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above and beyond all of this, there was a manage- 
ment  philosophy t h a t - g r a s p e d  the . importance of 
these new ideas and re-directed its thinking f rom 
tradi t ional  channels to encourage the adoption of 
these ideas. Despite all of the other stimuli, the sci- 
entific and technological developments, the fact  re- 
mains that  it was not unt i l  top management  was able 
to raise its own thinking tha t  the old-fashioned ap- 
proaches to design, to processes and process control, 
were made obsolete. 

I t  is this early recognition and unders tanding of 
the basic concepts of automation b y  the chemical in- 
dus t ry  management  that  excites me about  the indus- 
t r y ' s  fu tu re  in today ' s  technological race. I have 
pointed out previously that  the obstacles on the road 
to the ul t imate in automation are not necessarily 
technological limitations. These obstacles involve the 
thinking, the at t i tudes of businessmen. A philosophy 
of industr ial  management  must  be evolved tha t  will 
correlate the work of the servo engineer, the research 
engineer, and  top management .  By its past  record 
the chemical indus t ry ' s  at t i tude is one that  has es- 
tablished a heal thy environment  for  the growth of 
the contemporary  t rend toward more automation. 

Because and as the result  of this, I believe I can 

envision the chemical p lant  of the future .  I t  will be 
a s t ructure  more modern, more self-sufficient, and 
more efficient than we know today. I t  ~vill not, for  
example, have two- th i rds  of its inventory tied up 
in storage tanks. I believe the applicat ion of servo 
mechanism techniques will eliminate the necessity 
for  mainta ining goods-in-process inventories at each 
stage of the product ion process, The servo tech- 
niques will instead mainta in  the proper  relation- 
ships between the various product ion phases and will 
permi t  the system to correct the errors without  dis- 
rupt ing  the product ion operations. Obviously under  
such conditions a reservoir  of goods-in-process inven- 
tories, s tanding idle, will not be needed to smooth 
over the product ion disruptions. I am sure that  the .  
costs of the controls will be offset by  this contraction 
of inventories. 

When  will this come a b o u t ?  Perhaps  not for  10 
years, possibly even 50 or 100. The indus t ry  knows 
more about  its coming requirements  than I do. But  
the fact  remains that  newer and more critical proc- 
esses will need more sensitive control equipment  and 
more advanced concepts of automation. We are con- 
fident that  we shall be ready  for  the problems that  
may  arise. 

Economics of Cottonseed Extraction 
K. W. BECKER and KEATOR McCUBBIN, Blaw-Knox Company, Chemical Plants Division, 
Chicago, Illinois 

S I N C E  the products  of the cottonseed indust ry  are 
so var ied and compete in f luctuating markets,  
any  economic analysis is difficult. Fu r the rmore  

a cottonseed processor is presented with several com- 
pet ing processes to replace hydraul ic  pressing. Prod-  
ucts f rom each of these processes differ in appearance  

and other propert ies  f rom 
present  t rade standards.  In  
choosing among these proc- 
esses, no processor can be 
guided by  gene ra l i za t ions  
about economics but  must  
take into account the na- 
ture of the seed available 
to him, ut i l i ty and labor  
costs in his area, and the 
acceptance of products  in 
his market .  I t  will appea r  
f rom this economic analy- 
sis that  no one process has 
clear super ior i ty  in every 
situation. 

W h y  Solvent  Extract ion? 
To provide a compara- 

tive background on solvent 
Keator McCubbln extraction, a br ief  discus- 

sion on economics of soy- 
bean extract ion is included. For  soybeans the case 
for  solvent extraction is easily demonstrated.  Solvent 
ex t rac t ion  can produce by  well-established methods 
351 pounds of oil per  ton of beans, compared with 
286 by  screw pressing, and at every historical price 
for  oil and meal there is some plant  capaci ty  above 
which investment  in a solven~ plant  can be justified. 
Since in the soybean indus t ry  it is not customary to 

adjust  the meal to constant protein content, the in- 
creased value of the product  of solvent extract ion is 
calculated as pounds of oil times the difference be- 
tween oil and meal prices. For  example, when meal 
is 3c a pound and oil is 12c a pound, the increased 
product  va lue  is 65 pounds of oil X 9c, or $5.85 per  
ton. This is an increase of 6.9% from an original total 
product  value of $84.54. 

