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| Nk—3HEF—RECORDI NG PARER—HNCORPORAH-NG—=—aes e NOWEL.  RRECI Pl TAFED--
CALCI UM CARBONATE PI GVENT Field of the Invention
The present invention relates to novel heat 5 aged and mlled

preci pit at eqyrasosgem car bonat e pi gnents for use in igqrieknisaéor di ng
papers. Mbore particularly, the present invention relates to an ink
j et recording paper which incorporates such pignments and at | east
one water soluble binder to inpart 10 enhanced print quality. The

I nvention also relates to met hods of applying these conponents to
paper, and to nmet hods of producing the novel pignents.

Background of the Invention The therrmal ink jet process
applles a dilute 15 aqueous ink onto the surface of a paper by heating
a -’ smal | volunme of the ink in a small chanmber with an orifice
that is directed at the recording paper. The smal | vol unme of ink
that is heated rapidly reaches its boiling point, and the steam
bubbl e fornmed propels a .20 tiny drop of liquid ink at the paper, where
the drop produces a single dot in a dot matrix that fornms a
character or inmage on the sheet. This process requires an i nk that
is lowin solids and high b0|I|ng conponents so that it is capable
of boiling rapidly v R G PAD D PORZ

The present invention relates to novel heat
5 aged and milled precipitated calcium carbonate pigments
for use in ink jet recording papers. More
particularly, the present invention relates to an ink
jet recording paper which incorporates such pigments
and at least one water socluble binder to impart
10 enhanced print quality. The invention also relates to
methods of applying these components to paper, and to
methods of producing the novel pigments.
Background of the Invention
The thermal ink jet process applies a dilute
15 agquecus ink onto the surface of a paper by heating a
small volume of the ink in a2 small chamber with an
orifice that is directed at the recording paper. The
small volume of ink that is heated rapidly reaches its
boiling point, and the steam bubble formed propels a
20 tiny drop of liquid ink at the paper, where the drop
produces a single dot in a dot matrix that forms a
character or image on the sheet. This process requires
an ink that is low in solids and high boiling
components so that it is capable of boiling rapidly
25 without leaving a residue that can foul the heating
elenent, and clog the orifice. Therefore, up to 956
percent of ink jet printer ink is a mixture of water
and low molecular weight glycols. Although such an ink
boils quickly when heated to emsure rapid printing, and



25 without |leaving a residue that can foul the heating el enent

and clog the orifice.~Therefore—up-to 96 _—_percent ofink jet—printer———
ink is a mxture of water and | ow nol ecul ar wei ght glycols. Although

such an ink boils quickly when heated to ensure rapid printing, and
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-2- IS nol prone to clog, it results in an applied I nk that
is very nobile and slow to dry. Therefore, good print quality can be
obtained only if the ink colorant or dye = 2 =remains on or near the

outer surface of t er. _and oes, not read or the oi nt
at which it was t{% Rog ro to cisog Tt restﬁ.% 3::1 g.naflggﬂ.ﬁé(){n 'hat
dryi ng occurs is V&p?d#l?htbep!@eﬁiﬂ%rﬂmm oﬂ-‘hphrefcnborgnod :brd.nt

printers that are glfatneqyl EREUhy Sbrdifndd Wh1Y SF 11::):190%&%& zte[%\?&d

gl ycol conponents e i nk nust penetrate Into the

paper for proper dEPPAdns on op;near the puiear swrfmcesnf; the Pﬂ"?he‘a"
col ored phase 5 does netr spreadtor ttixsve dxam \thish poliat| aguwhi¢hobe ks i t
penetrates into thg. PBQQEE or if the colorant mgrates 15 across the
surface of the paper e quallty of the resulting print or inmge
will be poor. Also, dry ink T alsp japartany; that,dry. nePewEsy fixed
on the paper rapillybtot poévent) sbedding)ofithd eslbpastbecnes wet or

is marked with a hh EhthLem hﬁffﬁf’e&mpidydi% P e'g'i?%hgfl d 'FEP{%

excel | ent water stness roper
perfornance. 10  the vates and (glyRe aﬂﬂﬂ%%?’ shet #phrlp'e%e office

