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~ - ~ H E  PURPOSE Of this study was to compare the primary 
I antioxidant activity of the principal antioxidants that 

are available in France. In many comparative studies 
of antioxidants, a true measure of antioxidant activity is 
not obtained because, when a natural fat  or oil is used 
as substrate, the results are complicated by the presence of 
natural inhibitors. A second factor limiting the value 
of many studies is the use of a high temperature, such as 
100°C., and exposure to light to accelerate the testing. The 
comparative results obtained at high temperature are not 
necessarily valid for conditions of storage at room tem- 
perature and in total or partial darkness. To avoid the 
effects of these factors, carefully distilled ethyl esters of 
linseed oil fatty acids were used as substrate, and the tests 
were conducted at 30°C. 

The ethyl esters were prepared by ethanolysis of com- 
mercial linseed oil, followed by distillation of the esters 
at 0.4 ram. of mercury pressure. The initial distillate and 
the residue were discarded. The center fraction~ repre- 
senting 90-92% of the total rnaterial, was collected be- 
tween 140-170°C. 

Four batches of esters, designated A, B, C, and D, were 
employed in this study. These showed snmll differences 
in saponifieation and iodine numbers but gave essentially 
the same stability values with any given antioxidant. The 
esters were stored in the dark in a freezer, sealed under 
nitrogen until used. The peroxide number was always 0 at 
the time the esters were taken for use in the experiment. 

The autoxidations were carried out with 20 g. (---+0.1 g.) 
of the ethyl esters in beakers that were 65 him. in diameter. 
The beakers were placed, without covers, in an oven main- 
tained at 30°C. (+0.2°C.) .  A control sample, containing 
no antioxidant, was included in each series of assays. The 
oxidation was followed by iodometric deternfinations of 
the peroxide number. The chemical designation, colmnereial 
name, and origin of the several commercial antioxidants 
tested are given in Table I. 

S OLUBILIZATIOX Of the antioxidant was carried out under 
nitrogen, with slight heating when necessary (45°C.), 

or by a solution of the antioxidant in an appropriate sol- 
vent. In the latter ease the solvent was removed from the 
substrate esters under vacuum in a flow of nitrogen at a 
temperature not exceeding 30°C. 

Ascorbic acid was dissolved in ethanol but precipitated 
again when the solvent was removed. Under these condi- 

1 F r o m  01eagineux, pp. 243-48 ,  F e b r u a r y  13, 1958 ;  t r ans l a t i on  and 
abs t rac t  p repared  by W. O. L u n d b e r g  and J e a n  Labar re re .  

tions its antioxidant effect was nil; therefore the data on 
ascorbic acid are not considered. 

Gallic acid was dissolved in ethanol but showed the same 
antioxidant effect as if it had been added directly and in- 
completely dissolved. Morin was dissolved in ethanol and 
precipitated again on removal of the solvent, a-Coniden- 
drine was dissolved in dichlorethane. TMTC was dissolved 
in a mixture of methanol and benzene. Ascorbyl palmitate 
was dissolved in ethanol. 

The results are recorded ill Table II ,  in the form of two 
stability values. The S value is a measure of organoleptic 
stability and represents the difference in time for the test 
sample and the corresponding control to reach a peroxide 
number of 20 mmoles/kg. (the approxinmte point of or- 
ganoleptieally-deteetable rancidity). The S' value is a 
measure of the induction stability and represents the 
difference in time required for the test sample and the 
corresponding control to reach a peroxide number of 100. 

Examination of the results in Table I I  permits a nun> 
ber of conclusions. The several controls are very similar 
in their behavior, showing only slight differences. When 
the same antioxidant was used in two different series, the 
observed induction stabilities were in good agreement. Dif- 
ferences in organoleptic stabilities were somewhat greater. 

For products that are the same chemically the antioxi- 
dant effectiveness may differ greatly, depending upon ori- 
gin. This was found true for the various BHT's  and for 
the two nordihydroguaiaretic acids, where the organoleptic 
stabilities were about the same but the induction stabilities 
were very different. The differences may be related to the 
purity of the industrial compounds, which may contain 
impurities having their own pro-oxidant or antioxidant 
action. 

I t  should be observed that, for a given series of anti- 
oxidants, the organoleptic stability does not change nec- 
essarily in the same manner as the induction stability 
changes. For  example, the organoleptic stability of a-naph- 
thol and a-tocopherol is the same, but the induction sta- 
bility of the former is twice that of the latter. 

The effect of antioxidant concentration was studied in 
only two cases. Tocopherol acetate at 0.01% concentration 
appeared to be pro-oxidant rather than antioxidant whereas 
the same compound at 0.1% concentration was only very 
slightly antioxidant. Metophan, on the other hand, was a 
weak antioxidant at 0.01% concentration but was very 
effective at 0.1%. Qualitative tests indicated that the 
concentration at which the antioxidant effect of Metophan 
increased sharply was around 0.05%. 

T A B L E  I 

An t iox idan t  Commercial  name Or ig in  

a-Naphthol  ........................................................................................ 
]~Iydroquinone ................................................................................... 
Pyrogal lo l  .......................................................................................... 
Gal l ic  acid .......................................................................................... 
P ropy l  gal la te  .................................................................................... 
Oetyl gal late  ....................................................................................... 
Dodeeyl gal late  .................................................................................. 
t .-Butyl-3-hydroxy-4-anisole .............................................................. 
Butylhydroxy- toluene or di-t. butyl-2-6-methyl-4-phenol ( B H T )  ..... 

