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rie1d of th• %nyeptiqp 
The present iDvention relates to novel heat 

S aged and milled precipitated calcium carbonate pigments 

for use :Ln ink jet recording papers. Kore 
particularlyr the present invention relates to an ink 

jet recording paper which incorporate• such pigments 
and at least one water soluble binder to impart 

10 enbanced print quality. The invention also relates to 
methods of applyiDSJ these camponen.ta to paper, and to 
methods of producing the novel pigments. 

B&ckcn:pnpsJ pf the Inventicm 
The tberaal :I.Dk jet process applies a dilute 

15 aqueous ink onto tbe surface of a paper by heating a 
mnall volume of the ink in a small chamber with an 
orifice that is directed at the recording paper. The 
amall volume of ink tbat is heated rapidly rea~es its 
boiling point, am:l the ateaa bubl>le foz:med propels a 

20 tiny drop of liquid ink at the paper, where the drop 
produces a single dot :l.n a clot matrix that forms a 
character or image on the aheet.. Thia process requires 
an ink that is low in solids and high boiling 
components so that it is capable of boiling rapidly 

25 without leavin.g a residue that can foul the heating 
element, and clog the orifice. Therefore, up to 96 
percent of ink jet printer ink ia a mixture of water 
and. low molecular weight glycol•. Although auch an ink 

bo11s quick1y when beated to en.au.re rapid printing, and 

--
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is not prone to clog, it re•ulta :in an applied ink that 
is very mobile and alow to dry. Therefore, good print 
quality can .be obtained only if tl:ae ink colorant or dye 
remains on or near the outer surface of the paper, and 

5 does not spread or move from tlae point at which it was 
applied .. 

l'.t is al•o important tbat drying occurs 
rapidly to prevent smearing of tbe colorant. J:n 
printers tbat are not equipped wit:h heating elements, 

10 the water and glycol camponents of the ilik JIN8t 

penetrate into the .body of the paper for proper drying 
of the colorant on the surface. l'.f the colored phase 
is carried into tlae paper with the liquid phase aa it 
penetrates into the paper. or if the colorant migrates 

15 acroaa the aurface of the paper, the quality of the 

resulting print or image will be poor. Also, dry ink 

colorant that ia not peZ'Jlllmently fixed on the paper 
will blot or run if the printed surface becomes wet or 
is marked with a highlighter. Therefore, the dry ink 

20 should have excellent water and highlighter fastness 
properties for optimum perfozaance. 

%D most applications, multipurpose office 
papers provide inadequate or poor thermal ink jet print 
quality. Thia is particularly true wbere multico1or 

25 printing with conaamitant euperimpo••4 ink app1icatious 
is uti1ized. 'the poor print qaial.ity ia compounded in 
printer• that apply the colors in one order when the 
print head aovea to the right and the reverse order 

when the print head moves to the left. Multipurpose 

30 off ice papers of ten allow the colorant to penetrate 
into the paper,. which reaulta in redueed optical 
density of tbe printed image, and increased ahowthrough 
on the reverse aide of tb.e paper. Multipurpose office 
papers t:hat: are highly aised prevea.t liquid 

35 penetration, leading to higher ink optical density,. 
l:nlt:, a1•o, exoeaaive feathering ad spreading. 

One metbod of improv:l.ng the:r:mal ink .jet print 
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quality is to apply a material to the paper surface 
that binds the ink colorant to the surface, but allows 
the water/glycol liquid phaae to· pass into the body of 
the paper, which apeeds drying. However, the :I.Dk 

S colorant of ten is an unsaturated or aromatic organic 
compound, and if the aurface material interacts too 
strongly with th~ colorant the color of the ink can 
change. Therefore, a a'lirface :material must be obtained 
that prevents the ink colorant from penetratin.g the 

10 paper, but does not interact ao strongly aa to effect 
the colorant, aDc! cause a color change. 

Oshima et al., U.S. Patent Ho. 4,478,910, 

discloses a paper Dase stock that is coated with a high 
specific surface area colloidal silica pigment and a 

15 polyvinyl alcohol ~iDder, wbere the specific surface 
area of the colloidal ailioa ia greater than 200 m2 /g. 

Kigmaoto, U.S. Patent Ho. 4,576,867, and 

Kojima et al., v.s. Patent No. 4,830,911, teach that 
application of a cationic quaternary ammonium polymer 

20 to a paper stock will improve the water fastness of the 
reau1ting paper. App1ication of such a quaternary 
1U111DOnium polymer in a size press is also disclosed by 
Kalbotra, U.S. Patent Ho. 5,223,331. However, high 
quality, commercial tbezmal ink jet recording paper is 

25 produced with off machine coaters, i .. e., t:he paper is 
not treated in the aize pre•• of the paper making 
machine, but must he removed aml coated in an 

additional atep uailag a aeparate coating process. 
Precipitated calcium carbonate (•Pee•) has 

30 been discloae4 aa a uaeful pigaent or filler in ink jet 

paper, but i• typically included in a long list of 
compounds that alao include• natuz:a1 ground calcium 
carbonate, a fozm of the compound that differs greatly 

from PCe in it• physical and chemical propertiea1 e.g., 
35 natural ground calcium carbonate particles are far 

larger t:baD those found iD PCC, and. are noi:mally 
anionic, whereas PCC i• naturally cationic .. 
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1toDdo et al., 11.S. Patent Ro. 5r320,897, 

describes coating ink jet recording paper with off-the­

ahe1f pigments aD.d. a water soluble binder. The 

pigments which are diacloaed aa being useful bave an 
S apparent specific gravity in the range of 0.10 to o.so 

g/ca3r and produce a paper with a water contact angle 

of 45. 0 to 100°. 
. . 