paper s pro?/l dle i naéeﬁuai-ateriﬂeortwawa# dmhhuee&:abbtn!ﬁ: propﬂbladi-ﬁhg Thi s
super| nposed | k. afh ER8, SpRriat % 'end yudbask’ "$r bha SOIGERh 'Finne |
conmpounded in 13 pprnte#shhat%mqpmm@& she Liquid M amckt t he
print head noves tgehBerat@dtiRed tH€ paPed,Sdr0idCkhe colorant migrates
15 acroas the surface of the paper, the gquality of the
resulting print or image will be poor. Also, dry ink
colorant that is not permanently 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 performance.

In most applications, multipurpose office
papers provide inadequate or poor thermal ink jet print
quality. This is particularly true where multicolor

25 printing with concomitant superimposed ink applications
is utilized. The poor print quality is compounded in -
printers that apply the colors in one order when the
print head moves to the right and the reverse order
when the print head moves to the left. Multipurpose

30 office papers often allow the colorant to penetrate
into the paper, which results in reduced optical
density of the printed image, and increased showthrough
on the reverse side of the paper. Multipurpose office
papers that are highly sized prevent liquid

35 penetration, leading to higher ink optical density,
but, also, excessive feathering and spreading.

One method of improving thermal ink jet print



when the print head noves to the left. Miltipurpose 30 office papers

ofHten—atoew-the col oranrt—6- penet+eate At 0 the paper—whieh results
in reduced optical density of the printed inmage, and increased
showt hr ough on the reverse side of the paper. Miltipurpose office
papers thatvﬁ{ﬁbz' hly sized prevent |iquid 35 penetratigRpudddgsisfd t O
hi gher 1 nk optical density, but, al so, excessive feathering and
spreadi ng. One net hod of |nprOV|ng thermal ink jet print
WD 96/ 29369 3 = PCT/ US96/ 03546

- 3- qual ity ] rial p surface t hat
bi nds the ink col o*i? %% ?ﬁ ‘%Pris;e' t'%%'gwg" e8s'p 2UEEA9Y ycol
liquid phase to pa§§31=rk%n4het%(ﬁﬂbfc°l°rant tkhetbup!urfmubmtpaidsws
drying. Hovvever tbﬂelaktu délféﬁpﬁél.'ﬁui@ mawtaﬂpﬂasaiﬂé@tﬂh %@r QEtic
organic ﬁgnd an he sur a«fﬁé_ygat eri I | nt era%ﬁd&

strongly vmththe 'tff@jt S s AR cafiove .
Therefore, a sﬁrfaeelmtltaftqmslts s cpsatusdted or ardmatix cwgursic he i nk
col orant from peneggmbbied | f’ﬁzd 1) e Rt Eabel mlLERIAP IANAEAG R

strongly as to effect he .col or.ant, ~and cause a color change.

Cshima et al . Ry ‘R‘H’hm ol pran ¢"the cgiet| of the, ink qan), .
stock that in coateﬂawth dThmxrgfore, a surfack materisl anvetcde dBtaited

surfage O ngﬁﬁ%f]ﬁ‘emcoW B, 4B aTorBh EEom PELFIGIRP W | ©
M ganot o, U. S10patBRPeRp byt figes; mpt Jinteract '°KBFF‘H%H%Y %ﬂ to G@“’I"atent
No. 4,830, 911, teaehatmorant, amahjplausel #0RobbrackakgeNi C quat er nary

anmoni um pol yner to a % %ttogli hl sl_ rrpagxgtt‘pg V)?tﬁa fﬁ%t ness of

t he resul ti n paper . at1on quat’er nar"
anmoni um pol ymer | ® aclﬁwmmqrs b&'QO'GPﬂSI Bbeﬂ %ﬂ/ coat i3y g bighg

