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Of the frozen products  those made with lard and 
combination powder had slight peroxide values (4 to 
6) a f t e r  the storage period whereas all others had no 
more than a traee. IIowever,  all eight judges ra ted 
la rd  and lard plus N D G A  biscuits made with pyre-  
phosphate  p o w d e r  bet ter  in odor than those made 
with combination powder, the difference between them 
being distinct (average 2 plus marks) .  The off odor 
in those made with the combination powder was de- 
scribed as " s h a r p "  or " s t r o n g "  ra ther  than rancid 
and  seemed qual i tat ively different f rom the dist inctly 
rancid odor which developed dur ing accelerated tests 
on the biscuit  crumbs, i t  is possible that  oxidation of 
some other consti tuent  of the dough takes place dur- 
ing the early stages of fa t  peroxidat ion or tha t  the 
decomposition of the peroxidized fa t  follows a dif- 
fe ren t  course in the moist frozen product.  The odor 
scores on hydrogenated  fa t  biscuits showed no signifi- 
cant difference for  those made with combination ver- 
sus pyrophosphatc  powder. With nmflins all judges 
p re fe r red  the odor of the pyrophosphate  products,  
whether  the fa t  used was la rd  or hydrogenated  veg- 
etable oil. 

F l a v o r  scores, unlike the odor, were not signifi- 
cant ly  different for  pyrophosphate  p o w d e r  versus 
combination powder products,  i t  is probable tha t  
the "excess  soda"  taste associated with the greater  
alkal ini ty of products  made with the pyrophosphate  
powder  caused some of the judges to rate  them down 
in flavor. 

Summary and Conclusions. The effect on rancid- 
i ty of heated residues of the four  commercial types 
of baking  powder was measured in artificial aqueous 
fa t  systems. The powders inhibitc.d rancidi ty  in such 
systems in the f o l l o w i n g  order :  comlfination, tar-  
trate,  monocalcium phosphate,  and py rophos pha t e - -  
the combination being least effective and the pyre-  

phosphate very  nluch more effective than  any other 
type. 

The ant ioxidant  effect of the pyrophosphate  pow- 
der was shown to be due pr imar i ly  to a synergism 
with tocopherol ra ther  than  to special abil i ty of the 
pyrophosphate  to bind traces of copper. The syner- 
gism was inuch more marked  with tocopherol than 
with NDGA. 

In  aecelerated tests on the dried crumbs,  biscuits 
and muffins baked with a pyrophosphate  powder had 
much grea ter  resistance to rancidi ty  than  those made 
with a combination powder. When frozen, products  
made with tim t 'ombination powder d e v e l o p e d  off 
odors more rapidly  than those made with a pyre-  
phosphate powder. 
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Comparative Study of the Oxidation and Polymerization of 
Linseed Oil by Application of Some Recently Developed 
Physical Techniques 
G. A. O'HARE, P. S. HESS, A. F. KOPACKI, Congoleum-Nairn, Inc., Kearny, New Jersey 

R E S E A R C I I  and control of p lan t  processing in 
the dry ing  oil field have been in the past  ve ry  
much dependent  on chemical analytical evalua 

tion. Although the value of such work eamiot be 
uIIderestimated,  there have been instances where the 
results of such analyses have not heen reproducible 
nor  applicable to a par t i cu la r  oil system. In  recent 
years  physical methods have found  more and more 
appl icat ion because of the accuracy and reproduci-  
bi l i ty of results as well as the simplici ty of operat ing 
the various commercial ly available instruments.  

I t  is the purpose of this pape r  to present  three 
physical  test mc, thods which have been used in our 
laboratories  for  the s tudy of polyulerized and oxi- 
dized oils and which have found diverse applicat ion 

* Presented at the American Oil Chemists' Society Meeting, New York 
City, November 16, 1948. 

as research and plant  pl'oeessing control tools. These 
measurements  are : 

]. Molecular Weight. 
2. DMectr ic  Constant. 
3. Power Factor.  