Tinlkiaaka et al., U.S. Patent Ko. S,007,964, 

disclose a generic precipitation method incorporating a 

10 chelating agent to obt&in a porous agglomeration of 

chain like PCC particles with a BB'.r specific surface 

area in the range of 25 to SS m2/g for use in a 

recording paper. Partial~• with a BBT specific surface 

area of greater than 5~ m2/g, are disclosed aa being 

15 undeairable because they bave a higher density, are not 
porous, and exhibit a l.ow ability to abaorb oil mad 
water. Xt ia further disclosed tlaat PCC can be used as 

a paster or as a powder obtained by pulverising the 

dried paste, which i• disclosed as not affecting the 

20 a519lameration of tbe particles. 
Kunesh et al., v.s. Patent No. 5,215,734, 

diacloae an accelerated heat aging proceaa for PCC that 
produces crystals with a specific surface area of about 
3 to ab~t 15 a2/g and an average d.i•crete particle 

25 size of about 0.2 to about 0.9 pm. The PCC ia uaed to 
improve the optical properties of paper. 

l:D view of the above, there ie nothing in the 

prior art to •uggeat how to impr099 the print quality 
of ink jet record.big paper. The present invention 

30 proviclea one auch solution to thi• problem. 

'''"'"of t:he :tpywtion 
The present invention relates to an ink jet 

recording paper wit.b enhanced properties that 

incorporate• novel beat aged and/or milled precipitated 

35 calcium carbonate pigments and a binder. The beat aged 

PCC ia prepared l:>y carbonating a a1urry of calciwa 
hydroxide to fozm a slurry of precipitated calci.um 
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car~ta, screening the slurry to remove impurities, 

adding an organophoephcmate compound, auch aa 

etban.olmaine bis-(metbylenephoaphonic acid), to the 

slurry,· and beat aging the PCC •lurry in the presence 

5 of the organophoaphcmate to produce an improved pigment 

for ink.jet recording paper. 

The ink jet reaordilag·paper of· the present 

invention ia produced by coating at leut one aide of a 

paper base stock with a coating comprising heat aged 

10 and/or milled PCC and a binder to fora the ink jet 

recording paper. The heat aged and/or milled 

precipitated calcima carbonate is made by carbonating a 

slurry of calcium carb~te. heat aging the PCC in the 

presence of an organophoaphonate compound and/or 

15 · milling the PCC to procluce discrete particles of PCC 

with a aurface morphology and chemistry that •~ha0cea 

the ability of the PCC to bind to the ink jet printer 

ink colorant. 
J)etailaci Description of th• Invention 

20 All ink jet recording paper baa been obtained 

that provides full color ink jet print quality that 

approaches or surpasses that of the beat ink jet 

specialty paper at a greatly reduced price. The 

selection of PCC particle size, surface area, surface 

25 chemistry, and degree of aggregation, and its 

combination with an appropriate formulation binder 

allOWll each thezmal ink jet print characteristic to be 

individual1y adjusted and optimized. 

The cationic PCCs of the present invention 

30 bind ink colorant• without the use of expensive 

cationic resins, and can be manufactured on-site at the 

paper mill, ao that, unlike silica, they do not neecl to 

be dried, ahipped, and then rewetted for use. The 

present fo%'JDUlations are designed for application in a 

35 meteria.g size preas, such as tho•• installed on large, 

low UJU.t cost paper machines. Therefore, the PCC 

compositions of the present invention can be applied aa 
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part of the paper making operat!Oll, rather than as a 
separate, additional step after DODl&l papermaJd.ng 

operations are·campleted that inoreaaes the coat of the 

proceaa and the finiahed product.. As a metered. aize 
5 pre•• application ia typically two •ided, both sidea of 

a paper coated on •uch a preaa are available for 
printinsr~ ra.ther than t~e aingl~ aided coating that ia . .. . . 
found in expensive, high qUality aammeraia1 papers. 
A1thougb polyvinyl alcohol is a preferred binder in the 

10 present invention, treating an ink jet recording paper 
with heat aged and/or milled PCC provides a significant 
improvement in print quality with lower coat binders. 
Pinally, t:he present fOJ:mUlations provide a paper that 
ia still auital»le for pllotocopyii&g, which allows 

15 multiple uaea of the paper. 
PCC is noz:aally produced by bubbling a gas 

containing carbon dioxide through an &Cjllleoua suspension 
of calcium hydroxide. Other inorganic materials, in 
particular, inorganic materials containing a1uminum, 