Nord ihydrogua ia re t i c  acid ................................................................ 

d. 1-a-tocopherol ................................................................................ 
Tocopherol acetate ............................................................................. 
Te t ramethy l th iourane  (TI~ITD) ....................................................... 
Te t rae thy l th iourane  ( T E T D )  ........................................................... 
a -Conidendr ine  .................................................................................. 
Pentahydroxy-3,5 ,7 ,2 ' ,4 '  f lavanol  (Mor in)  ...................................... 
1 Ascorbi~ acid .................................................................................. 
1 Ascorbyl  pa lmi ta te  .......................................................................... 
m. -Hydroxydiphenylamine  ................................................................ 
Lec i th in  ............................................................................................. 

Sus tane  1"F" i85% B H A )  
Ionol  
D B P C  tech. ; D B P C  pure  
AC 1, AC 3 (food grade)  
N D G A  
Antoxibyl  

Metophan 

Ets.  Prolabo, P a r i s  
Ets.  Prolabo,  P a r i s  
Ets .  h lerck-Darmstadt ,  Germany,  and Ets. 0 S I ,  P a r i s  
Ets.  Prolabo,  P a r i s  
Heyden  Chem. Corp., N.Y. 
Chemische Fabr iek-Naarden ,  Hol land  
Chemisehe Fabr iek-Naarden ,  Ho l l and  
U n i v e r s a l  Oil Prod. ,  U.S.A.  
Shell Chemic, P a r i s  
Koppers  Co., P i t t sbu rgh ,  and Ets.  Seppic, P a r i s  
Cata l in  Corp., N.Y. and Cie. Rousselot,  P a r i s  
Nord iga rd  Corp., Chicago, and N. Petel, P a r i s  
Ets.  Byla,  P a r i s  
Hoffmann-LaRoehe,  P a r i s  
Ste. Serlabo, P a r i s  
Sharples  Chem., Phi lade lphia ,  and Ste. Desmarais ,  P a r i s  
Idem.  
L i g h t  Co., Grea t  Br i t a in ,  and Ets.  OSI,  Pa r i s  
Ets.  Prolabo, P a r i s  
Ets.  Touzard  and  Mat ignon,  Pa r i s  
P repa red  f rom p rev ious  one (3)  
Sofragerm, Par i s  
Prepa red  a t  the  l aboratory  (m.p. 113 °) 
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T A B L E  I1  

S u b s t r a t e  

A 

B 

D 

D 

A n t i o x i d a n t  

N a t u r e  

Control  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tocopherol  ace ta te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dodecyi  gaIIate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Octyl  ga l l a te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sus t ane  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P ropy l  ga l la te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Gal l ic  ac id  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N D G A  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tocopherol  ace ta te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Control  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T E T D  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Antoxibyl  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P r o p y l  ga l l a te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tech.  D B P C  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P u r e  D B P C  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ionol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Control  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tocopherol  ace ta te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a -Con idend r ine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a -Tocopherol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a -Naph tho l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H y d r o q u i n o n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Control  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ascorbyl  p a l m i t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a -Con idend r ine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M o r i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T E T D  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ti~ITD .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AC 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AC 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Gal l ic  ac id  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Control  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L e c i t h i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Octyl  ga l l a te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pyroga l lo l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Control  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Me tophan  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
iYfetophan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Concert- 

T i m e  to r e a c h  
peroxide  no. of 

20  mmoles 
t r a t i o n  p e r  kg.  

T i m e  to r e a c h  
perox ide  no. of 

100  mmoles  
p e r  kg.  

Organo lep t i c  
s tab i l i ty  

% 

0.01 
0 ,01  
0 .01  
0 .01  
0 ,01  
0 .01 
0 .01  
0 .10  

0 ,01 
0 .01  
0 .01  
0 .01  
0 .01  
o .01 

0 .01  
0 ,01 
0 .01 
0 .01  
0 .01  

0 .01 
0 .01 
0.01 
0.01 
0 .01 
0 .01  
0 .01 
0 .01 

0 .01 
0 .01  
0 .01  

0 .01 
0 .10  

h~'. 
18 

4 
130  
188  
175  
225  
2 4 0  
390  

23 

12 
37 

3 5 6  
248  
300  
300  
300  

17 
15 
24  

116  
1 1 6  
4 3 0  

6 
7 
8 

44  
38 
56 

174  
180  
136  

4 
6 

144  
66O 

12 
42 

8 0 0  

h r .  

59 
44  

328  
4 2 0  
157  
540  
728 

> 1 0 0 0  
72 

50 
125  
4 8 0  
525  
540  
610 
630 

42 
38 
32 

228  
4 4 0  
752  

28 
34 
36 
92 

120  
168  
362 
398  
734  

30 
34  

4 4 0  
> 1 2 0 0  

34 
94 

> 1 0 0 0  

h r .  

do 
112  
170  
448  
207  
222  
372  

5 

3 4 4  
2 3 6  
288  
288  
2 8 0  

d0 
7 

99 
99 

413  

2 
38 
32 
50 

168  
174  
130 

1 1 0  
656  

788 

I n d u c t i o n  
s tab i l i ty  

h r .  

d0 
2 6 9  
361 
389 
4 8 1  
669 

> 1 0 0 0  
13 

75 
4 3 0  
4 7 5  
49O 
56O 
580  

<o 
10 

186  
3 9 8  
710 

8 
64 
92 

140  
334  
3 7 0  
706  

4 1 0  
> 1 2 0 0  

-.~ 
> 1 0 0 0  

T A B L E  I I I  

Class i f ica t ion  based on i n d u c t i o n  Class i f ica t ion based on o rgano lcp t i c  
Compounds  wi th  a n t i o x i d a n t  s tab i l i ty  ( S' ) s tab i l i ty  ( S )  

effect 
L imi t s  of S' A n t i o x i d a n t  S '  L imi t s  of S A n t i o x i d a n t  S 

None . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  < 1 5  ~ 1 0 :  

W e a k  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5 - 2 0 0  

Toeophero l  ace ta te  
L e c i t h i n  
Ascorbyl  p a l m i t a t e  
a -Con idend r ine  
Tocophero l  ace ta te  ( 0 . 1 %  ) 

Me tophan  
~Ior in  
T E T D  
T M T D  
a-Tocopherol  

d o  
4 
6 

8 - 1 o  
13 

60 
64 

7 5 - 9 2  
14o  
186  

1 0 - 1 0 0  

Tocophero l  ace ta te  
Ascorhyl  p a h n i t a t e  
Lec i t h in  
a -Con idend r ine  
Tocopherol  ace ta te  ( 0 . 1 % )  

T E T D  
l~e tophan  
M o r i n  
TMTD 
a-Tocopherol  
a -Naph tho l  

M e d i u m  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S t rong  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

V e r y  s t rong  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 0 0 - 5 0 0  

5 0 0 - 8 0 0  

>8oo  

Dodecyl  ga l la te  
AC 1 
Octyl ga l l a te  
AC 3 
Sus t ane  
a -Naph tho l  
Antoxibyl  
P r o p y l  ga l l a te  
D B P C ,  techn.  

P u r e  D B P C  
Ionol  
Gal l ic  acid  
H y d r o q u i n o n e  

N D G A  
Pyroga l lo I  
Metophan  ( 0 . 0 1 % )  

269  
334  

3 6 1 - 4 1 0  
370  
389  
398  
4 3 0  

4 7 5 - 4 8 1  
4 9 0  

560  
580  

6 6 9 - 7 0 6  
710 

> 1 0 0 0  
> 1 2 0 0  
~ 1 0 0 0  

100- -250  

2 5 0 - 4 0 0  

> 4 0 0  

Octyl ga l l a t e  
Dodecyl  ga l l a te  
Gal l ic  acid  
AC 1 
AC 3 
P r o p y l  ga l la tc  

Ionol  
D B P C ,  techn.  
D B P C ,  p u r e  
Antoxibyl  
N D G A  

I t y d r o q u i n o n e  
Sus t ane  
Py roga l lo l  
l~Ietophan ( 0 . 1 % )  

d 0  
1 
2 

2--7 
5 

2 5 - 3 2  
30 
38 
50 
99 
99 

110- -170  
112 

1 3 0 - 2 2 2  
168 
174  

2 0 7 - 2 3 6  

280  
288 
288  
344  
372 

413  
4 4 8  
656  
788 

I N TABLE III the several antioxidants are classified in two 
ways, based on organoleptic stability and induction sta- 

bility. Among the products without activity are some for 
which antioxidant effects have been reported previously, 
when the substances were tested in natural products, such 
as cottonseed oil, peanut oil, or lard. Substances like leci- 
thin, a-conidendrine, and ascorbyl palmitate, which are 
quite effective in natural oils, are much less effective in 
their pure substrate, indicating that their effectiveness is 
based upon a synergism with other natural antioxidants. 
TMTD and TETD showed relatively weak antioxidant 
activity, and it was found that their effectiveness was 
related to temperature, being higher at lower temperatures. 

This emphasizes again the need, in describing the effective- 
ness of an antioxidant, to specify the nature of the sub- 
strafe and the conditions of autoxidation. 

Among the antioxidants found to have great activity 
were NDGA, hydroquinone, and pyrogallol at concentrates 
of 0.01%, and Metophan at 0.1%. They gave long organo- 
leptic stabilities and induction stabilities. I f  one consid- 
ers only induction stability, gallic acid also was effective; 
and Sustane was effective if only organoleptic stability 
is considered. 

I t  was recently announced that the Diversey Corpo- 
ration of Chicago has purchased Deosan Ltd., London, 
England. 
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TASK GROUP ON 36-T--Left  to rlght.(seated) are W. F. 
Bollens and George Quandee, Swift and Company, Chi- 
cago; A. E. MaeGee, Skelly Oil Company, Kansas City; 
Rex Wingard, Davidson-Kennedy Company, C h i e a  go 
Heights ; and N. H. Wine,  Central Soya Company, Decatur, 
Ind.; (standing) F. P. Parkln, Borden's Soy Processing 
Company, Waterloo, Ia.; Harvey Marxhausen, Cargill Inc., 
Minneapolis; and P. R. Sheffer, Corn Products Company, 
Argo, Ill. Not in the picture were Ralph P. Hutchins, 
French Oil Mill Machinery Compauy, Piqua, O., and Miles 
Woodworth, N.F.P.A., Boston. 

Consider 36-T Fire 
T o  consider tentative standards for solvent-extraction 

plants for the National F i re  Prevention Association, a spe- 
cial task group of the Technical Safety Committee of the 
American Oil Chemists' Society was held at  the Corn Prod- 
ucts Company, Argo, Ill., December 15, 1958, with Paul R. 
Sheffer as host, N. H. Wit te  as leader, and A. E. McGee as 
general chairman. 

In  spite of severe weather 10 were present,  representing 
six study groups for consideration of basic rules, bulk sol- 
vent unloading, storage, and handling, prepara t ion  proc- 
ess, extraction process, and the like. Two of the 10 were 
from the N.F.P.A. : Miles Woodworth and George Quandee. 