For  tile demonstrat ion and i n v e s t i g a t i o n  of these 
lnethods this s tudy has been confined to experimental  
procedures per formed with linseed oil al though in the 
course of this and pr ior  work a considerable amount  
of data  was obtained for  other vegetable and marine 
oils. Specifically, raw linseed oil was thermal ly  poly- 
nlerized and m e c h a n i c a l l y  oxidized; samples were 
wi thdrawn f rom each batch at various intervals for  
analysis. The raw linseed oil used in these prepara-  
tions had the following constants:  
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Viscosity (25~ ...................................... 48 centipoises 
Color ........................................................... ll (Gardner-Ilohlt) 
Iodine Value .............................................. 183.3 
Refractive Index (25~ ........................ 1.4788 
Dielectric Constant (25~ 

and 200 kilocycles) .............................. 3.22 
Power Factor (25~ 

and 200 kilocycles) .............................. 0.1% 

PREPARATION OF THE OILS 
1. Thermal Polymerization. I Ieat  bodying was con- 

ducted with 500 grams of oil at 300~ under 
conditions which would insure low acid values 
and relatively good color. 

2. Mechanical OxMalion. This process was carried 
out by blowing 500 grams of oil in a three- 
necked flask at 110~ The air used for oxi- 
dation was purified by passing it through an 
a b s o r p t i o n  train containing concentrated sul- 
furic acid and calcium chloride. The rate of 
blowing was 0.12 cubic feet per minute for 500 
grams of oil. Agitation was supplied by means 
of a mechanical st irrer  having a tip velocity of 
832 feet per minute. 

No driers were used in either experiment. 

T A B L E  [ 

Polymerized Oil Constant,~ 

Time I Vise. 
300~  cps. 

h rs. " 
t 48 
1 145 
2 410 
3 950 
4 i 1700 
5 i 2540 
5.5 I 96o0 

19000 

Refr .  
Index  

1,4788 
1,4821 
1.4841 
1,4858 
1,4871 
1,4889 
1.4897 
1,4902 

Iod ine  
Value  

183.3 
158.1 
144.2 
136.8 
133.2 
124.4 
125.7 
121.2 

Mol,Wt. 
Cyclo- Dielectr ic  

hexane Cons tan t  

883 3.22 
9(}7 3.20 

1325 3.22 
1630 3.22 
1997 3.22 
2410 3.21 
2970 3.22 
3125 3.21 

% 
Power  
Factor  

0.10 
0.23 
0,43 
0.67 
0.90 
1,32 
1,48 
1,57 

* Combust ion analys is  of s ix-hour sample showed essenl.ially no gain 
in oxygen content  over raw oil. 

D E T E R M I N A T I O N  Of+ T I I E  C O N S T A N T S  

1. V iscos i ty .  This proper ty  was determined at 
25~ by inverting a Gardner - l Io ld t  viscosity 
tube and timing the rise of the bubble. These 
values were correlated with the values deter- 
mined for the s tandard tubes for which centi- 
poise readings were known. Several values were 
rechecked on the Brookfield electro-viscosimeter. 
Excellent checks were obtained. 

2. Refractive Index. Measurements were made with 
the Abbe Refractometcr at 25~ 

3. Iodine Value. The conventional Wijs  method 
was used. 

4. Molecular Weight. The conventional Beckmann 
freezing point depression method was used. 

5. D ie l ec t r i c  Constant and Power Factor. The 
bridge method was used. A special test cell of 
10 ml. capacity, Schering type bridge, alternat- 
ing current  voltage source, and a detector made 
up the apparatus.  The measurements were car- 
ried out at 200 kilocycles and 25~ 

6. Oxygen Content. Conventional combustion an- 
alyses were used for the determination of the 
carbon and hydrogen in the samples. The oxy- 
gen was then determined by difference. 

Tables I and I I  give the various analytical con- 
stants obtained for the thermalIy polymerized and 
the mechanically oxidized oils. 