20 au.ch aa alua, can be coprecipitated with PCC, or can be 
precipitated onto the aurfaae of the PCC precipitate. 
I'.t ha• been unexpectedly diacovered, however, that when 
such a PCC i• heat aged and/or milled, treated. with an 
appropriate bind.er, and then uaecl in a composition for 

25 treating thermal :I.Dk jet recorcling paper, a high 
qua1ity ink jet recording paper ia obtaizied, which 

pr~:Ldea a print quality that ccmparea favorably with 

30 

ink jet papers, but at a sr-tly reduced coat. 
The heat agiDg and mill.t.Dg procesaea produce 

diacrete particles of PCC with a surface morphology and 

chadatry that eDbancea the ability of the PCC t.o bind 
to the ink jet ink colorant without binding ao strongly 
that: the color of the ink :I.a chmaged. I'.Dk jet 

35 recording papera :Lncorporat:ing the PCC and binders of 
th• preaent illvention haYe been produeed that are 
superior to multip~oae office papers with red.uced 



W096/29369 PCT/US96/03S46 

- 7 -

feathering, spreading, and penetration or backside 
showthrough, aa well as improved optical density, dry 

time, and water fastness. 

The PCCe of the present invention are 
5 proa,,.ced by the conventicmal precipitation method of 

introducing a gaa·c~taining carbon dioxide into a 
au.pension O'f calcium hydroxide• The calcium carbonate 
precipitate is then.heat aged and/or milled before uae. 
!'he print quality of an ink jet recording paper 

10 incorporating such a PCC is controlled by the state of 
aggregation of the particles and the surface chemistry 

of the pigment and the binder. The chemical nature of 
the pigment surface is controlled by the specific 
synthetic pathway and post ayntheais treatment of the 

15 pigment. 

A PCC particularly useful in the present 
inventicm ia prepared by a process which comprises 
introducing carbon dioxide into au aqueous slurry of 
calcium hydroxide at a temperature of from about 7° to 

20 about 1e•c. The slurry contains f:am about 0.02 to 1 

weight percent, baaed Oil the calcium carbOD&te 
equivalent of the calcium hydroxide in the reaction 
slurry, of an anionic organopolyphosphonate 
polyelectrolyte (typically, Briquest 221-SOA, 

25 ethanolamine bis-(methylenephoaphcmic acid), Albright & 
Wilson Americas, %Ile., Ricbmcmd, VA) and.from o to 10 

weight percent. of aluminum sulfate octadeoahydrate 
CA12so4·1&B2o). '!he introduction of carbon dioxide is 

continued until precipitation of the calcium carbon.ate 
30 is aubatantially complete. Thia typically occurs when 

the conductivity of the carbcmated slurry reaches a 

miDimlm at a pB of about 10 to 11. 

Bxcept for the addition of aluminum. sulfate 
octadecahydrate, the pr.oceas to this point is 

35 eaaentially that of u.s. Patent No. 4,367,207~ t.he 
teachings of which are incorporated herein by 

reference. The addition. of aluminum sulfate 
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octadecahydrate i• diacloaed in v.s. Patent Ho. 
4,892,590, tbe teach:l.Dgs of which are also incorporated 
herein by reference. 

Once a Pee of the desired particle aize and 
5 specific surface area i• obtained, tbe PCC is heat-aged 

or milled to obtain the PCC characteriatica required. 
for a high-quality,· law coat ink jet recorcling paper. 

Milling breaka.pigmesat aggregates into 
individual particlea, which expo••• PCC eurfacea that 

10 were joined, and are chemically different from the 

aggregate eurface. Milling is typically performed on a 
PCC with a acalenohedral, acicular, prismatic, or 
rhombohedral morphology. Heat aging ia normally 
performed on a rhambohedral or pr:lamatic PCC, and not 

15 only aeparatea aggregates. !?ut also involve• further 
precipitation on the particle surface. l:t is believed 
that the newly precipitated material may be chemically 
different fram the original surface material; e.g., the 
surface of a heat aged or milled PCC may have a higher 

20 calciua·magneaium ratio. 
ConventiOD&l heat aging, also known as 

Ostwald ripening, is a proceaa whereby crystals such as 
calcium carbonate, initially at a higher internal 
energy atate, and having relatively high pha•e 

25 aolubilitiea, undergo a ph-• tranafozmation by 

dissolving and redepoaiting cm cryatale at a lower 
internal energy atate. The proaeaa reau1ts in. a fina1 
crystal product eharacterise4 by greater perfection of 
the crystal lattice atructure. a narrower partic1e size 

30 distribution, a greater degree of particle 
cti.screteneaa, and a lower surface energy. 

