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Twenty Years of Research in Oils at Northern Regional
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J.C. COWAN, Northern Regional Research Laboratory,* Peoria, Illinois

Research conducted at the Northern Laboratory on vegetable
oils during the past two decades includes polymerization,
isomerization, flavor stability, and structure. Some early aec-
complishments—dimeric fatty acids and their derivatives, eon-
jugated oils and their aftertack as well as the use of eitric
acid to inactivate iron in soybean oil-—and more recent aec-
complishments—aldehyde oils, eyclic fatty acids, and tests
for hidden oxidation and hydrazine reduction—are among the
subjects reviewed.

ESEARCH in fats and oils in the U.8. Department of

Agriculture began shortly after the Bureau of Chem-

istry was formed in 1906. Jamieson, author of a

hook revised in 1954 by E.W. Eckey, was a leader in this
early research.

The U.S. Regional Soybean Laboratory was established
in 1936 under the Bankhead-Jones Act. Milner, Wheeler,
Hopper, and Markley, names well known to you, were
leaders at the Urbana Laboratory, and the first two of them
continued their careers for a period at Peoria. Congress
created the Regional Research Laboratories in 1938, and
the executive branch of the government located the North-
ern Laboratory at Peoria, 111
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Research on fats and oils at Peoria was initiated in the
summer of 1940. I fully appreciate that my selection for
the Bailey Award encompasses the varied aspects explored
by oil chemists on our staff and the many contributions
made by them. More than 350 papers and patents have
resulted from our studies on fats and oils. Reading the
names of the authors and the titles of these publications
would consume more space than we have. After ecareful
consideration I have chosen to write primarily on four
areas of our work: polymerization, isomerization, flavor
stability, and structure.

Polymerization

Prior to 1940 industry practiced the art of bodying oils
to make varnishes and enamels. Some knowledge of how
oil molecules reacted with one another was available. The
composition and structure of the products were unknown
although some predictions on their structure had heen made.
In 1941 Bradley reported the separation of dimeric and
trimerie fatty acids (1).

1 A.E. Bailey Award Address before meeting of North Central Section
of the American Oil Chemists’ Society, Chicago, Ill., March 29, 1961.

2Thig is a laboratory of the Northern Utilization Research and Devel-

opment Division, Agricultural Research Service, U.S. Department of
Agriculture.
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Dimer Acid and Its Derivatives. Today dimer acid can
he purchased as a commercial chemical, and we helieve that
our efforts helped to effect its eommereialization. In Figure
1 linoleate I (also linolenate and other unsaturated esters)
is shown fo give on heating, with or without ecatalysts,
dimerie IT and trimeric products III. We found that mix-
tures of these esters could he reacted with ethylene glyeol
to give a sticky polyester IV that resembled natural rubber
in some properties (2). By reacting this polyester with
sulfur or sulfur compounds or by further polyesterification
under reduced pressure, a millable produet was formed.
Some of you will remember the trivial name we gave it,
Norepol, after Northern Regional polymer. Much simpler,
you will agree, to say than the vuleanized polyester from
polymeric fatty acids and ethylene glycol. It was a rubber
substitute, not a replacement, and a recap tire made of
Norepol rubber V ran 1,500 miles before it failed. Purifi-
cation of dimeric ester and proper reaction with ethylene
or other glycol gave a superpolyester VI (3). Although
simply said, it was not simply done. To make the polyester
with ethylene glveol, it was necessary for us to discover
the same techniques of excess glyeol and the glyeolysis
reaction of polyester formation used for making Daeron
without any knowledge of how Dacron was made. On vul-
canization of the superpolyester, the produet, a synthetie
rubber VII, had properties similar to the then available
vuleanizate GR-8S, i.e., butadiene styrene copolymer (4).
Thus we were able to convert soybean oil to a rubber sub-
stitute and to a synthetic rubber. Indeed some 2 million
pounds of Norepol products were manufactured and used
during the latter part of 1942 and early 1943. Our publi-
cations were considerably delayed hecause of government
secrecy orders.
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One feature of our rubber work was the use of di-isocy-
anates to vuleanize and crosslink the polyesters to give
another route to rubberlike produets (5). In closely related
work the dimeric fat acids were reacted with diamines and
amino aleohols to give polyamides and polyesteramides.
Probably the most interesting of these polymers was the
ethylenediamine polyamide, then called Norelac VIII (6),
now sold commercially by General Mills and other com-
panies. These polyamides are useful for many products.
but their first commercial use was in an unexpected place,
unexpected to us. Melting at 116°C., flexible, and adherent
to most surfaces, these resins found their first sustained
commercial use as a heat-sealing resin for glassine paper
in wrappings for chocolate candy bars. As many of you
know, other market items have been found for these resins,
such as gel paints (7) and as adherent, flexible coatings for
concrete (8). Initial experiments were made on these poly-
amides to find a polymeric produect that could serve as a
war-time protective coating in place of restricted tung oil.
I suppose this result proves that you must follow where
vour research leads you. To fail to do so means you may
miss important discoveries that vou might otherwise find.
Good, intelligent research, either basic or applied, does not
always follow a predetermined course. Often when vou try
to put research in a cubby-hole, it jumps out some place else.

