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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.  

P re sen t  address ,  B u r e a u  of Reclamat ion ,  U. S. ] ) e p a r t m e n t  of i n -  
te l ior ,  I)onver,  Colorado. 

a One  of the l abora to r ies  of the Bureau) t,f Agr i cu l tu ra l  and  I n d u s t r i a l  
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 
Agr i cu l tu re .  

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  
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T A B I , E  I 

C n m p a r a t i v e  Q u a l i t i e s  of  C o a t i n g s  C o n t a i n i n g  C a l c i u m  O x i d e  a n d  N o n - B r e a k  S o y b e a n  O i l (  
(~ ,Vea t he r i ng  t e s t s  m a d e  al  4 5  ~ s o u t h )  

P i g m e n t  c o m p o n e n t s  D r y i n g  Y e l I o w i n g  D i r t  r e t e n t i o n  R e f l e c t a n c e  G l o s s  

: A f t e r  
D r y  to F r e e  f r o m  A f t e r  s t o r a g e  A f t e r e x p o -  B e f o r e  A f t e r  ] B e f o r e  e x p o s u r e  

% hy w e i g h t ,  b a l a n c e  ni l  t o u c h ,  t a c k ,  iH d a r k  f o r  s u r e  f o r  1 , x p o a u r e  1. eXl )~  I. e x p o s u r e  f o r  1 
h o u r s  d a y s  1 m o n t h  m o n t h  ~ m o n t h s  I w e e k  

75  b a s i c  c a r b o n a t e  l e a d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70-I-  
71  b a s i c  c a r b o n a t e  l e a d  4- 4 C a O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  101~  
71 b a s i c  c a r b o n a t e  l e a d - l -  4 Z n O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12  
55  b a s i c  c a r b o n a t e  l e a d  -1- 2 0  Z n O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11  
71  b a s i c  c a r b o n a t e  l e a d  -~- 4 M g O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13  
71 b a s i c  c a r b o n a t e l e a d - { -  4 S r O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 
7 1  1)asic c a r b o n a t e  l e a d  -l- 4 C a f ' O a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0  ~- 
71  b a s i c  c a r b o n a t e  l e a d  -~ 4 Ca('.,O~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 40-1- 
71 b a s i c  c a r b o n a t e  l e a d  + 4 ( ' a S 0 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40- t -  
71  b a s i c  c a r b o n a t e  l e a d  -1- 4 M g S i O a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40-1- 
71  b a s i c  c a r b o n a t e  l e a d  -1- 4 Caa ( P ( h  )'2 . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 
7 0 - - 3 5 ~ .  l e a d e d  z i n c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14Vz 
6 6 - - 3 5 %  l e a d e d  z i n c  -1- 4 C a ( )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 121/~ 
6 6 - - 3 5 %  l e a d e d  z i n c  + 4 MgSiO.~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : 18  
7 0  z i n c  s u l p h i d e  p i g m e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 3 0  
6 6  z i n c  s u i t ) h i d e  p i g m e n t  -1- 4 C a ( )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' 2 5  
6 6  z i n c  s t i l l )h ide  p i g m e n t  -{ 4 MENLO:, . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 2 8  
7 0  t i t a n i u m - b a r i u m  p i g m e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' 6 0  
6 6  t i t a n i u m - b a r i u m  p i g m e n t  -1- 4 C a O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12  ~'z 
6 6  t i t a n i u m . b a r i u m  p i g m e n t  -1- 4 M g S i O a  . . . . . . . . . . . . . . . . . . . . . . . .  62  
75  b a s i c  , ' a r l m n a t e  l ead  a n d  r a w  l i n s e e d  oil  . . . . . . . . . . . . . . . . . . . .  41~ 
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i n  r a t i n  of  5 %  to  t i m  oi l  v o l u m e .  ( P b  a n d  M n )  c o n f o r m i n g  In / f e d e r a l  S p e c i f i c a t i o n s  T T - D - 6 5 1 ,  

caused t/y slow oxidation of i s o m e r i z e d  olei(: a d d  
(15). 

