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SURFACE MODIFIED PARTICLES AND METHOD OF MAKING THE SAME 

BACKGBQUND OF TBE.INYE.NTION 

1. fiend of-thc __ lave~mm 
This invention relbites to modifying the surface of particles for improved dispersion 

c~mtics in aqueous. solvent, resinous, polymeric, oomemitiom, magnetic or die lilce 

appH.catlon systems. In particunar. this invention relates to a pigment or filler particle whose 

. mace is ooatm widl at least one electric charge modifying agem whlch may ruse be combined 

with at leut one dispersion promoting agent, which ·bu improved. dispenibility,_ coloring. 

10 hlndDing, am odlcr processing properties in applli:ati.on systrms. Even more puticwady. th.is 

mve:mtion re~ to m iron oxide pigment particle whose mrl'ace is coated with at lea one 

moqmc eledric clm'ge modifying materiall amd at neut one dispersion promoting mmtmiall. 

2. ~ 

hmpnic pigments such as mdal oxides, for example, iron oxides, are conventionally 

15 med u coloring components in the comttudion, pa.mt, pll.utic and other mdumies. The 

ioorpmc pigmenU am moorpomted for coloring mo the desired application system such u, 

aqueous, solvent, msim>WJ, polymeric, amtmdtious or dispersion systems or the like Uswdly 

through imemive mixing. A key performance property of the pigment is the dispersibility of 

the pigment throughout the application system. The dispe:mibm.ty is a measure of the ease with 

20 which die pigment particles cm be mdformly and intimately mixed in the appnicati.oo. system. 

30 

Poor ~ion of the pigment particles cm cause large agglom.emtes of pigment pamcles which 

may remllt m ~ imperfections, color streaks, non wmifonn coloration or incompn_ete color 

development within the end product. 

A problem with many inorganic pigm.em, for example, metal oxides, is that they 

nommlly do oot disperse we:U m mediums such as m paim, plastics, cements or the like. A 

muon for th.is is that the smface of metal oxide pigments is not enectrochemicruly compatible 

with many appU.cation systems and as a result, adcliti.oml time, greater mechamcrd energy. and 

greimr pisment qwmtities. arn required to properly mix the pigment m the medium to achieve 

the desired! color and other properties. 

Attempts have been :made to provide a pigment particle with emmnced dispersion andl 
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of morgamc pigment puticies by coating the particles with inorganic additives are known for 

im.provmg coloring u.d processing properties in seveml application systems. European Patent 

No. 87113450.8 ° Burow et al. and U.S. Patent No. 5,059,250=Burowet11. disclose coating 

iron oxide pigment puticles with colodess inorganic additives selected from the group of Mg, 

Zn, Al, La, Y~ Zr, Sn and Ca. The isoelectric point of die coated particles is thereby adjusted 

by the co~ to be greater than 1 which Burow et I.I. chilin improves the coloring properties 

of the pigment in many application systems. 

U.S. Patent No. 4,053,325 ~Vanderheiden discloses a iron oxide particle coated with 

m mso!ubie meta.I met.1phosphate of the fomntla M(P~)x • where M is a metal selected from 

Ul the group of Al, Ba. Ca, Mg. Fe and Zn, dlls coated pm'ti.cle is claimed. to improve the thermal 

stability of the pigment m many application systems. 

It is allso known, to treat inorganic particles with specific orpnic matel'Ws to improve 

cemm perfonmmce c~ in mmy application systems. U.S. Patent No. 4,753,679-

Damiam ~t 11. disclose a method for improving the strength and water permeability of concrete 

lS ming ioorgmnic particles, such u mm oxide, which have been pretreated with a fatty acid, such 

· u steuic acid or oleic acid, to promote the dispersal of the pamcles m oo:ncrete systems. 

U.S. Patent No. 4,952,617 = Ayala et at disclose surface modified inorpm.ic pigment 

pamcUes coated with m organic smflctmt for improved dispenibilty and heat stability in both 

water based and organic solvent coating systems. 

20 U.S. Pat.ent No. 4,946,SOS ~ Jumgt discloses a method of dyeing concrete usmg a 

specific binder physically combined with pigment particles, such u iron oxide, into a gmmle 

bead. However, these modified pigment plrticl!es suffer from the shortcoming that the dispersal 

of the pisments is dq>endent oo the dissolution of tlie gwmle beOOi, or in other words, the 

msso[ution of the pigme:mt particles from the binder. Hence, the dissolution may occur prior 

2S to ~ pigment being dispersed in the concrete systems. The level of attachment of the pigment 

pmrtic!e to dle bind.er is, therefore weak, tlw pigment being onlly physicaUy combmoo or 

ew:apsullated within the binder. 

Despite the iM.llY prior attempts at improving pigment particle performance in a vmety 

of application systems. mom effective means are constantly being sougbt. It wowd be desirable 

30 to provide pMticles, mmely pigment or fi]ler particles, which have been surface modified to 

improve the particle performance in aU mpplicadon systems. It would also be desirable to be 
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able to e!ectrochemiaUy u.d chemicaUy modify. adjust or control a particle surW:e to provide 

a pmicie which bu improved processing properties. such as dispersibi!ity, [t would also be 

desirable m ~pecificaUy design the surface modification on the particle to be compatible with 

my desired. application systems. It wmlid also be desirable to provide a geDeric method for 

surface momncmon that is appUcable to an particles Ind compatible with all application 

systems. 
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SUMMARY OF INYENIJQB 
It ms an object of the invention to provide a pigment or fi.Uer particle with an appUcation­

specmt''ic electrochemical and chemical designed surface modification to optimiu particle 

perfo~ m :many application systems. 

It is miot.OOr object of the inwntioo. to provide a pigmem or fnUer particle, whose surface 

is coated with at !mst o:me electrochemicai or charge modifying agent and at leut oirnc dispersion 

promoting ag~, for enhmlced processing properties web u dispersibility or conormg properties 

m mmy application systems. 

It ms another object of the invention to enectrochemiaUy attach a dispenam to di.e smface 

10 of a p~ or filler particle. 

15 

It is 1mther object of the invention to provide smface modified pigment or filler primacy 

puticles. 