From the suggestions of the group a le t ter  to the 
N.F.P.A. has been prepared,  and the findings will be 
presented to the Technical Safe ty  Committee at the an- 
nual meeting of the Society in New Orleans iu April .  
There have been a few points of controversy, but complete 
agreement among persons of such varying experience 
could not be expected, according to Fir. Sheffer, who is 
chairman of the solvent extract ion subcommittee. 

~ :  

Cites Causes of Fires 
F i r e  Record Bulletin F R  58-3, published by the National 

Fire  Protection Association, is an analysis of the principal  
causes of laboratory fires and recommendations for their 
prevention along with actual case histories. More than a 
dozen causes are listed, ranging from electrical wiring and 
misuse of flammable liquids to spontaneous ignition and 
open flames. There was failure to provide automatic sprink- 
lers in almost 90% of the cases. I t  may be obtained for 
50¢ from the Association at 60 Batterymarch street, Boston 
10, Mass. 

Publish Fire Codes 
I ~PORTA~T G~AN~ES in fire safety s tandards  are incor- 

porated in a new and revised edition of the National  
Fire  Codes, just  published by the National F i re  Protec- 
tion Association, 60 Batterymareh street, Boston 10, Mass. 
The six-volume t958 edition sells for  $7 a volume and is a 
compilation of the 170 standards in flammable liquids and 
gases, combustible solids, dusts, chemicals and explosives, 
building construction and equipment, extinguishing equip- 
merit, electrical, transportation, and miscellaneous oper- 
ations. 

International Minerals and Chemical Corporation opened 
its new administrative and research center in Skokie, Ill., 
in September, 1958, with its own heliport. 
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HI  G H B LEA CHIN  G P 0 WER 
means the following to Edible 
Vegetable Oil Refiners; 

• Low Oil Loss • Low Clay Cost 

• Low Freight Cost • Low Handling Cost 

• Low Cake Disposal • Low Storage Capacity 
• Increased Press Capacity 

Bennett-Clark offers Natural Clay and Activated Clay 
in split carloads for Added Convenience and 
Increased Savings. 

B e n n e t t - C l a r k  C o .  I n c .  
B O X  9 5 1  ,, N A C O G D O C H E S ,  T E X A S  
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• _Ne  Books 
Vol. I. SEPARATION AND PURIFICATIO-N- OF ~ATERIALS, by 

Rolt  Hammond (Philosophical L ibrary  Inc., 327 pp., 1958, 
$10) ; ¥ o l  11. DISPEnSlON oF MATERIALS, by Rolt Hammond 
(Philosophical L ibrary  Inc., 230 pp., 1938, $10). These 
books, wri t ten for process engineers and technicians in 
industry,  give a very complete review of the known meth- 
ods used in process engineering. Each type of process is 
described briefly and concisely. 

In  Vol. I the methods of separation are discussed 
under the headings of "Separat ion of Solids from Liq- 
uids," "Separat ion of Solids from Gases," "Disti l lat ion," 
"Centr i fugal  Separation," "Separat ion of Gases," and 
"Separat ion and Purification in Nuclear Engineering." 
Under each are discussed briefly all of the processes used 
today for  accomplishing each one of these separations. 

Treated in Vol. I I  are Crushing and Grinding, Classi- 
fying Materials,  Fluidizat ion,  Flotat ion,  Liquid Disper- 
sion, Dispersion of Gases, and Atmospheric Pollution. 
Each chapter  consists of a brief discussion of the main 
commercial methods of accomplishing each of these physi- 
cal dispersions or fluidization. 

These books would seem to be especially valuable to 
chemical engineers who are interested in making some 
type of physical  separation and dispersion. Outstanding 
is the brevi ty of t reatment  of each process; however the 
author covers enough ground so that  i t  is a good source 
book for  those interested in a l ternate  methods of handling 
solids, liquids, or gases. The author 's  English background 
adds to the book in that  some of the physical  processes 
or equipment used in Great  Bri tain are not commercially 
used in this country. The books should provide an 
excellent review and memory refresher  for  engineers, 
especially chemical engineers who have been out of school 
for  some time. They also should be of great  interest  to 
engineers in process development work who are searching 
for  new or different means of separat ing or dispersing 
solids, liquids, or gas. They should be suitable for school 
textbooks to give chemical engineering students a wide 
background on processes with which he will be dealing 
when he enters industry. 

NOEL W. MYERS, A. E. Staley Manufac- 
tur ing Company, Decatur, Ill. 

SCIENTIFIC GLASSBLO~TING, by E. L. Wheeler  (Intersci-  
ence Publishers Inc., New York, 478 pp., 1958, $9.75). 
This is one of the bet ter  books on glassblowing, with a 
different and very interest ing approach to glassblowing. 
The book is very well wri t ten and is easy to read, with an 
adequate amount of tables and drawings. The author is 
to be congratulated for this excellent book, which has 
great  value for beginners as well as those who are already 
in glassblowing. 

The book is divided into ]6 chapters, including history, 
glass and its working characteristics,  blowing equipment, 
basic and sealing operations, practice piece, grinding, seal- 
ing of different glass with metal, mercury purification, 
f ract ional  and molecular disti l lation, high vacuum tech- 
niques, metal  working and use of lathe, electric heaters, 
and miscellaneous equipment and procedures. The book 
would be helpful  not only to amateur  and professional  
glassblowers but also to research and development scien- 
t ists  who desire and use special equipment. I ts  use could 
be most helpful  in designing specific equipment to effect 
a given objective. I t  describes the cross-fire technique of 
glassblowing as well as other s tandard and bet ter  known 
techniques. I t  is an excellent working tool and reference 
book for  the experimental  scientist, par t icular ly  physical,  
physical-organic, and organic chemists. 