\Virile e x p e r i m e n t i n g  with many  t)igments and 
(,hemicals that  might be used with basic lead car- 
bonate to eliminate this after-tack, it was found that  
such basic materials  as the oxides of lead, zinc, stron- 
titan, lnaglwsium, and calcium, among others, were 
more or less cfficAent in el iminating both residual and 
after-tack. (?alcium oxide, because of its hlw price 
and abundance,  was favored for the bulk (If this labo- 
r a to ry ' s  e x p e r i m e n t a l  work even though its use in 
paints  gave coatings that  dried fiat. This was not eon- 
sidered a too serious objeetion because paint  coatings 
generally lost most of their  gloss dur ing exposure to 
the sun (see Table i ) .  In  fact, it might  be eonsidered 
as an advantage because the coating containing cal- 
cium oxide WOlfld remain flat throughout  its service 
instead of being glossy where shaded and fiat where 
exposed to tile sun. 

To test the relative merits of ealeimn oxide and 
other p i g m e n t s  and m a t e r i a l s  a large number  of 
paints were made. Most of these were pigmented with 
basic lead carbonate because of its tendency to de- 
velop af ter- tack with soybean oil while a few were 
pigmented with 35% leaded zine, t i tan ium-bar inm,  or 
zinc sulphide pigments.  The t rade names of the pig- 
ments used in the prepara t ion of these paints  and 
their  sources were as folhlws: Basie-lead earbonate,  
" D u t c ,  h Boy-333," National Lead Company;  35% 
leaded zinc, " L e h i g h - 6 1 , "  New Jersey  Zinc Com- 
pany  ; tita n ium- bar ium I)igment, " T  i t a n o x B - 30,' ' 
Ti tanium Pigment  C(impally; zinc sulphide pigment,  
" C r y p t o n e  MS-130 , "  New Jersey  Zinc ( 'ompany.  
The oils used were either soybean or linseed oil as 
single oil vehicles. Most of the soybean oil used was a 
non-break oil with an iodine nulnber of 135 and an 
acid value of 2.0, but  alkali-refined oil also was used 
in a few paints. Both oils were obtained f rom emn- 
mereial sources. These paints  were then tested eom- 
l)aratively for  their  qualities of drying,  non-yellowing, 
l ight reflectance, dir t  retention, and durabi l i ty  as well 
as for their loss of gloss af ter  a week  of outdoor  ex- 
posure.  Studies  were  made  also wi th  the X - r a y  cam- 
era to determine  the react ions of the oxides  of ea le ium 

and magnesium and the hydroxides of b ismuth  and 
a l u m h m m  in the paints. 

Although the studies reported here have not been 
completed, they are imblished now to acquaint  others 
who wish to investigate the nse of calcium oxide and 
other basic mater ia ls  for  their  possibilities in both 
inside and outside paints.  

Improved  Drying  Times of Coatings 

Twenly  paints  were made in accordance with the 
formulas  listed in Table [. Their  d ry ing  times were 
determined in a i'oom in which constant temi)erature 
(78~ and relative humidi ty  (5()+_3~) conditions 
were, main ta ined  throughout  the testing period. The 
dry ing  time determinat ions were made on a Sander-  
son (trying meter  a f te r  single coats were brushed out 
to full un i form coats on glass discs. The dry ing  tests 
were of 70 to 72 hours '  duration.  This d ry ing  meter  
is designed to drop the sand uni formly  at eonstant 
speed in a spiral  l raek upon the coating. Two dry ing  
times were determined,  one being all t lroximately " d r y  
to t o u c h "  time or the t)oint at which the deposited 
sand was removed f rom the coating by a v i g o r o u s  
brushing with a brist le brush. The oilier corresponded 
to " f r e e  f rom t a c k "  time, or the tinle when the de- 
posited sand fell off the coating eompletely when the 
disc was inverted an(I tapped  sharply  with a brush 
handle. 

From these dry ing  time detcrlninations listed in 
Table I it may  he noted tha t :  

1. Calcium oxide definitely s h o r t e n e d  the dry ing  
time of basic lead carbonate paints ma(le with non- 
break soybean oil while calcium phost)hate and the 
oxides of m a g n e s i u m ,  strontimn, and zinc likewise 
s h o r t e n e d  the d ry ing  tilne (If coatings f rom similar 
paints. 

2. Cah;ium oxide improved great ly the d ry ing  time 
of the coatings of the t i tani lml-bar iu ln  p i g m e n t e d  
paints  and slightly improved the d ry ing  time of zinc 
sulphide and :15% leaded zinc paint  coatings. 