It is mother object of die invention to provide low dustmg freely ftowable surface 

:modified pigment or filler particles. 

It is moodier object to provide a gem:ric method for the smface modification of pigment 

or filler puticles ~ improve processimg properties in many mpplii.cati.o:n systems. 

These Ind other objects of the invention am met by a surface moomed pigment or filler 
putkic havmg at neut two coatings, an el~ or clw."ge mooifymg coating and m 
dispersion promoting coating ;md a method for making the same. The invention further 

20 provides m g~c systems approach for achieving optimal performu.ce of a vmidy of particles. 
p~ or f'l111ers or the lite, m b: dcsimd application system through eiedmchemica! and 

~ ~ modification of the particle. 

The mention recognizes tlW the modifications of particle smface charge m7d chemmstry 

enbmce the pmticie perfonmmce in application systems. The invention further recognizes that 

~ eledricl]l mtface ch.uge assocmted with a particle at ~ dispersion medium m.terface of the 

applicm.o:m system leads to mutwtll particle repulsion or attraction in the appUcation systmt. 

Thus. a pmtiadar eiecttochemicaJ. and chem.iad surface modification of the particle can be 

designed to nmprove the stabUmtion or attraction of tire particle to other elements m any 
puticllim- dispersion medium. Therefore. a determination of the overall electrochemistty of a 

30 desired appRicatioin system allows a particle to be modified through eUectrochemicall and chemical 

design w optmme pmrticle perfonwmce in that system. 



Tm~ and other advantages of the invention wm become more apparent in connection 

wifu the followmg description of certain embodiments of the invention as disclosed m oon­

limiting enmples. 
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ll__BIAILElJlE£ .. CR'tf'.llQNJlEJlJE PB.fnBBEllJ:MBQDIMENT.S 
The mvemion concerns the modification of particle surface electrochemistty and 

. chemistry to improve the particle perfonwmcc in a variety application systems. such as paints, 

coatings~ resmoos, cemmmtous, magnetic, aqueous, solvent mi o~r systems o:r the mm. It 

S Im rot been taught or suggested prior to this invention that a pigment particle or filler particle 

ma.y be smfw:e moomoo through electrochemical and cb.emical adjustment to improve various 

perfonmmce characteristics of these particles m a vuiety of application systems. The 

importmce of charge adjusted particles is puticW.arity realized by the ability to specifically and 

systmmticllly design particles which are chemically am eloottochemically compatible with a 

10 pmticular application system. 

'lbc present invention is, therefore, directed to a composition which oomprises a pigment 

putlcle or filler particle coated with at least tvlo coo.ting materials, one being a charge or 

elec~ modifying agent and the other being a dispersion agent for promoting dispersal 

of the pigm.ent particles in 1 particular application system and a method for making the same. 

1S 'lb.e pwcle to be modified is a pigment or a filler particle. The pigment particle or 

filler pw:ticle may be morgmic or orguic and selected from the group of mimrals, organics, 

~ orpnics, extemWs, fillers, metals, and metal oxides or tb£ lib. Other Examples of 

pi~ Md fillers are disclosed m the Pigment Hudbook, Vols. I amt m, Temple C. Patton, 

FAitor • .John Wiley & Som, New York, latest edition. 

More specffically, tbe pigment particles may incluck chromates, ferrocyamdes, sulfides, 

mlfoselmid.et;, oxides, silica, silicates, phosphate$, ruumimtes, titlmates, carbomtes, sulfat.es, 

bomta, orgmic pigmem and metal pigments. Inorganic pigment particles, such· as metal . 
oxides, for example, iron oxide, are often preferred, because of their low cost and compatibility 

m many application systems~ · C>tber metal oxides such u &dumimm oxide, chromium oxide. 

2S lead oxide, mcei oxide, silicon oxide, silver oxide, tin oxide, titanium oxide, zinc oxide. 

:d.rcommn oxide and otba tnmition metal oxides cm also be used. 

'Ibe pigment or filler particles typically have an average primary particle size of from 

aboot 0.01 to 100 microns, usually 0.01 to SO microm. It is preferred that each primary 

particle receive the surface modification ~ccording to the invention~ although a g:roup of 

30 previously agglomerated particles may also receive the surface modification. 

Although the theory behind this invention is not completely understood, the surface 



·---------··---------·-

iliUT, 
1 

modified!. particles of this mvention provide improved perfonrumce properties in a variety of 

application systems as the result of specific electrochemical and chemical particle surface 

mooifacation to fit a partlcubu' application. This invention is, therefore, pnmrlscd on tile 

discovery that the smface modified particles cm be designed :for desired performance 

cbm.c~c~ m a partiadar application system by modifying the electrochemical Md chemical 

condition of die particle surface. The surface modification provides improved particle to 

puticle and pamcle to application system ~tion. 

The pigment or filler particle is sw.face modified or coated with at least one 

electtochemal or charge modifying agent and with at least om dispersion promoting agent, 

10 thereby el~caUy and chemically attaching at least two agents to the surface of the 

particle to e~ the properties of the particle in the applli:ation system. 

It ii believed tint the el~ or charge modifying agent electrochemically 

mcxlifies or adjusts ilie surface charge of the pigment or filler particle. In addition, it is further 

believed that the electrochemical or cbarge modifying agent provides a site on the particle 

lS wdace to fru:ilitate the electtochemic1l or chemical attachment, bonding or interfacing of the 

~ion promotmg agent. Throogh such smface modification, ming two different agents 

together, ~ particle may be specifically designed to be electtochemiczUy and chemicaUy 

compmb~ with many applicadon systems. 

The electrochemical or charge modifying agent cm be selected from the group of Mg, 

20 Ca, Ba. Sr, Ti, V, Zr, Cr, Mn. Fe, Co, Ni, Cu, Zn. Si and Af or my mixtures thereof. The 

eleci:me~ or cbm'ge modifying agent cm also include other inorganic materials or organic 

ma~. 

The electric clw'ge of the pigment or filler particle, dictates whether the electrochemical 

or clmge moctifymg agent coating is a cationic or amomc mat.erial. Typical! pigmenl particles, 

such as iron oxides. am generally electronegative pirticles, mrd therefore combine more readily 

with cationic charge modifying agents. Other pigment particles, such u barium sulfa~. are 

generally electropositive particles and therefore combine more readily with anionic charge 

modifying ~gems. 

