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Protective Films for Pilot-Plant Deodorizers 1 

R. E. BEAL and E. B. LANCASTER, Northern Regional Research 
Laboratory, ~ Peoria, Illinois 

I T has been demonstrated many times that  contami- 
nation by even exceedingly small amounts of cer- 
tain dissolved metals lowers the quali ty of edible 

fats and oils (2). Lundberg  made an extensive review 
of work on the stability of fats and oils (3).  In  some 
products flavor deterioration is observed in the early 
development of rancidi ty or of "ox id i zed"  flavors. 
Vegetable oils, par t icular ly  soybean oil, develop the 
off flavors generally described as " r e v e r t e d , "  and 
Evans has described the limits of tolerance of de- 
odorized soybean oil for  a number  of metals before 
flavor stability is impaired (1). The oils also have a 
tendency to develop increased amounts of peroxidized 
products, especially in the presence of iron at ele- 
vated temperatures.  Considerable metallic contami- 
nation of oils that  have undergone refining, followed 
by water washing and adequate bleaching t o  remove 
soaps, probably occurs in the deodorizer since it has 
been shown that  adequate bleaching removes metal- 
lic soaps effectively (5). Metal picked up in the hy- 
drogenator should be largely removed by a second 
bleaching operation. Unless metallic contamination is 
avoided as much as possible at every stage of process- 
ing, the presence of prooxidant  metals is conducive 
to the breakdown of natural  antioxidants when the 
oil is exposed to air. 

In  their work with cottonseed oil shortening, Ziels 
and Schmidt recognized the importance of the deodor- 
ization step in its effect on the quali ty of the oil (7). 
Their  results undoubtedly have led to the increased 
use of aluminum and nickel in  the construction of de- 
odorizers. F rom a practical viewpoint there appears 
to be no ideal material for deodorizer construction. 
Glass or porcelain-lined equipment would be most 
desirable from the standpoint of oil quality. But  
glass or porcelain surfaces are reported to erode when 
subjected to steam impingement, they have limited 
resistance to mechanical and thermal shock, and they 
are not resistant to alkaline cleaning solutions. Alu- 
minum does not lower oil quality appreciably, but  it 
lacks structural  strength and is not resistant to alka- 
line cleaners. Nickel has been used successfully, but  

1 Report  of a study made under  tho Research and  Market ing  Act of 
1946. Presented before the American Oil Chemists'  Society Meeting, 
May 1-3, 1950, Atlanta,  Ga. 

2 One of the laboratories  of the B u r e a u  of Agr icu l tura l  and  Indus-  
tr ial  Chemistry, Agr icul tura l  Research Administrat ion,  U. S. Depart-  
ment  of Agricul ture.  

it is relatively expensive and many fabricators are 
unfamil iar  with it. Mild steel has desirable s t ructural  
properties and is not as expensive, but  it affects oil 
stability adversely; certain types of stainless steel are 
bet ter  in this respect but  are more expensive. 

The present work was undertaken pr imari ly  to 
determine the best material  for  constructing a pilot- 
plant unit  for  deodorizing soybean oil. Although 
pilot-plant operations and equipment should, in gen- 
eral, follow the lines projected for manufactur ing 
practice, special considerations exist where edible oils 
are concerned. Pilot equipment must be cleaned fre- 
quently to prevent  contamination of successive ex- 
perimental  runs and after  the equipment has been 
cleaned or has been idle for  some time it is often 
necessary to process several " w a s h o u t "  batches until  
a protective oil film is formed over the metal surfaces. 
In termit tent  operation is typical of pilot experiments 
and necessitates f requent  cleaning. Although metal 
scavengers may be used in commercial practice to 
deactivate metal contaminants, their  use would inter- 
fere with experimental results in the pilot plant. 

Labora tory  tests show that  the problem of contami- 
nation of soybean oil by  metals during deodorization 
is one of simple fa t ty  acid corrosion. Polishing the 
surface of mild steel or stainless steel g rea t ly  reduces 
corrosion of the metal while depositing certain pro- 
tective films thereupon makes the surface nearly equal 
to a glass surface so far  as the effect on the oxidative 
and flavor stability of soybean oil is concerned. The 
t reatment  may be accomplished without processing 
several prel iminary batches of oil in the deodorizer. 

