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T A B L E  I I I  

Effec t  of I r o n  N a p h t h e n a t e  on D r y i n g  T ime  of F i lms  a t  180~ a 

Tack - f r ee  t i m e  Dry-to- touch t ime  

W i t h  d r i e r  b on A1 ................. rain.45 
No dr ier  on  A1 ....................... I > 1 2 0  
W i t h  d r i e r  b on Fe  ................. 45 
NO drier  on  Fe  ....................... 75 
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a Isobutyl-  ( 3 ) - c o n j u g a t e d  soy- ( 1 ) - v i n y l  e ther  copolymer.  
b 0 . 1 %  Fe  as  naph thena te .  

containing dr ier ;  the catalytic effect of the black iron 
disc is nmsked by the presence of iron naphthenate.  

A comparison of the relative effectiveness of cobalt 
and iron naphthenate  on dry ing  time may  be made 

f rom an inspection of the data in Tables I, I I ,  and I I I .  
The conclusion that  iron naphthenate  contributes to 
faster  dry ing  is in agreement  with other observations 
made (5). 

Summary 

An appara tus  has been described for  determining 
the dry ing  time of protective coatings at  elevated 
temperatures ,  and tests have been made with vinyl  
ether formulations.  The device is essentially a minia- 
ture Sanderson drying-t ime meter  constructed in an 
oven where tempera tures  up to 260~ can be main- 
tained. Tolerances were made on the order of 0.015 in. 
for  gear clearances and bearing expansion. A special 
h igh- temperature  grease is the lubricant.  Turntables,  
which make o.ne revolution every 15 rain., permi t  
simultaneous evaluation of three films. Reproducible 
results have been obtained, and uni form conditions 
apparen t ly  prevail  throughout  the oven. 

Coatings are p repared  by the spinning disc method, 
and under  controlled conditions the film thickness is 
approximate ly  0.15 rail. "Tack- f r ee  t i m e "  and " d r y -  
to-touch t i m e "  are determined by the usual method of 
removing sand f rom the disc. Discs were s tamped 
f rom a luminum as well as black iron, and differences 
in dry ing  times observed. Coatings on black iron d ry  
faster  than  those on aluminum, and it is presumed 
that  iron plays the role of an oxidation or polymeri- 
zation catalyst.  
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A New Concept in Vegetable Oil Refining Automation 
C O L L I N  M. DOYLE, HERBERT R. KAISER, and ARNOLD M. GAVIN, 1 Podbielniak Inc., 
Chicago, Illinois; and HARRY SIEG, Fischer and Porter Company, Hatboro, Pennsylvania 

T HE REFINING Of vegetable oils began as an art 
with the kettle or batch process. Continuous 
refining has been made possible by  the use of 

proport ioning control for  addition of reagent  to crude 
oil, t empera ture  control, and centrifuges for  more 
rapid  separat ion of oil f rom gum or soap stock. 
Plants  of large refining capaci ty which use mult iple 
centr ifuge installations do not lend themselves how- 
ever to practical  automation. The lack of automation 
requires the at tent ion of a skilled operator.  

This paper  presents our approach to automatic  
continuous vegetable oil refining by  using unique 
process equipment,  the design of which is suitable for  
automatic  control. Essential ly the process consists of 
two centr i fugal  contaetors: a) a phase separator,  re- 

1 P r e s e n t  addres s :  Chicago Re f in ing  Corpora t ion ,  Chicago,  Ill. 

ferred to as Duozon, which separates refined oil f rom 
gum or soap stock; b) an extractor  known as H y d r a -  
zon designed for  water  extraction of dissolved soap 
f rom the p r i m a r y  refined oil. 

These machines have been described in a recent 
paper  (1). The Duozon combines a large coalescing 
surface and high retention t ime with centr i fugal  
force. The gravities however are not excessive enough 
to cause meal to hang up in the ro tor ;  ra ther  it is 
discharged continuously with gum or soap stock. Be- 
cause of pressure operation and the high through-put  
capacity, a single uni t  may  be used for  p r i m a r y  gum 
or soap stock operation in refineries of two to 10 tank 
ears per  day capacity. Gum or soap discharges f rom 
a single pipeline. 

