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Abstract  
A mechanism is proposed for the reaction be- 

tween zinc oxide and t i tan ium dioxide in water. 
Between certain limits of weight ratios of zinc 
oxide and t i tanium dioxide definite increases in 
viscosity, pH,  and sedimentation volumes with 
time have been observed which suppor t  the belief 
that  tr idimensional s t ructures  are formed from 
the individual  particles. The same mechanism 
may be responsible for some of the thickening in 
emulsion paints  containing these mixed pigments.  

Z ~NC OXmE and t i tanium dioxide are major  pigments 
used in oil-based paints. However, incorporation 

of these pigments  into linseed oil emulsion paints  
caused a rapid  increase in viscosity to values above 
the desired range. This increase can easily be elimi- 
nated by leaving the zinc oxide out of the pa.int for- 
mulation, but ZnO impar ts  advantages difficult to find 
in other materials.  These advantages include improved 
mildew resistance, better  through-dry  of the paint  fihn, 
reduction of film degradat ion by adsorpition of ul tra-  
violet light, and low cost (3). Therefore a s tudy of the 
effects of ZnO on other components of emulsion paints  
seemed desirable for  a bet ter  unders tandi~g of the 
reactions involved. This paper  deals with the inter-  
action between ZnO and TiC9 in water  without the 
addition of dispersing agents. 

Exper imenta l  
I ,ead-free Ale  ZZZ-55 zinc oxide (Ameriean Zinc 

Sales Company,  Columbus, ().) and Ti-Pltre R-SI0 
t i tanium dioxide (Pigments  Depar tment ,  E. [. (hi- 
Pont  de Nemours and Company, Wihlfingtml, Del.) 
were used throughout,  except when otherwise indi- 
cated. The distilled water  used came from a (~omlno, 
source supplied to the laboratories through block tin 
lines. 

Viscosities were measured with a Brookfield model 
R V F  viscometer at 20 rpm. All measuren~euts were 
made at 25C and spindle No. 3 was used exclusively. 
The p H  values were obtained with a Beckman model 
G pH+meter equipped with a glass electrode and a 
saturated calomel electrode. All pigment suspensions 
were prepared by weighing into a pint ja r  ZnO and 
TiC2 in the r ight  proport ions to total 180 g. There- 
a f ter  335 g of distilled water  were added. Each glass 
ja r  bad a bakelite screw cap with waxed pap~r insert. 
The paper  inserts had to be replaced by rubber  pads 
since chemicals extracted f rom the paper  great ly  in- 
fluenced the rate of interaction. Special care had to 
be taken to eliminate any  detergent  or dispersing 
agents f rom the jars  because any trace of these mate- 
rials affected the rate of interaction. 

A s tudy of p H  of pigment  slurries in water  re- 
vealed that  ZnO suspensions (35% by wt) had a pH 
of 7.2 which was constant with time and independent  
of the lot number  of the ZnO used. The pH of 35% 
TiC2 suspensions was also constant with time but 

1 A l abo ra to ry  of the N o r t h e r n  Ut i l i za t ion  Research  and  Dev+,lopment 
Divis ion ,  A g r i c u l t u r a l  Resea rch  Service,  U . S . D . A .  

269 

varied between 7.15 and 7.60, depending on the lot 
of T i Q  used. 

When a 35~Ic suspension of a mixture  of gnO and 
TIC._, was prepared,  the p I I  changed rapidly in a mat- 
ter of hours and reached all equilibrium value of 
9.2 af ter  several days. Also, the viscosity increased 
nmch more rapidly  than for either the Zli() or Tit)., 
suspension. 

A series of 20 suspensions was prepare(l containing 
35% solids and varying ratios of ZnO and Tit)._,. The 
pint  jars  were placed horizontally in a Gump shaker 
(200 rpm and 2 ~,.~, inch eccentricity) agitated simul- 
taneously for  1~,w hr at 25C, and stored at the same 
temperature .  The viscosity and p H  of each sample 
were measured initially and thereaf ter  twice a week. 
Typical  results are shown in Figures  1 and 2. 

F igure  1 shows that a minimmn in the viscosity- 
composition curve t~,,) was obtained at zero time. By 
adding the proper  viscosities taken f rom the viscosity 
vs. concentration curves for the individual  pigment 
suspensions (Figure  3) a theoretical zero viscosity 
curve is obtained. This calculated curve and the 
measured data  are compared in F igure  4. The calcu- 
lated minimum is lower than the measured values 
because any interaction between ZnO and TiO~ part i-  
cles has been disregarded. 

F igure  1 shows two peaks in the viscosity curve 
af ter  some time (19 and 33 days) .  The positions of 
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FiG. 1. Viscosity for' pigment suspensions (35% solids) in 
water as a function of tile pigment weight ratio, ZnO/TiO~, at 
zero time and after 19 and 33 days. 
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Fro. 2. The pH as a funBtion of the pigment weight ratio, 

ZnO/TIO~, at zero time and after 3 and 20 days. 

the peaks fall at the ratio ranges of 1.8-3.2 and 0.018- 
0.032 and are essentially independent of the lot num- 
bers of the pigments. 