Time I Vise. 
110~ I eps. 

hrs I 
0 48 1.4788 
3 130 1.4815 
4 300 1.4830 
5 690 1.4842 
5.75 1340 1.4852 
6.25 2350 1.4861 
6.75 345O 1.4862 

T A B L F  II 

(}xidized Oil Cons tan t s  

Molfl, Vt. I)ielec- I 
Refr .  Iod ine  Cyelo- t r ie  Con- 
Index  Value hexane stan~ 

183.3 883 3.22 
157.0 1216 3.82 
139.3 1068 4.34 
127.3 2081 4.65 
115.4 2680 4.86 
111.3 3155 5.06 
107.'~ ........ 5.14 

% 
I)ower 
Fac tor  

0.1 
0.95 
1.84 
2.62 
3.83 
4.30 
4,68 

% O2 
Combus- 

t ion  

11.4 
15.8 
17.1 
17.8 
18.3 
18.8 
19.0 

Molecular W e i g h t  
There is no need to discuss fully the various eryo- 

seopie solvents which have been used for the deter- 
lnination of molecular weights of drying oils. The 
literature mentions many solvents and for the most 
par t  the results published arc', usually too low when 
compared with the theoretical value of the untreated 
triglyeeride. Sirlce in the derivation of the eryoseopie 
fornmla ideal be, havior for solvent and solute arc as- 
sumed, it is easily understandable that the choice of 
solvent ('an affect Raoult 's  law by preventing the for- 
marion of an ideal lnixture because of a) different 
internal pressures of solute and solvent, b) polari ty 
effects, c) compound formation, and d) association or 
dissociation. 

The original work os Gay (4) with eyelohexane 
and the recent determinations of Bernstein (1) with 
the same solvent have indicated that  an oil-eyelohex- 
ane mixture may approach this ideal behavior and 
for this reason should be applicable for number aver- 
age or mean moleeular weight determinations. 

Cryoscopie determinations with eyelohexane have 
been fur ther  investigated and extended in our labo- 
ra tory  for thermally polynlerized and mechanically 
oxidized raw linseed oil and for purposes of compari- 
son determinations have also been made in benzene. 

:Experimental 

The freezing point determinations were carried out 
ili the commonly used Beckmann apparatus  using ice 
and water as the cooling mixture. In all instances 
25 ml. of solvent, pipetted at 25~ were used. The 
respective weights for this volume at the given tem- 
perature were 1.9.36 grams for eyclohexane and 21.81 
grams for benzene. The temperature d e p r e s s i o n s  
were read to 0.01~ and by means of a magnifying 
device estimated to 0.001~ 

The solvents were purified by the following pro- 
ecdure:  Commercial eyelohexane and thiophene free, 
reagent grade benzene were each passed through an 
adsorption apparatus  100 era. in length and 35' ram. 
in diameter, containing approximately 400 grams of 
silica gel according to the nlethod of Graft, O'Connor,  
and Skau (5). The purified materials were distilled 
through a Widmer column, and the eyclohexane frac- 
tion boiling at 80.8~ and the benzene fraction boil- 
ing at 80-80.1~ were collected. 

Moleenlar weights of all samples were determined 
at a concentration of approximately 4.5-5%. At least 
three samples of each run were checked over a con- 
centration range from 2-1(}% in c y e l o h e x a n e  and 
benzene. I t  should be mentioned at this point that  
all experiments were run in duplicate, but since re- 
sults checked within narrow limits the analytical or 
molecular weight data of the cheek ruus were not 
included in this paper. 
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Results and Discussion 
In Figure  1 the molecular weights of the polymer- 