Similar ly  a single unit  is used for mult is tage water- 
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conjunction with an automatic controller to mainta in  
the system in balance with a t empera tu re  set-point. 
The control valve is pneumat ica l ly  linked with the 
controller to regulate the steam flow. 

W E have used two methods of flow control. The first 
(Figure  3) employs a variable area flowmeter 

as a p r ima ry  measur ing element, which converts the 
flow variable into a pneumat ica l ly  t ransmit ted  signal 
relayed to the automatic flow controller. The control- 
ler mainta ins  the desired flow rate  by operat ing a 
pneumatic  flow control valve: Another  method used 
(Figure  4) incorporates an orifice plate principle with 
a kinetic manometer  sensing the differential pressure 
and convert ing this to a pneumatic  signal relayed to 
the controller. 

CONTROL SYSTEM 
(LIQUID FLOW--FLOWMETER) 

washing operation. Fou r  or more eountercurrent  
stages result  in pract ical ly complete removal of im- 
purit ies with less than  one-fourth the amount  of water  
required for  the batch process. 

The control system (Figure  1) applied to the single 
Duozon consists of pressure t ransmit ters ,  automatic  
recording controllers, a back pressure-control  valve 
in the oil discharge, and a flow-control valve in the 
gum discharge. The back pressure-control  valve in 
this instance serves the purpose of a readily adjust-  
able r ing dam and is the p r i m a ry  control element. 
Dur ing  s ta r t -up  a gum or soap stock seal is formed 
while the gmn discharge valve is closed. In  operation 
this valve closes in the event of upset, precluding loss 
of oil. The mix inlet pressure serves as the p r i m a r y  
measure for control of the gum diseharge valve. Op- 
eration is achieved by  simply sett ing the control to 
open the gum discharge valve when the mix inlet 
pressure reaches 90 p.s.i.g. Normal ly  the back pres- 
sure-control valve is set at 70 p.s.i.g, or a differential 
of 20 p.s.i.g. This control system assures automatic  
operation under  all conditions. 

Other basic control functions associated with con- 
t inuous refining include those for temperature ,  flow, 
pressure, and liquid level. A review of these systems 
follows. 

F igure  2 i l lustrates the components of a control 
system for heating oil. Measurement of t empera ture  
is achieved by a p r i m a r y  sensing element working in 
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Because of the liquid characterist ics encountered, 
a filled pressure t ransmi t t ing  system (Figure  5) is 
used. The main pressure sensing element is interl inked 
with the automatie  control which maintains  the de- 
sired pressure by operat ing the pressure-control valve. 

The liquid level control system (Figure  6) which 
we have used successfully consists of a differential 
pressure-sensing device which converts corresponding 
liquid level to a pneumatic  signal working in eonjune- 
tion with a controller and pneumatic  valve. This eon- 
trol system is used to tie together the operation of the 
Duozon and Hydrazon  to provide a eontinuous proc- 
ess, utilizing the basic controls described. 

F igure  7 is a typical  flowsheet of a vegetable oil 
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refining installation for  degumming and water  wash- 
ing, using the Staley 50 Oil Process, or caustic refin- 
ing if desired. Addit ion of the reagents, including 
acetic anhydride,  degumming water, and hydrogen 
peroxide, to the controlled flow crude oil is accom- 
plished by means of automatic-cascade ratio controls. 
The wash water  required for  the extraction step is 
also ratio-controlled f rom the crude oil flow. Any  
change in oil flow rate will immediately effect a cor- 
recting change in the flow rates of all other process 
liquids. The tempera ture  of the oil mixture  is con- 

trolled in the heat  exchanger pr ior  to its ent ry  into a 
level-controlled retention tank. F r o m  the retention 
tank it is p~mped into the Duozon. The gum dis- 
charged f rom the Duozon passes through a tempera-  
ture and pressure-controlled vacuum drier.  The vac- 
1ram is eontinuonsly recorded on a remote control 
panel instrument.  Dried gums are processed into soya 
lecithin. 