3. C a l c i u m  o x i d e  definitely improved tile " f r e e  
from t a c k "  d ry ing  tilne of basic lead carbonate  when 
used alone, and it was superior  to zinc oxide in simi- 
lar paint  eoatings. 
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Improved Non-Yellowing Qualities of Coatings 
To test the comparat ive yellowing of paints con- 

ta ining calcium oxide the same paints  were brushed 
out to three full  coats on 6-inch panels of cedar sid- 
ing with 3 days allowed for  dry ing  between coats. 
This coating procedure was used in prepara t ion  of 
cedar panels used in all other studies herein described. 
The panels were tllen stored at 78~ and 50--+3% 
relative l lumidity in a room in which there was no 
na tura l  light. Af te r  a month they were e x a m i n e d  
visually for  yellowing, w~th the results shown in Ta- 
ble I. I t  may  be seen f rom this table that  : 

l.  Calcium oxide eliminated the yellowing of the 
coatings containing basic lea(1 carbonate,  35% leaded 
zinc, t i t an ium-bar ium,  and zinc sulphide p i g m e n t s  
while magnesium oxide (lid like, wise with basic Dad 
carbonate.  

2. Zinc oxide and s t ront ium oxide decreased notice- 
ahly the yellowing of the coatings of the basic lead 
carbonate  paints. 

Improved Light Reflectance Qualities of Coatings 
The light reflectance qualities of the coatings of 15 

of the paints  containing non-break soybean oil were 
determined by  means of the H u n t e r  portable photo- 
electric glossmeter (45 ~ 0~ These readings were. 
the averages of tire tha t  were taken before and a f te r  
exposure of the coatings outdoors at 45 ~ south for  
8 months, beginning in I)ccember. 

The readings listed in Table I show tha t :  
1. Calcium oxide definitely tends to retain the re- 

flectance quali ty of baste lead carbonate paints a f ter  
an outdoor exposure of 8 months. 

2. Zinc oxide also tends to retain the reflectance 
qualities of similar paints, but  to a slightly less de- 
gree tharl calcium oxide. 

Reduced Dirt Retention Qualities of Coatings 
Cedar panels coated with these same paints were 

exposed for  outdoor weathering a t  45 ~ south begin- 
ning in July.  Af ter  an exposure of a month the pan- 
els were examined for dir t  retention af ter  washing 
with rurlning water. 

The results of these observations are listed in Table 
I. They show tha t :  

1. Calcium oxide was tlle only pigment  or chemical 
tha t  eliminated dirt  retention on coatings f rom basic 
lead carbonate painls. 

2. C a l c i u m  oxide elimilmted dir t  retention f rom 
the coatings of pairlts containing 35% leaded zinc, 
t i tanium-bar ium,  and zinc sulphide pigments. 

3. Magnesium and s t ront ium oxides with basic lead 
carbonate  showed considerable reduction of the dirt  
retention on ~lle coatings for their  respective paints. 

FIG. 1. Relative dirt retention of non-break soybean oil paints 
after outdoor weathering at 45 ~ souttl for one month at Peoria, 
Illinois. Panel was washed with water and sponge. 

Lef t - -Bas ic  carbonate lead paint. 
Center--Basic carbonate lead paint contMning 4% CaO. 
Right--Basic  carbonate lead paint containing 4% ZnO. 

Comparat ive  Specular Gloss Determinations 
I t  has been noted I)reviously that  the coatings of 

Outside white paints  in which calcium oxide was used, 
dried to flat or non-glossy coatings. To determine the 
relative gloss of paint  coatings c o n t a i n i n g  calcium 
oxide before and af ter  exposure in comparison with 
other paint  coatings, 14 paints  were made in accord- 
ante with the formulas  listed in Table i. The gloss 
of the coatings on cedar panels was determined on the 
seventh day and before exposure, and again af ter  the 
panels had been exposed outdoors at 45 ~ south for a 
wcek. The specular gloss determinations were made 
by means of a Hun te r  portable  photoelectric gloss- 
meter  (45 ~ , - - 4 5 ~  These readings (average of five) 
are given in Table I where it may be noted tha t :  

1. The gloss values of paint  coatings containing 
calcium oxide, while low (13 to 20) before exposure,  
remain pract ical ly the same af ter  a week of outdoor 
exposure while similar paint  coatings tha t  contain no 
calcium oxide or those in which zinc oxide, alumilmm 
oxide, or magnesium silicate are subst i tuted for cal- 
cium oxide, showed marked decrease in gloss readings 
- - somet imes  dropping as low as those of the calcium 
oxide coatings. 