Patent No. 5,223, 3@ecibievsiirfdtc)larea collgiahit yiliciTFiguele wliey @l ink
jet recordi nglgap%oiﬁvinyl alcohol binder, where the specific surface
area of the colloidal silica is grsater than 200 mzlg.
Migamoto, U.S. Patent No. 4,576,867, and
Kojima et al., U.S. Patent No. 4,830,911, teach that
application of a cationic guaternary ammonium polymer
20 to a paper stock will improve the water fastness of the
resulting paper. Application of such a quaternary
ammonium polymer in a size press is also disclosed by
Malhotra, U.S5. Patent No. 5,223,338. However, high
guality, commercial thermal ink jet recording paper is
25 produced with off machine coaters, i.e., the paper is
not treated in the size press of the paper making
machine, but must be removed and coated in an
additional step using a separate coating process.
Precipitated calcium carbonate ("PCC") has
30 Dbeen disclosed as a useful pigment or f£iller in ink jet
paper, but is typically included in a long list of
compounds that also includes natural ground calcium
carbonate, a form of the compound that differs greatly
from PCC in its physical and chemical properties; e.g..
35 natural ground calcium carbonate particles are far
larger than those found in PCC, and are normally
anionic, whereas PCC is naturally cationic.



25 produced with off machine coaters, i.e., the paper is not
treated in the size press of the_paper naking machine__but mist be

renoved and coated in an additional step using a separate coating
process. Preci pitated cal cium carbonate ("PCC') has 30
been disclosed as a useful pigment or filler in ink jet but is
typically iWO83¥8in a long |ist of conmpounds t hat ﬂ%’ﬁ%ﬁsﬂ%

nat ural ground cal ci um carbonate, a formof the conpound that di ffers
greatly fromPCCin its physical and tHem cal properties; e.g., 35
natural ground cal ci um carbqg particl e re_f | arger_than those
found in PCC, and are normal*j?/“s° st ‘J‘m'o & MgPEﬁSNPCCST 0Bl 1y
cationic. deEcPEbEs 3EGating ink jet reco:cding paper with off-the-
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Kondo at al., U S. ‘B‘lf ?iﬂg“%' 3‘2’6‘18.9%““: sol 1gclr’| es coa?"ng Ink jet
recordi ng paper wi PhoBeRtshich are disqlosed;as,being usefpl have an) o
binder. The s apparentsspéeificrgraiiity dacthasringegofseild s vE. 50N

5 apparent speci r ayhd 1 5

g/cn{glror], andpproéﬂggga )é?*&*{@‘{%%&fog'égpagt&gﬁg Sontact u?glzl%[err]
to 100[err]. 45° 510 %%uki saka et al., U S. Patent No. 5,007, 964,
di scl ose a generic precipit ki sekd @t ialoQr IABat PAgedt N8O 5,@¢r,eJ§as4ﬁg

t t bt ai | ' PCC |
WEh a BET speci i Segrpagod SOELAL Yhdbiptenrion’ Bt iebrvaiiiting 47
for use in a 10 chpbcbiumeto Mtilncllemn agglamepation oL ur f ace
area of greater thggaPr TiRré Pé@. pﬁ‘ﬁdie‘iclvﬁ&&daamehﬁﬂcﬁié sWPglasd r abl e

Cow abi 111y o absBFBRotE the Tande o 2di%o g5 m2/ghBor Sue L8| 50q t hat
PCC can be used anreeordina pepex, Raxticlesowish shBETnepedifin | awrfadeg
the dri ed pa&&s obhgfbaeéz s 3%y, Nalre?hi 1604 LS be il
aggl onerati on gf t tl C!I.e because they have a higher density, are not
porous, and exhibit a low ability to absorb oil and
water. It is further disclosed that PCC can be used as
a paste, or as a powder obtained by pulverizing the
dried paste, which is disclosed as not affecting the
20 agglomeration of the particles.

Kunesh et al., U.S. Patent No. 5,215,734,
disclose an accelerated hesat aging process for PCC that
produces crystals with a specific gsurface area of about
3 to about 15 mzlg and an average discrete particle

25 size of about 0.2 to about 0.9 pgm. The PCC is used to
improve the optical properties of paper.

