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I 
N T H E  E V A L U A T I O N  o f  coatings p repared  front vinyl  
ether formulat ions (2) it was necessary to deter- 
mine d ry ing  times at elevated temperatures .  A 

Sanderson drying-t ime meter  (3, 4) is adequate for  
normal  room temperatures ,  but apparen t ly  no similar 
device has been designed for  higher t empera ture  
studies. The appara tus  described is, basically the 
same as Sanderson 's but  smaller and constructed in 
an oven where tempera tures  up to 260~ can be 
maintained. 

Apparatus 

The oven is a s tandard,  double-door, mechanical 
convection type with an adjustable air-flow control 
(Precision Scientific Company,  Model 845, Type A, 
Cat. No. 1248). Tempera ture  range  is 35 ~ to 260~ 
and the total watts  5,300. Inside-cabinet dimensions 
for width, depth, and height are 37, 19, and 25 in., 
respectively. The floor space occupied is 49 x 27 in., 
and the over-all height is 64 in. F igure  1 pictures the 

FIG. 1. E x t e r i o r  v i e w  o f  o v e n  s h o w i n g  d r i v e  mec, h a n i s m  on  
r i g h t  s ide .  

oven with the appara tus  mounted inside. An adjust-  
able air-flow control regulates the air velocity across 
the working chamber f rom approximate ly  75 to 250 
f t . /min .  All of the air in the working chamber is 
forced to t ravel  through a complete cyele of about 50 
air changes per  minute. 

On the outside and on the r ight-hand rode of the 
oven is mounted a l.U2-in, angle iron frame. This 
f rame suppor ts  a 14 x 18-in. pla t form,  on which is 
located the motor, reducing gears, and drive mecha- 

1 Presented a t  fall meeting, American Oil Chemists' Society, Chicago, 
Ill., Oct. 20-22 ,  1958. 

F r o .  2 .  I n t e r i o r  v i e w  o f  o v e n  s h o w i n g  t u r n t a b l e s  a n d  s m l d i n g  
m e c h a n i s m .  
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nism. The motor is a ~ - h p .  Westinghouse-type F H  
with an r.p.m, of 1,725. This r.p.m, is reduced to 
approximate ly  0.067 (1 revolution every 15 rain.) 
through a series of worm and bevel gears. A coupling 
on the inside of the oven permits  removal  of the 
inside mechanism should the occasion arise. 

The inside mechanism is also mounted on l~/2-in. 
angle iron as shown in F igure  2. Tolerances of the 
order of 0.015 in. were made for  gear clearances and 
bearing freedom to compensate for  heat  expansion. 
A]emite fittings were plaeed on all loeations of bear- 
ing contact and are greased with a speeial high- 
tempera ture  lubrieant  ( Imbr ip la te  930 AA manufac-  
tured by the Fiske Bros. Refining Company,  Newark, 
N . J . ) .  The turntables  were made of a luminum 7 in. 
in diameter.  Three guideposts (approximate ly  s//16 in. 
diameter)  were placed in a semicircle 1,/2 in. f rom the 
circumference of the a luminum turn tab le  to aid in 
centering a 6-in. coated disc. Discs were stamped 
f rom sheet a luminum and black iron 0.023 in. thick 
with a Gin. die. 

Tempera ture  checks were made throughout  the oven 
with thermoeouples, and the largest  differential found 
in the oven proper  was 2~ Thermoeouptes placed 
under  a luminum and black iron discs showed no 
appreciable difference in tempera ture  that  might  arise 
f rom the more heat-reflective aluminum. The time 
required for the oven to re tu rn  to t empera ture  af ter  
opening for placement  of the coated discs is approxi-  
mate ly  5 rain. at the 150~ baking level; at  200~ 
the t ime is 8 min. Under  established procedure the 
oven was heated approximate ly  20 degrees above the 



2 7 6  T H E  J O U R N A L  OF T H E  A M E R I C A N  O I L  C H E M I S T S '  S O C I E T Y  ~r 3 6  

t empera ture  at  which the test was to be conducted. 
Usually by the time that  the discs were monnted and 
the doors closed, the oven was at  or near  the desired 
temperature .  The thermostat  is then reset to the pre- 
determined value. 

Sixty-mesh white sand (sieved) is used in the sand- 
ing cone. This cone is 31/2 in. high with a base of 31~ 
in. in diameter. The opening in the cone where the 
sand is fed to the disc is 0.070 in. The tip of the cone 
is set at 0.030 in. above the coated disc and allows a 
sand trai l  approximate ly  0.25 in. wide. Wi th  6-in. 
discs this sett ing permits  readings up  t~ about 2 hr. 
with the turntables  revolving at  0.067 r.p.m. " T a c k -  
free t i m e "  is determined by the usual method of in- 
ver t ing the disc, t app ing  sharply,  and noting the point 
at which the sand does not adhere to the film. " D r y -  
to- touch- t ime" is indicated by the point  at which the 
sand is still imbedded in the film af ter  vigrous brush- 
ing with a paint  brush. In  in te rpre t ing  the results, 
it should be recognized that  the observed character-  
istics are those of the films at elevated temperatures .  