In the present invention, heat aging of PCC 
starts by ending the reaction of carbon di.oxide and 

calcium hydroxide when tbe conductivity of the aluri:Y 
35 reaches a minimum, which ia typically at a pll of about 

10-11. 'the PCC i• t.hen acreened to remove impurities, 
and up to abO\lt 1 percent by weight of an 
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organophosphonate, baaed on the weight of PCC, is added 
to control the extent or degree of heat aging. Other 
chemical agents that are surface active with regard to 
calcium carbonate will also serve as well aa 
organophosphonates to control the extent or degree of 
heat aging. Such agents include, but are not limit•d 
to the following, sodium polyphosphates, sodium 
silicates, sodium polyacJ:ylates, various carboxylic 
acids, such as mono, di, tri, and polycarboxylic acids, 

10 and their salts, various polysaccharides, and various 
gums with repeating carboxylic acid functionalities. 
The slurry is then heated to a temperature of at least 
about 1s•c .. and preferably about ao•c. or higher to 
h-t age the PCC particles. Tbe heat aging step is 

15 conducted for up to about 10 hours or more, depending 
upon the temperature. At temperatures of about 80 to 
es•c., the beating is conducted for about 2 to s hours. 
The pH of the slurry rises to approximately 10.s due to 
the preaence of unreacted calcium hydroxide. The aging 

20 reaction is then monitored by meaauring the surface 
area of the PCC at hourly intervals. The heat aged •cc 
that is recovered as tbe final product of the process 
has a rhombohedral or pri-tic mm=pho1ogy and a 

apecific surface area of about 60 to about 100 m2/g, 
25 preferably about 65 to about 95 m2/g, and moat 

preferably from about 80 to 90 .m2/g. 
The organophoaphonatea employed in the 

present invention are organopolypboaphonatea of varying 
molecular weights aommanly ueed aa acale inhibitors, 

30 aaqueaterant•, deflocculanta, and detergent promoters. 
Such organopho•phcmata• :l.Jlclude, but are not limited 
to, nitrilo tris (methylene phoaphcm.ic acid), 
ethyltmediaainetet:ra (methylene phoaphonic acid), 
diethylenetriaajnepenta (methylene phospbonic acid.), 

35 hydroxy ethane-1, 1·cliphoaphon:l.c acid., ethanolamine, 
ethanolamine bis-(aetb.ylenephoaphcm.ic acid), lf,N• 

dimethylene pboaphonic acid, &nd hezmnathylene• 
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diaai.Detetra (methylene phoaphcmia acid). The 

preferred organophollphonate is et:hanolamiDe bia­
(methylenephoaphonic acid). 

The millillg of a calciua carl:>cmate -.y 1'• 

S carried out in either a wet or di:y milling proceaa in, 
for example, a conventional ball mill, jet mill, micro 
mill,. or media ~11. The preferrecl milling is carried 
out by intrOducing an aqueous slurry of PCC into a 
medi.a :mill containing glaas aedi.a of a size from about 

10 0.7 to 0.9 -· Tbe media mill ia equipped with 
mechanical agitation, and the preferred weight peraent 
solids of the PCC slurry is froa about 10 to 30 

percent., baaed on the total. weight of the PCC and the 

water. When media milling ia typically performed on 
15 PCC with a acalenohedral morphology, a PCC with a 

specific surface area of from. about 10 to about: •o 
a 2/g, preferably fram about 15 to about 30 a 2/g, and a 
leas elongated cryatal ahape ia produced. 

Bxamples of binders useful for coating 
20 cmapoait:J.ons for ink jet recorcli.Dg paper are those 

heretofore conventionally uaed in ~ art, and include 

pol.yvi.nyl alcohol (•PVOK•) and cleri'V'&tives thereof, 
oxidized starch, etherif ied atarch, eateri.f ied starch, 
dextrin and like starches, carboxyaethylcelluloae, 

25 hydrox.yethylcallulo•• and. like cellul.oae derivative•, 
caaein, gel.atin, aoyl>eam protein, JD&leic aa:bydricle 
reain., l.atticea of usual atyrenebutadiene copolymer, 
methyl methacrylate-l:Ntacllene copo1per and like 
conjugated diene polymer• or copolyaera, and lattices 

30 of acrylate a:nd methacrylate polymer• or copolymers and 
like acrylic polymers, and latex. When required, the 
coating camposition may bave further incorporated 
therein in an amount conventionall.y used iD the art of 
conventional pigment dJ.tiperaanta, ~aclifi.er•, 

35 f1owabili.ty JDOClifier•. defoning agents, foamhig 

inldbitors, rel•••• agents, coloring agenta, and tbe 
like. 



.. 

W096129369 PCTIUS96/03546 

- 11 -

XDk jet recording papers incorporating the 
PCC formulations of t.be preaent invazition have been 
prepared and teated. The following ia a ammary of the 
procedures and testing aethods uaed.. Once a PCC is 

5 produced, the entire teating proceaa can be categorized 
int:o four areaa1 pigment preparation, .foraulation with 
"binder, paper coating and proc•••iD9, and testing. 
Specific details for each of theae procedures are given 
below. 

10 Pigment Preparatiop: 
Pigments to be teated are typically in the 

form of a a1urry or a filter cake. Samples in the form. 
of a alurry are concentrated to the desired solids by 
vacuum filtration. In some instanaes, such as with a 

15 media ailled PCC with a specific surface area of about 
10 to 35 a2/g, the alurry solids are not further 
altered in order to duplicate trial conditions. Once 
the target fonmlation solids is aet, the pigment ia 
diluted,, if necessary,, with water encl thoroughly aixed. 