F. J. CASTLE, Northern Util ization Research 
and Development Division, Peoria,  Ill .  

POLYMER REVIEWS. Vol. I. The Effects of Ionizing Radi-  
ation on Natura l  and Synthetic High Polymers, by F r a n k  
A. Bovey (Interscience Publishers Inc., New York, N .  Y., 
X I I I  + 287 pp., $8). The present  volume marks the s ta r t  
of a ser~es of moderate-sized reviews of current devel- 

opments in polymer science designed to focus at tention 
on the horizons. Radiat ion chemistry of high polymers 
seems to be a ra ther  specialized and unsett led subject 
for the first volume. On the other hand, the choice serves 
to emphasize the current nature  and speculative purpose 

which  are to be embodied in each volume in the series. 
The first two chapters carefully summarize the various 

types of radiation,  their  basic propert ies  and effects on 
various systems. The general background of both the 
beneficial and detr imental  effects on polymers is given 
in the third chapter. The fourth chapter (with the aid 
of A. R. Shultz) presents a clear exposition of the sta- 
t is t ical  t reatment  of cross-linking and scission. There 
follow six chapters discussing the effects of radia t ion on 
each type of polymer in turn;  the last of these, devoted 
to the life of natural  polymers, appropr ia te ly  perhaps, is 
the longest. A sumnmry Appendix on the effects of 
Radiat ion on Polymers should become even more useful 
as i t  is expanded and more details are filled in. 

Strong motivation for research along these lines comes 
from the desire to encourage toughening of synthetic high 
polymers at the expense of detr imental  reactions and to 
learn how to protect  living cells. While only limited prog- 
ress has been made, the author sets for th the present  
status ably and well. And the format  and pr in t ing are 
excellent. The rapid  pace in radiat ion chemistry will 
make this book one to compare, with especial interest,  
with future revisions which are bound to come. 

A. C. ZETTL~MOYER, National  Printing- Ink,  
Research Inst i tute ,  Bethlehem, Pa. 

ION EXCHANGE RESINS, 2nd ed., by Robert Kunin (John 
Wiley and Sons Inc., New York, N. Y., 466 pp., 1958, $11). 
Since the first edition o£ "Ion Exchange Resins" appeared 
in 1950, the annual rate of publication of papers  on ion 
exchange technology has almost doubled. Therefore a 
second edition has become necessary to provide the latest 
information to the increasing number of scientists who 
have become interested in ion exchange. The book is also 
designed to help those who are working in a narrow area 
of ion exchange technology and wish to gain knowledge 
of its over-all aspects. 

The scope of the second edition is comprehensive and 
should provide valuable information on the theoretical and 
practical aspects of the natural  silicate and synthetic resin 
exchangers. The lat ter  and probably more important  
group consists essentially of two types of crosslinked high 
polymers: the first contains such fixed polar  groups as 
sulfonic and carboxylic anions; the second, quaternary 
ammonium and polyamine groups. Dr. Kunin  describes 
synthetic procedures for such resins, provides techniques 
for  measuring chemical and physical properties, and out- 
lines their uti l i ty in the fields of agriculture, biology, inedi- 
clue, and chemistry. 

Those interested in the theory of ion exchange processes 
will find the author's treatment of mechanisms satisfying. 
The phenomenon of ion exchange is interpreted on the 
basis of the crystal lattice theory, the Hehnholz double- 
layer theory, and the Donnan membrane theory in such 
fashion that the theories appear  complementary rather 
than conflicting. To complete his presentation on mech- 
anisms, Dr. Kunin offers a set of empirical rules for ion 
exchange to fill in where the theories and equilibrium for- 
mulations are not adequate. 

The book should prove especially valuable to those wish- 
ing to delve deeper into the nature of ion exchange. Like 
all books however, certain elaborations might have been 
effected to improve the second edition. The information on 
catalysts of organic reactions by exchange resins perhaps 
cotild have been made more comprehensive. The oil chem- 
ist will note part icular ly the absence of information on 
the use of cation exchange resins in the epoxidation and 
hydroxylation of fa t ty  oils and esters. The reader should 
bear in mind however that  the largest use for  ion exchange 
resins at the present time is in the field of water treatment. 
A more detailed presentation of the much smaller, newer 

a r e a  of catalysis may not have been deemed completely 
within the scope of this book. 

According" to statements received from experts on ex- 
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Superiority of GROCO 2 RED OIL revealed in unretouched photograph 
of low temperature test. Samples of GROCO 2 (left) and competitive 
red oll (right) were refr igerated at 36°F. for  24 hours side by side. No 

solids separated out of GROCO 2 RED O I L - - i t  remained so transparent 
that technician's fingers and steel tray are clearly visible through vlal. 
On right, solid acids separated in large amount. 

T I T R E  IS  L O W E S T  IN  G R O C O  2 R E D  O I L  
The unretouched photo above shows the results of a 
recent low temperature test between GROCO 2 and a 
competitive red oil. The GROCO 2 RED OIL (left) 
remained crystal clear to the bottom of the vial. The 
other material became heavily opaqued with frozen 
saturated acids. 

GROCO 2 RED OIL's exceptionally low content of 
saturated fatty acids-ti tre 3°C.-is advantage enough 
in itself to make it top choice for many processors. More 
than one producer of a liquid shampoo, for example, 
prefers GROCO 2 RED OIL because it gives a formula- 
tion that stays liquid at low temperatures. 