Trimeric Fatty Acids. As a hasic ingredient for linear
polymers, trimeric fatty acids are not desirable, but as
crosslinking agents in condensation polymers they are
unique. They have good low-temperature properties, in-
cluding flexibility and water repellency. An easy way to
make them is to use HY and BF, ecatalysts (9). It is our
understanding that large amounts of these trimers maxv
soon go into the construction of hridge coverings and air-
port runways.

One measure of success in research on a given suhject
can be gauged in part by the number of other people that
use your publications as stepping stones, i.e., hase new
work on yours. Usually you do not have any easy way of
counting all of the publications that follow later. We were
fortunate because a commercial concern counted them for
us. Since our early publications on uses for dimer acid
more than 150 publications and patents have heen pub-
lished, a ten-fold inerease.

Aldehyde Oidls. In the past few years we have under-
taken a comparatively new line of hasic research on alde-
hyde oils. Only a few of our publications have been issued,
but several will appear soon. However our exploratory
studies conducted with methyl oleate will show some chemi-
cal changes that can be effected (10). Methyl oleate, IX
in Figure 2, is ozonized in the presence of a reactive sol-
vent, such as methanol, to give aldehydes and methoxv
hydroperoxides X. By use of the proper eatalyst and
hydrogenation conditions, the pelargonic aldehyde and

TABLE I
Vinyl Ether Film Properties
Baked 450°C. for 15 min. Drier 0.019; Co-0.5% Pbh

, | Caustic Xylene
Polymer film 1 % Ha1fin‘ess resistance | resistance
Styrene | (Sward) (hrs.) (hrs.)
11 | <3 <3
50 >216 >144
15 } >B888 Poor
40 | >888 Poor

IB, isobutyl; CP, cyclopentadiene; DCP, dicyclopentadienyl; CS, con-
jugated soybean; Cl, conjugated linseed
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azela-aldehydate XI are obtained. Now these two produets
are hoth active, and any good chemist can write many
reactions that he might carry out.

One reaction we have studied is with the polyol, penta-
erythritol. A new dibasic acid is formed. Tts name by
Geneva rules is a real hazard in any talk, so we chose to
call it the pentaervthritol acetal of azela-aldehydate XTI
Here our experience with ethylene glycol-dimer acid poly-
esters was valuable. When the free acid of XII reacts with
ethylene glycol to give a polyester, the product is insoluble
and infusible, i.e., a crosslinked polyester. If the poly-
ester is formed by a glycolysis reaction, a linear superpoly-
ester-acetal XIIT can be obtained. Add to XIII a trace of
acid at an elevated temperature and a crosslinked polyester
XTIV results that is transparent, tough, and strongly adher-
ent to glass surfaces. This tvpe of linear polyester and
the method of ecrosslinking the polvester are new advances
in the basie chemistry of vegetable oils and polymeric
products (11).