izcd and oxidized samples determined in cyclohexane 
and benzene are plotted ari thmetically against vis- 
cosity. A comparison of these curves shows a wide 
variat ion of the numerical values obtained in cyclo- 
hexane and benzene. This applies to the original oil 
as well as to the oil samples polymerized or oxidized 
to higher viscosities. The molecular weight value of 
the raw oil in cyclohexane agrees well with the calcu- 
lated theoretical value of 878. This confirms the find- 
ings of Gay and Bernstein. Moreover, the abnormally 
low value (700) found in benzene also has been re- 
ported in the l i terature  on many occasions. 
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A relatively constant molecular weight value is 
obtained at comparatively low viscosities when ben- 
zene is used as the cryoscopic solvent. Under  the 
e x p e r i m e n t a l  conditions employed in the thermal 
polymerization of the oil, this value reaches approxi- 
mately ].200 at a viscosity of 1700 centipoiscs and 
does not change appreciably on reaching 19,000 cen- 
tipoises. ~ o r  the oxidized oil the molecular weight 
value approaches 1400 and again is fa i r ly  constant 
in the viscosity range of 1200 to 3500 centipoiscs. 

Molecular weight investigations by  Caldwell and 
Mattiello (2) on polymerized linseed oil using nitro- 
benzene as the cryoscopic solvent have shown that  
oils heat-bodied at  different temperatures  approach 
different constant molecular weights at r e l a t i v e l y  
low viscosities. Thus, at a polymerization tempera- 
turc  of 329.4~ the value was approximately  1550; 
at 304.4~ 1300; and at 287.7~ 1000. Our experi- 

ments indicate that  benzene yields similar results. 
These constant molecular weight values, which ex- 
tend over a wide viscosity range, indicate that any 
t h e o r e t i c a l  significance of these determinations in 
benzene would be questionable. 

The use of cyclohexane as solvent presents an en- 
t irely different problem. There tile molecular weight 
increases rapidly as the viscosity increases, and the 
polymerized oil at  a p p r o x i m a t e l y  2500 cps. ap- 
proaches an average molecular weight of the trinaer 
stage. For  the oxidized oil the t e t r a m c r  stage is 
approached at a viscosity of 2400 eps. The value 
continues to increase slowly at the higher viscosities 
and apparent ly  does not become constant in the liq- 
uid phase. Above approximately 2500 centipoises the 
method cannot be employed for oxidized oils because 
of insolubility. The question of whether results ob- 
tained with c y c l o h e x a n e  are t rue mean nlolectdar 
weight readings is still open for discussion. I t  is be- 
lieved that if values couht be duplicated by using 
different cryoscopic solvents more positive statements 
concerning the t rue nature of the mean molecular 
weight could be made. 

Nevertheless, theoretical and actual considerations 
lead to the assumption that  cyclohexanc is an almost 
ideal solvent for  c r y o s c o p i c  measurements. Four  
facts may be pointed out in support  of this state- 
ment : 

1. Molecular weights of raw oil agree ch)sely with 
theoretical calculations. 

2. Different concentrations of oil in cyclohexane 
give nearly identical molecular weight readings. In 
benzene it was found that in only some instances arc 
good check determinations obtained at different con- 
centrations. Mostly, however, the molecular weight 
values in benzene decrease as higher concentrations 
of solute are used. 

3. Cyclohexane, as opposed to most other solvents 
tried, is a chemically and physically inert  substance. 
Association with similar substances or with the solute 
is minimized since the compound does not possess va- 
lency stresses. The material is an excellent soh'cnt 
for  polymerized oil and for  oxidized oil up to about 
2500 ccntipoises, and it has a sharp freezing point in 
the pure state. 

4. The molecular weights obtained for polymerizcd 
oils at high viscosities or near the gel point agree 
closely with the theoretical number  average value 
predicted statistically by F lory ' s  theory for three 
dimensional polymers (3). According to this theory, 
a gel should be obtainable with an oil polymer hav- 
ing an average molecular weight approximately three 
times that of the original oil. In the case of the poly- 
merized oil near the gel point this factor  is about 3.5. 

I t  is i l lustrated in Figure  1 that  for  any given 
viscosity the oxidized oil has a higher m o l e c u l a r  
weight than the polymerized oil. That  is t rue in 
cyclohexane as well as in benzene. These results how- 
ever must be regarded with some caution. They are 
representative of the oils processed under  the condi- 
tions outlined previously and consequently no gen- 
eralization should be attempted. I t  is conceivable 
that  different experimental  conditions could affect 
the reactions taking place during the oxidation or 
polymerization and therefore could alter  the molecu- 
lar weight-viscosity relationship. 
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Die lectr ic  Constant  
The method for  the determination of the dielectric, 

constant and dielectric theory have been ful ly  de- 
scribed and discussed by  l [azlehurst  (6). 

