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DUBABLE PIGMENTS FQR PLASTICS 

BACKQROUNP OF llIE INVENTION 

1. Fjeld of the Inyemjon 

PCT/US97/05506 

The present invention relates to improved alumina-coated inorganic pigments and a 

method for multi-coating alumina-containing inorganic pigments to achieve good durability, low 

photochemical and chemical reactivity, and good optical and dispem"bility properties in plastic 

applications. Most specifically, the present invention relates to an improved alumina-containing 

s titanium dioxide pipaent having a first coating of boehmite alumina, a second coating of 

amorphous alumina over the first boebmite alumina coating, and a third.coating ofboehmite 

alumina over the second amorphous alumina coating. 

2. Desgjptign of the Prior Art 

The surface treaunent and coating of inorganic pigments. such as titanium dioxide for 

10 example, to achieve improved performance c:haracteristics in plastic compositions, is known in 

the art. DisperSl'bility, processibility and sood optical properties are typically achieved through 

surface treatment of the pigment, whereas durability and low chemical and photochemical 

reactivity is typically obtained by coating the pigment with silica, alumina, and other metal oxide 

coatings. When precipitated using prior art practices, these metal oxide coatings tend to make 

lS the pigments more diflicult to disperse in plastics. Also, pigments coated with metal oxides tend 

to have more adsorbed water which may cause out-gassing and lensing problems in production 

of plastics with coated pigments. Typically, these ·problems have not been solved with a single 

pigment. Thus, plastic:S compoilnders have generally had to choose between durability, which 

can be achieved with coated pigments, and dispersibility, processibility and good optical 

20 propeniest which can be achiMd with treated and untreated pigments. 
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For example, t1.S. Pat. No. 3,523,810 discloses a process for coating titania pigments 

with from O.S percent to 10 percent boehmite alumina at a pH offtom 7 to 9 at temperatures 

between 70 and 100°C. A pigment of this type with only boehmite and no amorphous alumina 

may have good optical and disperS&Dility properties but does not achieve good durability. 

s Similarly, U.S. Pat. No. 4,022_636 describes the addition of two coatings of alumina to titanium 

dioxide pigments, one amorphous coating at a pH of about 2 followed by a boehmite coating at 

a pH of about 8, to achieve a pigment with good performance in plastics. However, this process 

lacks the elements required to form the dense alumina required for the manufacture of durable 

plastics. Also, U.S. Pat. No. 4,416,699 descn"bes a method for coating a pigment with between 

10 .2 percent and 6 percent alumina to.achievethe.chaDc·fideresistance, gloss, and dispersa"bffity 

required· for paint. grades of titanium· dioxide. However, this.:process:contains. higher alumina 

levels than are pennissible tbr optimum perfonnance of titanium ·dioxide pigmeilts in plastic 

applications. 

Examples of inorganic pigment coating processes to which improved performance 

1s benefits have been. ascribed include the coating process ctisclosed in U.S. Pat. No. 2,671,031. 

This patent teaches the precipitation of a hydrous a1wnimun oxide coating upon titanium dioxide 

followed by heat treatment between 500°C and 800°C to decrease pigment challcing. The 

present invention does not involve such a heating process. U.S. Pat No. 2, 780,558 discloses a 

process for coating pigmentmy materials with alumina added u an alcoholate compound. The 

20 · present invention involves multiple coatings ofalumina~added as an inorganic.salt. In U.S. Pat. 

· No. 3,146,119 the claimed process requirestheprecipitation·ofalayeroftitanium dioxide onto 

the pigment prior to the precipitation of an alumina layer. The present invention does not require 

a titanium dioxide coating. U.S. Pat. No. 3,409,4S4 cliscloses an alumina-coated titanium dioxide 

pigment and process for obtaining the same wherein the alumina is precipitated onto the pigment 
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under alkaline condt~bns cPH greater than 10) for impr0ved pigment dispersibility in plastics. 