Isomerization

One ohjective of oil chemists in the 1940’s was to eonvert
a nonconjugated drying or semidrying oil, such as soybean
or linseed oil, to a conjugated oil, such as tung or oiticica
oil. We were among those who spent some time on this
problem. We were fortunate to he associated with Peter
Kass, who initiated studies in this country on the alkali
isomerization of linocleiec and linolenie acid (12). These
and other studies led to hetter methods of analyzing for
fats and to a search for other methods of isomerizing soy-
bean, linseed, and other oils to give conjugated oils. Some
of our work on conjugated oils and aftertack is sumna-
rized in Figure 3. Our studies led to a nickel-on-carbon
catalyst that was very effective in giving comparatively
large amounts of eonjugated fatty produets (13). Thus
I could be readily converted in 50-70¢, yields of conju-
gation, based on starting diene. Catalysts similar to it
have heen used effectively in commercial operations in
Kurope to give conjugated linseed oil (14). However, when
the conjugated oil is processed into varnishes and enamels,
most, but not all, of the advantages of the introduced con-
jugation are lost (13).

Linolenic Acid XXI
KOH+22S°(. - Glycol
CH3(CH,),CH=CHCH=CHCH=CH(CH2)sCO-H XXIL

(CH2)sCO-H
(CHz)2CH3
~H3 +02
—c<g (CHy)sCOH
—<g (CHa )y CH3

F16. 5. Preparation of cyclic fatty acids.

You will remember that these oils had another disad-
vantage. Some of them developed “aftertack,” i.e., some
of the films of their produets dried rapidly to tack-free
products but one to two weeks later became sticky and
tacky, i.e., aftertack. Cur studies on the chemistry of
isomerization gave us a logical explanation, a hypothesis,
for this phenomenon. Conjugating agents move one double
bond to form trans bonds In a new cis-trans conjugated
diene. Inevitably some isolated #rans bonds are formed.
Cis-unsaturated fatty aecids, such as oleic acid IX, react
fairly rapidly with oxygen in the presence of a diene and
drier to give polymers. Trans-unsaturated fatty acids, such
as elaidie acid XVI, do not. Thus, in a film eontaining
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drier catalysts, a cis-monounsaturated fatty acid partici-
pates in initial film formation, but a ¢rans acid does not.
However, after the film has formed, the trans acid can
still oxidize but much more slowly, and the “volatile”
produets of its oxidation cannot escape so readily. These
volatile products remain to plasticize the film and give
aftertack (16). Calcium oxide in the film reduces this
aftertack (17).

Vinyl Ethers. More recently we have engaged in studies
involving rearranged fatty products that are derived from
alkali-isomerization. In Figure 4 are shown the reactions
that convert a fatty aleohol, such as linseed aleohol XVII,
to the corresponding fatty vinyl ether XVIII. By treat-
ment with SnCl, the vinyl ether reacts to give a polymer
(18). The homopolymers XIX fail to air-dry and convert
to a useful film as one might expeet from their funetion-
ality, i.e., molecular weights of 5 to 10 times that of lin-
seed oil, with only “slightly” modified funetionality in the
fatty chain. When copolymerized with isobutyl vinyl ether
to give a copolymer XX (where R’ is isobutyl), some
improvement in film is achieved. Teeter and others have
found that allyl vinyl ether (19), dicyelopentadienyl viny!
ether, and other monomers (20) with bulky groups give
copolymers with improved film properties. Table I shows
the extent of this improvement in air-drying, hardness, and
alkali resistance of the haked films that is achieved by
“cyclic” monomers copolymerized with linseed vinyl ethers
(21). Styrenation improves the properties of these polv-
mers by improving air-drying, haking, and other film
characteristies, such as hardness and alkali resistance (22).

The fatty aleohol appears to have its structure more
than slightly changed when linseed fatty alcohol is used.
This work leads directly to the next study.

Cyclic Fatty Acids. A few years ago we investigated
dibasie acids that could he obtained by alkali-isomerization.,
hydrogenation, and oxidative cleavage (23). This work
with the dibasic acids and the vinyl fatty ethers reminded
us of unpublished work at our lahoratory hy Skell, Kass,
and Radlove (24). Aeccordingly we investigated and found
that alkali-isomerization of linolenic acid gave high vields
of a cyelic fatty acid (25). Eleostearic and other conju-
gated trienoic acids, or acids that readily form conjugated
trienoie, will do likewise in the presence of alkali and of
aleoholic or glyeolic groups at elevated temperatures. Ap-
parently (Figure 5) the alkali at elevated temperatures
converts linolenic acid XXI to a trans,cis,trans-conjugated
triene XXIT that cyeclizes to a eyclohexadiene XXIII. Pres-
ence of a six-membered ring was confirmed by conversion
to phthalic anhydride. Of considerable interest is the non-
crystalline hydroeyclic acid XXIV that has a very low
pour-point (—40°C. or lower) (26). )