Experimental Methods 
Refined, bleached soybean oil was used for all the 

investigations reported here. One batch of refined, 
bleached oil was obtained from a commercial proces- 
sor; other batches were prepared in pilot-plant equip- 
ment at the Northern Regional Research Laboratory.  
The oils were deodorized at 200 ° +_ l°C.  in 500-mt. 
batches in l- l i ter  glass deodorizers arranged: so that  
two flasks could be operated simultaneously from the 
same vacuum pump and dry  ice condenser. A dia- 
gram of the apparatus  is shown in Fig. 1. The flasks 
were heated by  electrical resistance heaters and the 
temperature  was maintained by  an on-off controller. 
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FIG. 1. A p p a r a t u s  f o r  d e o d o r i z a t i o n  o f  s o y b e a n  oil. 

Results and Discussion 
The relative prooxidant  effect produced by  13 com- 

mercial metals and alloys dur ing the deodorization 
of soybean oil is shown in F igure  2. The composition 
of the alloys is given in Table I. Each point on a 
curve represents an average of two or more peroxide 
value determinations. As might  be expected f rom re- 

250 

200 

The pressure was held at 6 mm. of nlercury absolute 
dur ing all deodorizations by  means of a solenoid valve 
between the d ry  ice t rap  and the vacuum pump. The 
solenoid was controlled by  a mercury  switch and a 
relay. Nitrogen was introduced continuously into the 
dry  ice t rap  through a fine capi l lary tube to eliminate 
small fluctuations in pressure. Deodorizations were 
of 6 hours '  durat ion and about  100 ce. of distilled 
water  which previously had been boiled was vapor- 
ized and bubbled through the oil as the s t r ipping 
agent. These conditions were chosen because of their  
similari ty to commercial practice. 

The effect of metals upon the oil being deodorized 
was obtained by  introducing two metal  str ips 5" x 
1 ~ 6 "  x ~ 6 "  into the deodorization flask af ter  addi- 
tion of the oil. The ratio of metal  surface area to 
weight of the oil was thus about  20 square inches 
per pound of oil or about  five times the ratio tha t  
is found in commercial batch deodorizers. The level 
of oil in the glass deodorizer flask was such that  
only about  half  of each metal  strip was submerged 
although the entire str ip was subject  to the splash- 
ing action of the oil. Dur ing  later  experiments a 
single str ip of metal  comparable in surface area to 
the two str ips previously used was rolled into a three- 
quar ter  cylinder of sufficient length to project  into 
the neck of the flask where it was held fa i r ly  r i g id - -  
necessary because the motion of the two str ips against  
the glass stem was sufficient to rub off the film coating 
the strips. This motion could be sufficiently vigorous 
to abrade even the metal. Unless noted otherwise, all 
metal  s tr ips except a luminum or those coated with 
a luminum were cleaned by  immersing them for  2 
to 4 hours in a hot aqueous solution containing 2% 
trisodium phosphate and 4% sodium hydroxide, fol- 
lowed by  thorough rinsing in distilled water. Citric 
acid, when used as a metal  scavenger in a series of 
tests with the same metal  str ips placed in the deodor- 
izer, was added as a 20% aqueous solution just  pr ior  
to heat ing the oil for  deodorization. 

The stabil i ty of the deodorized oil was determined 
by oxidizing a 25-ec. sample in a 1" x 6" open test  
tube immersed in a 100°C. oil ba th  with filtered air 
bubbl ing through the oil at the rate of 0.4 liters per  
minute.  Aeration times were generally 6 hours for 
each oil, but  some samples were aerated for both 4 
and 6 hours. Peroxide values were determined on 
10-g. samples of the oil by a slight modification of 
the Wheeler method (6). The iron analyses reported 
on four  of the samples were made by  the emission 
spectographic method of Melvin and Hawley (4). 
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FIG. 2. S t a b i l i t y  o f  r e f ined ,  b l e a c h e d  s o y b e a n  oil  a f t e r  de- 
o d o r i z a t i o n  w i t h  s t r i p s  of  m e t a l  p r e s e n t .  