TOO fol!owing invention wm, therefore. be discussed with respect to electronegative 

30 pigment or filler particles, such as an iron oxide, although the invention is not limited to this 

embodiment. Electropositive or ncutrd particles also may be surface modified according to die 
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invention. 

The electronegative particle is swface modified with at !east one electrochemical or 

charge modifying agent, which is preferably a cationic coating material for the electronegative 

particle. The eiecttochemical or charge modifying cationic coating material may be organic or 

S morgmc. The electtochemicru or charge modifying a.gent for iron oxide is preferably a solubne 

inorganic cationic matmru, which is senected from the group of Mg, Ca,:&, Sr. Ti, V, Zr. Cr, 

Mn9 Fe, Co, Ni, Cu, Zn, Si and Al or my mWums thereof. ~ inorganic coating of the 

oompmmds of the group Mg. Ca, Ba, Sr, Ti, V, Zr, Cr, Mn, Fe, Co, Ni, Cu, Zn, Si and Af 

or my mixmms themof is carried oot prefcnbly by precipitating at leut one of the compooods 

to · on the swface of the particle to thereby form a smf1ce electrochemically or charge modified 

particle. As descn"bed above, the eleetrochemicd or cfuu'ge modifying agent may Ibo be an 

amiomc ~rilli preferably for coating an eiectropositive particle. 

The e~cru or charge modifying coating is placed on the pigment particle m. the 

nuge of 0.01=20% by weight of the pigment particle, preferably m the nmge of o.mqs" by 

lS wdgbt. 

The smflce charge modified particle formed is then combined with a second dispersion 

promotms cootmg, namely at least 0100 dispersion promoting asent for promoting dispersal of 

the puticie m a desired application mediwn. The surface chuge adjusted particle is 

elcctrochmniadly md c~y des~ to mtermce with dw at least one dispersion promoting 

20 agent u desired for the particular appUcation system to facilitate electrochemical attachment of 

the dilpeISion promoting mgem to the particle. It is believed that the dispersion. promotinl agent 

coating is ei~ly or chemically attached m the particle through the electrochemical 

~ adjustment of the particle. This two step surface modification of the particle accomtmg 

to die invention provides a pmic]e with optimal performance capabilities not yet disclosed or 

suggested prior to t?m invention. . .. 

The dispersion promoting agent is specificaUy desigmm to be chemicallly compatibne mm 

stiabie m the senected appnication system. such as in solvent, aqueous. paints. coatings, resins, 

cementitlous am the like, Depending on the putia.dar application system, the dispersion 

promodng agent may contain polar or non-polar groups to provide electrocbem.icai and chemical 

30 compatibmty iin the particular application system. For example, lignin sulfonate is a known 

di.~nioo. agent used fin cememiti.ou., appUation systems that is readily absorbed in the 
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crystalline p~ of concrete formation and enhances dispeoo of a pigment particle associated 

~with. 

The dispersion promoting agent may be am anionic, cationic or non~iomc material, 

preferably having an opposite charge to the charge modifying agent. to promote the 

el~ or chemical attachment thereto. The invention being pmviously discussed with 

~t to m electtoneptive pigment particle and a catiomc electrochemicd or charge modifying 

agent, it foUows that m anionic dispersion agent is diSCWJsed below although the invention is 

mt limited to mis embodiment. 

The dispersion promoting agent coating is prcfcmbly m organic amomc material and 

10 may be selected from organic compounds tmken from the group of steamies, acetates. 

altylphm.ob, ceHwosics, waxes, lignim, acrylics, epoxies, ~. ethylenes, ~. 

pmpyi~ and polYmm's with ftmdioml groups of alcohols, glycols. aldehydes11 amides and 

Clrboxylic acids, or my mixture thereof. The dispersion promoting agent coating ma.y mo be 

morgmic mnomc material selected from the group of smaites, silmm, siloxanes. phosphates, 

15 mllfatcs. ~fomted compounds, titmntes, and any mixtures thereof. 

The d.ispenion promoting agent coat.mg is placed on the previously coated pigment 

pamcre m the ruge of 0.01~20% by weight of the pigment putlcle, preferably m the nmge of 

0.02~5'1 by weight. The dispersion promoting agent is electrochemically or chemically attached 

to the previously charged modified pmticle to yield the surface modified particle of the present 

20 invention. 

The isoelect:rlc point (pH ·at which the m: cl:wge on a mok:ade m solution is zero md 

therefore does mt move in am electric field) of the smface modified particle coated with the at 

leut one eleci:rochemical or charge modifying agent and at lent one dispetsion promoting agent, 

i.e., at k:ut two coatings, am be designed. to 'be the most compatible m the particular 

Conventiomil pigment particles and application systems rely on either electrochemical 

swfooe control alone or encapsulation of the pigment particle in a dispersion agent. The present 

invention through a two step synergistic electrochemical and chemical smface modification of 

ilic pigment or tmer particle electrochemicaUy or cllemicaUy attaches the dispersion agent to the 

30 particle ~od provides mi improved dispersion in many systems. 

~ swface modified particle of tltls invention is used in the application system in the 
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range of aoout 0.1~80" by weight of application system vehicle or pigment curler. preferably 

0.2~00% by weight, and most preferably O.!S-40" by weight. Examples of application systems 

for dm tinvt:l!W.on include aqueous or solvent coatings, resins, polymers, cements, tom:rs and 

d.ispeniom or the like. The method of inool'pO:mtion of the surface modified designed particle 

of this mventi.on ms dependmU on the type of appUcati.on system. 

The surface modified particle according to the invention am be used to improve particle 

perfonruwc® such as coloring in cementitious application systems am thereby fmm a colored 

cemcmt. An impro-v-00 process for oolcring a cement cm be accomplished by mixing a surface 

modified pigment, such u metal oxides. preferably iron oxide, having a surface coating of .at 

10 n~t one eiectric chuge modifying agent and at least one dispersion promoting agent, with 

hydmulic cement, portW1d cement or the lite, aggregate, water lWd other additives at conditions 

mfficient to remit m m improved homogenews dispersal of the pigment particles in the 

cemcntitioos application system. Preferably, the dispersion promoting agent is sodium 

lia.mm!fomte m solution. U.S. Patent No. 4,753,679 ~Damiano d II. disclose cementitious 

lS systmm wbic.h is im:orpomted by reference b.ercln. 