20 The pigment is characterized by particle size 
cliatribution (Sedigrapb 5100), specific aurface area 
(l'lowaorb), viscosity (Brookfield), and morphology by 

acazm.ing electron aicroacopy (•SJIK•). 

'rhe surf ace area of the product was obtained 
25 using a Microaeritica Plowaorb XX 2300, which mnploya 

BBT theory with nitrogen aa the ••orl>ing gaa. The 

particle •ise was detezaineci by a aediaentation 
tecbD.ique using a llicrcmaeritica Sedigraph Hodel. 5100 on 
an aqueous clisperaion of the product at about 3 percent 

30 and uaing about 0.1 percent carboxylated 
polyelectrolyta (Daxad 30) as a dispersant. 

fomulation: 
Typical biraders are cationic starch 

(Filmcote-54®, National Starch), polyvinyl alcohol or 
35 PVOH (Airvol 107•, Air .Proclucta Xa.c.), and latex (Dow 

experimental size pr••• latex) • Wilen a starch is uaed 
as a binder·, the clry atarch is diaperaed in water at 
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about 1"0-25 percent solida, mad then cooked in an 
automated laboratory cooker at about 195°c. for 50-190 
minutes. The resulting viscous starch slurry i• 

combinect with the pigment, which baa been appropriately 
S prepared to attain the target fozmulation solic!a, and 

mixed thoroughly on a Premier mill with.a Cowles type 

open impell~r blade. The formulation is mixed for . . . . . . 
about S minutes until a completely bomogeiloua slurry is 
obtainedr 8n.d. the resulting fonmlation is 

10 characterised by Brookfield.viscosity (10, 20r 50, and 
100 r.p.m.) and aolida. 

Polyvinyl alcohol ia prepared in a manner 
similar to that used for starch. 'l'he PVOH is hydrated 
at about 2oo•c. in a laboratory cooker for 50-190 

15 minutes at 10 percent solids. Par the latex binder (SO 

percent solids), DO preparation ia necessary before 
testing. The formulation of the- binders with the 

pigment is the suae as with the starch. 
Formulation solids for the teats were in the 

20 range of about 20-28 percent, with a typical coating 
formulation having about 20 percent aolide. 
Paper eoating: 

Generally, an unsized base stock with an 
81.3·83.0 g/,il baaia weight ia uaed in the teats. The 

25 paper is cut into 12x17• aheeta and secured to the CSD 
Drawdown Apparatus, whicb conaiata of a glass plate 
(1~x17•) 11DUDted OD meta1 baae with aprislg clip at the 
top. A coating formulation :ls applied with a CSD 
drawdawn rod by p1acing the rod of choicer which 

30 depellda OD target coat weight, at the top of the paper,, 
adding a thoroughly mixed 10-15 al sample of the 
fo:caulation with a 30 ml syringe iD a unifo:z:m line 
aero•• the top to the paper, below the rod, and coating 
the paper by pulliDS the drawdown rod from top to 

35 bottaa using 1igbt presaure and a conatantr steady rate 
for about 2 •econcl8. 

Tbe coat we:l.ght ia cletezmine by the stainless 
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steel drawdown rod.II, which are specifically grooved to 
deliver a pradetezmined coating volume to the paper 
surface. Roda with fewer grooves deliver a heavier 
coat weight, •iDce the apaces between the grooves are 

5 wider. J:n turn, roda with a greater number of more 
tightly·apaced grooves produce lighter coat weights. 
Typical coat ~eigh~· are about ·2 to 10 g/m.2. 

Once a foxmulation. baa been applied, the 
paper is immediately dried with a hand held heat gun 

10 for about 30-60 seconds, and then completely dried at 
room temperature over a period of about 2-24 hours. 
The dried papers are then cut in.to 8 1/2 x 11• sheets 
for testing. 

15 

Paper Testing: 
Minim.um. ink jet print quality specifications 

have been established by Hewlett Packard Corporation. 
(•BP•). Therefore, moat teats utilise BP methods to 
determine the following print characteristics. 

Optical density is a measure of the 
20 reflection. density of an image. A specific test 

pattern ia printed onto tbe paper, and the optical 
densities of pure black, composite black, cyan, 
magenta, and yellow are measured uaing a reflection 
densitometer (Macbeth JU>918). The resulting optical 

25 densities are compared to minim.um. BP specifications. 
J:nJt.spreading and f-thering can both 

decreaae the quality of ink jet print. Ink spreading 
ia defined as the growth or widening of printed areas. 
l'eathering is the wicking of ink, which re•ults in 

30 fuzzy images. This is measured by analyzing a specific 
portion of the same printed pattern used for optical 
density meaaurementa. The apecific portion ia 
evaluated for ink area, apread:Lag, and ink perimeter, 
feathering. The resulting, digitised pattern. ia 

35 quantitated and compared to a cammercia1 premium. ink 
jet paper. The BP teet .. thod for ink apr-ding and 

feathering waa not uaecl in these teats- sin.ca the HP 
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test is subjective rather than quantitative. 
Ink Dry ~ime is a meaaure of the rate of ink 

absorption :l.nto a sheet of paper. .A specific test 
pattern is printed, the image :ls ~lotted, and the 

5 resulting optical density of tbe transferred black ink 
is measured. The results are fitted to a decaying 
exponential mode;t fram BP, and the ink dry time is 
calculated. The final dry times are compared to 
minimum criteria set by BP. 

