the mois ture-carrying power of the 
air parallels the air temperature .  

TABLE I I I  

% Relative humidity Seed temperature 

28 60 
35 65 
40 70 
47 75 
55 80 
63 85 
75 90 
88 95 

To go one step far ther ,  it will be seen that  as air  
passes through seed, it may  change in tempera ture  
and in relative humidi ty  as it penetrates  deeper and 
deeper into the pile. This will tend to build up a 
moisture gradient  in the pile. I f  there are any warm 
spots, the air will tend to pick up moisture f rom these 
areas and translocate it to nearby  cooler seed. Since 
increase in seed moisture tends to st imulate free f a t t y  
acid format ion (1, 2), such moving of moisture in a 
pile is not desirable. This is one reason why "hea t -  
i n g "  seed or very  moist seed should be kept sePa- 
rate. When this is done, cooling is facili tated and 
the seed may actually be dried considerably with air  
that  would not be suitable for  contacting drier  seed 
(Figure  1). 

As fa r  as oil color is concerned, it appears  best to 
keep seed coo], even at the expense of some build-up 
in free f a t ty  acid. Flakes which were allowed to 
increase in free f a t t y  acid f rom 4.3 to 7.0% by merely 
s tanding on a laboratory  bench in thin layers at room 
tempera ture  (in this way avoiding any  build-up of 
heat) did not show a significant increase in the color 
of the refined oil made theref rom although, in gen- 
eral, seed of higher free f a t t y  acid would be ex- 
pected to produce an oil darker  in refined color. 

ELEC. HYGROMETER 

R 

FIG. 2. 
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Seed Drying 
Since the moisture content of .cottonseed can be 

controlled by the relative humidi ty  of the air  in 
contact with it, theoretically at least, seed could be 
stored in a t ight  s t ructure  and then dried by means 
of d ry  air  circulated through it. By  suitable equip- 
ment  the air  could be re-dried before each pass. 

Such a procedure would be feasible only under  
certain circumstances, one of which is tha t  the drying 
rate would have to be sufficiently high to permit  dry-. 
ing in a reasonable time. In  most cases where solids 
are dried by gases, the d ry ing  rate  proceeds fair ly  
uni formly  unt i l  a moisture level is reached, at which 
point the d ry ing  rate  falls off considerably (11). This 
is the so-called " f a l l i ng  r a t e "  period. I f  the " fa l l -  
ing r a t e "  occurs at too high a moisture level, drying 
time is excessive. 

To obtain information on drying rates  with the air  
of various humidities, a seed-drying system was con- 
structed (Figure  2). The seed was contained in a 
glass column 21./4 in. in diameter  by  38 in. long and 
was dried by blowing dehumidified air  through it. 
The air  was dehumidified by  passing it through a set 
of t raps  containing ice or d ry  ice or by the use of a 
Lectrodryer ,  which removes moisture f rom air or 
other gases by adsorption, using act ivated alumina. 

An electric hygrometer  was connected to the system 
in such a way as to permi t  measurement  of the rela- 
tive humidi ty  of the incoming and outgoing air at  
any desired time. The tempera tures  of the air  were 
also recorded by an accessory of the same instrument.  
The air  was continuously recycled in the system. Fo r  
each run  a 3-lb. batch of cottonseed was sprayed with 
enough water  to bring the moisture content up to 
approximate ly  ]8 to 20%. The sample was allowed to: 
equilibrate over-night in a cooler, and a moisture 
determinat ion was run  the next day pr ior  to drying 
studies. 

In  the first run, dry-ice t raps  were the only devices 
used for  removing moisture. Air  was passed through 
the seed at a rate  of 4,700 cc. per  minute  and 75 to 
80~ equivalent to a flow of 2.8 cu. ft. per square 
foot per  minute. The results of this run  indicate 
that  the d ry ing  rate of cottonseed is relatively con- 
stant  to about 7.3% moisture, which is considered 
low enough to store cottonseed safely. 

The second run  was made by using the Lectrodryer  
to produce air  with a relative humid i ty  of less than  
5%. A flow rate of 2,350 cc. per  minute  at 80 to 90~ 
was used unti l  the moisture content dropped f rom 
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FIG. 3. E f f e c t  o f  d r y i n g  t i m e  on C.S. m o i s t u r e .  T o p  cu rve - - -  
r u n  n u m b e r  3, m i d d l e  c u r v e - - r u n  n u m b e r  1, b o t t o m  c u r v e - -  
r u n  n u m b e r  2. 