F o r  cottonseed, solvent extraction to 1~% residual 
oil can produce 364 pounds of oil f rom a ton of seed, 
compared with 320 for hydraul ic  pressing and 330 
for  screw pressing. Since cottonseed meal is adjusted 
to a constant protein content with hulls, the increased 
value of the product  is calculated as pounds of oil 
times the difference between oil and hull prices. With  
meal a t  $60 per  ton, oil at  121~c per  pound, hulls at  
$20 per  ton, and linters averaging 71~e per  pound, 
the gross product  value per  ton of seed f rom hydraul ic  
pressing is $85.61, f rom screw pressing $86.76, and 
f rom solvent extraction $90.67. Pereentagewise the 
increase f rom hydraulic  pressing to solvent extrac- 
tion is 5.9%, and f rom screw pressing to solvent ex- 
t ract ion 4.5%. 

When compared in this way, the soybean and cot- 
tonseed pictures are not much different, and the same 
basic incentive exists which has led to almost com- 
plete adoption of solvent extraction of soybeans. There 
is no need to demonstrate  to this audience that  the 
major  variable in this picture  is the price of oil, or, 
more accurately,  oil less meal in the ease of soybeans 
and oil less hulls in the case of cottonseed. Fo r  cot- 
tonseed, the meal general ly leaves solvent plants  with 
10 to 12% moisture as compared with 7 to 10% mois- 
ture in meal f rom hydraul ic  or screw press plants. 
The moisture in raw co t t onseed  u s u a l l y  averages 
about  71~%. Therefore a cottonseed solvent p lant  
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P l a n t  Capaci ty ,  200 T o n s / D a y  - -  200 D a y s / Y e a r  Opera t ion  

1 2 3 4 5 6 7 
P r e p r e s s  F i l t ra t ion-  F ' i l t rat ion- 

P r e p r e s s  ex t rac t ion  D i r e c t  ex t rac t ion  H y d r a u l i c  S c r e w  e~t rac t ion  ex t rac t ion  
( r econd i t ioned  ex t rac t ion  (all n e w )  ( ex i s t i ng  p res  s ing  p re s s  (all n e w )  p r e s s  eqpL)  e qu ipmen t )  

Capi ta l  i n v e s t m e n t  ......................... $250 ,000  $620 ,000  $540 ,000  $636,000  $640 ,000  $520,000  

A n n u a l  P r o c e s s i n g  Cost  
a)  F ixed  C h a r g e s  

Deprec i a t i on  at l O V / o  . . . . . . . . . . . . . . . .  25,000 62,000 54,000 63,600 64,000 52,000 
I n t e r e s t  a t  5 %  .......................... 12,500 31,000 27 ,000  31,800 32,090 26,000 
I n s u r a n c e  a n d  taxes  at  21/2 %. .  6,250 15,500 ] 3 ,500 15,900 16,000 13,000 
Total  fixed cha rges  ................... 43 ,750 108,500 94,500 111,300 112,000 91,000 

b)  D i r e c t  O p e r a t i n g  Labor  
F o r e m a n .  m a n h o u r s / d a y  .......... 

Cost a t  $ 1 . 5 0 / h r  . . . . . . . . . . . . . . . . . .  
Opera to rs ,  m a n h o u r s / d a y  ........ 

Cost at  $ 1 . 3 0 / h r  . . . . . . . . . . . . . . . . . .  
He lpers ,  m a n h o u r s / d a y  ........... 

Cost a t  $ 1 . 2 0 / h r  .................. 
Total  d i rec t  l abor  ..................... 

o) M a i n t e n a n c e  
~r labor,  man-  

h o u r s / d a y  ............................. 
Cost a t  $ 1 . 5 0 / h r  . . . . . . . . . . . . . . . . . .  

R e p a i r  p a r t s  ( e s t ima ted )  ......... 
Tota l  m a i n t e n a n c e  ......... i .......... 

d )  Uti l i t i es  
Power ,  K ~  r .............................. 

Cost  a t  1 . 5 c / K W H  ............... 
Steam, lbs . / ton  ......................... 

Cost a t  8 0 c / 1 , 0 0 0  lb . . . . . . . . . . . .  
Wa te r ,  ( M a k e u p )  G P M  ............ 

Cost a t  8c /1 ,000  gal  . . . . . . . . . . . .  
Tota l  u t i l i t ies  ............................ 

e) Solvent  
Solvent  loss, lbs . / ton  ................ 

Cost a t  3c / lb  .. . . . . . . . . . . . . . . . . . . . . . .  

f )  Total  P r o c e s s i n g  Cost ............... 
I n c r e a s e  in  P r o c e s s i n g  Costs 

over  h y d r a u l i c  p r e s s i n g  ........ 
Increased  product  value  

L b . / t e n  add i t iona l  oil ........... 
V a l u e  at  11 .5c / lb  . . . . . . . . . . . . .  