10 Waterfastn.esa is a measure of the amount of 
colorant tranaferred from a printed area to 1111 

unprinted area when water is applied. The 
waterfaatneas teat pattern is printed onto the paper, 
250pl of water ia applied across the print, and allowed 

15 to run over tbe printed area and adjacent unprinted 
area. The optical density of the ·transferred black ink 
on the unprinted areas is measured. R.eaulting optical 
densities are compared to BP standards. 

Highlighter marfaatn.eaa is the measure of 
20 colorant transferred from a printed area to an 

unprinted area when contacted by two types of 
highlighters. The specified teat pattern ia printed 
onto the paper and, uaing an alkaline highlighter and 
an acid highl.ighter, a perpendicular line ia drawn 

25 across the teat area. '!'he optical density of 
transferred black iDJc on unprinted areas is measured 
and compared to BP minimum criteria. 

A color evaluation is perfo:r:med with a OBI.AB 
system., which U1Jea an Blrephro Dataco1or 2000 

30 .co1orimeter to detezmine L*, a•, and b* values to score 
color appearance of cyan, green ye11ow, blue, magenta, 
and red printed areaa. The result• are compared to HP 
diagrlUllll for color quality. 

'!'oner aclb.eaion i• a non-ink jet .xerograph~c 
35 teat, which me .. urea t:he degree of toner adhesion to 

the coating. Toner aclb.eaion ia essential for uae as a 
commercial mult:Lpurpoae paper,. which will often be used 
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as a copier paper. Here, a test pattern is copied on.to 
the paper using a Xerox copier, the test areas are 
creased with a 5 pound roller, and the resu1ting toner 
loss patterns are compared to a set of standards. The 

5 degree of toner loss is rated from 1, best or no toner 
loss, to 10, worst or severe toner loss. 

J:n th-. brightness teat, the coated paper is 
tested for TAPPI brightness using the Technidyne S-4 
brightness meter.. Results are compared to the uncoated 

10 base stock. 

'INIPLIS 
The following non-limiting examples are 

merely illustrative of t~e preferred embodiments cf the 
present invention, and are not to be construed as 

15 limiting the invention, the scope of which is defined 
by the appended claims. 

Bx•mple l 
The preparation of a slurry of calcium 

hydroxide was carried out by combining 1 part lime with 
20 5 parts water with mechanical agitation at an initial 

temperature of so•c. "l'he slurry ... mixed for about.10 
minutes, diluted with water to 1 part lime to 15 parts 
water, and screened with a 60-mesh screen to remove 
grit. 

25 Calcium carbonate was precipitated from the 
slurry in a 30 liter, ataiz:Lleas steel reactor equipped 
with variable speed agitation having two pitched blade 
turbine impellers, h-ting and cooling jackets, a 
stainless steel carbonation tube to direct a carbon 

30 dioxide containing gas to the impeller, and a probe for 
mcm.itoriDg the pB of the suapenaion. 

Twenty-aix (26) liter• of ca1ciua hydroxide 
slurry, prepared as 4eacribed above, were added to the 
reactor while stirring at 420 r.p.m. To the slurry was 

35 then a4ded 6 gr ... of organophosphonate (Briqueat 221-
SOA, ethanolamine hi-(methylenephosphoDic acid), 
Albright & Wi11iama Americaa,·Inc., Richmond VA), 
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correapondiDSJ to 0.1 percent by wight of Briquest 
based on the calcium carbonate eczgivalent of the 
calcium hydroxide slurry. A 1 liter solution 
contai1d.ng 95.0 g Al2so4• 16B2o waa then added. The 

s alurzy temperature was adjuated to 9.s•c., and a gas 
containing c~rbon dioxide (28 percent by volume co2 in 
air) .waa·introdU:Ced at a rate of 2.3 s.c.P.H. while 
stirring at"615 r.p.m. Carbonation ~f the calcium 
hydroxide •lurry was continued for 36 minutes with 

10 cooling until a Jllini:mwa slurry conductivity was 

reached, indicating that the calcium carbonate 
precipitation was camplete. The final temperature of 
the slurry was is.a•c. The apecif:Lc surface area of 

the resulting calcium carbonate was detezained to be 
15 115 m2/g. 