The experimental  values (Figure  2) show that  the 
dielectric constant rises f rom 3.22 to 5.14 as oxida- 
tion proceeds to a viscosity of about  3500 eps. This 
has enabled us to exercise continuous eontrol over 
the oxidation of oils since a definite r e l a t i o n s h i p  
exists between the dieleelric eonstani and the amount  
of oxygen in the oil for  any given set of conditions. 
Moreover, the approx imate  amount  of oxygen in any 
unknown oil sample can readily and simply be esti- 
mated f rom its dielectric constant without  resort ing 
to laborious and t ime e, onsmning eombustion analyses. 
I t  is to be remembered however that  for  different 
oxidation conditions, especially temperature ,  the di- 
eleetrie-oxygen content  curve will va ry  somewhat. 
The relat ionship of oxygen eontent to dielectric con- 
stant  for  this batch is shown in Figure  3. 

The dieleetrie constant of the thermal ly  polymer-  
ized oil (F igure  2) remains  eonstant at  any  degree 
of p o l y m e r i z a t i o n ,  i l lustrat ing that  the dieleetrie 
value a t  any given t empera tu re  is dependent  only on 
the amount  of oxygen absorbed and the s t ructura l  
complexity induced in the oil because of this absorp- 
tion. This has also been mentioned by  Hazlehurs t  in 
an earlier paper  f rom this lal)oratory (6). 

These results indicate the value of dMeetr ic  con- 
stant  measurements  in the bh)wing of drying oils, 
and it is our belief that  the knowledge of this oxi- 
dation reaction will be great ly  fur thered  by use of 
this tool. 

P o w e r  Factor  
Another informat ive  measurement  for  oil evalua- 

tion is file power factor. This indicates the amount  
of energy which is dissipated, as the molecules align 
themselves in an electrical field, because of the fric- 
tional resistanee os the medium. Thus, as viscosity 
i n c r e a s e s ,  the power faetor  takes on more impor- 
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lance, since high viseosity media oilier much greater  
sources of frict ional resistance tllan the lower viscos- 
ity materials.  

This comprises a very convenient d e t e r m i n a t i o n  
sintte ill the evahtation of the dielectric cons)all) on 
balancing the A. ('. bridge, the resistance as well as 
the eapaeitancc must be t)alanccd and, therefore, two 
dclerminat ions are made at one time. Figure  4 pre- 
sents the per (.ent power factor  change for the poly- 
merized and the oxidized oils. 

Examinat ion  of the ar i thmetic  plot of viseosity- 
power factor  shows that  for  any  given viscosity the 
power factor  of the oxidized oil samples is consider- 
ably  greater  than that  of the polymerized oil. Con- 
sequently, power fac tor  is mainly  dependent on two 
variables:  viscosity and oxygenated structure,  the 
la t ter  of which apparen t ly  contr ibutes more. This 
could very well be another  tool to be used to great  
advantage in the s tudy of oxidation and oxidative 
polymerization dur ing the processing of drying oils. 

Summary 
Three physical test methods for  drying oils have 

been deseribcd. They ,*.re: 
1. Molecular wcight ok-terminations in eyelohexane 

for  thermal ly  polymerizeq and mczka:'_;,,allv oxidized 
oils. Results have been compared with those obtained 
in benzene. Theoretical and factual  reasons have been 

given for the apparen t  validity of average molecular 
weight determinat ions in cyclohexane. 

2. l ) i e l e e t r i e  constant determinat ions for t reated 
oils. It  has been shown that  lhe dielectric increases 
as an oil is oxidized but flint no increase in dMee- 
tric oeellrs Oll thermal  polymerization. The dielectric' 
constant is inainly a htnction of the oxygem~te(l strue- 
turc of the oil. 