Equally outstanding is the oxidation stability of 
GROCO 2 RED OIL. In the Mackey Test, GROCO 2 
remained under 105°C. for 5 hours. There are no oxida- 
tion discoloration problems when you formulate with 
GROCO 2 RED OIL. And there is an absolute mini- 
mum of unusable components, making GROCO 2 the 
best money value of any red oil in its class. Quality is 
high uniformly from shipment to shipment. 

You consistently enjoy an edge in storage, handling, 
processing, and consumer acceptance when you "Always 
specify A. Gross"... whether your end products are soap, 
cosmetics, plastics, paints, polishes or emulsifiers. 

Send for samples and brochure, "Fatty Acids in Modern Industry." 

STEARIC ACIDS • 
RED OILS ° WHITE 

F A T T Y  A C I D S  
COCONUT FATTY ACIDS • TALLOW FATTY ACIDS ° VEGETABLE FATTY ACIDS 

OLEINES * HYDROGENATED TALLOW GLYCERIDES • HYDROGENATED FATTY ACIDS 

295 Madison Avenue, New York 17, N . Y .  ° Factory: Newark, N. J. 

Distributors in pr inc ipal  cities • Manufacturers since 183"7 
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I N S I D E  S C I E N C E  

Tbe Vital Story Of 

NIARGARIA E FORTIFICATIO  
How They Made Margarine a Better Food 

by Science Wr i te r  

The "Basic 7" Good Foods 

O v e r  a h u n d r e d  m i l l i o n  
pounds of margarine are used 
a month as a table spread and 
in cooking and baking. In- 
cluded in the "Basic 7" food 
list, margarine serves as one of 
the finest and most concen- 
trated energy foods. It is a 
shining example of a food 
which  has  been  r e p e a t e d l y  
made better. 

In the original product,  invented more than 80 years ago, 
beef fats were used. Later lard and vegetable oils came into 
use. When unpurified these have several drawbacks: unpleas- 
ant odor and taste, low melting point and unsatisfactory 
color. These have been overcome by scientific refining meth- 
ods, hydrogenation and the use of officially-approved food 
colors. Strictly phrased Federal  Definitions and Standards of 
Identity assure maintenance of very high quality, uniformity 
and nutritional value. 

after-taste; reasonable and stable price; stability, purity and 
uniformity; and the assurance of a steady, economical supply. 

It is interesting and important  to mar- 
- - ~  g a r i n e  m a n u f a c t u r e r s  t h a t  t h e  

Hoffmann-La Roche synthesis of vita- 
min A led to another synthesis and 
then the commercial  production of the 

___ closely related pro-vitamin A (beta 
~ "  / ' ~  carotene).  

Beta carotene is the natural, non-toxic yellow color found in 
butter and other dairy products. It is naturally safe for color- 
ing foods such as margarine, shortening, edible oils, yellow 
baked goods and many others. In addition to its value as a 
safe coloring agent, beta carotene contributes vitamin A 
potency-- for  better health and well-being. 

Beta carotene Roche* assures fe : y safe, 
standardized purity, 

• ¢ ,0rtitied margarine. 
During this history of product  impro" - -  more 0| ~ -- the e0untrY" 
that margarine . . . . . .  ,¢'  tO help you ~ . ' ; . i n ~ a k e v s  acros~ - 
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y e  xt, is  ao~=,,,~ . ~ , . - - - - - -  
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po ~ 1 ~  I~ * ~ A O  

gi~ 
v a  

po 
No' 
to tt 

h a s  

se it  

. . . .  ~^r nanel~ are av - ~raohrase ,  " ~" ~]lt. 
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, ;heral quantities ~, rep,= You have our P~y::= or lalbliC relations ~ "_ ....,my : t h e  
tr b  0, . _ .  Ilt  l t0.1  m , - - ,  -  the 
partSOt t~ls~ ~ . . ~ - ,  llk ~ MIG" 

• ~ N "  i l O ~ l m u m ' "  . . . . .  

~' l t l l l lM II~u.~ a mult i-mill ion-dollar  plant at the huge Hoffmann- 
La Roche operation in Roche Park over 500 pieces of large- 

,re some of the benefits that vita- 
min A supplies. Scientific evidence is 
available showing that it helps to main- 
tain normal vision and to overcome 
night blindness; that it increases the 
body's resistance to infections; that it 
promotes physical and mental develop- 
ment; and that it aids in maintaining 
normal glandular function. 

Soon after the Second World  War  several processes were 
developed to produce vitamin A synthetically. One of the 
most successful, announced in 1947, was evolved by the 
Roche research team headed by Dr. Otto Isler. 

Vitamin A produced by the Roche synthesis has many posi- 
tive advantages for food processors. Among these are light, 
c l e a r  color; complete absence of any "fishy" odor, taste or 
* ROCHE-- I~eg .  U.S. Pat. Off. 

26 

scale chemically engineered equip- 
ment are working constantly to pro- 
duce superior Roche* vitamin A 
which is built up into a molecule 
identical with Nature 's  own. Other 
highly complex equipment delivers 
beta carotene 'Roche* 

Again, developments by the Roche people, who manufacture 
not only vitamin A and beta carotene but many other essen- 
tial vitamins, by the tons, have contributed to the making of 
more nutritious foods--and thus to the public welfare. 

