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1 

CERTAIN SILICA-COATED LEAD 1 
CHROMATE PIGMENTS 

Investigation No. 337-TA-120 

COMMISSION ACTION AND ORDER 

Introduction 

The United States International Trade Commission has concluded its 

investigation under section 337 of the Tariff Act of 1930 (19 U.S.C. § 1337) 

of alleged unfair methods of competition and unfair acts in the unauthorized 

importation into the United States of certain silica-coated lead chromate 

pigments or in their sale by the owner, importer, consignee, or agent of 

either, the alleged effect or tendency of which is to destroy or substantially 

injure an industry, efficiently and economically operated, in the United 

States. The Commission's investigation concerned allegations that certain 

silica-coated lead chromate pigments imported or sold by respondents Toho 

Ganryo Kogyo K.K., Nichimen Corporation, Nichimen America, Inc., Japan Cotton 

Coo, C. Withington Co., Inc. and Synergistic Pigments of Massachusetts, Inc. 

infringe certain claims of U.S. Letters Patent 3,639,133. This patent is 

owned by the complainant, E.I. du Pont De Nemours and Company. 

This Action and Order provides for the Commission's final disposition of 
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investigation No. 337-TA-120 by the Commission. It is based upon the 

Commission's determination, made in public session at the Commission meeting 

of April 7, 1983, that there is a violation of section 337. 

Action 

Having reviewed the record and the recommended determination of the 

Administrative Law Judge in investigation No. 337-TA-120, the Commission on 

April 7, 1983, determined that-- 

1. There is a violation of section 337 of the Tariff Act of 1930 
(19 U.S.C. 5 1337) in the importation and sale of certain 
silica-coated lead chromate pigments which infringe claims 1, 
4, 7, and 8 of U.S. Letters Patent 3,639,133, the effect or 
tendency o f  which is to substantially injure an industry, 
efficiently and economically operated, in the United States; 

The appropriate remedy for such violation of section 337 is an 
exclusion order pursuant to subsection (d) of section 337 of 
the Tariff Act of 1930 (19 U.S.C. § 1337(d)), preventing the 
importation o f  certain silica-coated lead chromate pigments 
manufactured by Toho Ganryo Kogyo K.K. or any of its affiliated 
companies, parents, subsidiaries, or other related business 
entities, or their successors or assigns, which infringe claims 
1, 4, 7 and/or 8 of U.S. Letters Patents 3,639,133; 

2. 

3. The public interest factors enumerated in subsection (d) of 
section 337 of the Tariff Act of 1930 (19 U.S.C. 5 1337(d)) do 
not preclude the issuance of an exclusion order in this 
investigation; and 

4. As provided in subsection (g)(3) of section 337 o f  the Tariff 
Act o f  1930 (19 U.S.C. 5 1337(g)(3)), the appropriate bond 
during the period this matter is pending before the President 
is in the amount of 35 percent of the entered value of the 
articles . 

Order 

Accordingly, it is hereby ORDERED THAT-- 

1. Silica-coated lead chromate pigments which are manufactured by 
Toho Ganryo Kogyo K.K., or any of its affiliated companies, 



3 

2. 

3. 

4. 

5 .  

p a r e n t s ,  s u b s i d i a r i e s ,  o r  o t h e r  r e l a t e d  b u s i n e s s  e n t i t i e s ,  o r  
t h e i r  s u c c e s s o r s  o r  a s s i g n s ,  which i n f r i n g e  claims 1, 4, 7 
and/or  8 of U.S. Let ters  P a t e n t  3 ,639,133 be excluded from 
e n t r y  i n t o  t h e  United States f o r  t h e  remaining term of t h e  
p a t e n t ,  except  where such i m p o r t a t i o n  i s  l i c e n s e d  by t h e  p a t e n t  
owner; 

The a r t i c l e s  t o  be excluded from e n t r y  i n t o  t h e  Uni ted  States 
s h a l l  be e n t i t l e d  t o  e n t r y  under bond i n  t h e  amount of 35 
p e r c e n t  of t h e  e n t e r e d  v a l u e  of t h e  a r t i c l e s  from t h e  day a f te r  
t h i s  o r d e r  i s  r e c e i v e d  by t h e  P r e s i d e n t  pursuant  t o  s u b s e c t i o n  
( g )  of s e c t i o n  337 of t h e  T a r i f f  A c t  of 1930 (19 U.S.C. 
I 1337(g) )  u n t i l  such  time as t h e  P r e s i d e n t  n o t i f i e s  t h e  
Commission t h a t  he approves or  d i s a p p r o v e s  t h i s  a c t i o n ,  b u t  i n  
any event  n o t  l a t e r  t h a n  60 days  a f t e r  t h e  d a t e  of r e c e i p t ;  

Not ice  of t h i s  Act ion  and Order be p u b l i s h e d  i n  t h e  F e d e r a l  
Register ; 

A copy of t h i s  Act ion  and Order and of t h e  Commission o p i n i o n  
i s s u e d  i n  connec t ion  t h e r e w i t h  be s e r v e d  upon each  p a r t y  of 
r e c o r d  t o  t h i s  i n v e s t i g a t i o n  and upon t h e  Department of Heal th  
and Human S e r v i c e s ,  t h e  Department of J u s t i c e ,  t h e  F e d e r a l  
Trade Commission, and t h e  S e c r e t a r y  of t h e  Treasury ;  and 

The Commission may amend t h i s  Order i n  accordance w i t h  the 
procedure d e s c r i b e d  i n  s e c t i o n  211.57 of t h e  Commission's Rules 
of P r a c t i c e  and Procedure (19  C.F.R. 0 211.57). 

By o r d e r  of t h e  Commission. 

I s s u e d :  A p r i l  2 1 ,  1983 
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Investigation No. 337-TA-120 

VIEWS OF THE COMMISSION 

PROCEDLTRAL HISTORY 

On March 18, 1982, E.I. du Pont de Nemours and Company (DuPont) filed a 

complaint with the Commission, alleging violation of section 337 of the Tariff 

Act of 1930, 19 U.S.C. § 1337. On the basis of that complaint, the Commission 

instituted and published notice of this investigation on April 21, 1982, to 

determine whether a violation of section 337 exists in the unauthorized 

importation of certain silica-coated lead chromate pigments, or in their sale, 

by reason of direct infringement of the claims of U.S. Letters Patent 

3,639,133 (the '133 patent), the effect or tendency of which is to destroy or 

substantially injure an industry, efficiently and economically operated, in 

the United States. 

The Commission assigned an Administrative Law Judge 

evidentiary hearing and make a Recommended Determination 

(ALJ) to conduct an 

(RD). L' All of 

- 1/ The following abbreviations are used in this opinion: 
Administrative Law Judge; RD = ALJ's Recommended Determination; CX = 
complainant's exhibit; RX = respondents' exhibit; TR = transcript of 
evidentiary hearing before ALJ; CTR = transcript of Commission hearing 
(Continued) 

ALJ = 



2 

the respondents, except Synergistic Pigments of Massachusetts, Inc. 

(Synergistic), L' conceded every issue necessary to find a violation of 

section 337 except the issues of validity and enforceability of the '133 

patent. 2' 
valid, was enforceable. - 

The ALJ found in the RD that the '133 patent was invalid, but if 
4 1  

The Commission held a public hearing on March 14, 1983, regarding the 

issues in this case at which all parties except Synergistic were represented. 

PARTIES 

Complainant DuPont is the assignee of the '133 patent in suit. 

The respondents are Toho Ganryo Kogyo KK (Toho), Nichimen Corporation 

(Nichimen), Nichimen America, Inc. (Nichimen America), Japan Cotton Company 

(Japan Cotton), C. Withington Company, Inc. (Withington), and Synergistic. 

Toho is the Japanese manufacturer of the allegedly infringing pigment, which 

it refers to by the name ETERNAL YELLOW. Nichimen Corporation is the Japanese 

exporter of ETERNAL YELLOW pigment to the United States, and Nichimen America, 

a U.S. subsidiary of Nichimen, is the current U.S. importer. The former 

importer, Japan Cotton, sold its assets to Nichimen America when it went out 

L 1/ (Continued) 
on ALJ's recommended determination on violation and also on remedy, 
public interest, and bonding. 
Synergistic alleged that it has discontinued its sales activities in the 
accused product and similar products. 
hearing before the ALJ and conceded no issue except that the Commission 
has personal jurisdiction over it. RD at 2. 
Synergistic has not sold the accused product since 1980 and no party has 
taken exception to that finding. 

- 2/ 
The firm did not appear at the 

The ALJ found that 

- 3/ CX-22 at 13. 
4 1  RD at 4-25. 
c 



3 

of existence in 1982. Withington, a New York company, is the current 

exclusive U.S. distributor o f  ETERNAL YELLOW pigment. 

THE '133 PATENT 

The patent at issue in this case is U.S. Letters Patent 3,639,133, (the 

'133 patent), entitled "Process For Making Silica-Coated Lead Chromate 

Pigments And Product Thereof" issued to Dr. Howard R. Linton on February 1, 

1972, on an application filed October 23, 1970, which was a continuation of an 

application filed November 8, 1967. The '133 patent is assigned to E. I. 

duPont de Nemours and Company of Wilmington, Delaware. By stipulation of the 

parties, the claims of the '133 patent in issue have been limited to claim 1, 

and dependent claims 4, 7, and 8. 2' 
claims, read as follows: 

These claims, which are all product 

1. An improved lead chromate pigment resistant to abrasion and to 
discoloration upon contact with light, dilute acids, dilute 
alkalies, soap solutions and especially with molten 
thermoplastic resins in the temperature range of 220" to 
320" C., said pigment consisting essentially of lead chromate 
pigment particles, no more than 10 percent of which have a size 
greater than 4.1 u and at least 50 percent of which have a 
size less than 1.4 u said particles having deposited on the 
surface thereof about 2 to 40 percent by weight, based on the 
total product weight, of dense, amorphous silica as a 
substantially continuous film. 