Bxample 2 

%11 tbe saae maDner as described in Bx•mple 1, 

calcium carbonate precipitation by carbonation of a 
calcium hydroxide slurry with a aarbon dioxide 

20 containing gas in tb.e presence o~ 0.1 percent by weight 

Briquest and 3.15 percent by weight Al2so4 •16B2o was 
carried out with the aama equipment. The carbonation 
was complete in 35 minutes when a :minimum conductivity 
was attained. The final temperature of the slurry was 

25 l6.7°C., ancl the pB was 11.65. The specific surface 
area ·Of the PCC was 102.3 m.2/g. The PCC slurry waa 
ecraened with a 325.aeah screen, IUld placed back into 
tbe reactor. While stirring, 45 g of Briqueat 221-SOA, 

cor::r:eaponding to O.? percent by weight Briqueat, based 
30 on the weight of PCC preaent, was add.ad. ~e pB was 

adjuatecl to !.5, the slurry .... lleated to eo•c., and 
the PCC was beat aged at ao•c. for s hours. The 
specific surface area of the final product was 

82.4 m.2/g. 
35 Bumple 3 

ID the aaae mamier as described in Bxa:mple 2, 
a calcium hydroxide •lurry was carbonated in the 
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preaenqe of 0.1 percent by weight Briqu.eat and 3.15 
percent by weight u2so4 ·16~0, Where both percentages 
are baaed on tbe calcium carbonate equivalent of the 
calcium hydroxide. 'rbe carbonation time was 39 

S minutes, the final pH was 10.9, and a PCC with a 
specific surface area of 115.l m.2/9 wa~ obtained. 
While stirring the mixture, 0.7 percent by weight 
Briqueat 221-SOA, baaed on the weight of PCC was added. 
The slurry was screened with a 325 aesh acrean, 

10 returned to the reactor, and heated to ao•c. for 2 
hours. The apecific·surface area of the final product 
was 81.6 m.2/g. 

Bxample 4 
Zn the same manner as deacribed in Bxample 2, 

15 a calcium hydroxide slurry was carbonated in the 
preaenc:e of 0.7 percent by weight Briqueat 221-SOA and 
3.15 percent by weight Al2so4 ·16B20, both percentages 
baaed on the calcium car1'onate equivalent of calcium 
hydroxide. The batch time to minimum conductivity was 

20 36 :minutea, and the final pH was 11.4. The apecific 
surface area of the PCC was 99.l m2/g. The slurry was 
passed through a 325 mesh acree:a., returned to the 
reactor. stirred, and 0.15 percent by weight Briquest 
221-SOA, based 011 the weight of PCC. was added. 'l'he pH 

25 of the slurry was adjusted to 9.5, and the s1urry was 
heated to 80°C •. The PCC waa heat aged at 80°C. for 2 
hours, and a PCC with a specific surface area of 63.8 
m2/g was cmtained. 

Bxa:mple 5 
30 A calcium carl:>o:a.ate slurry with a volume of 

0.6 l and a aolid.8 conceDtration of 20.2 percent by 
weight, baaed on the total weight of calcium carbonate 
and water, where the calcium carbonate was a 
scalenohedral PCC with a specific 91.lrface area of 11.57 

35 m.2/9 and an average particle aise of 1.35 pa was placed 
into a 1.5 l ataiDleas steel media aill containing 1.7 
kg of glass beads of 0.7 to 0.9 mm. The media mill was 
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equipped. with variable speed mechanical agitation. The 
slurry was milled for 10 minutes with an agitation 
speed of 2450 :rpm. The milled product had a apecif ic 
surface area of 15.59 m2/9 and an average particle aize 

5 of 0.35 microns. 
Bx•mple 6 

A ~alciuin carbonate slurry having a volume of . .. .· . 

o.6 1 and a aol.ids concentration of 18.7 percent by 
weight, based. on the total weight of the ca1cium 

10 carbonate and the water, wheJ;e the calcium carbonate 
was a acalenohedral PCC with a specific aurface area of 
26.07 m2/g and an average particle size of 0.88 pa, was 
placed in a 1.5 l atainleaa ateel media mill equipped 
with variable speed agitation and 1.7 kg of 0.7 to 0.9 

15 mm glass beads. 'ftle slurry waa milled for 10 miuutea 
using a 2450 :rpm agitation speed. 'the milled PCC 
product had a specific surface area of 30.11 m2/9 and 
an average particle sise of 0.26 pm. 

The heat aged and media milled PCC's of 
20 Bx•mplee 1 to 6 were formulated with an appropriate 

binder, and paper teat sheets were coated with 6 g/m2 

of tb.e fozmulation in the manner described above. 
After drying, the paper hand sheets were teated for 
true black optical density, composite optical density, 

25 spreading, peuetration, dry time, and water aolubility. 
The results of theae teats are given in Table 1. 



lxa:lllple 
No. 1 1 1 2 

Binder Starc:::b PVOB PVOR Starch 

Weight 30 15 30 30 
Percent 
Binder 

Compo• 0.98 0.9 o.9 1.22 
e:l.te 
Black 
Optical 
Denalty 

True 1.17 1.34. 1.31 1.31 
Blaek 
Optical 
Denalty 

Spread· 106.2 101.3 100.2 108.4 
ing 

Pene- 30.3 34.5 32.7 8.4 
tration 

Dry 0 0 0 22 
Time 

Water 0 0.02 0.02 0.15 
Solu-
bility 

TABLB 1 

2 2 3 4 

PVOJI PVOJI Staroh Starch 

15 30 30 30 

1.11 1.22 1.15 1.14 

. 
1.36 1.54 1.22 1.25 

101.6 100.8 107.7 106.6 

25.7 21.8 20.9 12.1 

0 17 11 21 

0.02 0.01 o.oa 0.12 

5 

Starch 

30 

1.02 

1.53 

101 

19.1 

104 

. 0.45 

6 

Starch 

30 

1.03 

1.4 

103.S 

23.3 

50 

0.32 

ts; 
I 

~ 
I 
I 

"If 

~ 

I 
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These results demonstrate a significant 
improvement when compared to a typical uncoated 
commercial paper. which, typically, has a campoaite 
black optical density of about 0.9, a true optical 