Preparation of Coatings 

Coatings are p repared  by the spinning disc method 
(6).  F igure  3 is a photo of the spinning apparatus .  
A number  of factors determine the thickness of film 
prepared  in this manner,  and these have been investi- 

Results 

Exper iments  conducted on discs coated with the 
same mater ial  and run  simultaneously showed no 
differences in d ry ing  times. The top panel  in F igure  
4 i l lustrates the results of such an experiment.  The 
sand trails represent  the dry-to-touch time for  art iso- 
bu ty l - (3) -eonjugated  soy- (1) -vinyl ether copolymer, ~ 
coated on a lmninum discs and baked at 150~ with- 
out drier. A repeat  run  on the following day gave 
similar results. The bot tom panel in F igure  4 shows 
sand trails for  a th i rd  experiment  of the same type 
except that  the coating is a nonconjugated linseed 
vinyl  ether homopolymer baked on black iron discs 
at 100~ without drier. Again the dry-to-touch times 
are the same, and the un i fo rmi ty  of conditions in the 
oven is demonstrated.  

Dur ing evaluations on black iron and a luminum it 
was noted that  shorter d ry ing  times were encountered 
with black i ron;  this was t rue  for both tack-free and 
d ry io - touch  time. Table I lists the results of a s tudy 

T A B L E  I 
Tack-Free  T ime  for  Fihns on A l u m i n u m  and  Black I r o n  a 

Tack-f ree  t ime, rain. 

B a k i n g  t e m p e r a t u r e  

150 ....................................... 
180 ....................................... 

a I sobu ty l - (3 ) - con juga t ed  soy- (1) -v iny l  e ther  copolymer.  
b 0 . 1 %  Cobal t  as naph thena te .  

A l u m i n u m  ] Black i ron  
I 

D r i e r  b No drier  D r i e r  s No drier  

~ 1 5 0  / i>150 / 120 ~ 1 2 0  
12o ~ ~1~o / 50 ~5 

40 [ 40 [ 15 15 

F IG .  3. A p p a r a t u s  f o r  s p i n n i n g  c o a t i n g s .  

gated by Gardner  and Sward (1). Wi th  our vinyl  
ether formulat ions most 25 % solutions in toluene have 
a Gardner  viscosity of about A-3. When a 5-g. sample 
of this solution is added to the center of a spinning 
disc at 400 r.p.m, and rotat ion is continued for 2 rain., 
a film is obtained, which upon baking for  10 rain. at 
200~ has a thickness of about 0.15 rail. This value 
is in the range at which a nmnber  of can e o a t i n ~  are 
made. The thickness is determined by cut t ing a meas- 
ured square f rom the disc and weighing it. Af te r  
the coating is removed by  warming  in ethanolamine, 
the disc is washed, dried, and weighed again. Assum- 
ing a density of 0.9, the thickness is calculated f rom 
the following formula:  thickness (mils) = loss in wt. 
(g.) • 1,000/0.9 • area (cm. 2 • 2.54. 

Theve is no explosion hazard f rom the toluene pres.  
ent in the wet  films because the total  concentration of 
toluene in the oven is less than 0.04%, well below the 
lower explosive limit. 

of tack-free time for  an isobutyl-(3)-conjugated soy- 
(1)-vinyl  ether copolymer on a luminum as well as 
black iron, and at  three different baking tempera-  
tures with and without drier. In  all comparable tests 
the black iron gave shorter  tack-free times. The dif- 
ference is even more pronounced in the dry-to-touch 
times compiled in Table II .  Although the reason for  
faster  d ry ing  on black iron is not known, it is likely 
that  iron plays the role of an oxidation or polymeri-  
zation catalyst  in the d ry ing  process. To test  fu r the r  
this hypothesis, an experiment  was conducted with 
iron naphthenate  drier (0.1% Fe based on weight of 
copolymer).  The drier  was added to the same isobutyl 
copolymer, and coatings were made on both a luminum 
and black iron. A third disc of a luminum was coated 
only with the isobutyl copolymer (no drier) .  The 
three samples were placed simultaneously on the 
drying-t ime meter  at  180~ The results of this 
experiment  are listed in Table I I I  and  give addit ional 
evidence that  iron definitely accelerates drying. Iden- 
tical d ry ing  times were obtained with the coatings 

e T h e  (3)  and  (1)  des ignate  the molar  amoun t s  of respect ive  co- 
monomers .  

T A B L E  I I  

Dry-to-Touch T ime  for Fi lms on A l u m i n u m  and  Black I r o n  a 

i Dry-to-touch time, rain. 

t~akinff t e m p e r a t u r e  A l u m i n u m  Black i ron  

D r i e r  b _No d r i e r  ] D r i e r  b No dr ie r  

oC" / 
150 ...................................... 25 60 ] 16 35 
180 . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 25 / 12 15 
210 ...................................... I 7 I 10 

a I sobu ty l - (3 ) - con juga t ed  soy- (1)  -vinyl e ther  copolymer.  
b 0 . 1 %  Cobalt as naph thena te .  



JULY, 1959 SCHWAB E T  A L . :  DEVICE TO E S T A B L I S H  D R Y I N G  C O N D I T I O N S  277 

!::i ~ �9 

ii /i!/ i ~ / i ~ 

:i i .~ 

:i : i i l  �9 

II I 

54 " %  

u:~, ] , 

,a A �9 ..<~ 

: i : i!~i[, !i 

F I G .  4. T o p  p a n e l - - s a n d  t r a i l s  o f  a n  i s o b u t y l - ( 3 ) - e o n j u g a t e d -  
s o y - ( ] )  c o p o l y m e r  b a k e d  a t  : 150~  w i t h o u t  d r i e r .  ] ~ o t t o m  p a n e l  
- - s a n d  t r a i l s  o f  a n o n c o n j u g a t e d  l i n s e e d  v i n y l  e t h e r  h o m o -  
p o l y m e r  b a k e ~ ]  a t  1 0 0 ~  w i t h o u t  d r i e r .  

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 

~nln. 
8 

25 
8 

15 

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- 