TABLE £ 

Composition of Metal Alloys Used in Stability T e s t s  

Sample Fe Ni Cr Mn Me Si Cu Ti C 

S t a i n l e s s  steel type 304 .......... 
Stainless steel type 316 

(Allegheny 18-8M) ............ 
Stainless steel type 321 .......... 
S t a i n l e s s  steel type 347 .......... 
Croloy type 2 .......................... 
Inconel ......... : ......................... 
tIastelloy B ............................ 

73.2 8 18 0.75 .08 

63.7 14 18 1.75 2.5 .08 
71.5 10 18 .4 .10 
69.9 10 18 2.00 .10 
96.9 2 0.5 0.5 .10 

6.5 79.7 13 0.25 0.25 0.2 .08 
4.7 65.9 0.6 28.6 0.2 .05 

Reference. Chem. Eng. 45, No. 11 (1938).  

sults reported on cottonseed oil shortening, the al loys 
containing appreciable amounts of iron have a greater  
effect than  the a luminum and nickel alloys, and cop- 
per  has an extremely bad  effect. Molybdenum, which 
is present  to the extent of 2 to 3% in type 316 stain- 
less steel, apparen t ly  decreases the prooxidant  effect 
of stainless steel on the oil. 

The addit ion of 0.01% of citric acid to the oil 
pr ior  to deodorization great ly  reduces the effect of 
the metals on soybean oil. This is clearly shown in 
F igure  2. The stabil i ty of some of the samples 
deodorized with the various metals plus citric acid 
exceeded that  of the control sample plus citric acid, 
p robab ly  because of a var ia t ion in the amounts of 
the acid used or other uncontrollable variables. 
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I t  has been suggested, but  not demonstrated,  that  
metal  contaminants  are present  in vegetable oils in 
the fo rm of soaps (7). Small amounts of f a t ty  acid 
in the oil might  at tack the surface of any  metals 
present  and form soaps that  would be washed f rom 
the surface of the metal  by  the oil dur ing the violent 
agitat ion in the deodorizer. I t  was found (Table I I )  

T A B L E  II 

The  Effect  of F r e e  F a t t y  Acid and  T e m p e r a t u r e  on the L o w e r i n g  of 
Oxida t ive  S tab i l i ty  of Soybean Oil  By  Con tac t  

W i t h  Meta l l i c  Su r f ace s  

A v e r a g e  per-  
oxide v a l u e  

Sample  

1. Soybean oil No. 1 deodorized in glass  w i th  no meta l  
p resen t ,  ( %  F F A  ~- 0 . 0 7 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2. Oil  No. 1 deodorized wi th  s ta in less  steel type 347,  
c leaned  in  hot 5% N a O H  and  r insed ,  present..  ........... 

3. Oil  No. 1 wi th  0 . 3 %  s tear ic  acid  added,  deodorized 
in  glass  w i th  no meta l  p re sen t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4. Oil  No. 1 w i t h  0 . 3 %  s tea r ic  ac id  added,  deodor iz :d  
w i t h  s ta in less  steel type 347,  c leaned as in  2, p re sen t  

5. Soybean oil No. 2, control  ( %  F F A  ~ 0 . 0 9 % )  ........ 
6. Oil  No. 2 hea ted  a t  100°C.  u n d e r  N2 for  4 hr .  and  

Aera t ion  a t  
100°C.  

4 h r .  6 h r .  

29 60 

37 70 

39 65 

66 170  
.... 47  

deodorized . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7. Oil  No. 2 hea ted  a t  200°C .  u n d e r  N2 for  4 hr .  and  

deodorized . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8. Oil  No. 2 w i t h  0 . 3 %  dis t i l led  f a t ty  ac ids  added,  and  

deodorized . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9. Oil  No. 2 w i t h  0 . 3 %  dis t i l led f a t t y  acids added, 

hea t ed  a t  100°C.  u n d e r  N2 for  4 hr .  and  deodorized .... 
10.  Same as No. 9 except  hea ted  a t  2 0 0 ° C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
11.  Oil  No. 2 hea t ed  a t  100°C.  u n d e r  N2 for  4 hr .  w i t h  

s t r ip s  of mi ld  steel, c leaned in  hot  5 %  N a 0 H  and  
r insed ,  p r e s e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12.  Same  as No. 11 except  hea ted  a t  2 0 0 ° C  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
13.  Same  as  No. 11 except  0 . 3 %  soybean f a t ty  acids  

added  to oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
14.  Same  as No. 13 except  hea ted  a t  1 5 0 ° C  . . . . . . . . . . . . . . . . . . . . . . . . .  
15.  Same  as No. 13 except  hea ted  a t  2 0 0 ° C  . . . . . . . . . . . . . . . . . . . . . . . . .  