2. Calcium oxide paint  coatings had relatively the 
same gloss readings in all four  pigmentations. 

Improved Durabi l i ty  Qualities of Coatings 
The durabi l i ty  of the coatings of paints  containing 

calcium oxide or other pigments  or chemicals tlas been 
determirled by  both accelerated and outdoor weather- 
ing tests. Tile la t ter  tests were made on test fences at 
Peoria, Ill., at 45 ~ south and at 90 ~ north and south. 
The 90 ~ south exposure test results were selected for 
presentat ion in Tables I I ,  I l l ,  and IV becausc the 
results of this type of exposure are considered more 
reliable. However,  there were no serious differences 
noted among the tests and all were in good agreement. 

The cedar test panels of each Table were selected 
for  having the same quali ty of wood before painting, 
and they were exposed comparat ively.  The results of 
the 90 ~ south exposure tests were as follows: 

1. Table I I  shows tha t  a f ter  an e x p o s u r e  of 32 
months, the coatings f rom a paint  containing 4% cal- 

T A B L E  I I  

Compara t ive  D u r a b i l i t y  of Raw Linseed and Non-break Soybean Oil P a i n t  Coat ings  Con ta in ing  Bas ic  Carbonate  Lead and 
Var ious  percentages  of calcium oxide 

Weigh t s  of pa in t  components  

% p igment  I 

75 basic carbonate  ]cad ......................... ]....-. ............................................... . . . . .  ii 
75 basic carbonate  lead ............................................................................. i 
71 basic carbonate  lead -'- 4 Ca() ............................................................... I 
71 basic carbonate  lead -~- 4 Ca() ............................................................... I 
67 basic carbonate  lead ~ 8 CaO ............................................................... q 
67 basic carbonate  lead -Jr- 8 CaO .............................................................. i 
63 basic carbonate  Iead-~- 12 CaO ............................................................. i 
63 basic carbonate  lead -4- 12 CaO ............................................................. I 

Oil (25~) 

Soybean oil 
Linseed oil 
Soybean oil 
Linseed oil 
Soybean oil 
Linseed oil 
Soybean oil 
Linseed oil 

Exposure  tests at  90 ~ south (Peor ia ,  I l l . )  

After  32 months  

Very heavy, deep checks and cracks 
Vm.'y heavy, deep checks and  ('.racks 
"Light surface cllecks 
Considerable fine surface  checks and cracks 
~Tery heavy, deep checks and ('.racks, moderate  scal ing 
Very heavy surface checks and cracks 
Very heavy, deep checks and cracks, modera te  scal ing 
Very heavy surface checks and cracks 
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cium oxide, 71% basic carbonate lead, and 25% non- 
break soybean oil was more durable than a similar 
paint eoating containing raw linseed as the oil ve- 
hicle. On the surface tile former checked only lightly 
while the latter checked and cracked c o n s i d e r a b l y .  
The Table shows also that both linseed arid soybean 
oil paints containing 4% of calcium oxide were deft- 
nitcly superior to sintilar paints Colltaining higher 
percentages of calcium oxide or none at all. The 4% 
cah,.ium oxide paints were better  in appearance and, 
since b r e a k d o w n s  were on the surface rather  than 
deep or through the surface, they were also bet ter  
for repainting. 

T A B L E  l I [  

C o m p a r a t i v e  D u r a b i l i t y  of P a i n t  Coa t ings  C o n t a i n i n g  Non-break  Soybean 
Oil, Bas i c  C a r b o n a t e  L e a d  W i t h  Alka l ine  E a r t h  Oxides,  etc. 

E x p o s u r e  tes ts  a t  90 ~ sonth  
l ) i g m e n t  components  ( P e o r i a ,  Ill.) 