4. A composition of claim 1 in which the silica content is about 
15 to 35 percent by weight, based upon the final product, said 
composition being resistant to darkening when heated in 
polyethylene or polystyrene to 300" - 320" C. 

7 .  A composition of claim 1 having up to about 2 percent by weight 
o f  alumina, based upon the total weight of the composition, 
deposited on the silica coating. 
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8. A composition of claim 1 wherein at least 80 percent of the 
lead chromate pigment particles have a size less than 1.4 
microns. 

Claims 1, 4, 7 and 8 o f  the '133 patent relate to silica-coated lead 

chromate pigments which are resistant to abrasion and to discoloration upon 

contact with light, dilute acids, dilute alkalies, soap solutions and 

especially with molten thermoplastic resins in the temperature range of 220" 

to 320°C. The claimed silica-coated lead chromate pigments are said to 

represent an improvement over certain silica-coated lead chromate pigments 

described and claimed in United States Letters Patent 3,370,971 (the '971 

patent). Both the coated pigments of the '971 patent and the '133 patent are 

intended to overcome certain deficiencies of otherwise highly desirable lead 

chromate pigments, i.e., their sensitivity to alkalies and acids, staining in 

the presence of sulfides, and darkening on exposure to light or elevated 

temperatures. The darkening on exposure to elevated temperatures is mentioned 

particularly as rendering lead chromate pigments unavailable for the 

coloration of plastics which are processed at high temperature. The '971 

patent addressed the problem by describing and claiming lead chromate pigments 

with an amorphous silica coating. This was not an entirely satisfactory 

solution according to the specification o f  the '133 patent because when the 

'971 pigments were used under certain abrasive conditions their light and 

chemical stability were lost to a considerable degree. 5' Ultimately the 

- 61  The problem with the '971 pigments only occurred under certain abrasive 
processing conditions and lead to mixed customer reaction to the 
product. RD at 8. 
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reason for this shortcoming was found to be due largely to the fracture of 

silica-coated clusters or agglomerates of pigment particles, whereby reactive, 

uncoated pigment surfaces were exposed. 

normally present in conventionally prepared pigments. 

Such pigment agglomerates are 

To eliminate sufficiently these agglomerates, the '133 patent describes 

an additional processing step beyond that in the ' 9 7 1  patent: the application 

of intense hydraulic shear to the lead chromate pigment particles prior to 

application of the amorphous silica coating. The process results in a 

silica-coated lead chromate pigment in which the lead chromate pigment 

particles have a characteristic particle size distribution which is critical 

to achieving the enhanced abrasion resistance and thus the enhanced light and 

chemical resistance of the claimed invention. 

the claims o f  the '133 patent and the ' 9 7 1  patent are the recitation of 

abrasion resistance and the particular particle size distribution. 

The only differences between 

VALIDITY 

Respondents allege, and the ALJ found, that the claims of '133 patent in 

issue are invalid because the invention defined by these claims would have 

been obvious, under 35 U.S.C. 103, to a person of ordinary skill in the art in 

view of certain prior art. 

A United States patent is presumed valid and the party asserting its 

invalidity bears the burden of establishing invalidity. 

more difficult one to meet when the most pertinent prior art was considered by 

The burden is a 
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the Patent and Trademark Office (PTO). E' The Commission has held that the 

burden of establishing invalidity under these circumstances is a heavy one and 

must be met by clear and convincing evidence. 2' To measure the extent to 

which respondents have carried that burden with respect to obviousness, we 

must make the analysis defined by the Supreme Court in Graham V. John Deere 

2, Co 383 U.S. 1, 17 (19661, wherein the Court stated: 

Under § 103, the scope and content of the prior art are to be 
determined; differences between the prior art and the claims at 
issue are to be ascertained, and the level of ordinary skill in the 
pertinent art resolved. Against this background, the obviousness or 
nonobviousness of the subject matter is determined. 

The prior art relied upon by the ALJ in the RD is as follows: 

1. 

2 

3. 

4. 

5. 

6. 

7. 

The '971 patent referred to above which was issued to Linton on 
February 27, 1968, based on an application filed June 8, 1966. 

United States Letters Patent 2,885,366, issued to Iler on May 
5,  1959, based on an application filed June 28, 1956. (Iler) 

United States Letters Patent 2,346,188 issued to Robertson on 
April 11, 1944, based on an application filed October 8, 1940. 
(Robertson) 

British patent No. 730,176, complete application published May 
18, 1955. (The British patent) 

Chemical Engineers' Handbook, 4th ed. Robert H. Perry et al, 
eds. (McGraw Hill; New York 1963), p. 8-41. (Perry) 

Organic Coating Technology, Henry Fleming Payne (John Wiley and 
Sons; New York 1961) pp. 679-681, 732-733, 984-985. (Payne) 

The Regal pigment, a lead chromate pigment apparently 
considered to be prior art to the invention of the pigment of 
the '133 patent. 

- 81 See, Solder Removal Co. V. International Trade Commission, 582 F.2d 628, 
199 USPQ 129 (CCPA 1978). 

- 9/ In re Certain Surveying Devices, Inv. No. 337-TA-68, USITC Pub. No. 1085 
?.July, 1980). 
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As to the level of skill in the pertinent art the ALJ found as follows: 

The hypothetical person of ordinary skill in the art of pigment 
manufacture would be one who has had several years' experience in 
the field. He would be likely to have some college education in the 
fields o f  chemistry or chemical engineering, as did all the 
witnesses in this proceeding. 
knowledge o f  pigment preparation and use, including problems 
relating to agglomeration and methods of dispersing pigments in 
liquids. This hypothetical person is presumed to have knowledge o f  
all the pertinent prior art. In re Wood, 599 F.2d 1032, 202 USPQ 
171, 174 (CCPA 1979). - 

He would have a general theoretical 

10 I - 
No party seriously contests this definition. 

It is apparent from the following analysis o f  the scope and content of 

the cited prior art that the cause of the problem addressed by the '133 

patent, and thus the invention of the '133 patent, which solves that problem, 

would not have been obvious to a person o f  ordinary skill in the art. 

reducing agglomerates to achieve proper dispersion is mentioned in the art, 

improper dispersion is not the problem addressed by the '133 patent. The 

specific problem addressed by the '133 patent was the loss o f  light and 

chemical stability by the '971 pigments when these are processed under certain 

abrasive conditions, despite the fact that these pigments are apparently well 

dispersed. 

recognized as part of the subject matter of an invention and establishes its 

nonobviousness. 2' 

on the issue o f  validity. 

While 

The discovery of an unobvious cause o f  a problem is well 

Respondents have failed to carry their burden of proof 

We conclude that the invention of the claims 1, 4, 

10/ at 5 .  - - 111 Eibel Process Co. V. Minnesota and Ontario Paper Co. 261 U.S. 45 (1923); 
In re Sponnoble, 405 F.2d 578, 160 USPQ 237 (CCPA 1969). 
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7 and 8 o f  t h e  '133 p a t e n t  would n o t  have been obvious  a t  t h e  time t h a t  

i n v e n t i o n  was made. 

1. The ' 9 7 1  P a t e n t  

The ' 9 7 1  p a t e n t  was n o t  s p e c i f i c a l l y  argued t o  be p r i o r  art  by 

r e s p o n d e n t s  i n  t h e i r  p o s t - t r i a l  b r i e f  b e f o r e  t h e  ALJ o r  i n  t h e i r  subsequent  

b r i e f s  b e f o r e  t h e  Commission. 

s p e c i f i c a t i o n  o f  t h e  ' 9 7 1  p a t e n t  as p r i o r  a r t ,  b u t  d i d  n o t  c i t e  t h e  b a s i s  f o r  

s u c h  r e l i a n c e .  

e n t i r e t y  as p r i o r  art.  12' 
claims o f  t h e  ' 9 7 1  p a t e n t  are a v a i l a b l e  as p r i o r  art.  The ' 9 7 1  p a t e n t ,  t o  t h e  

e x t e n t  i t  i s  a v a i l a b l e ,  i s  c l e a r l y  t h e  most p e r t i n e n t  p r i o r  a r t .  J u s t  as 

t r u e ,  however, i s  t h e  fact t h a t  i t  was c o n s i d e r e d  by  t h e  P a t e n t  and Trademark 

Office dur ing  t h e  p r o s e c u t i o n  o f  t h e  a p p l i c a t i o n  f o r  t h e  '133 p a t e n t ,  f o r  t h e  

purpose o f  making a double  p a t e n t i n g  r e j e c t i o n  which was s u b s e q u e n t l y  

The ALJ a p p a r e n t l y  r e l i e d  on t h e  e n t i r e  

It a p p e a r s  t h a t  t h e  ' 9 7 1  p a t e n t  i s  n o t  a v a i l a b l e  i n  i t s  

Complainant d o e s  c o n c e d e ,  however, t h a t  t h e  

withdrawn. Thus,  t o  t h e  e x t e n t  t h a t  t h e  ' 9 7 1  p a t e n t  c a n  be c o n s i d e r e d  p r i o r  

a r t ,  i t  h a s  been c o n s i d e r e d  by t h e  P a t e n t  and Trademark Office. I n  a d d i t i o n ,  

12 I 
c 

The i s s u e  d a t e  o f  t h e  ' 9 7 1  p a t e n t  is February  2 7 ,  1 9 6 8 ,  which i s  a f t e r  
t h e  November 8 ,  1 9 6 7 ,  e f fect ive  f i l i n g  d a t e  o f  t h e  a p p l i c a t i o n  for  '133 
p a t e n t .  The ' 9 7 1  p a t e n t  would have been a v a i l a b l e  as p r i o r  art  as o f  
i t s  f i l i n g  d a t e ,  a d a t e  p r i o r  t o  t h e  e f fect ive  f i l i n g  d a t e  o f  t h e  
a p p l i c a t i o n  f o r  t h e  ' 133  p a t e n t ,  i f  it had been by " a n o t h e r "  under 3 5  
U.S.C. 1 0 2 ( e ) .  35 U.S.C. 1 0 2 ( e )  r e a d s ,  i n  p e r t i n e n t  part ,  as f o l l o w s :  

A p e r s o n  s h a l l  b e  e n t i t l e d  t o  a p a t e n t  unless - -  

t h e  i n v e n t i o n  was d e s c r i b e d  i n  a p a t e n t  g r a n t e d  on a n  
a p p l i c a t i o n  f o r  p a t e n t  by a n o t h e r  f i l e d  i n  t h e  Uni ted  S t a t e s  
b e f o r e  t h e  i n v e n t i o n  t h e r e o f  by  t h e  a p p l i c a n t  f o r  p a t e n t .  . . 