46  

34  

103  

78 
76 

35 
48 

82 
62 

8OO 

NO~I~: Samples  5 a n d  8 w e r e  deodorized in glass  w i th  no metals  
p resen t .  Samples  6, 7, and  9 t h r o u g h  15 w e r e  t r ea t ed  in a test  tub~ as 
shown a n d  then  deodorized in  glass w i t h  no meta l s  p resen t .  Ag i t a t ion  
in  the  tes t  t ube  was  p rov ided  by bubb l i ng  N~ t h r o u g h  the  oil. 

would be expected to lower the stabil i ty of the oil 
appreciably  in the test made at 200 ° (see Sample No. 
11). I t s  fai lure to do so p robab ly  is a t t r ibutable  to 
the relatively small degree of agitat ion which was 
used as  compared with the amount  which occurs in 
a deodorizer. The addition of 0.3% soybean oil f a t ty  
acids, which had been distilled in the labora tory  to 
remove soaps, lowered the stabil i ty markedly  for 
some reason, but  the combination of f a t ty  acids and 
metal  str ips affected the oil no more than did the 
acids alone, at either 100 ° or 150 ° . At  200 ° corrosion 
of the metal  by  f a t t y  acids and the format ion of 
metallic soaps tha t  dissolved in the oil apparen t ly  
occurred to an appreciable extent, giving the result- 
ant oil extremely low stability. 

The tests indicate that  iron in the fo rm of soaps 
acts as a prooxidant.  I t  also is evident f rom the data 
in Table I I I  that  iron in the form of ferr ic  citrate 

TABLE III 

T h e  Effec t  of I r o n  Sal t s  on the Ox ida t ive  
S tab i l i t y  of the  Soybean Oil 

1. Control  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2. F e r r i c  c i t r a t e  (6 p.p.m. Fe )  a d d e d  to soybean oil 

before  oil was  deodorized in  glass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3. F e r r o u s  su l fa te  (5 p .p .m.  Ye) added to oii before 

de~dor iza t io~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4. F e r r i c  ch lor ide  (3 p.p.m. P c )  added  to oil before 

deodor iza t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5. 0 . 0 1 %  c i t r i c  ac id  added  before  deodor iza t ion  .... . . . . . . . . . .  
6. 0 . 0 1 %  c i t r i c  acid  added  a f t e r  deodor iza t ion  .. . . . . . . . . . . . . . .  
7. 0 . 0 0 0 3 %  H2SO4 added  before  deodor iza t ion .. . . . . . . . . . . . . . . .  
8. 0 . 0 0 1 5 %  HeS0~ added  before  deodor iza t ion  ... . . . . . . . . . . . . . .  
9. 0 . 0 0 0 4 %  t-I,_,S0~ added  a f t e r  deodor iza t ion  .. . . . . . . . . . . . . . . . . .  

10.  0 . 0 0 2 %  H.~SO~ added  a f t e r  deodor iza t ion  . . . . . . . . . . . . . . . . . . . . .  
11.  0 . 0 0 0 4 %  HeS0~ added  to No. 4 (above)  . . . . . . . . . . . . . . . . . . . . . .  

Ave rage  per-  
oxide va lue  

Ae ra t i on  

4 h r .  6 h r .  

29 60 

31 66 

32 65 

64 127  
6 26 
2 13 

27 60 
24  51 
.... 22 
.... 27 
.... 75 

that strips of stainless steel type 347, previously 
cleaned with 5% caustic solution and rinsed, lowered 
only sl ightly the stabil ity of a refined, bleached soy- 
bean oil having an acid value of 0.07%. However,  
when 0.3% of pure stearic acid was added to the oil 
and the oil was again deodorized with the same metal 
present, the stability of the oil was significantly 
lowered. The addition of the acid alone affected the 
stability but slightly, demonstrating that lowered sta- 
bil i ty resulted from the combination of metal,  acid, 
high temperature,  and violent agitation. 