Flavor Stability of Soybean Oil

‘When W.H. Goss of our staff went to Germany in 1945
for the U.S. Technical Industrial Intelligence Committee,
his report (27) indicated that a variety of procedures im-
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proved the flavor stability of soybean oil. One of these
procedures was the addition of 0.019 citric acid to the oil.
Although eitric acid was accepted as an “acid synergist”
for antioxidants at that time, its mode of action as a
metal-inactivating agent was obscure.

Citric Aeid Improves Soybean Oil. In Figure 6 is shown
the dramatie improvement that proper use of citric acid
can bestow on sovhean oil (28). After repeated laboratory
trials and investigation of other reported procedures for
improving sovhean oil, it was clear to us that proper use
of citric acid or related products was the most important
of the many German procedures that merited immediate
commercial trial. Through the cooperation of Armour and
Company and others we were able to make several large-
seale trials.

Alas, they were initially a failure insofar as obtaining
an improved sovbean oil was concerned. These failures
caused some =eratching of heads and wonderment. Careful
consideration of these pilot-plant trials led to still further
work, which showed conclusively that, in commercial equip-
ment, citrie acid did improve the flavor stability of soy-
hean oil (29). Citric acid inactivated trace metals present
in soybean oil {30). Unbelievably small amounts of metal
lowered the stability of sovbean oil. Our research showed
that 0.1 p.p.m. of Fe and 0.01 p.p.m. of Cu were sufficient
to lower the stability of sovbean oil (31). In the commer-
cial and pilot-plant trials that failed, the amounts of iron
or copper present or introduced into the oil were too great
for the amount of eitrie acid added to inactivate the metals.

For some time the acid synergist nature of citrie acid
has been in question. The improvement in soybean oil and
lard effected by sorbitol, a nonacidic metal-inactivating
agent under conditions of maximum efficiency, is great
enough to render the addition of ecitric acid ineffective
(Figure 7). Thus the action of citric acid in soybean oil
is established primarily as a metal-inactivating agent not
as an acid synergist (32).

Following these discoveries, numerous metal-inactivating
agents were tried and found effective (33). However an
accepted fat-soluble, nontoxie, heat-stable, effective metal-
inactivating agent is still not available. Here is a research
problem worthy of consideration by any of you.

Coneurrently with, and after, our elucidation of the
action of citric acid and metals in the flavor stability of
soyhean oil, the use of soybean oil increased from a figure
of 1 billion pounds to more than 3.1 billion pounds today.
Cold rolled steel deodorizers were in vogue in 1946-48;
today stainless trays for deodorizing the soybean oil are
accepted equipment in the construction of deodorizers.
Stainless steel adds little or no additional metal to oil
However the oil contains sufficient trace metal, when proe-
essed through a modern plant even equipped with a stain-
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Phillips High Purity Normal Hexane

The modern extraction solvent thats delivered ‘on-time”
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Fig. 8. Products from primary decomposition of methyl lin-
olenate hydroperoxide.

less deodorizer, to warrant treatment with citric acid or
other inactivating agent. Now we do not believe that we
were solely responsible for all these commercial changes, but
we do believe our work brought these changes much sooner
and more quickly than might otherwise have occurred.
Linolenic Acid a Precursor of Flavors. The cause for
flavors in soybean oil has heen blamed on a variety of
components, such as linolenie acid, phosphatides, and un-
saponifiables. Some years ago we conducted experiments
that confirmed linolenic acid as a primary precursor of
flavors (34). Its removal in soyhean oil by hydvogenation
imparts high stability, as all of you know from the use of
margarine or shortening now made largely from soyhean
oil. To obtain the special oils mentioned in Table II, linolenie¢
acid (Le) and linoleic (I.o) acid were tranesterified into
TABLE II

Number of Identifications on Stored Samples as Cottonseed 0il (CSO)
or Soybean Qil (SBO) of Cottonseed Interesterified with 7.5%%
Linoleic (CSO-I Lo) or 7.59% Linolenic (CSO-I Le)

Sample S0 SBO | Neither

MO~ O =2k = D
OO =IO H~STN O
COOCODOOOOO

a ¥ Highly significant difference; odds are
the identifications are correct.