Tm smfam modified particle according to the invention cm further be used to improve 

puticle perfomumce such u coloring m aqueous or organic coating, resin or paint application 

systems mm thereby form a colored coattmg, resin or pm. An improved procen for coloring 

coatings, rnsim or paints cm be accomplished by mixing a surface modifmd pigment, such u 

20 metal oxides, preferably iron oxide, having a surface coating of at least one electric charge 

modifymg agent ud at least one dispersion promoting agent, with vehicle, binder, base and 

other additives at conditions sufficient to result m ~ improved homogeneous dispersal of the 

pisment particles m the coating, resin or paint appUcatioo system. U.S. Patent No. 4.952,617 -

Ayala et ru. disclose resin mui coating systems which is incorporated by reference herein. 

25 The surface modi.rm particle acoordmg to the invention cm mo be used to. improve 

pwmcle performance in magnetic applications such u femmmptic toner or ink application 

sy~. An hnpmved mmr cm be formed from magnetic particles such as black iron oxide 

particles having a surface coating of at least one electric clmge mooifymg agent Md at least one 

dispersion promoting agem md other additives. The swfaai moditlcation accommg to the 

30 invention imparts hydrophobicity to the black iron oxide particles to result in improved particle 

perfonMnee· in magnetic int or ~mer application systems. In gem.em. magnetic toner particles 
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am attm.d:OO to magnetic surfaces to produce a magnetic image on the surface. Magnetic toners 

have been employed to develop magndic images recorded on :magnetic tapes, fillms, drams, 

printing plates. Magnetic toners are especiaJly used m copying machines. U.S. Patent No. 

4,336.S46 = Edwards et al. disclose a magnetic printing apparatus am magnetic toner 

oompositiom which is incorporated by reference herein. 

nm method for pmdw:tioo. of the surface modified pigment or fmer particle according 

to this inventlon mc:l.udcs providing the pigment or mter particle m suspm.sion in In aqueous 

or sollvm oontiwws phue. It is preferred am advurtagoom that the particle is provided in 

m W..process ~io:n dmmg ~ mamfacturmg of the particles, prior to tbdr moovery and 

10 1gglomemtion. An in=process suspension of particles is preferred sim:e it is an optimal 

condition to tmat the primary pamcles of dw filler or the pigment imtividually ud thus provide 

el.Ch primary particle with a surface mod.ifncation acconling to the invention. However, the 

pip.em or filler particle may be provided m a previously dried form which then must be 

mdis~ or re~ in a contimous phase. 

IS The pigment or filler particle su:spension is charged into a veael or the lite and is 

pmfembly as;ita.ted mechanically to mammin the dispersed phase m suspension. 'Thereafter' the 

e~ or clwge modifying agent is added to the tank. 

Thie eicctrochemical. or dmge modifying agent, i.e., catiooic or imio:nic mi inorganic 

or orpnic materials, may be added to the tint m solution, in suspension or solid form. The 

20 clmge modifying agent is preferably precipitated o:nuo the surface of dw prlmuy particles in 

mspemion through ftmhcr agitation of the tamk Md may also be pm:ipit.atedl through pH 

adj~:mt of the mWm:e to a pU: of about 7~11, preferably 8~11, most prefembiy 9-10, until 

~lly comp~ete precipitation occms. The agitating am pH adju.mng, promotes the 

chemi~ bonding of the electrochemical or charge modifying agent coating to the primary 

pu.Ucle ~ and furtb.er electrochemicaUy modifies the mrface charge of the pmticUe to 

provide m electrochemical site for the second dispersion promoting agent coating to be 

m.terf~ or elemochemicruly or chemically attached thereto. 

The dispersion promoting agent, i.e., anionic, cati.omc, or oon-iomc and inorganic or 

orpnic materials, may also be added to the Wik in solunom, suspen.-;iom, ot soUd fonn. 'The 

30 Wik is further agitated wmn substmtiallly complete imerfacing or electrochemical attachment of 

the dispennon agent to d:m primary particle is achieved. thereby electrochemically amlfor 
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chemically flXhng or interfacing the dispersion agent to the surface of the particle and prodw:mg 

tile mrface modified pmticle according to this invention. The dispersion promoting agent may 

oo added to the tmk prior to adding the charge modifying agent, but preferably subsequently 

thereto. 

S The mdace modified particle may be recovered by oonvemioml recovery processes, 

mch u fdtmtion Ind drying, batch drying, spray roasting, spray d.rymg, and fiuidmzoot bed 

drying or the lib. The surface modified particle may further be sized oom:urrendy with the 

recovery pnx:ess or m am additioml sizing step, such u spray dl}ing a mixture of the recovered 

~ modified particle with a liquid such u water. 

·10 The ~ moomed particles accordmg to the hmm.don may be produced in powder, 

dispenioo, or gmmiar form. It is uswilly preferred that the particles be free flowing for 

opd.mal stomg@ and bmdling, and therefore it is preferred that the mrmce modified particles 

of th!I invention be produced in gmmW form, preferably bead gm:m!es, with m average bulk 

plrticle size or m average agslomemted particle sim in the range of 2S to 250 microns, 

15 pmferab~y 100 to 200 microns, and a water content of less du. 5", preferably lea than 2%. 

The .mrfaoo modified pmticle according to the mvmtion cm also include other adlditives 

such u stabilizers, dispersants, biocides, wettmg agents, rheology modifiers, fillers, lubricants, 

p!uticm:rs~ pmmols, propeUams, gu entmmmm: agents am the Ub. 

In the F.Dmples 1 through 9 discussed below, smface modified particles wem produced 

20 acconfuag w the invention. Comparative testing wu conducted for the effects of the surface 

modified particles according to the mventi.on m specific application mediums to show improved 

d~ion Ind coloring properties u oompued with sumce modified particles or agglomerates 

u dhlclosed m the prior art. . 