S density of about 1.28, spreading of about 108. a 
percent. penetration of about 38. a drying time of about 
38, and.• water ~olUbility of about 0.17. By 
comparison, the best high coat, coated camm.rcial paper 
has a composite black optical density of about 1.2, a 

10 true black optical denaity of about 1.56, spreading of 
about 98, a percent penetration of about 28, a drying 
time of about 12, aDcl a water solubility of nearly o. 
Therefore, an ink jet recording paper produced 
according to the present invention, and, in particular, 

15 a paper that is coated with a fozmulation based on the 
PCC produced in Bx•mple 2, is comparable in ink jet 
print quality to the beat high coat commercial paper 
now available. 

While it ia apparent that the invention 
20 herein disclosed is well calculated to fulfill the 

objects above stated, it will be appreciated that 
numerous modifications and embodiments may be deviaad 
by those skilled in the art. %t is intended that the 
appended claims cover all such modif icationa and 

25 embodiments aa fall within the true spirit and scope of 
the present invention. 
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CLAIMS 
1. A process for preparing a precipitated 
calcium carbonate pigment which comprises forming a 
slurry of precipitated ca1cium carbonate particles, 

5 adding an organophosphonate compound to the slurry, and 

heating.the slurry to heat age the precipitated cal~ium 
carbonate particies therein and foz:m the improved 
pigUnt. 

2. The proc••• of claim l, wherein the 

10 organ.ophosphonate compounc! ia an amine-containing 
phosphoric acid derivative and ia added in an amount of 
between O.l and 1 percent by weight. 
3. The process of claim. 1, wherein the 
organophoaphonate compound is ethanolamine bis-

15 (methylenephoaphonic acid) and is added in an amount of 
between 0.4 to 0.85 percent by weight. 

4. The process of claim 1, 2 or 3, wherein the 

precipitated calcium carbonate particles are aged for a 
sufficient time to impart a BBT specific surface area 

20 of greater than 60 a2/g. 
s. The proceaa of any of claims 1, 2, 3 or 4, . 

wherein the precipitated calcium carbonate particles 
are aged for between 1 and 10 hours at a temperature of 
at least 75°c. 

25 6. The proceaa of any of claims 1, 2, 3, 4 or 5, 

wherein the precipitated calcium carbonate particles 
are aged for be~ween about 2 and 5 hours at a 
temperature of between about 80-85°C. 

7. Beat aged calcium carbonate particles 
30 whenever obtained by the process of any one of the 

preceding claims. 
8. A process for making an ink jet recording 
pa.par comprising: coating at leaat one side of a paper 
baae stock with a coating comprising heat aged calcium 

35 carbonate particles accordiD.g to claim. 7 and a binder 
to form the ink jet recorcling paper. 
9. The proceaa of clab 8, wherein the coating 
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ia applied to each aide of the paper base stock. 
10. The proceaa of claim 8 or 9, wherein the 

coating ia applied to the paper on a paper.making 

machine during the paper.making proce••· 

5 11. The proceaa of claim 8, 9 or 10, wherein the 

binder is polyvinyl alcohol or a starch. 

12. A proc••• for making an ~ jet recording 
paper having enhanced properties comprising: 

a) milling precipitated calcium carbonate 
10 pigment to produce particles having a aurface 

morphology aJlc:l chemistry that enbancea the ability of 

the particles to bind to ink; 
b) coating at ~eaat one aide of a paper base 

stock with a coating compriaing aaid milled 
15 precipitated calcium carbonate pigment particles and a 

binder to form the ink jet recording paper. 
13. The lllethocl of olaia 12, wherein the partial.es 
are milled to have a BET specific aurface area of at 

least 15 m2 /g. 
20 14. AD ink jet recording paper campriain.g a paper 

base atock, having thereon a coating cam.prising a heat 
aged precipitated calcium carbonate pigment, a milled 
precipitated calcium carbonate pigment, or a mixture 
thereof, and a binder. 

25 15. The ink jet paper of claim 14, wherein the 

media milled precipitated.calcium carbonate pigment ha• 
a BE'1' specific aurface area of at least about 15 m.2/g. 

16. '.rhe ink jet paper of claba 14 or 15, wherein 
the heat aged precipitated calci\111 carbonate pigment 

30 has a BZT specific aurface area of at least about 

60 m2/g. 
17. Tbe ink jet recording paper of claim 14, 15 

or 16, wherein the binder is polyvinyl alcobo1 or a 

starch. 