* * *  

However, t h e  i n v e n t o r  i n  t h e  ' 9 7 1  p a t e n t  and t h e  ' 1 3 3  p a t e n t  are t h e  
same, making 35 U.S.C. 1 0 2 ( e )  i n a p p l i c a b l e .  
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the claims of the '971 patent clearly do not suggest the claimed particle size 

distribution or its criticality in solving the problem addressed by the '133 

patent, a problem inherent in the silica-coated chromate pigments of the '971 

patent. 13' 
that problem. - 14' 

A l s o ,  the claims of the '971 patent do not suggest the cause of 

The same may be said of the '971 pigment itself. 

2. The Iler patent 

Iler was also cited by the Patent and Trademark Office during the 

prosecution o f  the '133 patent application. 

applying amorphous silica coatings on particles of various sizes, shapes and 

compositions. The only material mentioned which is conventionally used as a 

pigment is titanium dioxide, a white pigment. While Iler acknowledges that 

aggregates of particles may be coated along with individual particles in its 

coating slurry, Iler does not refer to the problem addressed by the '133 

patent, does not suggest fracturing of agglomerates as a possible cause of 

that problem, or suggest a solution for it. Further, the record indicates 

that Iler's silica-coated titanium dioxide obtains no benefit from the 

treatment described in the '133 patent, indicating that the Iler titanium 

It is a general teaching for 

- 13/ The ALJ states that it was not the particle size of the '971 pigments 
which resulted in the problem, but the existence of the agglomerates. 
However, the existence of agglomerates results in a number of pigment 
particles of greater s i z e .  The term pigment particles in the claims 
refers to all pigment particles including agglomerates. 
The A L J  appeared to rely on the length of time it took Linton, the 
inventor, to recognize the cause of the problem and devise a solution to 
it. Even if that time could be termed comparatively short, it cannot be 
employed to show obviousness. 
the second sentence of 35 U.S.C. 103 which states: "Patentability shall 
not be negatived by the manner in which the invention was made." See 
also, In re Fay, 347 F.2d 597 (CCPA 1965). 

14/ 
c 

This is an inquiry which is precluded by 

c- 
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dioxide pigments did not suffer from the coating fragility of the '971 
15 / pigments. - 

3. The Robertson patent 

Robertson was not cited by the Patent and Trademark Office during the 

prosecution of the '133 patent application. Robertson discloses the treating 

of pigments, including lead chromate pigments, with a water-insoluble silica 

compound,to bring about an intimate and uniform association, possibly a 

coating, of the particles of the pigment with the insoluble silica compound to 

address (at least in the case of titanium dioxide) problems of poor weathering 

characteristics and discoloration on exposure to light. Thus, it is uncertain 

whether Robertson relates to coated lead chromate pigments and it appears that 

the "coating" is not of amorphous silica. Robertson does not refer to the 

problem addressed by the '133 patent, does not suggest the fracturing of 

coated agglomerates as a possible cause of that problem, or the solution of 

that problem by the means of the claimed invention. It does mention the 

general desirability o f  disintegrating gritty materials or agglomerates, but 

not to any particular size or size distribution for the purpose of the claimed 

invention or for any other purpose. 

4.  The British patent 

The British patent was not cited by the Patent and Trademark Office 

during the prosecution of the '133 patent application. It discloses a 

protective coating of silica on lead chromate particles but does not refer to 
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agglomerates and is ambiguous as to particle size. 

more pertinent than the other art cited, a finding not challenged by the 

respondents. We agree. 

The ALJ found it to be not 

5. The Perry treatise 

Perry was not cited by the Patent and Trademark Office during the 

prosecution of the '133 patent application. 

grinding mills for pigments which break down agglomerates, generally to 

achieve a proper dispersion of pigment particles in their carrying medium. 

Lead chromate pigments are not specifically mentioned, nor is complainant's 

particle size distribution mentioned. The question here, however, is not 

whether a person of ordinary skill in the art would have been aware of means 

to achieve complainant's critical particle size, but whether it would have 

been obvious to persons of ordinary skill in the art that complainant's 

particle size distribution was critical. This criticality in turn depends 

upon whether those of ordinary skill in the art would have recognized the 

cause of the problem addressed by the '133 patent. 

these questions at all. 

It describes several types of 

Perry does not address 

6. The Payne treatise 

Payne was not cited by the Patent and Trademark Office during the 

prosecution of the '133 patent application. Like Perry, it discusses grinding 

pigments to reduce agglomerates for the purpose of assuring proper dispersion 

of the pigment in the carrying medium. It does not refer to the cause of the 

problem addressed by the '133 patent, to lead chromate pigments or 

complainant's particle size distribution. It is no more pertinent than 
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Perry. 

is not necessarily complainant's particle size distribution. 

The particle size distribution for proper dispersion of lead chromate 

7. The Regal pigment 

The Regal pigment was,not cited by the Patent and Trademark Office during 

prosecution of the '133 patent application. The ALJ found it no more 

pertinent than the other reference cited and respondents do not object. We 

agree . 
ENFORCEABILITY 

The Commission concurs with the findings and conclusions of the ALJ on 

the question o f  enforceability o f  the patent, except in one regard. The ALJ 

found that the representations made by DuPont in the '133 patent application 

contradicted what duPont said in its related application for U.S. Letters 

Patent 3,470,007, but that the misrepresentations did not rise to the level of 

a breach of the duty of disclosure. - 16 I 

It is not clear that DuPont contradicted itself in the two applications. 

Although the term "tremendous improvement" may appear an exaggeration in 

evaluating an increase in heat stability from "poor" to "fair to good," the 

increase may have been "unusual" and "surprising. " - 17' 

overstated its results somewhat, we agree with the ALJ that this does not rise 

to the level of a breach of the duty of disclosure. 

Even if DuPont 

16/ RD at 23. ~~ 

c 

17; See RD at 22-25. 
7 -  
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INFRINGEMENT 

Respondents have stipulated that the ETERNAL YELLOW pigment would 

infringe the '133 patent, if the patent were found to be valid. 

findings and conclusions of the ALJ with regard to infringement. 

We adopt the 

DOMESTIC INDUSTRY 

Respondents have stipulated that there is an "industry, . . in the 

United States", and that that industry is "efficiently and economically 

operated." 

complainant DuPont and its licensee Ciba-Geigy Corporation devoted to 

exploitation of claims 1, 4, 7 and 8 of the '133 patent. We adopt the 

findings and conclusions of the ALJ on the question of the existence of an 

efficiently and economically operated domestic industry. 

The domestic industry in this investigation is the facilities of 

INJURY 

The ALJ found sufficient evidence on the record, and it was stipulated by 

the parties, that DuPont has been injured by the sale in the United States of 

ETERNAL YELLOW pigment. We concur with and adopt the findings and conclusions 

of  the ALJ. We also find that there exists a tendency to injure. - 18/ In 

determining whether a tendency to injure exists, the Commission considers such 

18/ Commissioner Haggart notes that in light of the Commission's adoption of 
the findings and conclusions of the ALJ with respect to substantial 
injury, it is not necessary to reach the question of tendency to 
substantially injure. However, because of the ALJ's limited basis for 
implying that there is no tendency to substantially injure, she concurs 
with the discussion on tendency to substantially injure. 

- 
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factors as aggressive import sales plans, foreign production capacity, and 

aggregate sales trends. - 19 / 

The record supports a finding that substantial injury will continue, 

ALJ relied upon a list of lost customers to support the conclusions in the RD 

in this investigation with regard to tendency to substantially injure. 

list of lost customers does not include customers o f  less than 5,000 

pounds, - 20/ 

customers, and Dupont's former customer, has not switched back to 

DuPont. - 21/ 

"establish a high and sustained level of sales" and acquire new 

custoners, - 22/ and have demonstrated their ability to accomplish such 

intentions. 

The 

This 

In addition, ***************, one of the importers' largest 

Further, respondents have admitted that they intend to 

REMEDY 

The complainant has requested both a limited exclusion order and a cease 

and desist order barring the sale o f  the infringing pigment which was imported 

prior to the Commission's final determination. 

submitted no evidence of stockpiling by importers, it contends both remedies 

are necessary to adequately protect it from any such stockpiles which 

respondents nay have accumulated in the United States. We determine that in 

view of the absence of any indication of stockpiling, cease and desist orders 

Although complainant has 

c 19/ 

20/ Id. at 10. 
211 EE-22 at 10-11. 
22/ 

Airless Paint Spray Pumps, Inv. No. 337-TA-90, at 15 (1981); Spring 
Assemblies, Inv. No. 337-TA-88, at 49-50 (1981). 

L 

c 

CX-22 and DuPont's Post-Hearing Brief Before the Commission at 9, - 
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are not appropriate. 

exclusion order. 