~~ 

Smface Modification Of YeUow Iron Oxide For An Aqueous 
Dispersion Application System 

A quantity of fully precipitated and color developed yeUow iron oxide is acmmulated 

30 such ~ 1120 dry equivalent gms of the yellow iron oxide am deUven:d to a 12 liter sized 

vessefi u ~n m process material. The concentration of this m process material is approximately 

0. 12 gm/a:. The material is. agitlted with an impeUer type agitltion system at approximately 
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450 rpm or until suitable surface movement of t1m materiru is developed. From a 1 Molar 

solution of magnesium sulfate heptabydrate, 280 ml of the solution are added to the agittiting 

pi~nt suspension over approximately a S minute imervat 'The agitation is continued for lS 

mmu~. From a SO% sodWm hydro::dde solution, a sufficient quantity is addOO to the pigment 
o' 

~ion m order to elevate the pH to approximately 9. Thereafter, a quantity of 26 gms on 

m active buhl of a 3500 to SSOO molecular weight sOOimn salt of polyac:rylate ue added to tile 

mspemion. The ~ion is agitated an additiomd 15 mimltes. The particles are now 

~tied mad t.estcd u compamd to a control for chemical mid dispersio:n chanderisti.cs. 

Example . 

Powder pH 
Ml.1Jaimn uvel 
% Carbon 

A 

8.03. 
0.012 
0.17 

B 

6.59 
0.01 
1.36 

c 

8.51 
0.136 
0.19 

8.51 
0.124 
0.69 
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Iable.II 

Dispersion Characteristics Aqueous System 

lEDJmp!e A B c Exampne 1 

Oxide l.oadmg Ti.me 18 min smm 1smm 3 min 
Mummm % Sollm 23.S 70.0 62.0 74.0 

Vmscosnty 
Brootfieldl SO rpm 
116 Spi:wlle Rvr (cps) 10.000+ 3,800+ 10,000+ 3,600 

Hercules A Bob 
4400 rpm 
cm of deflection Abort s.s Abort 2.90 

Example A -

BumpleB - The yellow iron oxide treated with a one step orpci.c coating of sodium 
sa]t of pollyacryU.c acid; ud, 

The yellow iron oxide treated with 1 one step morgmili:: 
map.csium mlfate hq>tahydrate. 

BXAMPLB2 · 

Smface MOO!ffiatlon Of A Yelllow Iron Oxide For A Coating 
Systan Dispersion Applitcmion 

A qomWty of fully precipkmed and color ooveRoped yeUow iron oxide is 1CCWD.ulatcd 
35 such that 1120 dry equivlllmtt gm.s of the yellow iron oxide me delivered w a 12 Uter sized 

vessel u an int process material. The concenttation. of this m process mat.eria.Jl is approximately 
0.12 gm/cc. The materiml is agitated with an impelller type mgitati.o:n system mt approximately 
450 rpm or mmfil suitable surface movement of the material is developed. From a 3 MoRar 

sodium ~ummmte solution, 22S ml are added to the pigment suspension over appro:dmateny S 
mmut.es. 1be wspcmion is agitated an additiomtl IS mmutes. From a l Molar sodium siUcate 
soUution. 280 mn are Mided to tlie agitated pigment mspemion. The agitation is conti.m1ed to 
for m sdditioml 15 minutes. The particles are now M:cumulated mm tested as compared to a 
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control for chemical ud dispersion characteristics. 

Powder pH 
Alumhmm Level 
% Silicon 

Eumpie 

Temp Degrees C 
Hcpmm.0=8 
Viscosity (cps) 

Example 

ZS~ 
DRG 
DYB 
DL 
DE 

Ilhkm 
Chemical Comparison 

A F.Dmple2 

8.03 4.50 
o.os 0.33 
0.03 0.63 

Table IY 

Dispersion Chlnctcristics: Long Oil Alkyd Systmn 

Long Oil Alkyd (No Dispersant) 
(2S. Minute. Grind Data) 

A Rumple 2 

48 so 
6+ 6+ 
86,000 iU,000 

IABLEV 

Comparative Tint Data: Long Oill. Alkyd .. 
(25 Minute Color Development) 

Color Diffenmcc to Pmeunor Comm! 

A Example 2 

98.8% 103.6% 
-0.9 0.2 
-0.7 0.2 
0.7 0.0 
1.3 0.2 

.. AU oo1or data are m.eumed with a Macbeth 2020+ Spectrophotometer (IHumimmt D) and 
reported usmg the FMCll color difference convention. 
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EXAMr.LEJ 

A Smface Modification For Improved Performance _Of A Yellow 
Iron Oxide Finished Goods Pigment In An Aqueous System 

Dispersion Process Application 

A qwmtity of 1120 gms of finished goods specifications dry yellow iron oxide are 

delivered to a 12 U.ter sized vessel containing 10,000 gms of Water. The material is agitated 

with m impeller type agitation system at approximately 450 rpm or tmtil suitable surface 

10 mov~ of the mat.erial is developed. From a 1 Molar solution of magm:smm sulfate 

heptab.ydmte, 280 mi of the solution are added to d1e agitating pigment suspension over 

appro:idma~iy ·a 5 mimlte interval. The suspension is agitated for approximately 30 minutes. 

From a SO~ mi.um hydroxide solution, a sufficient qwm.tity is added to tll1e pigment suspension 

in order m elevate the pH to approximately 9. 'Ibmeafter, a qwmtity of 26 gms on an active 

lS buis of a 3500 to 5500 molecuhr weight sodium salt of poiyacrylate am added to the 

smpemion. The qitation is contmued for 15 mhma. The particles arc now aa:umulated and 

~ u ~to a control. 

mMELS~ 

Surface Modification For Improved Perfonmmce Of A Yellow Iron 
Oxide Pism.ent Jlln An Aqueous System Process Application 

A quantity of mlly precipitated and! color developed yellow iron ·mdde is ·accumulated 

such that 1120 dey eqmvalent gms of the yellow iron oxide ue delivered to a 12 liter sized 

vesse~ u an m process material. The material is agitated with e impeller type agitation system 

at approximately 450 rpm or until suitable surface movement of the materild is developed." 