Further  experiments to determine the influence of 
temperature on the corrosion of mild steel in soybean 
oil indicate that extensive contamination occurs at 
200°C. but not at 150 ° if  the acid content of the oil 
is about 0.4%. If  the acid content is less than 0.1% 
however, the corrosion is not appreciable at either 
temperature under the conditions used. In these ex- 
periments strips of mild steel were placed in a large 
test tube containing soybean oil and the tube was 
heated in a brass cylinder, the temperature of the sys- 
tem being controlled electrically. High purity  nitro- 
gen was bubbled through the oil to provide agitation 
and to prevent oxidation of the oil. After  4 hours 
the oil was cooled and the metal strips were removed. 
The oil was then deodorized in glass apparatus. When 
the oil, containing 0.1% fatty  acid either alone or 
with metal strips added, was heated in the test tube 
at 100 ° and 200 °, its stabil ity after deodorization 
was found to be substantial ly unaffected. The metal 

or ferrous sulfate is p robab ly  not a prooxidant  but  
in the form of ferr ic  chloride it is. I t  is believed that  
small amounts of citric or sulfuric acids added to the 
oil a f te r  deodorization stabilize the oil by  reacting 
with any iron present  and thereby deactivat ing it. 

F rom an unders tanding of the reaction by  which 
extremely small amounts of metal  may  dissolve in  
soybean oil when it is deodorized, a basis is given for  
speculating on methods of prevent ing the corrosion. 
Commercial  deodorizers acquire an oil film af ter  sev- 
eral batches of oil are processed in them, and this 
film, sometimes called linoxyn, serves to protect  the 
oil f rom metallic contamination. Since p i lo t -p lan t  
deodorizers usually operate in termit tent ly  and are 
cleaned frequently,  another  method of prevent ing 
corrosion is desirable. 

Table I V  gives the oxidative stabil i ty of soybean 
oil deodorized in the presence of metal  str ips cleaned 
with an 80-20 mixture  of acetone and toluene, a mix- 
ture that  was used for  cleaning a luminum strips in 
all tests with that  metal. The str ips had been used 
previously in a deodorization and had stood several 
weeks without  being cleaned. The oil on the str ips be- 
came oxidized to a tacky fihn. The str ips were placed 
in a Soxhlet extractor  and extracted several times 
with the acetone-toluene mixture,  a f te r  which they 
were removed, dried, and used in a deodorization. 
Af te r  the cleaning process several of the str ips when 
examined visually and microscopically showed no evi- 
dence of any  oil film remaining on them except that  
a slight iridescent sheen was noticeable in some 
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T A B L E  I V  

Stabi l i ty  of Soybean Oil Deodorized in Presence of 
Acetone-Toluene Washed  Metal S t r ips  

1. Control  (glass)  ........................................................ I [" 
2. A l u m i n u m  ................................................................ ] 
3. A l u m i n u m  metall ized i ron  ........................................ " 
4. Aluminum-dipped  i ron ............................................. 
5. Croloy 2 .................................................................... 
6. Nickel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7. Stainless  steel, type 316 ........................................... 
8. Boi ler  plate  .............................................................. 
9. t t as te l loy  B .............................................................. 

10. Inconel  ..................................................................... 
11. Sta inless  steel, type 304 ........................................... 
12. Stainless  steel, type 347 ........................................... 
13. Boi le r  p la te  (8)  cleaned wi th  hot  5% caustic 

solut ion .................................................................... 
14. Sta inless  steel, type 316 (7)  cleaned wi th  hot 

5% caust ic  solut ion .................................................. 
15. Stainless  steel, type 347 (12)  cleaned wi~h hot  

5% caust ic  solut ion ................................................. 

Average  per- 
oxide va lue  

Aera t ion  

4 hr.  6 hr.  

26 26 60 59 
2 4 J  57 
30 63 
30 6 l  
32 63 
29 58 
26 52 
27 54 
32 60 
29 54 
28 54 
B8 76 
35 73 

49 95 

37 76 

37 70 

places. P resumably  a very thin film existed however 
because the s tabi l i ty  of all samples was substant ial ly 
the same as that  of the control. P robab ly  other sol- 
vents than acetone-toluene would have been equally 
effective but  none was tested. 