In view of the above, there is nothing in the
prior art to suggest how to improve the print quality
of ink jet recording paper. The present invention

30 provides cne such solution to this problem.
Summary of the Invention

The present invention relates to an ink jet
recording paper with enhanced properties that
incorporates novel heat aged and/or milled precipitated

3as calcium carbonate pigments and a binder. The heat aged
PCC is prepared by carbonating a slurry of calcium
hydroxide to form a slurry of precipitated calcium



Kunesh et al., U S Patent No. 5,215, 734, di scl ose an accel erated
heat—ag+rg—process for PCC t hat—————preduees—er yst al s—mth—a—speci fi ¢~
surface area of about 3 to about 15 nferr]/g and an average di screte
particle 25 size of about 0.2 to about 0.9 [err]m The PCCis used to
| nprove thev%);é,ﬁ properties of paper. pOTMSRIAAE t he
above, there 15 'no h| ng in the prior art to suggest how to inprove
the print quality of ink jet recording. paper. The present invention
30 provi des one such solution to this pro’bg‘ré
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an.ink j et recordi ng” paper W en ance propertles
i ncor por at es novel ‘ﬁé&%‘gagéd°§ﬂﬁ9%? ofRhQRA LS compounte (SUCRLAE 5| cj um
carbonate pi gnent s ethdnalkintferbiFh tmétintl e@phosphonicPEEidF, preptied by

carbonating a slur Hﬁ}ycaﬁb%té&%y&feoydée stlgrwr §h2%eké %fyaﬁce

preci pitated cal ci um
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i mpurities, faddiag. 8t 0f Qh?&t .6 conmpound, such an
et hanol am ne bi s- (et hyl enep sp aci t.he urry nd heat
aging the PCC slurry in the :gﬁ%ef" hg‘gfﬁaﬁgpﬁ%% ona'ﬁaatto

produce an i nprovednyvegkdon is prodgced by doatingcetdingsbapee 'ido of a
The ink jet recor dbaseeaaﬂw&&éﬁ wi@s Alcoating ebﬂﬁ?ﬂiiﬁﬂ h&a@rwed by

Compr i 91 ng hod® aganaerouiisfe, prc aad o ader, 52, Fermikps, ¥ oldS (e i i

jet recor di mgcpzdng Papeheat Thedibatdged anidl/ox milled preci pitated
cal ci um carbonat e ﬁith aébﬂ@f&:h Carbonate uShuaaybpfcsaL&amng a
carbonate, heat ag ng t

sence
or ganophosphonat e é&h‘ﬁﬂnﬂfaﬁﬂ?’ﬁ+m iﬁrb?ﬂqtﬁp S“Pﬁ' tﬁhﬁrg%c’e‘cﬁ%%rete
particles of PCC presendetbfaanustgamophogpicinage andpohndi sudfox hat

enhances 15 ° milling the PCC to produce discrete particles of PCC
with a surface morphology and chemistry that enhances
the ability of the PCC to bind to the ink jet printer
ink colorant.

20 An ink jet recording paper has been obtained
that provides full color ink jet print quality that
approaches or surpasses that of the best 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
allows each thermal ink jet print characteristic to be
individually adjusted and optimized.

The cationic PCCs of the present invention

30 bind ink colorants without the use of expensive
cationic resins, and can be manufactured on-site at the
paper mill, so that, unlike silica, they do not need to
be dried, shipped, and then rewetted for use. The