We therefore find the appropriate remedy to be a limited 

The U.S. Customs Service has expressed reservations concerning the 

enforceability of the proposed limited exclusion order in this 

investigation. - 23' 

exclusion o f  "pigments, which are manufactured by Toho Ganryo Kogyo KK of 

Japan, or any of its affiliated companies, parents, subsidiaries, or other 

related business entities, their successors or assigns, and which infringe the 

. . patent . . . are excluded from entry . . . . ' I  Customs contends this 

order would be virtually impossible for it to enforce on any shipments other 

than those specifically identifying Toho Ganryo Kogyo as the manufacturer. 

For this reason, Customs recommends imposition of either a cease and desist 

order or a general exclusion order. 

The first paragraph of the proposed order refers to the 

We believe the language objected to by Customs is necessary in this 

investigation to establish that the scope of the order covers all firms that 

are affiliated with or that are successors to Toho, so that the order cannot 

be readily circumvented. We recognize that it will be difficult for Customs 

to determine which subsidiaries, assigns, or the like are importing the 

offending item. However, the complainant and/or the Commission will be able 

to assist Customs in this regard. 

I 23/ Letter to N. Tim Yaworski from Margaret M. O'Rourke, Director, Office of 
Trade Operations, U . S .  Customs Service, March 14, 1983. 
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PUBLIC INTEREST 

There are no public interest factors present in this investigation that 

would warrant refusal to issue a limited exclusion order. 

BOND 

The purpose of a bond during the Presidential review period is to offset 

any competitive advantage resulting from the alleged unfair acts enjoyed by 
241 persons benefitting from the importation of the articles in question. - 

We find that a reasonable bond consists of the difference between the 

price of the domestic product and the price of the infringing imports. 

best price information available indicates that the difference between 

DuPont's price and the importers' price (which we take to approximate the 

entered value of the imported pigment) is about 35 percent of the importer's 

price. 

the Presidential review period is in the amount of 35 percent of the entered 

value of the imported pigment. 

The 

We therefore determine that the appropriate amount of the bond during 

24/ S. Rep 93-1298, 93d Cong. , 2d Sess. 198 (1974) . - 
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[571 ABSTRACT 

Silica-coated lead chromate pigments having improved stabili- 
ty in use under abrasive conditions are prepared by processes 
in which the lead chromate pigment particles, in a iiquid slur- 
iy, are subjected to intense shear to break up agglomerates, 
and are thereafter coated with dense silica, optionally in com- 
bination with alumina. 
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PROCESS FOR MAKING SILICA-COATED LEAD 
CHROMATE PIGMENTS AND PRODUCT THEREOF 

ticles and protects them from reaction with destructive chcrni- 
cals, such as acids and sulfides. When the coated pigments are 
used for the colcration of  high-temperature molding platics 
the coating effecrively protects the lead chromate particles 

5 from decomposition at the elevated temperatures .Jf molding 
This application is a continuatioa of application Ser. No. 

68 1,323, filed Nov. 8, 1967, and now abandoned. 
and from reaction with the resin vehicle. ’The dense: 
amorphous silica of the coating optionally may be combined BACKGROUND OF’THE INVENTION 

~~ 

I .  Field of the Invention 
me invention pertains to improvements in the field of According to the present invention, to insure maximum ef- 

coated pigments, especiaily pigments for use in paints and l o  fectiveness O f  the Coating treatment, the SlUlTY of  particu!ate, 
plastics. pigmentary material to be coated is subjected to intense shear 

2. Description of the Prior An to disperse pigment clusters and aggregates prior to depositing 
U.S. Pat. No. 2,885,366, issued May 5 ,  1959 to Ralph K. the coating thereon. This processing improvement results in a 

Iler, describes products “cor,pnsing a skin of dense, hydrated product which is less susceptible to the loss of tha protective 
amorphous silica bound upor1 a core of another solid material effects of the -tine when the coated pigment is processed 
and process of making same,”and U.S. Pat. No. 2,913,4 19, is- under conditions which subject the coating to abrasive actlon. 
sued Nov. 17, 1959 to Guy B. Alexander, des-ribes“a product The term “lead chromate pigments,” as used herein, refers 
composed of a derise sklrl of amorphous silica, containing alu- to a P u p  of well-known inorganic Pigments which are widely 
minum, chemically bound upon a core of another solid materi- 20 U S 4  Primarily bemuse of their excellent hiding power and 
al.” In my copending U.S. application Ser. No. 555,954, filed relatively lOW cost. These include the fOllOWing. dl references 
lune 8, 1466, now U.S. Pat. No. 3,370,971, I have described k i n g  to the “Colour Index,” 2nd Edition. 1956, published 
lead chromate pigments coated with d,enm amorphous silica jointly by the Societ), of Dyers and Colourists, England and 
or silica and alumina. the American Associztion of  Textile Chemists and Colorists, 

No. 3,370.9: 1 have excellent stability against heat and chemi- 
cal zttack. I have found that when such pigments are used 
under circumstances wherein they are subjected to abrasive 
action in liquid media, such as when they 3re bail-milled into 
paint formulations, their light and chemical stability is lost to a 30  
considerable degree. The reason for such less was not readily 
apparent, ilnd it was nfJt evident how it could be corrected. 

with alumina. 

While for many uses the pigments described in  my U.S. Pat. 25 United States: 
Chrome Yelllw CI-776009 
Basic Lead Chromate Cl-77601, 
Lead Sulfochromate CI-77603, and 
MdlYbdate O r a n S  Or Red CI-77605. 
n e  color of these Pigments is due primarily to lead chro- 

mate present therein. Likewise, many of their shortcomings 
are also attributable io the properties inherent in this com- 
ponent. Among these may be mentioned: 

I .  Sensitivity to alkalies and acids, resulting from solubiliz- 

2. Staining in the presexe of sulfides, resdting from forma- 
tion of black lead sulfide, and 

3. Darkening on expsxre to light or to elevated tempera- 
tures, resulting from reduction of hexavalent chromium 
to the trivalent state. 

Past attempts to overcome these deficiencies usually in- 

the attacking agent and render it temporarily ineffedve, or to 
physically bar its access to the sensitive pigment particle. The 

ble,  have been only of academic interest, since tneir effective- 

those applications where their inherent shortcomings are so 
serious as to preclude their use. Thus, for example, lead chro- 

50 mate pigments cannot be widely used for the coloration of 
In the drawings: linoleum, because there would be serious color change where 
FIG. 1 is a graph showing the percentage of a lead chromate the surface is exposed to alkaline detergents, soap, dilute 

pigment, Chrome Yellow (CI-776oc) settled from an q u e -  acetic acid (vinegar) or other agents to which lead chromate is 
O W  centrifuged suspension thereof, plotted against centrifuge 5 5  sensitive. Similarly, the use of these pigments as ingredients of 
speeds, for three conditions of preparation, vi& Stirring (con- paints or other coating compositions which might be expsed 
trol), colloid-milling, and homogenizing, and to hydrogen sulfide fumes would be precluded, becavse such 
FIG. 2 is a graph of the Percent by weight of Solid Particles exposure would result in unde.sirable stainirrg and darkening. 

smaller than a specified diameter d, plotted against Stokes Likewise, presently available l e d  chromate pigments cannot 
Equivalent Diameters d (in microns, for the data of FIG. 1, 6o be used for the coloration of high-temperature molding 
the solid lines representing data for particlei before silica (for polystyrene, plyethylene, 
coating and broken lines On the wet silica-coated polypropylene, etc.), because of  the serious discoloration and 
products. darkening undergone by the pigment at the relatively high 

FIGS. 3 ,4  and 5 are graphs similar to FIG. 2 but for data of molding temperatures (20Oo-32O0 C.) normally encountered 
the examples On Orange (c*-77605)* Molybdate 65 in processing. In short, the effectiveness of a treatment to 
Red (c1-77605 j *  and Lead Sulfochromate (c’-77603)i overcome the deficiencies inherent in lead chromate pigments 
respectivel) must be judged by the extent to which the utility of such pig- 

ments has been increased, and in particular the degree to 
which there has been penetration into fields of application DESCRIPTION OF PREFERRED EMBODIMENTS 

In common with the invention of  the above-mentioned U.S. 70 hitherto closed to these pigments. 
Pat. No. 3,370,971, the products of the present invention are In the normal use of pigments for the coloration of ther- 
achieved by encapsulating the particles of lead chromate pig- moplastic resins, such as polystyrene, polyethylene, etc., the 
ment with a coating of dense amorphous silica. This coating dry pigmen: is first mixed with the solid granular resin, and 
has greater chemical and thermal resistance than the lead this mixture is subjected to vigorous stimng until homogeneity 
chromate itself. It effectively envelops the lead chromate par- 75 is attained. This operation may be performed in a wide variety 

SUMMARY 

Now according to the present invention it has been folind 
that the above-mentioned loss of stability of silica-coated lead 
chromate pigments can be overcome, and pigments of excel- 
lent stability produced, bygrocesses in. which .the lead ctiro-. ’ 

mate pigment, prior to coadng .with silica, is subjected in 4o 
liquid slurry to conditions of intense shear., It appears that the 

original pigment particles, thereby permitting a rnore effective 
coating by the silica and avoiding the presence of  coated pig- 

coated product; the invention is not, however, limited by this 

claims. 