The present invention involves an acidic coating procedure and digestion followed by an allcaline 

coating step. U.S. Pat. No. 3,529,985 discloses a double coated titanium dioxide pigment 

wherein the first metal oxide coating is calcined at a temperature of at least 4so•c before 

s addition of the second coating for improved durability and optical properties. The present 

invention does not require a calcination step. U.S. Pat. No. 3,853,S75 discloses the production 

of alumina-coated titanium dioxide pigments wherein the alumina coating is supplied by the 

addition of an alkaline alumina salt to an aqueous titanium dioxide solution. The present 

invention discloses an acidic alumina coating procedure and digestion followed by an alkaline 

10 coating step. U.S. Pat. No. 4,239,548 discloses a titanium dioxide pigment with improved 

photochemical stability achieved by a first coating of cerium and phosphate radicals onto the 

pigment and a second coatins of aluminum and phosphate radicals over the first coating. The 

present invention does not involve the use of cerium. U.S. Pat. No. S, 114,486 discloses a process 

for coating titanium dioxide pigments with zinc, phosphate, and aluminum ions for improved 

ts processibility. The presen~ invention does not involve the use of me. 
None of the aforementioned patents su8gest or teach the coating of inorganic pigments 

with a first layer of boebmite alumina, a second layer of amorphous alumina, and a third layer 

of boehmite alumina to produce the coated pi.sments which are the subject of this application. 

SUMMARY OF mE INVENTION 

20 An object of the present invention is to provide dunbJe alumina-coated inorganic . 

pigments with good optical properties, dispersibility, and chemical stability in plastics 

applications. A further object is to provide improved inorganic pigments, preferably titanium 

dioxide pigments. having deposited thereon a first coating of boehmite alumina, a second coating 

of amorphous alumina and a third coating of boehmite alumina. An additional object of the 
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present invention is to provide a process by which such alumina-coated inorganic pigments are 

produced. 

DESCRIPTION OF THE PREFERRED EMBODIMENI] 

The present invention relates to an alumina-coated inorganic pigment comprising an 

s inorpnic pigment material containing at least about 0. 7S percent alumina by weight based upon 

the weight of said pigment material, having a first coating of predominantly boehmite alumina 

on said inorganic pigment. a second coating of predominantly amorphous alumina over said first 

coating and a third coating of predominantly boehmite alumina over smd second coating; said 

first coating being achieved in a discrete interval and said second and third coatings being 

10 achieved continuously. 

Advantageously, the alumina-coated inorganic pigment contains from about 0. 7S percent 

to about 2 percent alumina by weight based upon the weight of said pigment. Preferably the 

alumina-coated inorganic pigment contains ftom about 1 percent to about l .S percent alumjna 

by weight based upon the weight of said pigment material and most preferably the alumina 

IS coated inorganic pigment contains about 1.3 p.-cent alumina by weight based upon the weight 

20 

of said pigment material. 

Advantageously the alumina-coated inorganic pigment employed is titanium dioxide. 

The process for preparing the almnina-coated inorganic pigments of the present invention 

advantageously comprises the steps of: 

(a) milling an aqueous sluny containing inorganic pigment material, wherein said 

pigment material contains at least about 0. 1S percent alumina by weight based upon the 
. 

weight of said pigment material, in the presence of a dispersing agent, to achieve a 

particle size distribution in said pigment wherein no more than about 40 percent of said 

pigment panicles are greater than 0.49 microns as measured by a Microtrac 9200 FRA; 
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(b) remo\>ing the milling mema from said aqueous sluny, 

(c) adding a first amount of an alumina coating agent to said slurry advantageously 

along with a second amount of a dispersing agent and adjusting the slurry pH to a level 

of at least about 1.5 to form a first coating of predominately boehmite alumina on said 

pigment; 