Two factors that  determine the extent to which a 
metal  may  dissolve in an oil are a) the area and 
b) the condition of the exposed metal  surface. The 
importance of those factors is greater  for  pilot equip- 
ment  than for  commercial-sized equipment  since the 
ratio of surface area to weight of oil is considerably 
less in a large deodorizer than in a small experimental  
unit.  Table V summarizes the results obtained by  
cleaning or t reat ing boiler plate (mild steel) in a 
number  of different ways before placing the metal  

T A B L E  V 

The Effect of Sur face  Condit ion of Metal on Oil S tabi l i ty  a 

Trea tment  of metal  before 
deodorization 

I. Mild Steel (hot-rolled) 
1. Cleaned with an acetone-toluene m i x t u r e  .............. 
2. Cleaned in  hot  aqueous 5% NaOH solution ........ 
3. Cleaned in hot  5% NaOH solution, rinsed, and 

immersed  in  a 20% citr ic acid solut ion fo r  one 
hour  .......................................................................... 

4. Pol ished wi th  fine g r i t  and  clenched in  hot  5% 
NaOH solution ......................................................... 

5. Pickled in 3% H~_SO~ solution for  4 hours  .......... 
6. Cleaned in  hot 5% NaOH solution, rinsed, and 

immersed in  concentrated t t2S04 for  2 hours  ...... 
7. Washed  in a de tergent  solut ion and  scrubbed 

wi th  an abras ive  soap ............................................ 
8. Pol i shed w i th  fine g r i t  and  cleaned in  hot  aque- 

ous solut ion con ta in ing  10% NaOH and a deter- 

9. Careful ly  wiped free of excess oil fo l lowing a 
deodorization and used  short ly thereaf te r  ............ 

10. Cleaned wi th  hot 5% NaOH solution, r insed,  
and coated wi th  a solid wax of the polymeric- 
ether- l inked type . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I I .  Mild Steel (cold-rolled) 
1. Electropol ished to a smooth, sh iny  surface and  

cleaned wi th  hot  5% N a O t t  solut ion .................... 
2. Pol i shed  wi th  fine g r i t  and cleaned "in hot  5% 

N a O t t  solution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I I I .  S ta inless  steel, type 347 
1. Control, no meta l  present  b u t  wax added to oil 

(see 10 above) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2. Cleaned in hot  5% N a O t I  solut ion ...................... 
3. Cleaned in  ho t  5% N a O t I  solution, rinsed, a.nd 

immersed  in  20% citr ic acid solution for 1 hr.  
4. Electropolished to a smooth b r igh t  surface and  

cleaned in  hot  5% NaOH solution ........................ 
5. Cleaned with ho~ 5% N a 0 H  solut ion and  coated 

wi th  a wax (see 10 above) ............... ~ .................... 

Average  per- 
oxide value 

Aerat ion 

4 h r .  6 h r .  

32 60 
49 95 

67 148 

34 68 
62 128 

49 86 

66 126 

45 90 

44 79 

g4 70 

45 79 

44 83 

24 51 
37 7O 

37 69 

39 71 

34 68 

a Metal was thoroughly  r insed  wi th  dist i l led water  before be ing  used 
in each case. 

str ips in the deodorizer and testing the stabil i ty of 
the oil. The same refined, bleached oil was used here 
as in the experiments with the solvent-cleaned metals. 
Trea tment  with dilute acids under  conditions of sur- 
face activation increases the deleterious effect of the 
metal  on the oil, while polishing or coating the metal  
with wax decreases the effect in the case of boiler 
plate. Since the par t icular  wax used exhibited a 
slight ant ioxidant  effect, no definite conclusion may 
be drawn about  its use as a protective coating. With  
type 347 stainless steel a var ie ty  of t rea tments  had 
little effect on the action of the metal  towards the oil. 