I f  */t/*/o is plotted against the pigment ratios (Fig. 
5), the viscosity increase takes place mainly in sus- 
pensions with pigment ratios between 10.0 and 0.0032. 
This increase is shown more clearly in Figure  6, 
where the viscosities are divided by the calculated 
zero-time viscosities of Figure  4. 
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]~'m. 3. Initial viscosity as ~t function of the pigment concen- 

tration for ZnO and TiO= suspensions. 

200C 

3 

1000 

@ 

s|  
~ Experimental 

e "e" Calculated .r.e" 

I I I l I I 
100 10 1 0.1 0.01 0.001 

ZnO/Ti02 

~IG. 4. Experiment~tl initial viscosities for nfixed ZnO and 
TiO~ suspensions compared with a calculated curve obtained 
from viscositv-concentr~tion curves of Figure 3. 

The p t I  increase (Fig. 2) is believed to be caused 
by aggregates of pigment particles formed by a chemi- 
cal bond between the surfaces of ZnO and TiO2 parti-  
cles, and is not due to the suspension effect. When the 
pH was measured both in the suspension and in the 
supernatant  liquid, the difference was found to be 
less than one-tenth of one unit. The pH can be 
brought down to neutral by ti tration with HC1, 
but will increase again to values of around 8.0 in a 
matter of 24 hr. Since agitation of the aged slurries 
did not reduce their viscosity, fur ther  support for 
this kind of interaction is provided. Impurit ies in 
these conunereial pigments were not responsible for 
their behavior because mixtures of pure grade, pre- 
analyzed ZnO and TiOe (J. T. Baker Chemical Com- 
pany, Phillipsburg, N. d.) also showed viscosity and 
pH increases. 

A 35% suspension of B-991 zinc titanate (Titanium 
Alloy Manufactory Division, National Lead Company, 
Niagara Falls, N. Y.) had an equilibrimn pH value of 
9.2, which supports the assumption that the chemical 
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FZG. 5. Viscosity ratio, ~t/~o, as a function of the pigmezzt 
weight ratio at 19 ~tnd 33 da.ys after preparation. The experi- 
mental curve of Figure 4 has been used for the base viscosities. 
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FIG. 6. Viscos i ty  rat io,  ~t/?~o ealc" a s  a func t i on  of the  pig- 
m e a t  weight  rat io  a t  19 and  33 days  a f t e r  p repara t ion .  The 
ca lcula ted  curve of  F igu re  4 has  been used for  the  base vis- 
cosities. 

bond between ZnO and TiO.) is of the zinc t i tanate 
nature. Also, the same behavior has been found for 
suspensions containing mixtures  of ZnO and ASP-400 
clay (Minerals and Chemicals Phi l ipp Corporation, 
Menlo Park,  N. J . )  or wet ground mica (Mineralite 
Sales Corporation, Mineola, N. Y . ) ;  whereas, no reac- 
tion was indicated when these pigment  extenders were 
used in combination with Ti02. Mica, clay, and TiO_~ 
show strong negative charges when observed in an 
electrical field; but ZnO shows only a weak charge 
which can be either negative or positive in essentially 
neutral  suspensions. However, at basic p I l  values 
ZnO is str ict ly negative. 

D i s c u s s i o n  
I f  the pigment particles are assumed to be spherical 

and of the same size for  a given pigment,  the total 
weight, W~, of that  pigment in the suspension can 
be expressed as 

W l  = _4 8 ~- ~ r l  nl01 ( a )  

where r~ = the effective radius of the particles. 
n~ = the number  of particles, and 
o* = the density of the p i~nent .  

The ratio of the total weight of the two pigments used 
in the suspensions can be wri t ten as 

Wl _ r~ awl  

W 2 r~ 11202 
(,b) 
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in which W1/W_-= the pigment  ratio ZnO/TiO,_, as 
used in the figures. 

I f  no dispersing agent  is used, the pigment  particles 
in the suspension cannot be broken up into the ele- 
menta ry  particles. Therefore, particle sizes as ~ v e n  
by the pigment manufac ture rs  cannot be used for  
tffis discussion. Coulter counter (1.2) measurements  
showed average particle sizes of approximate ly  1.0 
micron for ZnO and 2.2 micron for the TiO;, aggre- 
gates. Acceptin~ these fi~ures for our discu~ion the 
ratio of the radii of the ZnO and TiO.: particles is 
assumed to be 0.5. I f  in addition the values of 5.6 
and 4.2 g /ml  are used for the densities of ZnO mid 
TiO,_,. respectively. Equation 2 can be reduced to 

n l  "~Vl 
- 6 ( c )  

112 "~V 2 

From Figures  '2, 5, and 6 it can be seen that at, 
W1/W2=10,  the p l I  is increased. This increase means 
there is an interaction, but at the same time the vis- 
cosity is not affected appreciably.  F rom Equat ion C 
we find that for this pigment ratio n~/no=60.  Hence, 
there are enough ZnO particles to react with th? Ti02 
particles and to coat them completely. Consequently, 
any  fur ther  reaction between the two pigments  is 
stopped. The same explanation can be used for wl/w_- 
= 0.0032 where there are 52 times more TiO., p~,rtieles 
than ZnO particles;  then the reverse condition exists. 
Between these ratios, tr idimensional s t ructures  can be 
formed f rom the individual  particles. These struc- 
tures should, and in our opinion do, influence vis- 
cosity tremendously.  The region in which the p H  
increases is much wider than  that  in which v!scosity 
increases. (Compare  Figures  2 and 6.) This devia- 
tion again points very s trongly toward the described 
mechanism. 