Refined oil f rom the Duozon flows into a level-con- 
trolled surge tank and is then pumped  to the Hydra -  
zon, eountercurrent  to wash water. This surge tank 
serves as the main interconneetion between the two 
machines. Refined oil, af ter  washing, flows into the 
oil vacuum drier,  which incorporates an automatic 
liquid-level control to insure continuous discharge. 

Although designed pr imar i ly  for degumming and 
water  washing, the plant  process control flowsheet and 
associated equipment lend themselves to versatile and 
flexible operations for oil refining. For  example, the 
installation may  be used for processes such as caustic, 
ammonia,  and soda ash refining. 

F oR the ammonia refining process which must  oper- 
ate under  pressure,  we have found the Clayton 

:Proportioning P u m p  and associated controls to be 
especially suitable and most sat isfactory for  adding 
the reagent. This system consists of a specially de- 
signed piston type of meter ing p u m p  with variable- 
speed dr iving mechanism, a meter  generator,  and an 
electronic amplifier-controller. 

The primp is adjustable to length of stroke and 
number  of strokes in l inear funct ion according to the 
main flow of oil through the meter  generator.  A 
valve seat sleeve mater ial  in the pump absorbs fluid 
and becomes tight-fitting, thus obviating slippage. I t  
is also noncorrosive and self-lubricated. The cylinder 
l e n ~ h  is adjustable according to the required capac- 
ity, thus always wiping out clean contents at each 
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FIG. 8. Control panel used in a refining installation. 

stroke regardless of how short or long. Precise meas- 
urement  and addit ion of reagent  to the oilYegardless 
of its flow and pressure of the system are essential t o  
the continuous process. 

A graphic type of control panel used in a refin- 
ing installation is shown in F igure  8. This panel  
incorporates all ratio recording controls as well as 
the liquid level, pressure, temperature ,  and vacuum- 
recording controllers. The graphic flow diagram in- 
cludes pump motor, start-stop stations with associated 
pilot lights, liquid-level indicators, and alarms. Flash- 
ing a la rm annunciators  located at the top of the panel  
serve to indicate upset conditions. 
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Automatizing the separat ion of gum or soap stock 
f rom vegetable oil is an innovation which, when 
combined with the basic control methods described, 
satisfies all the requirements  of precise and vigi lant  
operation of a continuous process. P lants  have oper- 
ated 24 hours  per day, seven days a week, for  periods 
of six months and longer without interrupt ion.  

In  conclusion, we emphasize the advantages of this 
automatic  control system. Increased product ion and 
quali ty control are a t t r ibuted  to elimination of the 
human element. Centralized control and graphic  
presentat ion s impl i fy  supervision of plant  operation. 
The flashing a larm system pinpoints  trouble locations 
immediately,  prevent ing oil loss otherwise unnoticed. 

Automation of this type  eliminates the necessity for 
operators skilled in the ar t  of vegetable oil refining. 
They need only to be given the analysis of the feed 
stock; then they can set the controls and press the 
buttons. 
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n-Deca-2A-Dienal, Its Origin from 
Significance in Fats 

Linoleate and Flavor 

STUART PATTON, ISABEL J. BARNES, 3 and LAURA E. EVANS, Department of Dairy Science, 
The Pennsylvania State University, University Park 

SERIES of methvl  ketones, characterized as their  
2 , 4 - d i n i t r o p l ~ e n y l h y d r a z o n e s ,  4 recently was 
identified in the deodorization distillate o.f fresh 

milk fa t  at this laboratory  (12). This series was 
composed of the straight-chain members  containing 
odd numbers  of carbons f rom C3 through C15. Whether  
other common fa ts  and oils might  yield the same 
group of ketones under  similar conditions was con- 
sidered wor thy  of investigation. I t  was found diffi- 
cult, if  not impossible, to make the conditions for 
handling other fats  the same as for  milk fat.  Distil- 
lates f rom cottonseed oil, soybean oil, beef tallow, 
and  lard  were evaluated. Since the p re l iminary  proc- 
essing of these fa ts  was beyond our control, the nega- 
tive findings obtained with respect to the series of 
ketones in their  distillates are of questionable value. 
However  the predominance of n-deca  2,4-dienal,  as 
detected through its DNP-  hydrazone, among the car- 
bonyl compounds in distillates f rom all four  fats  was 
impressive and served as the stimulus for  the investi- 
gations described below. Decadienal i s "  f an tas t i ca l ly"  
potent as a flavor compound. I ts  flavor threshold value 
in water  was determined to be 0.5 par ts  per  billion. 
As will be shown, its format ion through action of 
moisture and heat seems predictable f rom any  fa t  
which contains linoleate. 