"

reater than 100-1 that

cottonseed oil to give two different oils. Our taste panelists
were unable to distinguish the linoleic acid-cottonseed sam-
ple from ecottonseed oil but identified the linolenie acid-
cottonseed oil as soybean oil.

The possibility that another factor is involved is clearly
shown in the work on unsaponifiables (35). TUnder a fel-
lowship grant from the Soybean Couneil of America Inec.
we have recently undertaken work on the “other factor.”
We have confirmed the earlier work, hut the identity of
this factor remains uncertain (36). Our conjectures ahout
this unsaponifiable factor might surprise vou, but we must
wait until we have confirmed or disproved them before dis-
closing our present findings on the unsaponifiable fraction.

Auwutoxidation and Flavor Quality. Autoxidation is, in
our opinion, the chemical process that produces flavors in
soybean oil and its produets. With soybean oil samples of
known history and treatment, the guality of the oil can be
predicted by its peroxide value. A correlation coefficient of
—0.87 was found between the logarithm of the peroxide
value and the flavor seore. Let me emphasize that this
correlation is highest with oils of known history and oxi-
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dized under controlled conditions (30). Studies of ours and
of others show that a host of carbonyl compounds do
result from the autoxidation of soybean oil and linolenic
ester. Table III lists sme of these compounds that come

TABLE I1IY

Products from Soyhean Qil (8) (38) and Linolenic Acid (Le) (37)
Volatile cleavage products

CH:CHO i S+ Le
CHsCH:CHO : S + Le
CHaCH = CH CHO S
CHsCH2:CH = CH CHO S+ Le
Hexen-dial Le
Hexanol S
CHs(CH2)aCH = CH CHO S

from hoth linolenic acid (37) and sovbean oil (33). More
recently, using the latest techniques of gas chromatography
and mass spectrography, we have confirmed the presence
of some of these products and have found a host of new
ones. If vou wish an exercise in the chemistry of fatty
acids, list the predictable compounds that you can expect
by the ecleavage of hydroperoxides from linolenate esters
as shown in Figure 8.

Linolenate hydroperoxide XXV cleaves initially in a
variety of ways so that at least seven different compounds
are formed, depending on whether or not the molecule
hreaks at a or b. Only one hydroperoxide and none of the
secondary produects derived from the cleavage products
are shown here. In the March issue of the Journal of the
American 0il Chemists’ Society we reported on the isola-
tion of aldehydo esters as well as aleohols and hydrocar-
hons (39). Thus cleavage does oceur on either side of the
hydroperoxide in a variety of ways. If you undertake the
exercise on the cleavage of hydroperoxides, please remem-
her that there ave four different hydroproxides formed (40)
and that both the initial cleavage products (presumably
free radicals) as well as some of the more stable cleavage
products have reactive centers that can conbine with
oxygen.

“Hidden Ouxidation.” Tt has been our experience that
the quality of soybean oils of unknown history and treat-
ment is not always predictable on the basis of their per-
oxide values. Recent studies with oleate, linoleate, and
linolenate hydroperoxides show that they decompose with
heat to give hoth volatile cleavage products and polymeric
products (41). Using liguid-liquid ehromatography with
nethanol as the stationary phase and methanol-benzene as
the mobile phase, Evans and Frankel have been able to
analvze for this “hidden oxidation,” i.e., the polymeric
products, Figure 9 shows the direet correlation between
prior oxidation and polymeric produets present in a given
sample (42). Directions for this method have been fur-
nished to all members of the Sovbean Oil Research Con-
ference and Sovbean Research Council and are available

Chromatographic Separation of Dimers from Fatty Acids
in Oxidized-Deodorized Soybean Qil

Peroxide Percent Secondary
Vcnlues8 Dimer Pr%dgds
8. 1.6
0.300}- 436 2.4
3. 946 3.8 1.4
4. 859 ne 12.5
2 i
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Mobile Solvent, Ml j—Ether, MI.
Fie. 9. Chromatographie analysis of oxidative dimer in autoxi-
dized soybean oil.
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by writing to us. The flavor stability of a given soybean
oil in the absence of additives appears to be directly
related to its metal, peroxide, polymerie, and tocopherol
(43) contents.