% by weight ,  ba lance  oil Resu l t s  noted a f t e r  3 y e a r s  

75 basic ca rbona te  lead 
71 basic  ca rhona te  lead q- 4 Cat)  
71 basic  ca rbona te  lead -1- 4 MgSiO.~ 
71 basic  ca rbona te  lead .}- 4 -~[gO 
7 t  bas ic  ca rbona te  lead q- 4 St'() 
71 bas ic  ca rbona te  lead -]- 4 B a O  
71 bas ic  ca rbona te  lead -]- 4 ZnO 
71 bas ic  ca rbona te  lead q- 4 

ca lc ium s t ea r a t e  
71 bas ic  ca rbona te  lead -~- 4 

a h u n i n u m  s tea ra tc  
71 basic  ca rbona te  lead -t- 4 CaCO,~ 
71 bas ic  c a r b o n a t e  lead ~- 4 CaCcO~ 
71 hasic  ca rbona te  lead -] 4 

Caa(PO4)2  
71 bas ic  ca rbona te  lead -{- 4 

m i ne ra l i t e  

V e r y  heavy ,  deep checks  a n d  c r a c k s  
L i g h t  to m o d e r a t e  su r f ace  checks  
V e r y  h e a v y  eros ion to exposed wood 
Cons iderab le  deep c r a c k s  
Considerable  deep checks a n d  c r acks  
n e ~ v y ,  deep a l l i ga to r i ng  
l leavy ,  deep checks  and  c r a c k s  
a, Tery heavy,  deep checks and  c r a c k s  

I Ioavy ,  deep checks  and  c r a c k s  

h e a v y ,  deep checks and  c r a c k s  
Heavy ,  deep checks  and  c r a c k s  
Very  heavy,  deep checks  and  c r a c k s  

Cons iderab le  deep, heavy  checks  
and  c r a c k s  

2. Table l l I  shows that the paints containing 4% 
of calcium oxide were superior to similar paints con- 
taining the same percentage of m a g n e s i u m  oxide, 
magnesium silicate, s trontium oxide, zinc oxide, etc., 
a f ter  an exposure of 3 years because, again, the coat- 
ing breakdown occurred on the surface ra ther  than 
through the surface, and therefore gave improved ap- 
pearance. I t  may be noted that  each of tile paints 
mentioned in this table contained the same weights of 
basic lead carbonate (71%) and non-break soybean 
oil (25%) together with the 4% of calcium oxide, etc. 

3. Table IV shows that  paints containing 4% cal- 
cium oxide with 66% of 35% leaded zinc and oil 
vehicles of non-break, or alkali-refined soybean or raw 
linseed oils, gave coatings that,  a f ter  2 years '  expo- 
sure, were checked and cracked on the surface only, 
in comparison with the deep checks and /o r  cracks on 
the paint  coatings of leaded zinc (35%) alone or with 

4% magnesium silicate. It  also shows that tile same 
amount of calcium oxide or magnesium silicate with 
the zinc sulphide pigment increased chalking and ero- 
siou but  eliminated the oral:king of the coatings from 
the paints containing only the zinc sulphide piginent 
when the oil vehicles were noll-hreak or alkali-refined 
soybeall oils. It. shouhl be noted that  the Ilaiut coat- 
ings ct)ntaining the zinc sulphide l)igment alone with 
raw linseed oil had bet ter  (htrability qualities than 
sinlilar paint  coatiugs coutaining t~aleium oxide or 
nlagnesium silicate. 

X-Ray Studies 

Paints containing conjugated soyhcan oil ( ]2)  were 
used throughout  the X-ray siudics siuce the after-tack 
phenomena was more prououu(:ed with this oil. X-ray 
examilmtion of films prepare(l from paints (.ontaining 
25~,7~ calt~,ium oxide as the only piglncnt and 5 ~  oil 
drier  showed that no crystallim~ organic compounds 
were formed iu drying and that the crystalline com- 
ponents appeared from tile inorgalfiC 1)igments added 
to the, oil. Examinat ion of these fihrts at 3, 6, 9, 13, 
47, and 122 days showed that  the, oxide gradually 
changed to cah.ium hydroxide anti that no crystalliue 
cah.ium carbonate was formed. 

Since cah~.itml oxide nlight act as a d t ; h y d r a t i n g  
agent, other (lehydratirlg agelltS were tested. When 
fihns Colltaining 25% anhy(ll'tms sodilnn srllfate and 
calcium sulfate were examiued by X-rays at 3, 7, 18, 
artd 40 days of drying, no hydrat ion of tim sulfates 
was observed. Boih sulfate fihns developed excessive 
after-tack alnl this COlldition persisted for more than 
5 nlonths. These coatings showed a definite acidic 
reaction when tested wilh wet litmus paper. 