(d) digesting the sluny at a temperature offimn about so•c to about 1o•c for a time 

of from about S to about 60 mhmtes; 

(e) increasing the pH of the sluny to a level within the range of fi"om about 3 to about 

S; 

(t) adding a second amount of an alumina coating agent to the sluny with concurrent 

addition of a pH adjusting agent to form a second ·coating of predominately amorphous 

alumina over said first coating while maintaining the pH of the slurry within a range of 

from about 3 to about S; 

(g) digesting the sluny at a temperature of from about so•c to about 1o•c for a time 

of from about 10 to about 90 minutes; 

(h) adjusting the pH of the sluny to a level within the range of from about 7 to about 

9 and digesting said sluny at a temperature of from about so•c to about 70°C fbr a time 

of from about S to about 60 minutes to form a third coating of predominately boehmite 

alumina over said second coating; and 

(i) recovering said alumina coated pipient to provide a plastics grade pigment 

Advantageously the pigment material in step (a) contains fi"om about 0.75 percent to 

about 2.0 percent alumina by weight based upon the weight of said pigment material. Preferably 

said pigment material in step (a) contains about 1.3 percent alumina by weight based upon the 

weight of said pigment material. Advantageously said pigment material is titanium dioxide. 
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Advantageously, the dispersing agent in steps (a) and (c) is selected from the group consisting 

of phosphates, polyoJs and amines. Preferably the dispersing agent is sodium 

hexametapbosphate. The dispersing agent in step (a) is advantageously present in an amount in 

the range of from about O.OS percent to about O.S percent by weight based upon the weight of 

s said pjgment material. Preferably the amount of said dispersing agent is about 0.15 percent by 

weight based upon the weigh~ of said pigment material. When a dispersing agent is employed 

in step (c), it is advantageously present in an amount in the range of from about O.OS percent to 

about 0.5 percent by weight based upon the weight of said pigment material. Preferably said 

dispersing agent is present in step (c) in an amount of about O.IS percent by weight based upon 

10 the weight of said pigment material. 

JS 

In the present invention from about 0.1 pereent to about 20 percent of said pigment 

particles are 0.49 microns or less as measured by a Microtrac 9200 F.RA. Advantageously i'om 

about S percent to about 10 percent of said pigment particles are 0.49 microns or less and 

preferably about 7 percent of said pigment particles are 0.49 microns or less. 

Advantageously the milling media of step (a) is sand. Preferably the temperature during 

steps c through his maintained within a range offi'om about 50°C to about 70°C and most 

preferably the temperature is maintained at about 60°C. 

Advantageously the alumina coating agent is an acidic or alkaline inorganic aluminum 

salt. Preferably said alumina coating agent· is sodium aluminate. 

20 In the present inventive process the·amount ofalumina·coasing agent added in step (c) 

is sufficient to provide said first coating in an amount within a range of from about 0.01 percent 

to about l percent boehmite alumina by weight based upon the weight of said pigment material. 

Advantageously the alumina coating agent added in step (c) is sufficient to provide said first 

coating in an amount within a range of from about 0.2 percent to about O.S percent and 
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preferably the a1uminl ~g agent added is sufficient to provide said first coating in an amount 

of about 0.3S percent by weight. 

Advantageously the alumina coating agent added in step (f) is sufficient to provide said 

second coating in an amount within a range of from about 0.2 percent to about 1.2 percent by 

s weight based upon the weight of said pigment material. Preferably the alumina coating agent 

added is sufiicient to provide said second coating in an amount within a range of from about O.S 

percent to about 1.0 percent by weight and most preferably the alumina coating agent added is 

sufficient to provide said second coating in an amount of about O. 7S percent by weight 

Advantageously the pH of said shmy during step (a) is about 10. The pH or said sluny 

JO in step ( c) is advantageously adjusted to a level within the range of from about I to about 3 and 

preferably the pH of said sluny is adjusted to about l.S. Advantageously the pH of said sJuny 

in step (e) is adjusted to about 3 and the pH of said slunyin step (f) is maintained at about S.1S. 