Experimental 
Decadienal from Commercial Fats. Steam deodori- 

zation of fa ts  and eollectiou of distillates were per- 
formed for us through the kind services of R. J.  Sims 
and associates of Swift  and Company. The fats  em- 
ployed in the s tudy were cottonseed oil, soybean oil, 
beef tallow, and lard, all in good condition and con- 
sidered to be representat ive of the materials  processed 
by  industry.  They were steam-deodorized in amounts 
of 3 liters each at 225~ and 1 ram. H g  for 3 to 5 hr., 
using conventional laboratory  deodorizing equipment  

1 Authorized for publication as Paper  No. 2335 on J a nua ry  5, 1959, 
in the Journal  Series of the P~nnsylvania Agricultural Experiment 
Statio.n. 

Supported in par t  by the U. S. Public H e a l t h  Serv ice  (H3632) .  
S Present address: Department of Dairy Industries, Cornell Uni- 

versity, I thaca,  N. Y. 
2,4-Dinitrophenyl is h e r e i n a f t e r  abbrev iated  DNP. 

(12). The beef tallow, a fresh steam-rendered prod- 
act, was deodorized at this laboratory.  The thawed 
distillates f rom the four  fats  all had very pronounced 
odor reminiscent of fa t  used many  times for  f rying.  
DNPhydrazones  of carbonyl compounds in the dis- 
tillates were p repared  as follows. Each distillate, 
amount ing to about 200-300 ml., was sa turated with 
NaC1 and then extracted four  times with 50-ml. 
volumes of ethyl ether. To the combined ether e~tracts 
was added a DNPhydraz ine  solution p repared  by dis- 
solving 200 rag. of the solid reagent  in 1 ml. of con- 
centrated Hose4,  2 ml. of IIeO, and 5 ml. of ~thanol 
(abs) .  Ex t rac t  and reagent  were mixed with a s t i r rer  
for  1 hr., 25 ml. of HfO were added, and the s t i rr ing 
was continued for an addit ional  15 min. The ether 
layer containing the hydrazones was evaporated 
under  reduced pressure (water  aspi ra tor ) ,  and the 
residue was extracted by  mechanical shaking for  I hr. 
with 50 ml. of n-hexane. Hexane solutions derived 
f rom distillates of the four  fats  were employed as the 
source of samples for  column and paper  chromato- 
graphic separat ion of the DNPhydrazones.  The col- 
umn separat ion used Celite as support ,  n i t romethane 
as immobile phase, and n-hexane as moving phase. 
This method was developed and brought  to our atten- 
tion by Bassette et at. (1) and is very  similar  to that  
of Monty (7).  Use of the method in this investigation 
was precisely as described in reference 12. To follow 
separation of hydrazone bands on the chromatog- 
r aphy  column and to aid identification, the paper  
chromatographic method of Huel in (5) was employed. 
Although there was evidence of numerous hydrazones, 
in both paper  and column separations, one red deriva- 
tive (Rr 0.71, by  the Huel in  method, retention volume 
on a 50-g. [Celite] column 800--+ 20 ml. of hexane) 
predominated in intensi ty f rom all four  fats. 5 

5 There were the following numbers  of definitely observable hydra- 
zone bands with mobilities greater  than that of the  ace tone  der ivat ive :  
cottonseed oil--6,  soybean oil--7,  beef tal low--8,  l a rd - -9 .  Since hex- 
ane extraction seems to recover only DNPhydrazones of monofunctionat 
carbonyt compounds with any degree of efficiency, the number  of bands 
observed is considered only a partial  accounting of t h e  earbony l s  in 
th~ distillate. At this point a decision was made to attempt identifica- 
tion of only the prominent red hydrazone and thus d e t e r m i n e  w h e t h e r  
or not the same compound derived from all four fats. 