Studies were made of the coalings of paints from 
conjugated soybean oil phls drier  containing calcium 
oxide, magnesium oxide, alumimnn h y d r oxi  de, and 
bismuth hydroxide in varying tlercentages of 2, 5, 
8 ~ ,  and 162/.~. The X-ray pictnres of these coatings 
made af ter  3, 7, and 14 days '  drying showed: 

]. Calcium oxide was changed to tile hydroxide in 
ahnost 3 days. Calcium hydroxitte subsequently dis- 
appeared from the X-ray pictures as lhe drying pro- 
gressed; first from the 2% and finally, af ter  several 
weeks, f rom the 16~.~% pigmcn! l/aints. The only 
"ca lc ium ox ide"  coating which showed even a slight 
amount  of tack af ter  5 weeks' drying was the 2% 
calcimn oxide paint, and this probably  was caused 
tly the lack of a greater  percentage of basic material 
ill the paint. 

T A B L E  I V  

C o m p a r a t i v e  Durab i l i ty  of R a w  Linseed,  Alkali  Rel ined (A .R . ) ,  and  N o n - b r e a k  ( N . B . )  Soybean  Oil P a i n t  Coa t ings  C o n t a i n i n g  L e a d e d  Zinc ( 3 5 % )  
or  Zinc  Su lph ide  P i g m e n t  Wi th  Ca lc ium Oxide  or  M a g n e s i u m  Sil icate  

Weigh t s  of pa in t  componen t s  

% p i g m e n t  

7-~leaded zi . . . . . .  _i ........................................................................... i.i.~..,~..~... 
70 leaded zinc ............................................................................................... 
70 leaded zinc ............................................................................................... 
6 6  l e a d e d  z i n c  q-  4 C a 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 6  l e a d e d  z i n c  -~- 4 Ca( )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
66 leaded z inc  -[- 4 C a 0  ................................................................................ 
66 leaded z inc  ~ 4 MgSi03  ........................................................................... 
66 leaded zinc q- 4 M g S i 0 z  ........................................................................... 
66 leaded zinc q- 4 MgSi0,~ ........................................................................... 
70 z inc  su lph ide  p i g m e n t  .............................................................................. 
70 zinc su lph ide  p i g m e n t  .............................................................................. ! 
70 zinc su lphide  p i g m e n t  .............................................................................. 
66 zinc su lph ide  p i g m e n t  + 4 CaO ................................................................ 
66 zinc su lph ide  p i g m e n t  q- 4 CaO ................................................................ 
66 zinc su lph ide  pig 'ment-[-  4 CaO ............................................................... i 
66 zinc su lph ide  p i g m e n t  q- 4 MgSiOa .......................................................... I 
66 zinc su lph ide  p igment-~-  4 MgSiO,~ ......................................................... ] 
66 zinc su lph ide  p i g m e n t  -~- 4 MgSiOs  ......................................................... ! 

Oil ( 3 0 % )  

N.B.  soybean  
A.R.  soybean  
L in se e d  
N.B.  soybean  
A.R.  soybean 
L in se e d  
N.B.  soybean 
A.B,. soybean  
L in se e d  
N.B.  soybean 
A.R. soybean 
L in se e d  
N.B.  soybean  
A.R.  soybean  
L inseed  
N.B. soybean 

E x p o s u r e  tests  at 9() ~ south  ( P e o r i a ,  I l l . )  

l 'r noted a f t e r  2 y e a r s  

U c a v y  m a c r o  checks,  mode r a t e ly  deep 
V e r y  heavy ,  deep m a c r o  checks  a n d  c r a c k s  
Cons iderab le  deep c r a c k s  
Considt~rable t tne s u r f a c e  cheeks  a n d  c r a c k s  
H e a v y  s u r f a c e  checks  alld c r a c k s  
Moderate. l ine su r f a c e  checks and  ( : racks 
H e a v y , d e e p  checks  and  c r a c k s  
Considerable  deep cheeks  and  c r a c k s  
Cons iderab le  deep c r a c k s  
Light ,  deep c racks .  Cons iderah le  chalk  
T r a c e  of cracks .  Modera te  chalk  
No checks or  c racks .  L i g h t  chalk 
No checks  o r  c racks .  Modera te  e ros ion  to woo:t 
No cheeks or  c racks ,  l l e a v y  eros ion to wood 
No checks or  ( :racks.  L i g h t  erosion to wood 
N o c h e c k s o r  c racks .  Modera te  erosion to wood 