From a i Mom solution of magnesium sulfate heptahydmte, 280 mi of the solution are added­

to the agitating pigment suspension over approximately a ~ minute interval. The suspension is 

agitated for approximately 30 minutes. From a SO" sodium hydroxide solution, a sufficient 

qwmtity is added to the pigment suspension in order to elevate the pH to appro:ximat.e~y 9. 

30 ~rnafter, a qmmtity of 26 gms on an active basis of a 3SOO to SSOO molecular weight sodium 

salt of polyacrylate are added to the suspension. The agitation is continued for 13 minutes. 

The pwcle:s are now accumulated and tested as compued to a oomtrot 
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IML<LYI 
Comparative Dispersion Characteristics 

Aqueous System Low Solids Grind 

--·-----------------

iliiif. 

A Bumple 3 Example 4 

60.4 60.6 60.2 
10 D•ntonpH s.s 8.0 8.2 

20 

30 

35 

Brookfiel!d Viscosity 
Oxide~Time 

Color data 
Test Type 

F-Jmmp~ 

ZS~% 
DR.G 
DYB 
DL 
DE 

3400 cps 2200 cps 
9mm Smm 

Comparative Tim Data Latex Format"' 

A 

96.7 
-0.4 
-0.6 
0.9 
1.1 

Eumple 3 

103.S 
~1.3 

=1.3 
0.0 
1.9 

1200 cps 
< 3mm 

Enmp!e4 

117.0 
3.1 
3.8 
~2.2 

5.4 

A Smface·Modificatio:m For Improved Pmormamce Of A Yellow Iron Oxide 
· Pipnent In A Cementitiws Process Application 

A qmmtlty of fully pn:cipitatedl mi color developed yellow iron oxide . is accm.nulated 

such that 1120 dry equivalent gms of the yellow iron oxide are delivered to a 12 mer sized 

vessel u an m process material. The ooncentmtion of this in process material is approximately 

0.12 gm/cc. The material is agitated with m impeller t)-pe agitation system at approximately 

4~0 rpm or until suitable surface movement of me material is deveioped. From a 1 MoJa.r 

softution of magnesium mifate heptahydmtc, 280 mli of the solution are added to the agitating 



10 

18 

pigment ~on over approximately a 5 minute interval. The agitation is contimled for 15 

mhmtes. From a 50% sodium hydroxide ~ludon. a sufficient qwmtity is added to the pigment 

suspension m order to cle\'ate the pH to approximately 9. 1'he suspension. is agitated for 15 

minu~. To die suspension, 22.4 pm of a dry sodium Ugnoimlfomte arc added. The 

su~ion ii agitat.00 for approximately 30 minutes. ~ particles me now accumulated md 

ated u oompm:d to a control. 

~-6 

A Surfaoo Modification For Improved Pmonwmr.e Of A Yellow Ii:on 
Oxide Pigment In A Cementitious Process Application · 

A qwmtity of fully precipitated and color developed yellow iron oxide is accumulatm 

mch that 1120 dry equivalent gms of the yellow iron oxide am delivered to a 12 l!itu sized 

vessel u am in process ~rial. The concentration of this m process material is approximately 

0.12 gm/cc. The material is agitamd with an impeller type agitltion system at approxima~ly 

15 450 rpm or until suitable surface movement of the material is developed. From a 1 Molar 

solution of magnesium sulfate heptlhydntc, 280 ml of~ solution am added to the a~ 

~ suspension over approximately a S minute imerval. The agitation is couthmed for 15 

mmute5. Fmm a SO% sodium hydroxide solution, a sufficient q-wmtity is added to the pigment 

~mioo in order to elevate the pH to appro:idmately 9. The suspension is agitated for 15 

20 minutes. To dle supemion, 56.0 gms of a 40~ sodium liposulfomte solution am added. The 

~mion is .-ted for approximately 30 minutes. 1bc particles are now accum.Wated and 

~ u rompamd to a control. 

IIWeYW 
Comparative Tint Data Latex Format"' 

Color Differm.ce to Pmcunor Control 

Example S Example 6 

30 ZS~ 'T!.1'1 107.7% 
DRG -2.1 2.6 
DYB -3.0 1.1 
DL o.s ~1.3 

DE 3.7 3.3 
JS 
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Z Sttength 30 second 
Z Sttength 45 second 
Z Sttength 60 second 
z s~ 120 second 

19 

I~IX 

Comparative Com:rcte Color Developmem 
Stlmdud Co~mte Mix Design 

Bumple 6 v. Co!ntml 

100.37% 
H2.91" 
116.49% 
116.21" 

----·-·--------- -- -· - - - . 

11iiir 

A Surface Mcdifation For Improved Performanr.e Of A Red Iron Oxide 
Pigment In A Cementitious Process Appnication 

A-qwmdty of fuUy precipitated and color developed red mm oxide is acammlat.ed such 

20 that 1120 dry equivalent gms of the red iron oxide are delivered to a 12 liter sized vessel as an 

m ~s mztm.an. The concentration of this m process materiW is approximately 0.12 gm/cc. 

The~ ms agitated with m impeller type agitation system at approximately 4SO rpm or until 

mmabUe ~ mov~ of the material is dewlloped. From a 1 Mohtr solution of magnesmm 

m.dfam heptahydmt.e. 280 ml of the solution are added to tb£ agitating pigment suspension over 

2S q>pmximatelly a 5 mhmte interval. The agitation is continued for lS mhmtes. To the 

~ion, ldd 560.0 gms of a 4" sodium lignosulfomte solution. The suspension is agitated 

for appm:idmately 30 minutes. The particles are now accumulated amt ~ u compared w 
I rontrot 

30 

Z Strength 
DRG 
DYB 
DL 
DE. 