Addit ional  evidence was obtained f rom sedmen ta -  
tion experiments. I f  these tr idimensional s t ructures  
build up, the sedimentation volumes should increase 
with time. To establish this point, 50 g of tdgment 
with vary ing  weight ratios of ZnO and TitLe were 
placed in 250 ml graduated  cylinders and th~ cylin- 
ders filled with water. Af te r  shaking thoroughly the 
pigment was allowed to settle, and the sedim~..ntation 
volumes were measured. When the measu:ements  
were eompleted, the pigment  was redispers~d, and 
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F[~. 7. Ratio of  ~edimentat ion volumes at  4, 9, aml  14 d~tys 
as a func t ion  of the p igmen t  weight  rat io,  Zno/Tio=. The sedi- 
men ta t ion  volumes at  2 days  a f t e r  p r epa ra t i on  have been used 
as base  values.  
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this procedure was repeated every few days. The re- 
sults are shown in F igure  7 where the volume change, 
Vt/V2days, is plotted vs. the pigment  ratios. Again, 
the largest  increase occurred in the same region of 
composition as observed previously. The decrease at 
low ratios results because all the p i~nen t  was not 
settled out at the t ime of measuring.  However, this 
e x p e r i m e n t  p r o v e s  d e f i n i t e l y  t h a t  t r i d i m e n s i o n a l  
s t ructures  slowly build up between ZnO and TiO2 
and are unable to pack as closely together in water  
as do the individual  particles. 
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�9 Letter to the Ed1?or 

Glyceride Type Distribution Rule Calculations 
With reference to the letter of Ham m ond  and Jones 

on the calculation of Restricted Random Glyceride 
Distr ibution (1) I wish to state the following: 

1) The principle under ly ing  the calculation of glye- 
eride type s t ructure  according to the Glyeeride Type 
Distr ibution Rule (2a) (Restricted Random Distri- 
bution is an extension of the G.T.D. Rule to the de- 
tailed s t ructure  of the individual  glyeerides in the 
glyceride types) consists in the interchange, accord- 
ing to chance, of one sa tura ted  acid in the t r i ~ t u r a t e d  
glycerides factor  (i.e., t r i sa tura ted  glycerides required 
by chance distribution nfinus t r i sa tura ted  glycerides 
actually present)  with the unsatura ted  acids in the 
monosaturated and t r iunsa tura ted  glyeerides required 
according to chance distribution, the former  being 
par t ly  converted to disaturated glycerides and the 
lat ter  to a mixture  of mono- and disaturated glyeer- 
ides. The proport ions of disaturated glyeerides thus 
formed f rom t r iunsa tura ted  glycerides is uauslly small 
and may be left  out for practical  calculations (2a).  
The equations given (2b,1) are only for  these prac- 
tical calculations for usual ranges of saturated acid 
contents which is rare ly  between 60 and 67% with 
sinmltaneous minimum proport ions of t r i sa tura ted  
glyeerides. 

2) When the percentage proportions of saturated 
acids to be thus interehanged with t r iunsatura ted  
glycerides become equal to, or more than, one third 
of the latter,  the non-t r isa turated portion of the 
fat  automatical ly becomes converted to a mixture  of 
mono- and disaturated glycerides, and their  propor-  
tions may be calculated as shown elsewhere (3). For  
natural  fats  with no t r i sa tura ted  glycerides, and 
saturated acids between 61.8 and 66.6%, as also for 

various other possibilities, this is the procedure ac- 
cording to the G.T.D. Rule. 

The possibility of t r iunsa tura ted  glycerides having 
negative values and the glyceride types adding to 
more than 100~c hence do not exist, aecording to the 
G.T.D. Rule as defined by the author (2a).  This rule 
has now been found to hold good for as nlany as 70 
different natm'al  fats without a single exeeption so 
far.  

3) The distribution suggested by Hammond  and 
Jones (1) differs fronl the G.T.D. Rule in the follow- 
ing respects: a~ The fornler assunles two separate 
independent equilibria, one for t r i sa tura ted  glyeer- 
ide format ion and the other for non-tr isaturated glye- 
eride format ion in the same droplet  of depot fat, 
whereas there is only a single equilibrimn according to 
G.T.D. Rule. b) The former  does not take into consid- 
eration the fact  that the proport ions of mono- and di- 
glycerides formed in the earlier stages will be those re- 
quired aceordin~ to chance distribution, whereas the 
la t ter  takes care of this. As sueh, an 5' par t ia l  agree- 
ment between the values by the two distributions 
appears  to be purely  fortui tons and is devoid of theo- 
retical significance. 
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