Net  a n n u a l  inc rease  in  m a n u -  
f ~ c t n r l n g  r e t u r n  f r o m  
convers ion  ................................ 

Net  a n n u a l  i n c r e a s e  in  m a n u -  
f a c t u r i n g  r e t u r n  p e r  dollar 
i nves t ed  .................................... 

Net a n n u a l  inc rease  in  payou t  
f r o m  convers ion  ........................ 

Net  annual  increase  in payou t  
per  dollar  i n v e s t e d  .................... 

$160 ,000  
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will permit  additional meal recovery. This factor  was 
not used in arr iving at the data  in Table I. Fo r  soy- 
beans, the meal and beans have approximately  the 
same moisture content. These oil and meal prices 
fluctuate widely and every man is entitled to his own 
opinion about the future,  but  certainly those in the 
soybean industry  who have converted to solvent ex- 
t ract ion have on the whole no reason to regret  it on 
account of low oil prices. 

Continuing with the rough comparison, investment 
in solvent extraction facilities for  cottonseed, whether 
of the prepress or direct extraction type, is somewhat 
less than the investment in a plant  for  the same soy- 
bean tonnage. Operating costs also are comparable. 

However compared with soybeans the cottonseed 
picture is complicated because cottonseed is a by- 
product  of ginning, is not easily transportable,  and 
has peculiar problems of storage, operation, and prod- 
uct quality. Cottonseed is sold in local markets while 
soybeans are marketed on a national basis. These 
topics have been discussed elsewhere in this Short  
Course and need only be mentioned here. 

Most small cottonseed plants operate only 200 days 
a year  and therefore cannot expect the re turn  on in- 
vestment characteristic of the year-round operations 
experienced by  soybean processors. Many of these 
cottonseed plants are located in areas which cannot 

support  large installations and will always be mar- 
ginal. The success of the small plants in competition 
with large installations, which operate 300 days per 
year, has always depended on local conditions and 
will continue to do so. This discussion will be con- 
fined to plants with a capacity of 200 tons per day 
and an operating period of 200 days per year. How- 
ever the procedure outlined in Table I may be used 
for  an economic analysis of larger  plants with longer 
operating periods. 

F o r  purpose of economic analysis it will be as- 
sumed that  all processes, regardless of their  present 
state of development, operate satisfactorily. At  any 
given time the prospective investor will of course 
make up his own mind about the difficulties he may 
expect to encounter in getting under  way. 

I t  is assumed that  all processes are capable of yield- 
ing products  of equal quality. However the individ- 
ual processor must decide which process yields the 
most marketable products. 

~vestment  Payout vs. Manufacturing Return 
The processor interested in a new investment will 

examine it f rom the two angles of payout  and n e t  
manufac tur ing  return.  Payout  is the net additional 
annual re turn  due to the investment (af ter  deduc- 
tion of taxes if c0mpntab]e) without deducting de- 
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preciation. Payou t  presents  a short-time picture of 
the business. Net manufac tu r ing  re tu rn  is the addi- 
t ional r e tu rn  due to the investment, a f t e r  deducting 
depreciation, and presents a long-time picture of the 
business. 

Fo r  convenience in computing fixed charges, a 
depreciation rate of 10% on all investment  will be 
assumed; interest rate at 5% (although a smaller 
interest rate is justifiable in calculating net manu-  
fac tur ing  re tu rn)  ; and insurance plus taxes at 2}/,2% 
of investment. 

Hydraulic Pressing 
Other processes will be compared with an existing 

hydraulic  press operation which has been completely 
wri t ten off. The ma jo r  cost in these plants  is for  
labor, a cost which is increasing constantly. Average 
hydraulic  pressing produces cake containing 5.5% oil. 

Screw Press Operat ion 
The advantage of this famil iar  process lies in the 

low capital  investment and its abil i ty to handle any 
seed. I t s  disadvantages are the high residual oil con- 
tent  of the cake, assumed here to be 4 .3~ ,  and large 
power requirements.  

Solvent Extraction 
Three continuous solvent extraction processes arc 

compared in this paper,  namely, prepressing fol- 
lowed by  extraction, direct extraction, and filtration- 
extraction. 

Prepress Extraction, Figure 1A. In  this process cot- 
tonseed is p repared  for extraction by  rolling, cooking, 
and  prepressing cottonseed meats in a manner  similar 
to tha t  used in screw press plants. Prepressed cake 
is passed through a cake breaker  and then through 
corrugated rolls. Cake granules so prepared  are then 
extracted in a percolation type of extractor,  and the 
extracted cake is desolventized and cooled. Oil is re- 
covered by  evaporat ion of solvent f rom miscella in 
conventional equipment.  