A.I~. soybean 
L inseed  

N o e h e c k s o r e r a c k s .  Cons iderah le  eros ion to wood 
No cheeks or  c racks .  ~ ' e ry  h e a v y  erosion to wood 
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2. Magnesium oxide, unlike calcium oxide, (lid nut 
appea r  to change to hydroxide dur ing the dry ing  
process, but  its disai)pearance was very prononnced, 
especially for the 2-, 5-, and 8~.~-~: paints. These 
coatings, like those of the calcium oxide paint, showed 
no tack except a light tack on the 2% magnesium 
oxide coating. 

3. A l u m i n u m  hydroxide paint  coatings did not 
give any X-ray  information because the original pig- 
ment  was amort)hous and remained so throughout  the 
(Irying process. All coatings develoi)ed (,onsiderable 
after-tack.  

4. Bismuth hydroxide did not appear  to react or 
disapt)ear f rom the X- ray  pictures dur ing the dry ing  
process and all coatings developed considerable after-  
tack. 

Discussion and Conclusions 
The utilization of apt)roximately 5 ~  of calcium 

oxide in outside white paints  on cedar panels on test 
fences improves the coatings of these paints, espe- 
cially when the oil vehicles are either non-break or 
alkali-refined soybean oil, in tim following respects:  

1. They d ry  more rapidly  to a hard  coating tha t  is 
free f rom residual and / o r  after- tack.  

2. They do not yellow in dark, shaded exposures. 
3. They have great ly  improved reflectance qualities. 
4. They have great ly  reduced dir t  retention. 
5. They dry fiat or without appreciable  gloss, and 

stay uni form in a p p e a r a n c e  in service, whether in 
shaded or sunlit areas. 

6. They have increased resistance to deep checking, 
cracking, and a l l iga tor ing- - the  defects that  make sat- 
isfactory rei)ainting difficult. 

I t  nmy be concluded f rom the X-ray  and paint  
studies that the proper ty  of calcium oxide to reduce 
the af ter- tack of soybean oil paint  coatings is shared 
hy many  strongly basic compounds. 

The important  chemical reaction involved appears  
to be the neutralization of organic acids to form cal- 
cium or other alkaline earth metallic salts. Initial 
hydrat ion of the oxide to hydroxide may o(.cur but  
hydrat ion might be a side reaction only because water  
could be formed by the inter-action of two organic 
acid molecules with the oxide. This water  might then 
react with the oxide to give the hydroxide. 

Q u a l i t a t i v e  tests indicate clearly thai materials  
which react acidic to l i tmus are formed when soybean 
oil films are exposed to the air. The slight tack found 

on 2~,~ calcium oxide and magnesium oxide fihns nmy 
indicate that insufficient alkali is I)resent to neutralize 
all act(lie products. E lm (6),  and others (1, 14) have 
shown that  acidic cleavage products are formed when 
linsee(1 oil films are exposed and Slansky (14) has 
shown that  these acidic materials  are not hydrolytic 
products  from the glyceride. The known plasticizing 
and dissolving effects of the lower f a t ty  acids on or- 
ganic molecules and on oil films, in p a r t i c u l a r ,  is 
well-known. I t  appears  reasonable to assumc that  the 
correct explanation for the behavior of calcium oxide 
and the other alkaline earth oxides in these t)aint and 
oil fihns is that  the acidic cleavage products are neu- 
tralized to form salts which do not soften the fihn or 
give it undesirable properties.  

Previous workers have reported the formation of 
salts in the fihn when red lead was used (5), and a 
recc, nt publication indicates that  the use of certain 
metallic oxides, including calcium and a l u m i n u n l ,  
(.an he used as light stabilizers for lead silicate pig- 
ments (16). i lowever,  ~o our knowledge no one has 
previously recognized the beneficial effects which are 
obtained when calcium oxide is used in soybean oil 
paints.  

The use of names of firms or commercial products 
in this artich'~ is for  identification; it is not an en- 
dorsement of either the I)roduct or the mamffacturer .  
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