Selective Hydrogenation. With renewed interest in an
improved soybean oil for use both as a cooking and a salad
oil, we have recently initiated studies on hydrogenation.
The work includes studies on the products formed on
exposure to tritium (44) and on selective hydrogenation
of linolenic acid with nickel and hydrogen (45) and with
hydrazine (46); it also includes a survey of commercial
catalysts, development of a method for evaluating ecata-
lysts, and an investigation of hydrogenation and winter-
ization and their effects on quality. The goal of these
studies is to find means of hydrogenating soybean oil to
remove linolenic acid without forming much ¢rans isomer
or stearic ester.

A portion of this goal was achieved in the discovery that
hydrazine would reduce linolenic acid without forming
trans isomers or moving unsaturated bonds. Figure 10

LINOLENATE XX1

Oz | NHoNHo

9,12-0CTADECADIENOATE
9,15-0CTADECADIENOATE

12,15-0CTADECADIENOATE

!

9-0CTADECENCATE
12-0CTADECENOATE

15-0CTADECENOATE

STEARATE

Fie. 10. Chemical reduction of linolenic acid with hydrazine.

shows that hydrazine with air reduces linolenic acid XXI
to give linoleie, 9,15- and 12,15-octadecadienoic, and 9-, 12-,
and 15-octadecenoic acids and stearic acid without forming
any trens bonds. Thus we have a source of new mono- and
dienoic acids that was not previously available, and an
antioxidant that when exposed to oxygen hydrogenates
the oil.

Structure of Vegetable Oils

When H.J. Dutton undertook studies in 1955 on the
distribution of the fatty acid in the glycerides of linseed
oil, it was generally accepted that the structure of most
vegetable oils probably approached the even distribution
proposed by Hilditeh (47).

Distribution of Fatty Acids in Glycerides. In our work
at Peoria we have found that the fatty acids in linseed
(48), soybean, safflower, and corn oil (49) approach a
restricted random distribution. Our data are not complete
because we have made no attempt with the pure glycerides
of the mixed acids present in these oils to determine the
position of the individual fatty acids.

Our recent work has added a new chapter to the struec-
ture of cocoa butter and its potential commercial syn-
thesis. A consideration of our results on the liquid-liquid
fractionation of cocoa butter led Dutton to suggest and
establish that its structure was 1,3 randomly-distributed
palmito-stearo-2-olein XXVIL. In the synthesis outlined in
Figure 11 a 1,3 random palmito-stearo-diglyceride XXVI

JoURNAL A.0.C.8., May 1961 (Von. 38)

TRISTEARIN + TRIPALMITIN + GLYCEROL

DIRECTED INTER-| ESTERIFICATION

1,5 RANDOM PALMITO-STEARO-DIGLYCIRIDE XXVI
OLEYL CHLORIDE
1,3 RANDOM PAIMITO-STEARO-2~OLEIN XXVI1I

F1g. 11. Synthesis of cocoa butter.

reacts with oleyl chloride to give a produet similar to cocoa
butter (50). Perhaps the hardest property to achieve in a
synthetic cocoa butter is mold release. Suffice to say, our
synthetic product releases readily from the mold.

New Vegetable Oils. In our new erops research under
the direction of Ivan A. Wolff more than 2,000 samples
of seeds have been surveyed and several new oils have
been isolated and their structures studied. One of the
unique oils is dimorphotheca. It contains dimorphecolic
acid—a 9-hydroxy trans,trans-10,12-octadecadienoie acid—
that readily dehydrates to a trienoie acid or adduets with
maleic anhydride (51). As this work progresses, we be-
lieve that new and unique structures will be found that
may lead us to new horizons in utilization of vegetable oils.