21.2 to 14.3%. Then the rate was increased to 3,000 
cc. per minute at 80 to 90~ equivalent to 1.78 cu. ft. 
per square foot per minute. Run number 2 (Fig- 
ure 3) also showed a constant rate of drying down to 
moistures considered safe for storage. 

The third room-temperature drying test was made 
by using only ice in the traps for drying. This was 
done to check the drying efficiency when using more 
humid air. An average flow rate of 3,950 ce. per min- 
ute at 80 to 90~ was used, equivalent to 2.26 cu. ft. 
per square foot per minute. I t  is seen that seed can 
be readily dried by using 25% relative humidi ty  air, 
with very little difference in drying rate as compared 
to air of less than 5% relative humidi ty  (Figure  3). 

A cursory investigation of the investment and oper- 
ating cost involved in drying cottonseed with air at 
room temperature however showed that, although 
theoretically feasible, costs would be prohibitive. For  
this reason the drying of seed with hot air was 
investigated. 

Drying of Cottonseed with Heated Air 
In  cooperation with the Louisville Dryer  Division 

of the General American Transportat ion Corporation 
a series of tests were run to determine whether cot- 
tonseed with a 20% initial moisture could be dried 
successfully to an 8 to 10 % level in commercial driers. 

a) Force~cl A i r  Drier. Air at a velocity of 150 ft. 
per minute was passed through a steam heater, 
then concurrently over the cottonseed in a re- 
volving 1 • 6-ft. tube. Three runs were made 
(Table IV) .  No lint damage was observed in any 
runs. However the desired 8 to 10% level was 
not obtained so another type of drier was tried. 

b) Finned  Tube Drier. Cottonseed was fed into a 
1 • 8 ft. revolving drum, which had six finned 
steam tubes peripherally located inside and ex- 
tending the length of the revolving drum. One 
test run was made but was unsuccessful because 
of insufficient openings at the discharge end. 
Also it was observed that free lint was gathering 
on the fins of the steam tubes. On account of 
the very slow discharge of the cottonseed it was 
dried to a moisture content of 3.9%, needlessly 
low for storage purposes. 

c) Smooth Tube Drier. This drier operated in ex- 
actly the same manner as the finned tube type 
except that the heating tubes were smooth and 

the discharge openings were larger. The 7.3% 
moisture in run number 5 (Table IV) was sat- 
isfactory, but retention time was excessive. 
Larger  discharge openings were installed on the 
drier and three additional tests were made. The 
same trouble was encountered in run number 
8 as in run number 5. However run number 7 
gave a final moisture content in the range of 8 
to 10%, and the seed discharge was good. 

TABLE I V  

Summary of Drying Runs 

Feed 
Run rate  
No. ( lbs. /  

hr.) 

1 3O 
2 30 
3 2O 
4 45 

5 3O 

6 30 

7 3O 

8 45 

Air  
temp. 
(~ 

310 
325 
328 
320 

330 

330 

350 

35O 

l~Ioisture 
at start  

20.2 
20.2 
20.2 
20.2 

20.2 

20.2 

20.2 

20.2 

Final  

12.2 
11.6 
12.3 

7.3 

11.4 

9.7 

7.4 

% 
Drop 

7.8 
8.0 
8.6 
7.9 

12.9 

8.8 

10.5 

12.8 

Type  of 
dryer  

Forced air 
Forced air 
Forced air 
Smooth tube 
steam dryer  
Smooth tube 
steam dryer  
Smooth tube 
steam dryer  
Smooth tube 
steam dryer  
Smooth tube 
steam dryer  

These tests show that cottonseed can be successfully 
dried to an 8 to 10% level in commercial driers. Al- 
though this work was done on a pilot-plant scale 
where maximum feed rate was 45 lbs. per hour, driers 
are available which are capable of handling 100 to 
300 tons of cottonseed per day. 

Summary 
The moisture content of stored cottonseed depends 

o n  the relative humidi ty  of the air which is in con- 
tact with it. This is an important  consideration in 
using air to cool seed in storage since the seed may 
be moistened or dried as a by-product of the cooling 
operation. Increasing the moisture tends to increase 
the F F A  and refining loss and thus counteracts the 
effects of cooling. 

Cottonseed can be dried satisfactorily with dry  air 
at ambient temperature or by hot undried air. In 
either case the economics are not favorable unless a 
relatively large amount of seed must be dried every 
season. Equipment  and installation costs are rela- 
tively high, making carrying charges on the invest- 
ment of the same magnitude as the probable loss 
because of deterioration. 
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