The advantage of this process is that  it converts 
any  seed, regardless of condition, into an easily han- 
dled cake which is extractable  to low residual oil 
content at  a low solvent ratio. I ts  disadvantage is 
tha t  it requires essentially two separate plants.  How- 
ever this disadvantage appears  in proper  perspective 
when it is remembered that  every solvent extraction 
operation requires two separate areas, one for  prep-  
arat ion and one for  extraction. 

A residual oil content of 0.5% in finished meal is 
regular ly  realized in prepress  plants. 

Direct Extraction, Figure lB. In  the direct extrac- 
tion process, cottonseed dehulled in the usual way  is 
p repared  for extraction by  mild heating and flaking. 
Ext rac ted  meats are desolventized and cooked, and 
oil is distilled in conventional equipment.  

Essential ly this is identical with conventional soy- 
bean extraction. The solvent ratio based on seed is 
about  the same as that  for  soybeans. At its best this 
process may  show somewhat lower operat ing costs, than 
competing extraction processes, bu t  its disadvantage 
is its dependence on a source of good seed if operat-  
ing difficulties are to be avoided. At the present  time 
a residual oil content of 1% in the cake can be ex- 
pected f rom this process. 

Filtration-Extraction Process, Figure 1C. In  the 
fi l tration-extraction process devised by  the Southern 
Regional Research Laboratory ,  dehulled cottonseed 
mea t s  are p repared  for extraction by  rolling and  
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cooking as for  hydraul ic  pressing. Cooled meats  are 
then extrabted in the combination of soaker followed 
by a horizontal ro ta ry  filter. Ex t rac ted  meats and 
oil are desolventized in conventional equipment.  

This process, which is still in the development stage, 
may  operate satisfactori ly regardless of seed quali ty 
at a considerably lower solvent ratio than  is required 
in direct extraction. I t  has a special appeal  to hy- 
draulic press plant  operators,  who can salvage much 
of their  p repara t ion  equipment.  At the present  t ime 
a residual oil content of 1% in the cake is anticipated. 

Economic Analysis 
A comparat ive economic analysis of the different 

processing methods is presented in Table I for  a p lant  
with a capaci ty of 200 tons per  day of seed operat ing 
200 days per  year.  This analysis is restr icted to that  
port ion of a hydraul ic  press plant  which would be 
replaced by  screw press or solvent extraction and 
would derive the increased manufac tu r ing  re turn  and 
payout  to be expected by  replacement  of tha t  portion. 
Since numerous assumptions must  be made in this an- 
alysis, the conclusions f rom it can only be qualitative 
but  nevertheless make a useful  comparison. 

S tar t ing  with hydraulic  pressing, it is assumed that  
any existing plant  is completely wri t ten off and tha t  
there are no fixed charges other than insurance and 
taxes. A conventional figure of $4 per  ton of seed has 
been assumed for processing costs, including insur- 
ance and taxes, operat ing labor, maintenance,  and 
utilities directly chargeable to the hydraul ic  press 
operation. Supervisory  labor and all indirect  costs 
chargeable to the extraction step are, for  simplicity, 
assumed equal in all cases and are omitted f rom the 
table. 
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Capital investment  costs given are necessarily ap- 
proximate  bu t  are intended to include all equipment  
and construction costs for  p repara t ion  and extraction 
areas. A suitable building is included for  housing 
prepara t ion  equipment ;  the extraction a r e a  is shel- 
tered but  not housed. Not included are all items 
which might  reasonably be expected to be found in 
an existing plant,  like boilers, power stations, receiv- 
ing and storage facilities, meal grinding, and office. 
A water  cooling tower is included in the solvent plants. 

In  addition to screw pressing and the three solvent 
processes based on new equipment,  two special cases 
are included in Table I. In  the first case there is now 
available at a considerable reduction in initial invest- 
ment  reconditioned screw press equipment  suitable for 
prepressing.  Fo r  simplicity, this. reconditioned equip- 
ment  has been depreciated in the analysis in Column 
4 at the same rate as new equipment.  

In  the second special ease most hydraul ic  press op- 
erators contemplat ing conversion to fil tration-extrac- 
tion will be able to use their  present  rolling and cook- 
ing equipment and the building in which it is housed 
with pract ical ly  no conversion cost. This analysis is 
made in Column 7 where, to demonstrate  filtration- 
extraction to the best advantage,  the investment  in 
this equipment  has been assumed to be completely 
wri t ten off. 