The pH of said slurry in step (h) advantageously is adjusted to a level within a range of from 

about 7 to about 9 and preferably the pH of said slurry is adjusted to about 7.8. Advantageously 

is the pH adjusting agent in steps (c) and (f) is a mineral acid, preferably sulfbric acid. Preferably 

said pH adjusting agent in steps ( e) and (h) is an alkali metal hydroxide base. Preferably such 

pH adjusting agent is sodium hydroxide. 

Advantageously said sluny is digested in step (d) from about S to about 60 mmutes and 

preferably said slurry is digested for about 1 S minutes. Advantageously said slurry is digested 

20 in step (g) for funn about 10 to about 90 minutes and preferably said slurry is digested for about 

30 minutes. Advantageously said sluny is digested in step (h) for from about S to about 60 

minutes and preferably said sluny is digested for about 15 minutes. Advantageously the alumina 

coated pigment is recovered by filtering, drying and milling. 
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EXAMPLE 1 

An aqueous solution comprising 1800g of Ti02 with 1.3% alumina by weight calculated 

as .Ali03 was dispersed with 0.15% sodium hexameta phosphate and sand-milled to obtain a 

particle size distribution of'rA of particles having a size less than 0.49 micron. The sand was 

s removed after milling. The slurry was then diluted to a volume of 4.SL, an additional 2.S4g 

calgon was added and the temperature adjusted to 60°C. 11.S mL, 1.4696 g/mL, alumina was 

added as sodium aluminate. The pH was adjusted to 3.S with S.O mL sulfuric acid and the 

solution digested for lS minutes. The pH of the solution was then adjusted to S.75 with S.O mL 

sodium hydroxide. 45.8 mL, 1.4696 r/mL. alumina was added as sodium alwninate with 

10 concurrent addition of 13.3 mL sulibric acid to maintain the pH at S.S - 6.0. The slurry was 

digested for JO minutes. The pH was then adjusted to 7.8 with 4.3 mL sodium hydroxide and 

digested an additional IS minutes." The samples were then filtered, dried and micronized with 

0.3S% TMP. The results are reported in Table 1. 

RXAMPLE2 

15 The treatment of Example 1 was repeated. Pigment was micronized with 0.40% 

TlvlP/0.3% TEA. 

Reference 1 was a heavily treated "durable., pigment for plastics. 

Reference 2 was an untreated pigment for plastics. 

Reference 3 was a standard plastics grade pigment. 
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TABLE I 

Example 1 Example2 Reference 1 Reference2 lleference 3 

Optical and Dispt -sibility Properties 

Tint Strength 99.8 100.7 91.S 100.1 101.8 

Brightness 102.4 103.0 99.3 99.8 100.7 

s Screen Pack 38 na SB 63 na 
(Disp) 

Reactivity and Durability Tests* 

Photo-induced 4.6 3.2 4.2 12 8.S 
Anti-oxidant 

10 Yellowing 

Durability 10 6.1 12 29 24 

Volatiles@ 0.63 0.71 1.2 .37 .48 
350C 

*Lower numbers indicate lower reactivity in these tests and are therefore preferred. 

9 



-----------~ 

I lllllll lltlll 111111111111 1111 
* C L M S * 

WO 97/39067 PCI'/US97/0!!06 

What is claimed is: 

1. An aJwnina-coated inorganic pigment comprising an inorganic pigment material 

containing at least about 0. 15 percent alumina by weight based upon the weight of said pigment 

material having a first coating of predominantly boehmite alumina on said inorganic pigment, 

a second coating of predominantly amorphous alumina over said first coatin& and a third coating 

s of predominantly boehmite alumina over said second coating; said first coating being achieved 

s 

in a discrete interval and said second and third coatings being achieved continuously. 