35 ing the chromate ion, 

‘hearing forces-break Or a&omerates Of the volved treating the pigments, either to chemicdly neutralize 

ment adomerates which can break later during ’?& Of the 45 improvemen@, dhOugh very frequently demonstra- 

Or any Other particular but O n l y  by the appended  ne^ is not adequate to the use of these pigments in 

BRIEF DESCRIPTION OF THE DRAWNGS 
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of equipment, such as a ribbon blender, a Banbury Mixer, a 
Baker-Perkins Mixer, by drum tumbling (that is tumbling end- 
over-end in a closed drum), etc. In all these operations, which 
are common today in the plastics industry, such rigorous han- 
dling can actually result in the nipture or removal to varying 5 

The following examples illustrate this invention i n  detail. 
but they arc not intended to establish limits except as 
specified. The t.erm "parts," as used herein, refers to parts by 
weight. 

EXAMPLE 1 degrees of the silica or silica-alumina coating from the lead 
chromate pigment, with resultant deterioration in chemical, 
thermal, and light resistant of  the pigment. 

The decreased chemical and thermal resistance of coated 
pigments which have been subjected to the aforementioned 
abrasive action is believed io be due largely to fracture of 
coated clustew or agglomerates of pigment particles, whereby 
reactive, uncoated pigment surfaces are exposed. In normal 
pigment manufacture sdch clustrrs or agglomerates of pig 
ment particles are quite common in aqueous pigment press- 
cake wherein the pigment has never been subjected to a dry- 
ing step, as well as in slumes prepared by mixing pulverized 
dry pigment with water. These clusters are not eliminated by 
normal agitation of the type employed in conventional pig- 
ment manufacture. Even the use of high-speed agitation or the 
employment of baffles fails to eliminate them completeiy. Ap- 
plication of any of  the coating techniques discussed above en- 
tails coating clusters or agglomerates of pigment particles, as 
well as the preferred, well-dispersed pigment pmicles per se. 
To insure the maximum protective action of the coating inde- 
pendent of the subsequent conditions of  use of the coated pig- 
ment, it is essential that the coating be applied directly to the 
well-dispersed pigment particles, and not to agglomerates 
thereof. The processing refinement which permits the realiza- 
tion ofthis god is the subject of the instant invention. 
In a preferred embodiment of the invention, an aqueous 

slurry of  lead chromate pigmmit, to which has been added a 
dilute aqueous soiution of sodium silicate, is subjected to in- 
tense hldraulic shear. A suitable unit for this purpose is a 
homogenizer containing a smdl orifice which is closed by a 
spring-loaded valve. When a fluid niass under suficierit pres- 
sure to open the valve is forced into the orifice, it is passed 
betwcen the surface of the valve and the valve seat and is thus 
subjected to intense shearing action. Around the opening, 
which is created when the valve opens, is an annular surface 
having a diameter just slightly larger than that of the opening. 
After the fluid mass under pressure passes through the valve 
opening, it impinges on this annular surface at approximately 
a right angle, thus serving to further break up pigment ag- 
glomerates. The pressure drop through this zone of intense 
shear should be between 1,000 and 10,000 p.s.i. A preferred 
range is 2,000-8,000 p.s.i., and a pressure drop of  about 5,000 
p.s.i. normally produces optimum results. Such devices are 
conventional and well known, particularly in the art of Frepar- 
ing emulsions. 

The homogeni7.d slurry is heated, whereupon formation of 
a continuous silica coating is initiated on the particles of  the 
pigment. Thereafter an aqueous solution of sodium aluminate 
or aluminum sulfate is added, the pH is adjusted in the latter 
case to 9.0 to 9.5 and heating is continued, thus altering the 
composition of the coating so that it consists of an intimate 
combination of silica and alumina. Alternatively, in perhaps 
the most practical mode, the initial deposition of  the silica 
coating on the pigment particl6s can be effected by the addi- 
tion of dilute sulfuric acid to the suspension of pigment in 
sodium silicate solution, and this step then followed by the 
prer;i:usly mentioned treatment to deposit alumina. In either 
c s e ,  isolation of  the product involves filtration, washing, dry- 
ing and pulverizing, all of which steps are conventional. It is 
understood, of course, that the steps of drying and grinding 
may be omitted and the coated pigment product used as an 
aqueous paste or slurry in subsequent applications. 

It  is important to effect deposition of  the silica coating upon 
the pigment particles as soon as practicable after the deag- 
glomeration step. since the particles have a tendency toward 
reagglomeration upon standing or drying. The presence of a 
dispersant, e.g., sodium silicate or tetrasodium 
pyrophosphate, helps to minimize this tendency. 

A slurry of 450 parts of Chrome Yellow pigment 
(CI-77600) in 3,000 parts of water was stirred to uniformity 
at room temperature. To this was added with stirring 30 parts 
of  sodium silicate solution (Du Pont's No. 2 0 W W  grade, con- 
taining 28.4% SiO, by analysis; SiOJN%O ratio = 3.25). The 
suspension was passed once through a homogcnizer (Model 
SMD l5M-8TA of  Manton-Gaulin Manufacturing Company) 

5 at 5,000 p.s.i. to break up any pigment agglomerates present 
in the slurry. The homogenizer was washed with 750 parts of 
water to remove any residual pigment in the equipment, the 
washings bekg added to the original homogenized slurry. A 
1,4 IO-part portion of the combined slurry was heated to 
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6 0  
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90"-95 C. over a 30-minute period and the pH adjusted to 
9.0-9.5 by the addition of sodium hydroxide solution if neces- 
sary. The following two solutions were then added simultane- 
ously with stirring, each at a uniform rate of  approximately 3 
parts per minute: 

I .  125 parts of sodium silicate solution, as described above, 
diluted with water to a volume equivalent to 600 parts of 
water, and 

2. 17.3 parts of 96 percent sulfuric acid diluted with water 
to a volume corresponding tc 800 parts of  water. 

The slurry was stirred for 15 minutes additional, following 
which 20 parts of hydrated aluminum slrlfate (A12(S0,)3 
' I  5H2) was added. The pH was adjusted to 6.0-6.5 wth sodi- 
um hydroxide solution and agitation continued for a few 
minutes longer. The thus-coated pigment was isolated in con- 
ventional maimer by filtration, washing free of sulfate, and 
drying at 80" C. The dried product was micropulverized prior 
to testing. 

The coated product w a  compared with a corresponding 
product prepared in identical manner from the same starting 
material except for the omission of the homogenization step. 
Ccnventional rubout tests in lithographic varnish sbowed the 
homogenized product to possess a 15-20 percent advantage in 
strength by comparison with the untiomogenized control. 
For evaluation of thermal stability in molding resin, a mix- 

ture of 1 part of  pulverized pigment and 100 parts of dry 
polystyrene granules was blended to uniformity in a closed can 
of such size that the charge occupied approximately one- 
fourth of  the volume thereof. The closed can and contents 
were subjected to rolling for IO minutes on mechanical rollers 
at I38 r.p.m.. an abrasive type of mixing, and the mixture was 
tested by injection molding at 200" C. and 320°C. The lack of 
degradation in the pigment during the dry-mixing operation 
was determined by noting the lack of color difference between 
the resin extruded at 200" C. and that molded at 320" C . ,  at 
which temperature marked interaction between the lead chro- 
mate and resin would have occurred, unless the surface of the 
lead chromate had been adequately protected by a suitable 
coating. By this test the improved pigment prepared in ac- 
cordance with Example 1 gave a product which on injection 
molding at 320" C. was only slightly darker than the cor- 
responding product molded at 200" C. The products from the 
control pigment prepared in identical manner but without the 
use of  homogenization, by contrast, showed severe darkening 
at 320" C. in comparison with the counterpart molded at 200" 
C. This test demonstrates dramatically the tremendous im- 
provement in heat stability realizable as a result of subjecting 
the pigment slurry to high shear prior to actual deposition of 
the coating thereon. 

EXAMPLE 2 

The procedure af Example I was repeated, except that 
Molybdate Orange (CI-77605) was substituted for the 
Chrome Yellow. The resulting homogenized pigment showed 
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similar ddcantages in strenym aiid heat stability on injection 
molding in polystyrene by corparison with the corresponding 
control prepared in identical manner except that tht 
homogenizzt~on step w a s  ornittctl. 

EXAMPLE 3 

The procedure of example 1 war repeated, except that lead 
sulfochromare ((3-77603 ) v m  substituted for the Chrome 
Yellow. The rcsultilig pigment showed similar advantages in 
strength by rubout in lithogmphic varnish and in heat stability 
by injection rndding in polystyrene, in comparison with the 
corresponding control which had not been subjected to the 
homogenization step. 

EXAMPLE 4 

In the following experimena products were prepared under 
vasous conditions of shear and were compared with their 
coanrerparts in which no shearing force was applied. 

A. A slurry of 1 5CI parts of dry pulverized Chrome Yellow 
pigment (CI-77600) in 1,250 parts of water w.s stirred to 
uniformity at room temperatiire. To this was added, with stir- 
ring, 20 parts of s&ium silicate solution (as described in Ex- 
ampk 1 ), and stirring was continued for 5 minutes. The slurry 
was run through a colloid mill (Model No. ZF, Manton-Gnulin 
Manufacturing Company) set at a clearance of 0.005 inch 
(calcuiated to provide a shear force of approximately 0.1 
p.s.i.). The slurry wr~s heated exterirally :o 88"-52" C. and the 
pH adjusted to 9.0-9.5 with dilute sodium hydroxide solution. 

. The following two solutions 'were Then introduced simultane- 
ously with stirring at a uniform rate. 

I. I 12 parts of sodium silicate solution, as described above, 
diluted with water to a volume equivalent to 600 parts of 
water, added over a p c r i d  of A hours, and 

1. 17.3 parts of sulfuric acid (96 percent) diluted with water 
to a volume equivalent to 800 parts of  water, added over 
5 hours. 