This article, reprints of which are available without charge, 
is published as a service to the food industry by Hoffmann- 
La Roche  Inc . ,  N u t l e y  10, N e w  Jersey .  In  C a n a d a :  
Hoffmann-La Roche Ltd., 1956 Bourdon Street, St. Lau- 
rent, P. Q. 
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change resins, the book "Ion Exchange Resins" fills a 
need of long standing. Perhaps the 1,170 references, 90 
tables, and 234 figures featured by the second edition pro- 
vide sufficient justification for such statenlents. 

JOHR " G. WALLACE 
E. I. du Pont de Nemours and Company 
Wilmington, Del. 

THE PETaOLE~:~ CttEMICALS INDUSTRY, 2rid ed., by 
Richard F. Goldstein (John Wiley and Sons Inc., New 
York, N. Y., 458 pp., 1958, $16.50). This is the second, 
revised, and enlarged edition of a volume first published in 
1949; rapid progress in the field warrants the revision. 
The general format comprises introductory chapters on 
the history of the petroleum chemicals industry and sources 
of petroleum hydrocarbons, followed by a series of chap- 
ters on specific classes of petroleum processes and chemi- 
cals. Economics and statistics are presented in the final 
chapter and Appendix. An extremely useful index is in- 
cluded, material being indexed by Name, Patent Numbers, 
and German Intelligence Reports as well as by Subject. 

Chapters 3-6 deal with the basic petroleum chenfical 
processes, e.g., synthesis and reactions of carbon-monoxide- 
hydrogen mixtures, oxidation of paraffins, etc. Chapters 
6-10 present the principal industrial reactions of olefins, 
and in Chapter 11 some other reactions are described. 
Chapters 12--15 discuss other important hydrocarbons. In  
Chapters 16--20 specific classes of organic chemicals, in- 
eluding acids, anhydrides and esters, nitriles and amines, 
etc., are considered. Basic reactions and mechanisms are 
given for the manufacture of all important petroleum 
chemicals. 

While there are probably better sources of information 
on many of the individual processes and petroleum chemi- 
cals, it is doubtful that any other single volume presents 
such a broad picture of petroleum chemical synthesis and 
manufacture. 

This volume will very likely be of most interest to those 
dealing with the synthesis of organic chemicals other than 
petroleum chemicals and seeking information on the latter, 
or to the chenfist using petroleum chemicals in the syn- 
thesis of other materials. Research chemists working in 
the fields of detergents, resins, paints, waxes, etc., will 
find the volume of value in understanding the chemicals 
they work with and in the application of analogous reac- 
tions to their own field of interest. 

R. L. TERI~ILL 
Spencer Kellogg and Sons Inc. 
Buffalo, N. Y. 

CARATTERI SPECIFICI DEI PRINCIPALI 0LI VEGETALI DE1, 
COMi~IERCIO, by G. Balestrini and G. B. Martinenghi (Alle- 
grati di Campi, Milan, 1958, 71 pp., cloth-bound, size 12 x 
17 era., 1,000 lires). This pocket-size book would hardly 
merit the attention of those who use Eekey and Hilditeh 
and is of no wide appeal. Incidentally Prof. Martinenghi 
is the same one whose extensive volume on the "Chemistry 
and Technology of 0ils, Fats, and Derivatives" was re- 
viewed in 19~8 and is undoubtedly one of the best in its 
field. 

The value of the booklet lies in its special value to the 
commercial chemist; and since the price of approximately 
$1.60 is so modest, it is well worth the having. I t  is of 
particular benefit to those engaged in passing on ship- 
ments of oil under Public Law 480 or similar govern- 
mental agency, to the suppliers, banks, and others in the 
understanding of what constitutes "sana, leale, mercan- 
tile" and whether specifications of a contract have been 
met. 

Twenty-nine oils of commerce are herein dealt with, 
showing physical and chemical characters which follow 
so closely those tabulated by this reviewer in Section I 
of the A.O.C.S. Book of Methods as to constitute a flat- 
tering endorsement. In  addition, the authors give speci- 
fications for both crude and refined grades of oil, data 
usually kept apart and contained in the rules of the vari- 
ous trade organizations such as the N.C.P.A. and the 
N.S.P.A. 

As their own special feature, a "test of four temper- 
atures" is introduced, designed to show the behavior of 
an oil in chilling to turbidity and solidification and then 
warming to pour- and melting-points. 

There is little to criticize. Although some of their 
characteristics do not agree with those of other chemists, 
this is understandable since the so-called constants are in 
reality variables. Where given, the peroxide values are 
much too high; the turbid and solid temperatures for 
peanut oil are much too low, and apparently I tal ians are 
not familiar with our grades of cottonseed oil inasmuch as 
their refined is assumed to be winterized oil only. Also, 
too much emphasis seems to be placed on a qualitative 
Halphen hexabromide (esabromuri) test. 

M. ~'. LAURO, New York Produce 
Exchange, New York 

ORGANIC SYNTHESES ]~'ITtt ISOTOPES, in two parts, by 
Arthur Murray I I I  and D. L. Williams; Part  I, Com- 
pounds of Isotopic Carbon (Interscience Publishers Inc., 
New York, X + 1146 pp., 1958, $25). This is the first 
book in nine years which gives a comprehensive treatment 
to the synthesis of compounds labelled with isotopic carbon. 
Literature coverage includes all isotopic carbon-labelling 
syntheses by chemical means reported through 1955. I t  
should be noted that the index will appear in Part  II.  

Arrangement of the material is based on compound 
classes. A critical survey with an excellent bibliography 
is given for each compound considered. Much of the pre- 
sentation is factual copy of published work, which includes 
the introduction, followed by the synthesis of isotopically 
labelled acids, acid derivatives, amines, carbonic acid deriva- 
tires, carbonyl compounds, ethers, heterocyelie compounds, 
hydrocarbons, hydroxy compounds, onium compounds, sugar 
and sugar derivatives, steroids, and vitamins. 