~ 

Comparative Tm Dam Latex Form.at® 

Example 1 v. Control 

111.3~ 
4.0 
0.3 
3.5 
S.4 



s 

10 

15 

z s~ 30 second 
Z Smmgth 45 second 
Z Stt'mgth 60 second 
Z SttelliPh 120 second 

Comparative Concrete Color Development 
Sttmdard Com:mm Mix Design 

Example 7 v. Control 

103.Sl" 
US.64'1 
121.48S 
122.35~ 

EXAMPLES 

A Su.m~ Modification For· Improved Performm:ra: Of A Bia.ck 
Iron Oxide Pigment In A Cementitiom Process Application 

A qwmtity of fully pmcipitanl and color developed black iron oxide is ~ted such 

that 1120 dry eqmva.lc:mt pm of the bllclc iron oxide are delivered to a 12 liter s~ vessel a 

m m process material. The concmmtion of this in process material. is approximately 0.12 

gm/cc. The material is agitated with m impeller type agitation system at appro~ly 450 

rpm or untill mi~bne smface movement of the ma.tcrid is developed. From a 1 Mom solution 

of map.simm mlfate heptabydmte, 280 mJ. of the sobtion am added to the agitating pigment 

2S ~ion over approximately a 5 mhmte imerval. The agitation is contmucd for lS mimtes. 

30 

35 

To the ~rsio~ 560.0 l!DI of a 4" sodium Ugwsulfomte solution is added. The suspemion 

u agimtm for approximately 30 minutes. The particles are now accmnulated and msmd u 

compared ~ a comroL 

Z Sb'engtb 
DRG 
DYB 
DL 
DE 

I.~le XII 

Comparative Tim: Data Latex Format* 

108.4% 
1.1 
L4 
~2.9 

3.8 



.. 

Z Strength 30 second 

tu Shed Has Dem filmd 
1111111111111111111111 21 

Comparative Concrete Color Development 
Sbmdard Concrete Mix Design 

10 z s~ 45 second 
z s~ 60 tceond 

Eumple 8 v. Control 

102.21'5 
Hl.41S 
113.Sl S 
US.21% 

15 

. z s~ 120 second 

A Surface Modification For ][m.provedl Perfonmmce Of A Black 
Iron Oxide Pigment In A Solvent Sued Tonm- Application 

20 A~ of fully pm::ipibml and color developed black iron oxide is acCmnu!ated such 

thlt 681 drJ equivalm gms of tlJg black iron oxide am delivered to a 12 liter si7.ed vessel u 

am m ~ matm'W. The conceo.tratioo of dtis m process material is a.pproximat.elly 0.12 

gm/cc. nm ma~ is agitated widl m impeller type agitati.on syst,em.at approximately 450 

rpm or until mitable surface movement of the ~ is developed. A qwmtity of 2.1 gms of 

2S ah;timiwm chloride is heated to 130' F in 280 mm of water. Afuuximm chloride soiudon is added 

to the sllurry of bE.ack oxide. A qwmtity of 15.9 gms of sodium steamte is added from a dilute 

sollution. The mixtu.re is agitucd for approximately 30 minutes. The particles are now 

accum~ mid tes~ u compared to a control. 

'fabJ)s; m 
30 

Moisture Adsorption Amdysis 

Sam.pile Oln 24bn 48hn 72 hrs Tomi Wt Change gms 

35 Control 10.9915 11.0597 U.0945 11.0786 +0.0811 
ED.mplle 8 10.9971 10.9938 10.9938 10.9943 ~O.OO'l8 
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Table XY 

VSM Magnetic Properties 
s 

Sampne Hc(Oe) Sigma-m (enmlgm) Sigma-r (anw'gm) 

Conttoll 98 85.3 10.5 
F.xlffft'iC 8 98 . 82.9 7.6 
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1. A surface modified particle, comprising: 

a particle selected from the group consisting of pigments and fillers, whose 

sm.f~ ns coated with at l.eut om electric charge modifying agent and at [east one dispersion 
.. .. ·"' 

2. The surmoo modttled particle according to claim l, wherein said partic[es are 

S@~ from die group consisting ofmmemw, emmders, fillers, metab and metal oxides. 

3. 1be surface modified particle mcoommg ro chilin 1, wherem said electric charge 

modifying coming is about 0.01 ~ 20S by weight of tJm pigment plrticle. 

4. The surface modified pigment particle accordmg to clrum 1, wherein said 

~on promoting coating is about 0.01 ~ 20~ by weight of the pigment particle. 

S. A surface modified pigment particle, oomprismg: 

a pigment particle selected from the group consisting of pigmem Ind fillers, 

whose smface is coated with at leut one electric chlrse modifying agent and at !east one 

dispersion promoting agent . 

. 6. The surface modified pi~ particle according to claim s. wherein said 

pigmem are selected from the ·group consisting of chromares. ferrocyamdes, mifides, 

sulfo~des, oxides, silicates, phosphates, almnimtes, tit.amates, carbonates, sulfates, borates 

Ind metall pigments. 

1. The mu:face modified pigment particle according to claim 5, wherein said 

pigments are metal oxides. 

8. The wmce modified pigment particle according to claim 1. wherein said mew 

-·----------

iii UT 



i 1111! !ill llli! 11111111111 
• c ~ 00 $ • 

24 

9. The mrfare modified pigment particle according to cHaim S, wherein slid at leut 

one electric charge modifying agent is an inorganic materiil selected from tire group consisting 

of Mg, Ca. Ba, Sr. Ti, V. Zr, Cr, Mn, Fe, Co, Ni, Cu, Zn, Si and Al. 

10. 112£ smface modified pigment particle according to chrlm S, wherein said! at least 

one dispersion promoting agent is m organic material selected .from the group consisting of 

s~, acetates, lltylpheook, celluiosics, wwms, lipim, accyllics, epoxies, ~. 

ethylenes, styrenes, propyrenes and polymers having ftmctioml groups of aloohob, glycols, 

aldehydes~ amides and cuboxylic acids. 

11. The surface modified pigment putlcle according to claim S, wherein said electric 

cqe mod!fymg coating is about 0.01 - 20% by weight of the pigment particle. 

12. 1'he surface modified pigment particle according to claim S, wherein slid 

dUpenioo promoting coating is about 0.01 - 20~ by weight of the pigment particle. 

13. The surface modified pigment pirticle according to cW.m S, wherein said particle 

bum average primuy particle size of0.01°100 microns. 

14. The sudla: modified pigment patticle mcrommg to claim 5, wherein said surface 

modified pig.m.tmt particle is in granular for.m. 