Another  special ease not included in Table I bu t  
worthy of mention is the conversion of an existing 
200-ton-per-day screw press plant  to solvent extrac- 
tion. The approximate  capital  investment  for the 
addition of a solvent extract ion plant  is roughly 
$400,000, thereby giving a total investment  for  the 
entire prepress  extraction plant  of $650,000. I f  the 
processor has a plant  which is out of balance with 

respect to dehulling and delinting equipment,  there 
is the possibility of increased product ion to about  250 
tons per  day for  this case. However  the addit ional 
capacity can be utilized only if the processor has im- 
proved his competit ive position to enable him to ob- 
tain more seed. This is. a unique case in that  i t  offers 
increased capaci ty at  a very  low cost. 

Conventional rates have been used for  fixed charges, 
labor, and utilities. The sum of fixed charges and 
annual  costs of direct operat ing labor, maintenance,  
utilities, and solvent is the total  process cost f rom 
which is substraeted the cost of hydraulic, press oper- 
ation. Increased  product  value is based on 111~c per  
pound differential between oil and hulls. The sub- 
t ract ing of the differential processing cost f rom the 
increased produc t  value gives the annual  increase 
over hydraul ic  pressing in manufac tu r ing  return,  to 
which is added depreciation to get the annual  payout  
increase. 

Conclusions 

At a differential of 111~c per  pound between oil 
and hull  prices all the processes analyzed are at trac- 
tive investments. Screw pressing pays  off well at  a 
lower annual  investment  and return,  and many  proc- 
essors can look to screw pressing as a profitable step- 
ping stone on the way to a prepress  extract ion plant.  

Among the solvent processes there is little differ- 
ence when they are compared on the basis of all new 
equipment,  and choice of process will likely depend on 
considerations of performance,  and product  quality. 
Prepress  extraction based on reconditioned equipment  
and fi l tration-extraction based on existing prepara t ion  
equipment,  where they suit the need of the individual 
processor, show improved returns.  

Heat Transfer 
JAMES W. HAYWARD, 3756 Harper, Houston, Texas 

T H E  flow of heat is essentially a very simple thing. 
I f  two substances of different t e m p e r a t u r e s  are 
placed so that  heat  can flow f rom the warmer  to 

the cooler, the rate of heat flow will be directly pro- 
port ional  to the tempera ture  difference between the 

bodies and the cross-sec- 
tional area available for 
t r a n s f e r  a n d  i n v e r s e l y  
proport ional  to the resist- 
ance interposed. Applica-  
tion of this simple state- 
ment  is sometimes a bi t  
troublesome. 

In  a solid body the flow 
of heat is the result of the 
t ransfer  of thermal  energy 
f rom one molecule to an- 
other. T h i s  p r o c e s s  is 
called c o n d u c t i o n .  The 
same process o c c u r s  in  
fluids, but  since the mole- 
cules are not confined to a 
certain point, other proc- 
esses mus t  be considered. 

J. W. Hayward In  fluids the t ransfer  of 
heat  f rom one point to an- 

other may  be effeeted by  carrying the heat with the 
flow of the fluid. This process is called convection. 

All substances are capable of radia t ing t he rma l  
energy in the fo rm of electromagnetic waves and of 
picking up rad iant  energy by absorption. This is 
known as radiation. 

General ly in industrial  practice the flow of heat to 
be considered is f rom a fluid through a solid to an- 
other fluid. This involves at least two and sometimes 
three mechanisms, of heat t ransfer .  The heat  is t rans-  
fer red  f rom the fluid to the solid p r imar i ly  by  con- 
vection and conduction. In  the case of boilers and 
fired heaters the radiat ion f rom the gases in the com- 
bustion zone to the solid tubes is important .  Radia- 
tion is always present  but  often may  be neglected. 
The heat moves through the solid by  conduction and 
f rom the solid to the second fluid by  convection and 
conduction. Hea t  t r ans fe r  may  occur either in a 
steady state, that  is, the tempera ture  at a given point 
does not va ry  with time or as an uns teady state where 
the t empera ture  at a given point varies with time, 
either un i formly  in a given direction or periodically 
increasing and decreasing. For  most engineering 
work steady state conditions apply,  and the p r ima ry  
concern is with conduction and convection. 

Conduction is the simplest form of t ransfer .  The 
basic equation for  steady state unidirectional conduc- 
tion is Four ie r ' s  : 

q ~ - - k A  d t / d L  