3. Power factor  detcrminalions. The power faetm" 
increases on polymerization an(t on oxidation. The 
values obtained for  any given viscosity are e()nsider- 
ably greater  for the oxidized samples. 

31t)le(:ular weight and dielectric constant  determim|- 
)ions have been used to advantage in our  plants and 
lahoratories. ()ur knowledge on pt)wer factor deter- 
minations, however, is as yet not extensive but it is 
felt that  with more backgrt)und data on this constant 
a potential ly meaningful  tool for oil ew|luation can 
he (hweh)l)ed. 
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Calcium Oxide-Soybean Oil Paints Having Reduced Tack and 
Increased Durability 
A. J. LEWIS, J. C. COWAN, and N. C. SCHIELTZ,: Northern Regional 
Research Laboratory? Peoria, Illinois 

Introduction 

T I IE  utilization of st)vbea21 oil as a drying oil has 
eont imwd to grow 'since, tlomestic o'il Was first 
offered to the industry.  This growth has been 

sh)w because certain inherent prot)erties limite(l its 
use. l lowever,  dur ing and since World War  I[, tile 
shortage of other dry ing  oils has forced chemists and 
technologists to learn how to use it. At present,  the 
l)aint and varnish indus t ry  is using soybean oil at the 
rate of near ly 150 million I)ounds per year. 

The utilization of large percentages of soyhean oil 
in outside white paints and many  other i)rotective 
coatings has resulted usually in a tacky f lm.  This 
fihn collects dust and dirt  which adheres to the sur- 
face m2til removal by  chalking or self-cleaning. An- 
other objectionable feature  of soybean oil in paints  is 
that  the eoa|ings tend to soften and re-liquefy when 
exl)osed to the high tempera tures  and hunlidities of 
the smnmer months. These softened coatings retain 
dust and flirt which becomes imbedded in the fihn 
so deeply that  it eamlot be washed out. This results 
in coatings that  are unsightly in appearance  and dif- 
ficult to repaint.  Also. the durabi l i ty  of the coatings 

t P r e s e n t e d  before the Amer ican  Oil Chemis t s '  Society Meeting,  No- 
v e m b e r  15-17, 1918. New York,  New York.  
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Chemish 'y ,  Agr i cu l t u r a l  Research  A d m i n i s t r a t i o n ,  U. S. D e p a r t m e n t  of 
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in impaired by the stresses and strains set up by in- 
ternal movements caused by repeated softening and 
hardening. 

There are a munber  of ways in which the effect 
of these disadvantages can be reduced, in par t  or 
ent i re ly;  by proper  pigmentation (7, 9 ) ;  ~he use of 
soyhean oil reacted wi|h maleie anhydr ide  (4 ) ;  the 
use of soybean oil torn'erred to t)entaorythritol  esters 
(2) ; the use of long-oil resins containing l)hthalie, an- 
hydride and glycerol (3) : the use of oil modified with 
other dibasie acids and polyalc, ohols in small amounts 
t() form molecules of higher funct ional i ty  (13);  the 
use of oils mt)dified by (,opolymerization with sty)'ene 
(8, 10), t) 3 " eopolymeriza| ion with imlg  oil (11). by 
hlen(ling with linseed and other 2msatm-ated oils (7, 
9) ;  and other methods. 

In e o n n e e l i o n  with studies at the Northern Re- 
gional Research Labt)ratory on the (.atalytie isomeri- 
zation of soybean oil, a conjugated oil was produced 
that  dried rap id ly  to a tack-free coaling when used 
as tlw oil vehicle in a basic le~ld c a r b o n a t e  paint 
( I2 ) .  But  these coatings, af ter  an ()utdtmr expt)sure 
of a week at 45 ~ south in hot, hmnid weather, sof- 
tened badly  and c o l l e c t e d  a large amount of dirt  
which could not be removed by washing, and the 
coatings remained soft for a long time. This eoncli- 
tion was par t icu lar ly  true of (.oatings prepared from 
oil isomerized at 200 ~ to 220~ and was probably  