The authors demonstrate well their acquaintance with 
the methods and problems involved in the synthesis of 
labelled compounds. Their excellent discussion of isotopic 
organic nomenclatures, specialized techniques, health haz- 
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AT LOWEST COST PER TON 

Write for further details and illustrated literature to :. 

ROSI,  DOWNS & THOMPSON LIMITED 
Old Foundry, Hull, England 

Member of the Power-Gas Group 
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SOLVENT EXTRACTION 
SYSTEMS 

The country's leading 
processors of o i I 
seeds have specified 
French Solvent Ex- 
traction Equipment 
again and again be- 
cause of its versati- 
Iity-ease of opera- 
t l o n  - -  e c o n o m y  - -  
efficiency -- safety ~ I ' ~ , u  
and finer and more 
profitable end pro- 
d u c t s  ~ a l l  at no 
extra cost. 

FRENCH 
SPECIALISTS iN OIL MILLING 

EQUIPMENT SINCE 1900 

SCREW PRESSES 

High capacity French contin- 
uous screw presses produce 
highest quality products with 
exceptionally low residual oil 
in meal , , . plus the added 
benefits of low power con- 
sumption and full-tlme 
ation with minumum m 
ante. 

• French Rolls 

• Box Presses 

,, Formers 

I Valves 

Pumps 

• Accumulators THE FRENCH OIL MILL 
MACHINERY CO. 

PIQUA, OHIO U.S.A. 

ards, and nfiscellaneous topics is the subject of the intro- 
duction. Throughout the text the authors present useful 
notes, some degradation procedures, and other methods 
employed for preparat ion of a given compound. 

Examination of the text reveals efficient techniques and 
procedures whereby isotopic carbon is incorporated into 
organic compounds in both high yield and purity.  This re- 
quires the development of novel methods of synthesis and 
adaptation of known methods to the scale required for 
the synthesis. 

The reader should pay  par t icular  attention to the radio- 
chemical methods employed for the establishment of puri ty  
of the isotopic compound in question. Since the proof 
of complete purification is empirical, one must not rely on 
any one procedure for establishing radiochemical puri ty  
but must employ a number of trustworthy radiochemical 
methods. Final ly  the puri ty  of volatile carbon-14 labelled 
compounds can now be determined by gas ehromato-. 
graphic techniques in conjunction with radioactivity de- 
tecting devices. 

The text is well written. This volume is recommended to 
all chenlists interested in either the syuthesis of compounds 
labelled with isotopic carbon or the small-scale synthesis 
of organic compounds. 

ROBERT F. NYSTROM, Radiocarbon Laboratory, 
University of Illinois, Urbana, Ill. 

AN Ih'TRODUCTION TO TtlE CHEMISTRY OF FATS AND 
FATTY ACIDS, by F. D. Gunstone (John Wiley and Sons 
Inc., New York, 161 pp., 6 x 10 in., 1958, $6). This rather 
brief but well-written book is intended, as declared by the 
authors, to be an introductory textbook on fats and fa t ty  
acids. As such, it is a very worthy addition to the litera- 
ture. There are six chapters in the book. 

Chapter 1, The Fa t ty  Acids, covers nomenclature, struc- 
ture, and synthesis quite well. 

Chapter 2, The Chemical Nature of Fats,  covers classifi- 
cation of lipides, analytical methods, and component glyc- 
erides of fats. The very important  method of vapor phase 
chromatography is given very scant note (p. 51), and the 
improved isomerization techniques with stronger alkali 
better to analyze for tetra-, penta-, and hexa-enes is barely 
suggested (p. 45). The treatment of the question of even 
versus random distribution of triglyeeride structure ap- 
pears to be somewhat prejudiced toward the Hilditch 
even-distribution theory. Table 14 (p. 73) however gives 
the observed mole % of fully saturated triglyeeride and 
the mole % calculated for  random distribution but not 
that calculated or estimated for even distribution. 

Chapter 3 on Physical Properties covers melting points, 
boiling points, solubility and spectra as well as poty- 
morphism and molecular structure remarkably well, con- 
sidering the short space devoted to it. 

Chapter 4, The Chemical Properties of Fa ts  and F a t t y  
Acids, is divided into four sections: I. Hydrolysis and 
esterifieation, I I .  Hydrogenation, I I I .  Oxidation, including 
nonseission, seission, and autoxidative reactions (The 
newer methods of obtaining high yields of epoxy esters 
via peracetic acid is not recognized in this section [p. 103]),  
IV. Other Chemical Properties, including thermal poly- 
merization, halogenation, and earboxylic derivatives, are 
covered quite well. 

Chapter 5, The Synthes i s  and Utilization of Fa t s  in 
Living Organisms, covers biosynthesis and metabolism of 
fats. 

Chapter 6, The Chief Technical Applications of Fats ,  
covers edible fats, soaps, glycerides, paints and varnishes 
very briefly but generally very well. Alkyds (p. 153) are 
perhaps slighted, in view of their great industrial impor- 
tance, in comparison with blown oils and heat-bodied oils. 

The text as a whole is well written and well organized. 
I t  will fill the need which exists for an introductory text 
for courses in colleges and universities and for  industrial 
chemists to whom the field is new. I t  is a good introduc- 
tion to the larger reference books, such as those of Hil- 
ditch, Eckey, Markley, and Ralston. 

D.  H .  WHEELER, General Mills Inc., 
Minneapolis, Minn. 
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