An oxidized oil film that  had been washed with 
a suitable solvent to remove unoxidized and non-co- 
herent  oil produced a good coating on the metallic 
surfaces. Unless the film is cleaned .with solvent, 
p resumably  some of the film is washed into the oil 
dur ing a subsequent deodorization and carries some 
metallic soaps with it. A more convenient, method 
of forming the oxidized film than allowing it to 
oxidize at room tempera tu re  is to heat  i t  to about  
150°C. for  several hours, thereby accelerating oxi- 
dation. I n  Table V I  is shown the correlation between 

T A B L E  V l  

Correla t ion of Peroxide  ~Talues and  I r o n  Analyses for  Soybean Oil 
Deodorized Wi th  Fi lm-Trea ted  Metals P resen t  

I Peroxide  
Tvpe of metal  s t r ip  present  during" va lua  

" deodorization 6-hrY P.P.M.Fe 
/ aerat ion / 

1. Control, no metal  present  .................................... r 44 / 0.06 
. Mild steel coated with baked silicone varnish.. . .]  57 [ 0.10 
• Mild steel coated wi th  oven-dried (150°C.)  / ] 

soybean oil film and washed in  acetone .............. [ 51 | 0.12 
4, Mild steel cleaned in hot 5% NaOH .................. / 146 / 0.g3 

oxidative stabil i ty and iron content for  soybean oil 
deodorized in the presence of mild steel strips, either 
t reated with a silicone varnish, an oil film, or cleaned 
with caustic. The str ips coated with silicone and those 
coated with oil were heated in an oven for  several 
hours to harden the silicone and  to accelerate oxida- 
tion of the oil. A silicone v a r n i s h  film baked on the 
steel according to the recommendations of the manu- 
fac turer  was quite effective. I t  was hoped that  such 
a film might  be sufficiently resistant to caustic treat-  
ment that  a deodorizer so t reated might  not need 
recoating through a long period of use even though 
f requent ly  cleaned with caustic. The film did not 
however withstand hot 5% aqueous caustic, as was 
expected. I t  is not  inferred that  silicone varnish 
films do not m e e t  the claims of the manufac tu re r s  
with respect to alkali resistance. Fai lure  may  have 
been due to the type or condition of metal  surface 
used. A fa i r ly  good correlation between stabil i ty and 
iron content was found, considering the possible de- 
gree of error  inherent  in the spectrographic method 
and in stabil i ty measurements.  

Table V I I  presents the results of taste panel  evalu- 
ations of a soybean oil deodorized in the presence of 
type 316 stainless steel t reated as shown. Samples 
were scored on a scale where a bland oil is given 
a top score of 10, and a very  repulsive-tast ing oil 
is given a score of 1. Unless a sample scores 6 or 
higher, it is not considered acceptable for  consumer 
use. " Z e r o  t ime , "  or fresh samples, were judged 
four  at a time, but  aged samples were judged in 
pairs. 
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T A B L E  V I I  

Organolep t ic  E v a l u a t i o n  of Soybean Oil Deodor ized  W i t h  Type  316 S ta in less  Steel 

F l a v o r  Scores and  S ign i f i can t  Di f fe rence  a 

Sample  pa i r s  ............................ ~ ................................ 204-205 204-206 204-207 205-296 205-207 206-207 

Zero t ime  D ................................................................ 7.9 ~ 7.1 7.9 Jr  8.6 7.9 ~- 7.5 7.1 ** 8.6 7.1 ~ 7.5 8.6 * 7.5 
Three days' storage at 6 0 ° C  ..................................... 5.7 ~ 4.8 4.9 ~- 4.9 4.8 ~ 3.9 3.8 ** 5.8 4.5 ~- 5.0 5.9 J r  5.0 

204 205 206 207 

0 t ime  perox ide  va lue  ...................................................................................................... 0.21 0.28 0.18 [ 0.24 
A v e r a g e  pe rox ide  va lue  a f t e r  3 days '  s to rage  at  60°C ................................................. 5.7 4.5 4.6 5.2 
A v e r a g e  peroxide  value after 8 hour s '  a e r a t i on  at  98 .5°C .......................................... 70.3 97.0 65.3 75.5 