2. The alumina-coated inmpnic pigment of cJahn 1 wherein said inorganic pigment 

contains from about 0. 75 percent to about 2 percent alumina by weight based upon the weight 

of said pigment. 

3. The alumina-coated inorganic pigment of claim 2 wherein said pigment material 

contains from about 1 percent to about 1.5 percent alumina ·by weight based upon the weight of 

said pigment material. 

4. The alumina-coated inorganic pigment of claim 3 wherein said pigment material 

contains about 1.3 percent alumina by weisht based upon the weight of said pigment material. 

S. The alumina-coated inorganic pigment of claim 1 wherein said pigment material 

is titanium dioxide. 

6. A process for preparing alumina-coated inorganic pigments comprising the steps 

of: 

(a) milling an aqueous slurry containing:inorganic .pigment material, wherein 

said pigment material contains at. least about 0. 75 percent alumina by weight based upon 

the weight of said pigment material. in the presence of a dispersing agent, to achieve a 

particle size distribution in said pigment wherein. no more than about 40 percent of said 

pigment particles arc greater than 0.49 microns as measured by a Microtrac 9200 FRA; 
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(b) temoving the milling media from said aqueous slurry; 
. . 

(c) adding a first amount of an alumina caating agent to said slurry and 

adjusting the slurry pH to a level of at least about 1.5 to form a first coating of 

predominately boehmite alumina on said pigment; 

(d) digesting the sluny at a temperature offi"om about so•c to about 1o•c 

for a time of from about S to about 60 minutes; 

(e) increasing the pH of the slmry to a level within the range offi'om about 

2.S to about S; 

(f) adding. a second amount of an alumina coating agent to the s1uny with 

concurrent addition of a pH adjusting agent to form a second coating of predominately 

amorphous alumina over saicUirst coating while-maintaining the pH of the slurry within 

a range of from about S to about 7; 

(g) digesting the sluny at a temperature of A-om about so·c to about 1o•c 

for a time of from about 1 O to about 90 minutes; 

(h) adjusting the pH of the slurry to a level within the range of Jh>m about 6 

to about 9 and digesting said sluny at a temperature of from about 50°C to about 1o·c 

for a time of from about S to about 60 minutes to fonn a third coating of predominateJy 

bochmite alumina on said pigment and over said second coating; 

(i) recovering said alumina coated pigment to provide a plastics grade 

pigment. 

7. The process of claim 6 ·wherein said .pigment material in step· (a) contains from 

about 1 percent to about 1.5 percent alumina by weight based upon the weight of said pigment 

material. 
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8. The piOCc:ss of claim 7 wherein said pigment material contains about 1.3 percent 

alumina by weight based upon the weight of said pigment material. 

9. The process of claim 6 wherein said pigment material is titanium dioxide. 

10. The process of claim 6 wherein a second amount of a dispersing agent is added 

in step {c). 

11. The process of claim 10 wherein_ said dispersing agent in steps (a) and (c) is 

selected from the group consisting of phosphates, polyols and amines. 

12. The process of claim 11 wherein said dispersing agent is sodium 

hexametaphosphate. 

13. The process of claim 6 wherein said dispersing agent in step (a) is present in an 

amount in the range of from about o~os percent to about o.so percent by weight based upon the 

weight of said pigment material. 

14. The process of claim 13 wherein the amount of said dispersing agent is about 0.15 

percent by weight based upon the weight of said pigment material. 

lS. The process of claim 1 O wherein said dispersing agent in step (c) is present in an 

amount in the range offtom about 0.05 percent to about O.SO percent by weight based upon the 

weight of said pigment material. 

16. The process of claim 1 S wherein said dispersing agent is present in an amount of 

about 0.30 percent by weight based upon the weight of said pigment material. 

17. The process of claim 6 wherein from about O. l percent to about 20 percent of said 

pigment particles are 0.49 microns or less as measured by a Microtrac 9200 FRA. 