- present formulations are designed for application in a

35 metering size press, such as those installed on large,
low unit cost paper machines. Therefore, the PCC
compositions of the present invention can be applied as



the ability of the PCC to bind to the ink jet printer I nk col orant.
Detail ed Description of—the | nveation 20 An iLnk jet recording
paper has been obtai ned that provides full color ink jet print
quality that approaches or surpasses that of the best ink jet
specialty PIRS b b0 greatly reduced price. The sel eg @

particle size,"Surtace area, surface 25 chem stry, and d

aggregation, and its conbination with an appropriate for mul at i on

bi nder all ows each thermal ink j et pri @ -characteristic to be
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expensi ve ceﬂMQrea'mti&nalc!hﬂbeaﬁhmfmb@mmgt t he
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shi pped, and then rewetted H‘S 8 esent for rrul ations are
desi gned for appl i &RTUE ghed preduct,, As a mptered size
install ed on | &% ge,preas apﬁldwaminn iestypapellyrat*» recided], he:rcmh)rﬂ.ﬂehhefPCC _

conmpositions of th ] o) n I
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- 6- part ofP’E#Tb‘%ean&hﬂﬁeFHﬁ B?’Pg}ﬁt?ﬂé‘q [fanting, that is
separat e, additi onatowid i fdxpenndves| hngpemkiﬂg cmcﬂﬂelpi‘pﬁhs are

conpl eted that incr G_@ﬁ;“ or P”g[gi | S

product. As a {rgterlaeggl zém?’ ?flsi apg ICa?I orﬁgs ypl cgﬂ‘Fﬁa wo%s:gg
bot h si des of repsent dnvention. ohreating #nclak jef xagax: paper
printing, rather therel heeati nged anded:cmuae rd!@tp:l-aridos a sfiguaﬁibﬂnt

expensi ve, high qu La er I

al cohol is a pref eraiﬁgI %;%rg k’ﬁaﬁe t%s'éi?‘f\: nve e(?%% ﬁ&%Fﬁg an
ink jet recordi ng finally, the pregent; OQEHBMQ)M‘M% appaperothats a
si gni fi cant 1muaanmmmr €6k fHotobdpyidgd, WHAh @A3owsi Nders.

15 multiple uses of the paper.

PCC ip normally produced by bubbling a gas
containing carbon dioxide through an aqueous suspension
of calcium hydroxide. Other inorganic materials, in
particular, inorganic materials containing aluminum,

20 such as alum, can be coprecipitated with PCC, or can be
precipitated onto the surface of the PCC precipitate.
It has besn unexpectedly discovered, however, that when
such a PCC ig heat aged and/or milled, treated with an
appropriate binder, and then used in a composition for

25 treating thermal ink jet recording paper, a high
gquality ink jet recording paper is obtained, which
provides a print guality that compares favorably with
that of high cost, commercial, silica coated thermal
ink jet papers, but at a greatly reduced cost.

30 The heat aging and milling processes produce
discrete particles of PCC with a surface morphology and
chemistry that enhances the ability of the PCC to bind
to the ink jet ink colorant without binding sc strongly
that the color of the ink is changed. Ink jet

35 recording papers incorporating the PCC and binders of
the present invention have been produced that are
superior to multipurpose office papers with reduced




Finally, the present fornul ations provide a paper that s still

Su-t-ablefor photocopyi ng, whi ch—atl-ows—iib —mil-tiple—uses—of—the—paper.

PCC in normal |y produced by bubbling a gas cont ai ni ng carbon di oxi de
through an aqueous suspension of cal ci um hydroxide. Qher inorganic
materi al s, 96]2936 particular, inorganic materials contaigifgsogipssds NUM

20 such as um can be coprecipitated with PCC, or can be
preci pitat ed onto the surface of the PCC preQ’| pltat It has been
unexpect edl y di scovered, however, that whert such a PCC is heat aged

2 Conposi ti on' for regedt t*é%f‘%rﬂﬁ?“ﬁip%ﬁﬁ sabErdtdiition, Benal®, G,
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silifca coate er ma u reatly reduced coa
30 The heat agi ng a#;% P%aﬁg‘ p?ﬁﬁ%%% di screte

particles of PEC vpreduced v mmgynabdp:ecipum stethodh aif
enhances the abiliixtfdaddihd@C Jad Riontaining ciﬂaé@edi&ﬁdeetidt%knw' or ant

wi t hout bi ndi ng so stron t hat e C of the | hanged.
Ink jet 35 recofdf %&f &Yaﬁg‘f‘h @%rﬁf]tﬁr}w’ﬂ’et"?ref”‘g
the present i nventpmimttmdm Mbo&tt aged cand/or millsdodeiforet ase.