15. The surface modified pigment pw:ti.cle according to claim 14, wherein said 

gmnme is a bead grmlle. 

16. The surface modlified pigment particle according to claim 14, wherein sud 

gmwle has an average bulk particle size is in the range of 2S to 250 microns~ 

17. The surface modified pigment particle according to claim 16. wherein said 

~le has ;m average bulk p_mticle size in the nnge of 100 to 200 microns. 

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

iillillr 
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18. The surface modified pigment particle according to claim 14, wherein said 

grmule !Ms a water content of iess than S % • 

19. The surface modified pigment particle according to claim 18, wherein said 

gmmde Im m water content of less than 2 % . 

20. The surface modified pigment particle according to claim S, wherein said surface 

modified pigment putlcle is m powder form. 

21. The ·sumoo modified pigment particle according to chllm S, wherein said surface 

mOOifiOO pigment pmticlc is in dispersion form. 

22. The surface modified pigm.em particle according to claim S, further comprising 

other additives. 

23. A surface modified pigment particle, comprismg: 

a pigm.eD.t particle selected from the group consisting of .metal oxides, whose 

mrface is coated with at least one electric charge modifying agent and at least one dispersion 

promoting agent, wherein said at Ieut one electrlc charge modifying agent is an ioorpnic 

mat.el'W selected from the group consisting of Mg, Ca, Ba, Sr, Ti, V, Zrf Cr, Mn, Fe, Co, Ni, 

Cu, Zn, Si um Al and said at least one dispersion promoting agent is an organic material 

se!~ from the group consisting of steamtes, acetates, alkylphemls, cellulosics, wu:es, 

Upim, 1CeyliCS, qx>xies, ~s, ethylenes, styrenes, propy!enes and polymers havmg 
funciioml groups of alcohols, glycols, aldehyde!, amida and carboxyHc acids. 

md&:. 

25. The surface modifmd pigment particle according to cb.im 23, wherein said 

pm'ticle ~an average primary particle size of O.<U - 100 microns, 

..... 
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26. The surface modified pigment particle accord.mg to claim 23. wherein said. surface 

modified pigment particle is in gmmlar form. 

21. The surface modified pigment particle ac::oording to cllahn 26, wherein said 

gm.mlle is a bead gmmie. 

28. The surface modified pigment particle according to cbdm 26, wherein said 

gmmde has m average bulk particle size is m the range of 25 to lSO microns. 

29. The surface modified. pigment particle according to claim 26, wherein said 

grmmie bu a Wilt.er content of kn than S % • 

30. nm surface modified pigment particle ~ to clllim 23. further comprising 

at least om ~,·e selected. from the group of stabilizers, dispemmts, biocides, wetting agents, 

rbmlogy modif'mrs, fillers. lubricmt.s, pluticizers, plutisols, propellim.ts and gu entraimnent 

~-

31. A method of coating the surface of a particle selected. from 

dle group oomisting of pigments and fillers, comprising the steps of: 

(a) providing a suspension of particles selected from the group c:omistmg 

pigments rum fill.en in solution; 

(b) adding at lent om electric charge modifying agent to the mspension; 

(c) precipitating said at least one electric charge modifying agent on the surface 

of aid plmcles; 

(d) adding at mt om dispersion. promoting agent to the suspension; 

{e) electrochemically attaching at lent one dispersion promoting agent to said 

particles; and, 

(f) recovering die surface cooled particles. 

32. A method of coating the surface of a pigment particle selected from the group 
-------

consisting of pigments Md fillers, comprising die steps of: -- ------------

iii 1 if 
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(a) providing a suspension of a pigment particles m. solution; 

(b) adcUng at least one electric charge modifying agent to the suspension; 

(c) precipiWing said at least one electric charge modifying agmtt on the surface 

of said pigment particles; 

(d) adding at ieut one dispersion promoting agent to the suspension; 

(e) electtochemicaUy attaching said at least one dispersion promoting agent 

to ~id pigm.ent particles; and, 

{f) recovering the mrilce ooltedl pigment particles. 

35. The method according to claim 32, wbemm Slid precipitating step is by agitating, 

pH adjusting or a combination thereof until mbstmtiaDBy complete reaction. 

36. The method according t.o claim 32. wherein Hid attaching step is by agitating 

until subsWltially complete reaction. 

37. The method acoonllils to claim 32, wherein said recovering step is by filtration 

md drying, batch drying. spray roasting, spray drying oir fiuidimd bed drying. 

38. . The method according to chlim 32, wherein said. suspension of particles is an in­

proooss suspension. 

39. The method according to claim 32, wherein said suspension of particles is a 

mdispenion of agglomemted particles. 

40. 'fbe method according to.claim 32. further oomprismg the step of: 

(g) gmmlating said swface coated pmicics to end product fomt. 

---------
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4!. The method according to claim 40. wherein said granulating step comprises sp:my 

drying with~ liquid, preferably water, Md other additives. 

42. A colored cementitiom composition, comprising: 

Bl cement and surface modified pigment particles selected from the group oomisting of 

metru oxides whose sm:face is coated with at least one electric charge modifying agent :md at 

least o~ d~on promoting agent. 

43. A magmmc toner composition, comprising: 

~ modified pigment puticles seleded f:rom the group comistmg of mm1 oxides 

whose smfaca are coated with at least OO£ eiedric charge modifying agent and at least one 

dispersion promoting agent. 

44. A coating canposition, comprising: 

a hue~ a vehicle, a binder and smface modified pipnent particles selected from the 

group oomilting of metal oxides whose smfaces am coated with at leut one electric charge 

modifying agent Md at lcut one dispersion promotimg agent. 

4S. . A method of coloring cement, com.prisms the steps of: 

(a) providing surface modified pigment pamcies selected from the group consistins 

of mdJd oxides whose surfaces are coated with at least ooo electric charge modifying agent and 

at lleut. o~ dispersion promoting agem; 

(b) mWng said modified pigment particles with cement at conditions sufficient to 

form a homogeneous dUperW of said surface modified pigment particles m the cement; and, 

(c) allowing dle cementitioos mixture to a. 

iiiiU 