18. The process of claim 17 wherein from about S percent to about 10 percent of said 

pigment particles are 0.49 microns or less. 
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19. Thd ·process of claim 18 wherein no more than about 7 percent of said pigment 

particles are 0.49 microns or less. 

20. The process of claim 6 wherein the inilling media of step (a) is sand. 

21. The process of claim 6 when:in the temperature during steps c through h is 

maintained within the range of from about so•c to about 1o•c. 

22. The process of claim 21 wherein the temperature is maintained at about 60°C. 

23. 1be process of claim 6 wherein the alumina coating agent is an acidic or alkaline 

inorganic aluminum salt 

24. 1be procesi of claim 23 wherein said alumina coating agent is sodium aluminate. 

2S. The process of clahn 6 wherein the amount of alumina coating agent added in step 

.(c) is sufficient to provide said first coating in an amount within the range offi'om about 0.01 

percent to about 1 percent boehmite alumina by weight based upon the weight of said pigment 

material. 

26. The process ofclabn 2S wherein the alumina coating agent added in step (c) is 

sufficient to provide said first coating in an amount within the range of from about 0.2 percent 

to about O.S percent by weight based upon the weight of said pigment material. 

27. The process of claim 26 wherein the alumina coating agent added is sufficient to 

provide said first coating in an amount of about 0.35 percent by weight based upon the weight 

of said pigment material. 

28. The process of claim 6 wherein the alumina coating agent ·added in step (t) is 

sufficient to provide said second coating in an amount within a range of from.about 0.2 percent 

to about 1.2 percent by weight based upon the weight of said pigment material. 
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29. The pr0cess of claim 28 wherein the alumina coating agent added is sufficient to 

provide said second coating in an amount within a range of &om about 0.5 percent to about 1.0 

percent by weight based upon the weight of said pigment material. 

30. The process of claim 29 wherein the alumina coating agent added is sufticient to 

provide said second coating in an amount of about 0. 75 percent by weight based upon the weight 

of said pigment material. 

31. The proceis of claim 6 wherein the pH of said sluny during step (a) is about 10. 

32. The process of claim 6 wherein the pH of said slurry in step (c) is adjusted to a 

level within the range of &om about I to about 3. 

33. The process of claim 32 wherein the pH·of·said s1uny is adjusted to a level of 

about 1.5. 

34. The process of claim 6 wherein the pH of said slurry in step (e) is adjusted to 

about3. 

35. The process of claim 6 wherein the pH of said sluay in step (f) is maintained at 

about 5.1S. 

36. The process of claim 6 wherehi the pH of said sluny in step (h) is adjusted to a 

level within the range of &om about 7 to about 9. 

37. The process of claim 36 wherein the pH of said sluny is adjusted to about 8. 

38. The process of claim 6 wherein the pH adjusting agent in steps (c) and (t) is a 

mineral acid. 

39. The process of claim 38 wherein said pH adjusting agent is sulfuric acid. 

40. The process of claim 6 wherein the pH adjusting agent in steps ( e) and (h) is an 

alkali. metal ltydroxide base. 

41. The process of claim 40 wherein said pH adjusting agent is sodium hydroxide. 
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42. The process of claim 6 wherein said slurry is digested in step ( ei) for from about 

10 to about 45 minutes. 

43. The process of claim 42 wherein said slurry is digested for about 15 minutes. 

44. The process of claim 6 wherein said slurry is digested in step (g) for ft-om about 

20 to about 70 minutes. 

45. The process of clahn 44 wherein said sluny is digested for about 30 minutes. 

46. The process of claim 6 wherein said sluny is digested in step (h) for from about 

10 to about 45 minutes. 

47. The process of claim 46 wherein said sluny is digested for about IS minutes. 

48. The process of claim 6 wherein said .alumina coated pigment is rec:overed by 

filtering, dcying and milling. 
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