Stirring was continued for 15 mir.utes at 88"-92OC., following 
which  a solution of IO parts of hydrated aluminum sulfate 
(,\I!iSO,! 3, 1 ?H1O) in l i )O piiris of w:iter LVAS added. The p H  
was adjusted to 6.0-7.0 with dilute sodium hydroxide and stir- 
ring continued for 10 minutes longer. The product was iso- 
lated in conventicnal manner, s i  described in Example I ,  

13. The procedure of Example 4A was repeated, except that 
in lieu of colloid milling the slurry wils passed through a 
homogenizer (as in Example 1 ) at 5,000 p.s.i. 

C. The procedure of  Example JB was repeated, except that 
the homogenizer w a s  set'at 8,000 p.s.i. 

D The procedure of Example 4A was repeated, except that 
the pigment slurry was not passed through a colloid mill nor 
u t y  other equipment to provide a high shearing farce. 

E. The procedure of  Example 4A was repeated, except that 
the slurry, fo!lowing passage through the colloid mill, was 
passed through a homogenizer (as in Example I )  at 5,000 
p.s.1. 

F .  The procedure of Example 4A was repeated, except that 
the slurry, after passage through the colloid mill, was passed 
through a homogenizer at 8,000 p.s.i. 

The products obtained in this example were evaluated by 
cGnventional rubout in lithographic varnish to mess  their 
relative strengths. In addition, their suitability for use in high- 
ternperaturc molding resins wc?s evaluated by the following 
ahmion resistmce and heat stability test. 
A mixtilre of 0.5 g of pulverized pigment and SO g. of 

granular polystyrene ( 'Styron Sugar," 666-27-22, ex Dow 
Chemical Company J in J closed %-pint can was shaken for 2 
minutes in a paint shaker (the "Red Devcl" Paint Conditioner, 
manufactured b:i Red Devil Tools, frvington, N.J 1. The 
resulting mixture was kated at 3 I5%10" C. for 20 minuts, 
and then extruded into ci mold. To m e s s  hent stability the 
co!or of the chip so obtained was compared with its counter- 
part heated to a lower temperature (200" C. ). In the following 
tahle an arbitrary .numericd rating has been assigned to 

characterize the heat stability in plastics as determined by this 
test. A nuniericai rating of 10 indicated no detectable color 
change on comparison of the material. injection molded at the 
higher temperature, with i t s  counterpart molded at the lower 

5 temperature of 200' C. By contrast, a rating G f  0 denotes the 
degree of  color ckange observed in the uncoated pigment. The 
results of the evaluation are summarized in the following ta- 
ble: 

Heal stability 
Sample Mclhod Sirsngth by on injection 
No of dispcrsion Rubout molding 

IO 

A 
15 R 

C 

D 

20 E 
and 

r 
and 

25 

Colloid m!lled 5 %  strong 5 
Homo&mtzed a t  

Humojenued ab 

Contrc4 (simple 

Collwd-milled 

5 o o o p l l  13% strong 6 

I 7 6  strong wooo p s i  7 

standard 2 

homqenized at 
5 W O p r i  17% atrong 6 5  

Colloid-milled 

at 
Yo00 p 8.1 20% strong 7 

I \ ~ ,  

The foregoing results clearly indicate that within practical 
30 limits the degree of  improvement in strength 

color stability on injection molding are dire 
to the shear force applied in the dispersion of the pigment slur- 
ry prior to thc application of the coating. 

The rate of strength development of the produc4was com- 
35 pared by dispersing them in lithographic varnish and assessing 

the strengths of the resulting inks after varying amounts of 
work were performed on the system. For this purpose a 
Hoover mechanical muller wizs used and the pressures applied 
to thc circular glass plates was constant throughout. The 

40 number of mulls applied to each ink is shown in the table, the 
designation 2x50, for example, meaning t h t  the ink was given 
50 mulls then picked up with a spatula, spread out again on 
the muller plate, and given an additional 50 mulls. In  each 

45  case the ink which had been mulled 5x50, a total of 250 mulls 
was used as a standard of reference, and the strength 
developed by inks subjected to less mulling was expressed as 3 

percentage of the strength obtained in the ink  from maximum 
mulling. The following table summarizes the results: 

50 

Rate of Strength Development 

in Lithographic Varnish 

55 

Number of Mulls Sample Treatment 
1x25 1x50 2x50 5x50 

60 D Control ( n o  colloid- 
milling or homo 
genization 76 (13 BZ ! 00 

A Colloid-milled 98 98 99 I O 0  
C Honogrnuco at 

R O O O p r I  100 io0 100 I O 0  
65 F Colliiid milled and 

Homogenued a1 

nooo p s I io0 100 ino io0 

70 n e s e  results indicate the remarkable rate of strength 
development in those products which had been subjected to 
intensive shear prior to deposition of the coating on the pig- 
ment particles. From a practical standpoint, it is concluded 
that inks of satisfactory fineness can be manufactured from 

75 such products with a minimum of  work to disperse the ptg- 
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8 
ment to the desired degree, whereas considerably more work 
would be required to attain the same results in the case of the 
control from the pigment which had not been subjected to any 
shearing action. 

Enamels were prepared by dispersing the pigments in con- 
ventional fashion either by ball-milling or by sand-milling in a 
typical alkyd vehicle. Gloss comparisons were made at 20°, 
following the ASTM method D523-62T, as described in 
“1966 Book of ASTM Standards,” Part 21, pages 105-108, 
American Society for Testing Materials, Philadelphia, Pa. The 
results are summarized in the following table: 

20’ Gloss in AlKyd 
(ASTM Method D 5 2 3 4 2 T )  

Sample Treatment GIOM 

Chrome 
Yellow 
(CI-77 600) Standard-Nc coating 
D Coaled control (no colloid.milling 

A -  Colloid-m illed 
B 
c 

or homogenizaion) 

Homogenized a t  5000 p s i 
Homogenized d l  8000 p s 1 

60 

12 
3 8  
51 
63 

.- 

These data clearly show that the deposition of the coating on 
the Chrome Yellow, as indicated by Sample D, ordinarily 
results in a marked decrease of gloss to a degree which would 
render such a product unacceptable for use in an alkyd paint 
application where this property is important. However, 
elimination of pigment agglomerates prior to coating (as was 
done by applying high shear in Samples A. B and C )  results in 
R remarkahle recovery of  gloss, so that the gloss obtained from 
rhe coated products can actually equal, if not exceed, that of 
the standard uncoated product. The enamels prepared from 
the coated product, of course, retain the earlier described ad- 
vantages in chemical resistance, heat stability, etc., which are 
attributable to the protective action of the coating on the sur- 
face of the pigment particles. 

EXAMPLE 5 

The following experiment was designed to determine the 
nature of  the change undergone by the pigment slurry upon 
subjecting it to shear forces of the type discussed above. 

A. An aqueous slurry of Chrome Yellow (CI-77600) was 
colloid-milled exactly as in Example 4A. Immediately follow- 
ing the colloid-milling, the slurry was split into IO equal parts 
and each was centrifuged for 5 minutes at varying speeds, 
ranging from 150 to 1.250 r.p.m. (equivalent to forces of 4 to 
3 16 g ) ,  The unsettled slurry in the centrifuge tubes was then 
decanted, dried and weighed, The settled portion was 
removed from the tube, washed, dried and weighed. 

B. The procedure of Example 5A was repeated, except that 
the pigment slurry was homogenized at 5,000 p.s.i. (as in Ex- 
ample 48) .  

C. The procedure of Example 5 A was repeated, except that 
the pigment slurry was not suujected to any shear (as in Exam- 
ple 4D). The data are presented graphically in FIG. 1, and 
clearly indicate that the quantity of solid settled decreases in 
dirYct proportion to the shear force applied to the piment 
slurry. These results confirm the above-proposed explanation 
of the functioning of the present invention, in that the in- 
cidence of clusters or agglomerates in the pigment slurry as 
highest in Sample 5C and least in Sample 5B, which has been 
subjected to the more intensive shearing action of the 
homogenizer. 

It  is possible by the use of recognized mathematicai equa- 
tions based on Stokes Law and adapted for application to cen- 
trifugal action (See R. D. Cadle, “Particle Size Determina- 
tion,” Interscience Publishers, Inc., New York, 1955, p. 228) 

to express these results in terms of  “Stokes Equivalent Diame- 
ters” of the pigment particles. The data of the aforementioned 
FIG. 1 were utilized for this purpose, and the results are 
presented in FIG. 2. In this plot the ordinate indicates the per- 

5 cent by weight of solid particles smaller than the diameter d 
specified, and the abscissa indicates the Stokes Equivalent 
Diameter, d, expressed in microns (p) ,  for data on size of par- 
ticles before silica coatirig (solid lines) and after silica coating 
but before drying (broken lines). The presentation of the data 

10 in this mmner permits the following conclusions on the effect, 
on lead chromate particle sizc, of the shearing action. 

I .  In the homogenized Sample (5B) more than 90 percent 

2. In the colloid-milled Sample (5A) approximately 75 per- 

3. In the control Sample (5C)  about 40 percent of the parti- 

Other conclusions which may be drawn from FIG. 2 are that 
2o the homogenized sample (5B) contains no lead chromate pig- 

ment particles larger than 4 , lp ,  the colloid-milled Sample 
(5A) contains only about IO percent of particles larger than 
4. Ip, while the control Sample (5C) contains close to 40 per- 
cent of particles larger than 4.1 @. 

EXAMPLE 6 

The procedure of Example 5 was repeated, except that the 
pigment used was a typical Molybdate Orange (CI-77605), 
characterized by its relatively light masstone, yellow shade 

30 and strong tint. The results are plotted in FIG. 3. From these 
data it is clear that both the homogenized and the solloid- 
milled samples are predominantly (approximately 90 percent) 
of  a particle size less than 1 . 4 ~ .  Also they contain no more 
than about 5 percent of particles larger than 4. I +  In the case 

35 of the control, which had not been subjected to intensive 
shearing action prior to coating. less than 40 percent of the 
particles were smaller :han 1 . 4 ~  and approximatcly 40 per- 
cent were larger than 4. I @. 