Iden t i f i ca t ion  of S a m p l e s - - T r e a t m e n t  of meta l  s t r ips  p r e sen t  d u r i n g  deodor iza t ion :  
2 0 4 - - C o n t r o l  sample - - -no  meta l  p : e sen t .  
2 0 5 - - S t a i n l e s s  steel c leaned wi th  5% aqueous  caus t ic  and  r i n sed  wi th  wa te r .  
2 0 6 - - S t a i n l e s s  ~teel f r o m  deodor iza t ion  205 s tored  3 days  and  cleaned wi th  r e f lux ing  acetone-toluene mix tu re .  
2 0 7 - - S t a i n l e s s  steel pol ished wi th  No. 500 gri t ,  c leaned wi th  5 %  aqueous  caus t ic  and  r insed  w i t h  wa te r .  
a Method of Moser,  J aege r ,  Co)van, and  Dut ton ,  J .A.O.C.S.  24, 291, 1947.  
b a l l  f o u r  samples  w e r e  tas ted  a t  one t ime to obta in  the  zero t ime  f lavor  scores.  -[- --~ no s ign i f i can t  d i f fe rence ;  * --~ a s ign i f i can t  d i f ference;  

a n d  ** z a h igh ly  s ign i f i can t  difference.  

Samp!e 206 was deodorized with str ips of type 
316 stainless steel present which previously had been 
used in a deodorization and then stored 3 days at 
room temperature ,  followed by  cleaning in a Soxhlet 
extractor  with an 80-20 acetone-toluene mixture.  The 
sample of oil was given the highest initial flavor 
score, and af ter  3 days '  storage at 60°C. it was 
scored as being bet ter  by  a highly significant dif- 
ference than Sample 205, an oil deodorized in the 
presence of str ips of caustic-cleaned stainless steel. 
I t  is of interest  to note that  polishing alone was 
fa i r ly  effective in prevent ing contamination of the 
oil b y  metal. 

Summary 
With mild agitation, soybean oil is not apprecia- 

bly contaminated by  contact with clean steel surfaces 
unless the f a t ty  acid content is above 0.1% and the 
tempera ture  above 150°C. 

I t  has been shown tha t  an oxidized oil film is an 
effective coating for  metals used in the construction 
of pilot-plant deodorizers. Such a film, to be most 
effective, should be washed free of unoxidized, non- 
coherent oil with a suitable solvent. I f  the metal  is 
p roper ly  coated an oxidation-stable and flavor-stable 
oil can be obtained f rom the deodorizer, providing 
the oil has been proper ly  refined and bleached. The 
oil film is near ly the equivalent of a glass surface in 

its effect on oil stabili ty,  is easily formed on a metal- 
lic surface, and can be readily removed when the 
metal  is cleaned with caustic. 

A silicone varnish film baked on the metal  surface 
is somewhat less effective than an oil film. Other 
methods of t reat ing steel or stainless steel, which in- 
clude coating the metal  with a polymeric ether-linked 
wax, grit-polishing, and clectropolishing, are fa i r ly  
effective in reducing corrosion of the metal  dur ing 
deodorization. 
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Alcohols From Menhaden Oil by Sodium Reduction 
EVERETT H. PRYDE, E. I. du Pont de Nemours and Co. inc., 
Niagara Falls, New York 

I N the classical Bouveault-Blanc procedure for  the 
reduction of esters, large excesses of both sodium 
and reducing alcohol are used (10). Recent modi- 

fications in the process however have lowered the 
quantit ies of sodium and alcohol required to nearly 
the theoretical amounts (4). These improvements  
have increased interest in the applicat ion of the 
sodium reduction method to the commercial produc- 
tion of f a t ty  alcohols f rom natura l  oils (6). 

The sodium reduction of sa tura ted  glycerides, coco- 
nut  oil for  example, is being carried out on a corn- 

P r e s e n t e d  at the  2 3 r d  Fall  Mee t ing  of the A m e r i c a n  Oil Chemis t s '  
Society at Chicago, Ill., on November  1, 1949. 

mercial scale. This is made possible not only by  the 
improved efficiency in the use of sodium but  also by  
the ease of recovery of caustic soda and glycerol. 
Moreover, when it is desired to preserve the ethylenic 
unsa tura t ion  in alcohols derived f rom unsa tura ted  
glyceridcs, as cotton seed and sperm oils, the sodium 
reduction process offers a possible route. Catalyt ic  
hydrogenat ion of an ester for  the most pa r t  simul- 
taneously saturates  these olefinic linkages. 

The reduction of the polyunsa tura ted  esters occur- 
r ing in highly unsa tura ted  vegetable and fish oils 
to produce alcohols with one or more double bonds 
per  molecule has never been ful ly investigated. A 