Finally T might cite the very considerable amount of
work our laboratory has done or is doing on the reaction
of fatty acids with maleic anhydride and maleic esters
(562), emulsion paints in cooperation with the National
Flaxseed Processors Association (53), countercurrent dis-
tribution (54,55) and gas chromatography of fatty esters
(56). In this brief glimpse of past and present work you
can see that research today is much different. The past
20 years has seen many changes in commercial and research
operations on fats and oils. The next 20 years will see even
more. The rate of discovery and reduction to practice ap-
pear to be accelerating. Your research as well as ours will
have to be dynamic and progressive to keep pace. Two
years ago in the research laboratories at Unilever at Vla-
ardingen, Holland, T saw 11 pieces of gas chromatographic
equipment as well as a specially constructed apparatus for
nuclear magnetic resonance. How many of us can even
mateh this array of data-gathering machines for our re-
search now? Not only do we need to push forward our
use of new devices and research procedures, but we need
to extend our findings to the development of new equip-
ment, products, and processes.
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If You Want a Filter

1—For large volume clarification of liquids containing high
percentage of solids—

2—That is totally enclosed to eliminate leakage or contamin-
ation—

3—With rapid one-man discharge of semi-dry cake and
cleaning—

4—And easy accessibility to Ieaf surfaces—

You Need a SHRIVER
Type HTVL

Pressure Filter

This horizontal tank, vertical leaf
filter is piped to precoat tank and
pump, making a compact, integrated
station.

Filter with textile cloth bags
over leaves and bottom
scavenger leaf; filtrate out-
let in front cover.

Type HTVL filters are built with 36", 48",
60" and 72" diameter tanks in filter areas
from 60 to 3000 square feet. Write for Bulletin 150.

T. Shriver & Company, Inc.

FILTERS AND COMPLETE
FILTER STATIONS TO
MEET YOUR EXACT
PROCESSING NEEDS

822 HAMILTON STREET * HARRISON, N. J.
Sales offices in principal cities
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o AOCS. Commentary

(Continuwed from page 4)

ORN PRODUCTS’ research facilities, both basic and ap-
C plied, are among the finest in the world. Developments
and discoveries, such as the commercial production of high-
purity dextrose, rank as major scientific achievements.

Better to fulfill its role in advancing nutrition research
and education throughout the world, the Corn Produects
Institute of Nutrition was recently established with A.L.
Elder as director.

With its 26,800 employees, its 62,400 shareowners, and
its round-the-world facilities and interests Corn Products
looks increasingly to the future. As Chairman Brady puts
it: “our company has the requisites for growth. It has the
blueprints for its future. It has the necessary funds and
facilities. More important, it has the people—creative,
purposeful people—who have the vision of a great future
for Corn Products and the energy to make it come true.”

Dororay M. RarayMaN, Information Coordinator,
Corn Products Institute of Nutrition, Argo, Til.

<
o

o New Literature

NeEw MecHANICAL CoxvEYER CaTanoc. Eight pages offer-
ing data, descriptions, and specifications of medium- and
heavy-tonnage mechanical conveyors. Syntron Company,
295 Lexington avenue, Homer City, Pa.

PrEssure REacrion Appararus. Eight pages deseribing 1-
and 2-liter bench-scale reactors with internal stirrer. Parr
Instrument Company, 211 Fifty-Third street, Moline, Ill.

THERMOPLASTIC Taxks axD CONTAINERS. A 4-page bro-
chure giving data on low-cost, branch-molded tanks in
capacities up to 350 gal. American Agile Corporation,
Box 168, Bedford, O.

Rorocon AssemBLERS. Four pages presenting a new con-
cept in laboratory rod clamps, with gualities of versatility,
strength, precision, and economy. Chicago Apparatus Com-
pany, 1735 North Ashland avenue, Chicago 22, Ill.

Vycor INDUSTRIAL GLASSWARE (Bulletin B-91). A 5-page
booklet listing properties and advantages of Vycor brand
glasses and applications for the 969, silica glasses. Corn-
ing Glass Works, Corning, N.Y.

WHAT'S NEW FOR THE LABORATORY (No. 42). A supplement
to SGA Catalog 59, describing and illustrating many new
items, including B&L DynaZoom microseope. Scientific
Glass Apparatus Company Ine., Bloomfield, N.J.
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