, 

of the particles are smaller than I .4p. 

cent of the particles are smaller than I .+. 

cles are in this category. 

’ 

25 

40 EXAMPLE 7 

The procedure of Example 5 was followed, except that the 
pigment used was a red shade of Molybdate Orange 
(CI-77605), frequently referred to as Molybdate Red. This 

45 pigment is considerably darker in masstone, redder in shade, 
and weaker in tinting strength than the orthodox Molybdate 
Orange used in Example 6. These differences are largely as- 
cribable to the considerably larger average particle size of the 
Molybdate Red. The results are plotted in FIG. 4. The data 

50 demonstrate that approximately 6 0  percent of the particles of 
the homogenized sample and 50 percent of the colloid-milled 
counterpart are smaller than 1 . 4 ~ .  In both cases less than IO 
percent of the particles are larger than 4 . 1 ~ .  By contrast, in 
the untreated control approximately 20 percent of the Pam- 

55 cles are less than 1 . 4 ~  and approximately 30 percent are 
larger than 4. I +  

EXAMPLE 8 

, The procedure of Example 5 was followed, except that the 
pigment used was a lead sulfochromate (CI-77603), com- 
monly characterized as Primrose Yellow. The results arc! 
plotted in FIG. 5. 

The data demonstrate that in both the homogenized and 
65 colloid-milled samples approximately 80 percent of the parti- 

cles are smaller than I .4p and less than 5 percent larger than 
4 .  lp. In the case of  the control which had not been subjected 
to intensive shear prior to coating, approximateiy 30 percent 
of  the particles are smaller than 1 . 4 ~  and approximately 40 

EXAMPLE 9 

Particle size analyses were made on products of Examples 5 
to 8, inclusive, before and after coating with si!ica s taught in 

6o 

70 percent larger than 4. IN. 

75 tire examples. Results are tabulated as follows: 
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PUfllCle Size Annlylca-% redispersing a washed filter cake or by dispersing a dry pig- 
ment in water. A convenient starting slurry (can contain ap- 
proximately 25 percent pigment, the balance being water, but 
this concentration is not critical. 

coating coaling 
< I  4 p  >4( . lp <1.4p >4.1p 5 It is common for lead chromate pigments to be finished 

slightly on the acid side, and when such pigments are recon- 
srituted to form the starting s ! u q  an alkaline treatment is 

Homogenized >90 0 >as <S necessary to achieve the desired pH at the point of subsequent 
treatment. Such an alkaline treatment can employ any con- 
renient alkali, such as ammonium hydroxide or sodium 

Homogenized >90 <S > 90 cs  hydroxide, unless the use of a strong alkali such as sodium 
Colloidmilled 90 5 >80 5 hydroxide is precluded by the sensitivity thereto of the lead - 

chromate pigment to be coated. A still more convenient Control <40 40 20 

Homokcnizcd 60 <5 >65 < I O  method is to add a Sinall amount of  a sodiuin silicate solution; 
Cdoid-milled 50 < I O  60 < l o  this achieves the rlssired alkalinity and tends to improve the 
Con1rol 20 30 20 ’O dispersion of  the pigment particles in the slurry. In such a 

Homogenircd no <5 80 treatment, care should be exercised not to exceed a pH of 
Co;loid.milled 80 c5 50 - about 1 1 .O lest the !ea6 chromate be somewha: solubilized. 
C?lllrc3l 30 40 35 - 2o ?e sodium silicate solution used in such an addition as well as 

in the subsequent treatment steps is a commercial product 
widely available with a Si@JN*+O ratio of about 3.25 and a 

The above data are used in  ploaing the 3 0 ,  content of 28.4 percent. Such a product is convenient but 
not. 

tent (Na+) be kept low, since a high sodium ion ccntent tends 
to 

the silica layer on 
;he surface of he lead chromate pigment 

sil- 
ica.” When sodium silicate is acidified, silicic acid is formed, 

Before After 
silica silica 

Example 5-Medium yellow 

- Colloid-milled 7 5  10 80 
Control 40 40 40 55 

Example 6-Molybdarc orange 

Eaample 7- Molytdate red 

,Example 8 - P n m m x  yellow 

Of to 
5. Generally, it will be noted that the relative relationships of 

each other as they were for the CoVesPonding CounteVfls 
just prior to cmting. Although in sime cases there may appear 
to be significant divergence, nevertheless a summation of the 
data at the selected points of  reference indicate the conclu- 
sions stated above regarding uncoated particles also apply to 3o fiarure in  common, viz, 
the wet silica-coated products obtained therefrom. 

and other sodlLm silicate can be 
the curveS for the coated products arc essentially similar to 25 as available, It is desirable, however, that the sodium ion con- 

gelation ofsilicic 
The above mentioned methods of 

have 
the silica is added as 

Lead p i p e n t s  have been known and widely probably initidly as o&osilicic acid, Si(OH),, However, this 
product tends to polymerize by the reaction of two silanol for many years, and are in  a broad range Of shades. 

groupJ 
Of the preferred lead chromate pigments for treatment in ac- 
cordance with this invention, there is. on the one hand, the 35 
very green shade “Primrose Yellow” in rhombic crystal form. 
A relatively pure lead chromate in monoclinic crystal form is 
much redder and is commonly known as “Medium Yellow.” 
Intermediate shades are available in solid solutions of lead 
chromate and lead sulfate usually in monoclinic form. At the 40 
other extreme is a series of  solid solutions of lead chromate, 

c-Q !--OH) 
I 

to form a siloxane group 

! I  
I I  

Under acidic conditions, this polymerization proceeds rapidiy “Molybdate Oranges” or “Molybdate Reds.” 

until a predominant proportion of the silanol groups present in the examples of the above-mentioned patent application have been used up in the formation of  siloxane bonds. The Ser. No. 555,954, viz, ( 1 ) simultaneous but separate addition 
polymer thus formed has a high molecular weight and is of a soluble silicate and a mineral acid, ( 2 )  addition of a silicic 

acid solution prepared by deionizing a sodium silicate defined as “inactive.” Under the conditions of moderate al- 

soctium silicate solution of the pigment slurry, followed by ad- polymerization wherein the condcnsation between silanol 
ditio,, sulfuric acid, Details of =id methods disclosed i n  ap- groups has proceeded to only a limited extent leaving the silica 

herein by in an “active” form which readily deposits on the surface of 
reference. the lead chromate particles present. It is not intended to imply 

ob- 55 that there is no polymerization nor that the process of 

served during the by any ofthese three methods, T~ polymerization is completely inhibited but, under the condi- 
o b h n  the desired dense silica coatings on the deagglomemtrd tions specified. the silica is in a state of low polymerization 
pigment part;cles, the p~ of the at the pint of addition and, thus “active,” for a suffkient time to bring about deposi- 
of the silica-forming ingredients to the mixture must be at least tion in the form On the surface of the lead 
above pH 6.1) and preferably in the range of 9.0 to 9.5. 60 chromate pigment particles. This term “activc silica” has been 
Funhemore. the temperature at this same point. must be at more precisely defincd elsewhere (see Rule U.S. pat. NO. 

above 60” c, and preferably above 75°C. In many cases 2,577,484 for instance), but the conditions specified above 
it is pi eferred that the temperature be about 90” C. When the are adequate for the Purposesofthis invention. 
PH 1s dlowed to go below about 6.0 or the temperature signifi- The qu2.fltity of Silica to be applied in the pigment treatment 
cantly below 60” C., there is a pronounced tendency for the 65 can be varied Over a Considerable range depending on the in- 
silica to precipitate in an undesired porous, gellike structure. tended end use of the Pigment. For use in extruded hot thsr- 

The above-mentioned methods all result in the deposition of moplastic resins where relatively high temperatures (2uO”-3 
at least the major part of the silica as the desired amorphous 20” c.) are encountered, higher amounts, from 15 to 32 per- 
continuous film on the surface of the pigment particles in the cent of silica, are desirable. There seems to be no great ad- 
slurry. In all of these methods it is assumed that the pigment 70 vantage in exceeding about 32  percent, but amounts up to 
pariicles have been deagglomerated by intense shear and are about 40 percent of the final pigment can be used with some 
well dispersed in sufficient water to give a fluid, easily stirrable advantage in resistance to the heat treatment, but with wme 
starting slurry. Such a slurry can result directly from the loss in color properties. Amounts less than 15 percent show a 
preparation of  the pigment as described followed by suitable noticeable improvement over the untreated product but may 
washing, or it can be a reconstituted slurry made either by 75 lack the desired neat resistance. For other uses, how, =we:, such 

lead sulfate and lead molybdate in tetragonal crystal form 
which are oranges or even yellowish reds commonly known as 

(- 4 1-0--9 I-), 

Three methods of app!ying the silica coating are illustrated 45 

jolution with a cation-exchmge resin, and ( 3 )  addition of 50 kalinity used in  the there is a low degree of 

Srr,  No. 555,954 are 

nerc are certain collditions which mut 

. 

. 
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products with lower silica have real value, notable for re- 
sistance of coating compositions made therefrom to chemical 
treatment and to exposure to light. In  such applications, as lit- 
tle as 2 percent of dense amorphous silica coatings on lead 
chromate pigments show real improvements over the un- 
treated counterparts. Thus, for purposes of this invention, in 
its broadest aspects the dense amorphous silica coating should 
be in the range of a b u t  2 percent to 40 percent by weight of 
the final pigment. #en alumina is also present, the quantity 
of A1203 can be varied from 0.25 percent to 2 prcent  by 
weight of the final pigment 

Two types of equipment have been shown in the examples 
as suitable to break down pigment agglomerates prior to 
deposition of the coating hereon; these arc the colloid mill and 
the homogenizer. Both are commonly used in pigment 
technology and their particular design is not critical. Likewise, 
other equipment such as sand mills, ultrasonic energy mills, 
and the like, capable of providing the intense shearing action 

, necessary to break down pigment agglomerates to the in- 
dicated degree prior to coating, may be used. The conditions 
of operation of the particular equipment may be varied over a 
considerable range. Thus, for instance, the illustrative exam- 
ples show homogenization at either 5,000 p s i .  or 8,000 p s i .  
However, this range can readily be extended from 1,000 p.s.i. 
to 10,000 p.s.i., the difference being that more passes of the 
slurry are required at the lower pressure to attain the same 
degree of dispersion and elimination of pigment agglomerates. 
The variations in operating conditions necessary to attain the 
herein-required degree of deagglomcration will be apparent to 
those skilled in the operation of such m i k  The examples 
show that the quality of the product improves as the extent to 
which it is subjected to shearing action is increased. 

The concentration of pigment in the slurry is not critical. 
However, it must be free flowing so as to guarantee ready 
passage through the homogenizer or other equipment in- 
tended to provide the intense shear. Excessive pigment con- 
centration which may lead to such high consistency as to plug 
the apparatus should be avoided. Excessive dilution of the pig- 
ment slurry is undesirable from an economic standpoint and 
also because the effectiveness of homogenization, colloid- 
milling, etc., may be decreased at high dilution of the slurry. 
However, the method is still applicable even under those rela- 
tively less attractive conditions. 
All of the examples have shown operation in aqueous 

systems only. However, liquids other than water may be used, 
as shown in Her, U.S. Pat. No. 2,885,366. It is contemplated 
that any liquid shown by Iler to be usable for application of a 
coating of dense, amorphous silica to an insoluble core is usa- 
ble in the improved processes of this invention. 

All of the examples start with an already formed slurry of a 
lead chromate pigment. This may be attained by dispersing 
either the dry pigment or the corresponding aqueous press- 
cake in water. it is desirable that the initial pigment slurry be 
essentially free of water-soluble raw material excesses, such as 
are normally washed out the manufacturing filtration step. 
Otherwise, they might complicate the subsequent pigment 
coating step as would be the case were excess lead ion to react 
with the added sodium silicate and precipitate lead silicate, 
thus interfering with the attainment of  the desired continuous 
silica coating on the pigment. 

In the examp!es the tests involving plastics applications have 
been restricted to polystyrene. It should be understood that 
the advantages of this invention are applicable also to other 
plastics, and are particularly evident in those cases where it is 
customary to premix the dry resin polymer, in granule form, 
with the pigment to insure uniformity prior to fluxing and in- 
jection molding. Thus, for example, the advantages are 
evident when the pigment is used for the colaration of 
polyethylene, polypropylene, and nylon. Also the improve- 
ments are readily apparent when the pigments are used for 
coloring other plastics, including: 

“Delrin,” acetal resin 
“Dacron,” polyester resin 
“Tedlar,” polyvinylfluoride resin 

12 
“Kralastic,” ABS high impact resin. 

Likewise, the improved thermal stability is evident when the 
coated pigment is heated in air in the absence of any  plastic. 

The products of the present invention retain the advantages 
5 of the improved, silicacoated lead chromate pigmentr of the 

above-mentioned U.S. Pat. No. 3,370,971, in that the pig- 
ments show greatly improved resistance to chemical attack 
and increased stability to heat and light by comparison with 
lead chromate pigments of the pnor art. These improvements 

10 are manifested in the decreased sensitivity of the pigments to 
alkali, acid and sulfides. They arc also evident in the improved 
resistance of the pigments to discoloration on exposure to 
light or to elevated temperatures, either when heated in air or 
when used as the colorants for molded plastics. The elimina- 

15 tion of such previously recognized deficiencies in lzad chro- 
mate pigments makes possible their more extensive use in 
various industries, such as paint, printing ink, plastics, floor 
covering, etc., where their previous utility was restricted. 

It is particularly important to note that, whereas the applica- 
20 tion of the silica or silica-alumina coating as described in US. 

Pat. No. 3,370,971 often leads to a deterioration in certain 
properties (for example, rate of strength development in ink 
or g!oss in paint), the improved products of the present inven- 
tion retain the advantages of increased chemical and thermal 

25 stability, without significant deterioration in other important 
properties. In fact, the effectiveness of the coating treatment 
as determined by the degree of improvement in heat stability 
when the products are used for molding resins IS markedly 
enhanced. 

The following explanations of some of the specific ad- 
vantages realized by this improvement follow readily from the 
results of tests performed: 

1. Heat stability in high-temperature molding resins, 
wherein the dry pigment and dry granular resins are first 
subjected to mechanical mixing action prior to fluxing, is 
improved because the virtual absence of coated ag- 
gregates minimizes the extent to which uncoated particles 
of pigment are exposed by breakdown of the aggregates. 

2. Strength and rate of strength development in ink are im- 
proved as a result of the virtual elimination of undesirable 
pigment aggregates which are known to adversely affect 
pigment texture. 

3. The marked improvement in gloss is readily explainable 
by the elimination of oversized particles or aggregates, 
and possibly to some extent by the improved ease of 
dispersion of the pigment in the vehicle. 

. 
‘ 

30 

35 

40 

45 

#at is claimed is: 
1. An improved lead chromate pigment resistant to abrasion 

and to discoloration upon contact with light, dilute acids, 
50 dilute alkalies, soap solutions and especially with molten ther- 

moplastic resins in the temperature range of 220” to 320’ C., 
said pigment consisting essentially of lead chromate pigment 
particles, no more than IO percent of which have a sue greater 
than 4.  I @ and at least 50 percent of which have a sue less than 

55 l.4p, said particles having deposited on the surface thereof 
about from 2 to 40 percent by weight, based on the total 
product weight, of dense, amorphous silica as a substantially 
continuous film. 

2. A composition of claim 1 in which the lead chromate pig- 
60 ment particles consist essentially of substantiatly pure 

monoclinic lead chromate. 
3. A composition of claim 1 in which the lead chromate pig- 

ment particles consist esaentially of a solid solution of lead 
chromate, lead sulfate and lead molybdate. 

4. A composition of claim 1 in which the silica content is 
about 15 to 35 percent by weight, based upon the final 
product, said composition being resistant to darkening when 
heated in polyethylene or polystyrene to 300’-320” C. 

5. A composition of claim 1 in which the silica content is 
70 about 10 to 25 percent based upon the final product, said 

composition being resistant to discoloration with strong acids 
when used in a coating composition. 

6. A composition of claim 1 in which the lead chromate pig- 
ment particles consist essentially of a solid solution of lead 

75 chromate and lead sulfate. in monoclinic form. 

. 

. 65 
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7. A composition of claim 1 having up to about 2 percent by 12. A process of  claim 9 in which the lead chromate pig- 
weight of alumina, based upon the total weight cf the corn- ment particles consist essentially of a solid solution of lead 
position, deposited on the silica coating. chromate and lead sulfate, in monoclinic form. 

8. A composition of claim 1 wherein at least 80 percent of 13. A process of  claim 9 in  which the lead chromate pig- 
the lead chromate pigment partic!es have a size less than 1.4 5 ment particles consist essentially of  lead sulfochromate. 
micrcns. 14. In a process for producing a coated lead chromate pig- 

9. I n  a process for producing a silica-coated lead chromate merit having improved resistance to ( a )  darkening when 
having improved resistance to (a) darkening when dispersed dispersed i n  thermoplastic resins at high temperatures, ( b )  
in thermoplastic resins at high temperatures, (b)  discoloration disco]oration upon contact with x i & ,  alkalies, a d  soap ~ 0 1 ~ -  

upon contact with acids, alkalies, and soap solutions, and ( C )  10 tions, and (c) abrasion, said process including the step of ( 1 f 
abrasion, said process including the Steps of 1 SlUYing the slurrying the lead chromate pigment panicles in an aqueous 
lead chromate pigment particles in an aqueous mfdium and medium, ( 2 )  depositing from 2 to 40 percent of dense, 
(2)  depositing from 2 to 40 percent of dense. amorphous silica amorphous silica from an aqueous sodium silicate solution at a 
from an aqueous sodium silicate solution at a pH above 6 and p~ above 6 and a abve 600 C. upon the pigment 
a temperature above 60" c. upon the Pigment particles particles while slumad. and ( 3 )  adding an aqueous solution 
so slurried, the improvement which comprises subjecting the of arr aluminumcontaining compound to the rcsuitine suspen- 
lead chromate pigment particles in the slurry to intense shear sion of silicacoated lead chromate partictes uith continued 

silica thereon. whereby no more than IO percent of the parti- 20 lead chromate pigment particles in  the siurw to intense shear 

a size less than 1 . 4 ~ .  
pressure drop of I .000-1@,000 p.s.i. prior to deposition ofsil- 

25 mate particles prior to 'ha deposition of silica thereon have a 
size greater than 4. IC( and at least 50 percen: have a size less 

$ .  

by passing the sluri through the Orifice cf a homogenizer at a heating above 600 C, wilereby alumina is deposited on the si]- pressure drop of : ,OOG1O,OOO'p.s.i. prior to deposition ofthe iCa coating, the improvement which comprises the 

'Ies nave a size greater than 4'1P and at least 50 percent have by passing the slurj through '52 orifice of 3 homogenuxr at a 

A process of claim pig- 

monoclinic l e d  chromate. 
A Drocess of claim in which the lead chromate pig- 

ment oarticles consist ewentidly of a solid solution of lead 
chromate, lead sulfate, and lead molybdate. 

i n  which the lead 
merit particles consist ewntially of substantially pure thereon, no more than l o  percent the chro- 

, 

'.4k 
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