mul ti purpose offi el Vehia} i
PCT/ US96/ 0354 i BE iﬁd%eqn ink jet m&ﬁi&?%& f°eat heri ng,

spreadi ng, anti®pentRFFRYTALIRG, such; a.PCC is °%’H'0V&H?ﬂj§?¥ the gtpte,pt
i nproved optical deggregatibn of the particlesdand!tle fanifaes chemistry
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precipitation metho as contalning carbond

into a susp%lb"rﬂﬂn%é"(ﬁmh}ﬂrﬁﬁ?wlm b | they mpesifdfat o
preci pitate is thesykesdtizyehthudyoand pbet bpickesis Treatmant of the

15 pigment.

A PCC particularly useful in the present
invention is prepared by a process which comprises
introducing carbon dioxide into an aqueocus slurry of
calcium hydroxide at a temperature of £rom about 7° to

20 about 18°C. The slurry contains from about 0.02 to 1
weight percent, based on the calcium carbonate
equivalent of the calcium hydroxide in the reaction
slurry, of an anionic organopolyphosphonate
polyelectrolyte (typically, Briquest 221-S0A,

25 ethanolamine bis- (methylenephosphonic acid), Albright &
Wilson Americas, Inc., Richmond, VA) and £from 0 to 10
weight percent of aluminum sulfate octadecahydrate
(a1,804-16H,0} . The introduction of carbon dioxide is
continued until precipitation of the calcium carbonate

30 is substantially complete. This typically occurs when
the conductivity of the carbonated slurry reaches a

- minimum at a pH of about 10 to 11.

Except for the addition of aluminum sulfate
octadecahydrate, the process to this point is

35 essentially that of U.B. Patent No. 4,367,207, the
teachings of which are incorporated herein by
reference. The addition of aluminum sulfate



-The print quality of an ink jet recording paper 10 I ncor porating such a
PCC is controlled by the-state of—— aggregation of the-particles and

the surface chem stry of the pignent and the binder. The cheni cal
nat ure of t he pignment surface is controlled by the specific
synthetic p nd post synthesis treatnent of the

A PCC partlg’fﬂg\é&¥vguseful I n the present |nvent|on |%§§#§fj by a
process which conprises i nt roduci ng carbon di oxide into an aqueous
slurry of cal ci um hydroxi de at a tenpe® at ure of from about 7 to 20

about 18[err]C. The sl ntain om_about 0. 02 to wei ght
percent, based on Pﬁg g gﬁﬁﬁfﬁﬁ?b@ﬂa‘i’e’“"‘d éﬁuﬁél'eﬁ?‘%“tm cal ci um
hydroxide in the r 428820590, thesteachingsd of whiichnareoalissopntypergtwmnat e

pol yel ectrol yte (tugiredh! ¥y ﬁ&fgygﬁé 221-50A, 25 et hanol am ne bi s-
(et hyl enephosphoni ¢ aci d)] br |ght & ' | son Americas, Inc.

R chnmond, VA) and from 0 to 98¢ sc%fgtﬁh’p@t’eéﬁ'ﬁﬁop‘ﬁ%ﬁiﬂuﬁ%!ﬂ#%e
oct adecahydr ats  specififesutfiderateal Gid euut]n@hgd'[hehunpcodygthmqg.d
carbon di oxi de i t I he cal ¢
car bonate X|30 I;Ss su gﬁfal*: F;ﬁi%%{rr%lhfp %T%?’égﬁfg gfﬁ?cﬁcﬁfnﬂiﬁn
the conductivity o’F°FhG Bighomea ity (haw qastciak Jet recopdimgnpmpera pH
of about 10 to 11. m11j,ng W 1weg§§gl5§gea,o{n@$um num
| fate octa 0 0
ngent ially that oggﬁﬁgxgﬁe%?éﬁgcfﬁgﬁg% '&ﬁ'@'g BB ¢ f'éﬁ%ﬂ?ﬁbsﬂ?ﬂt whi ch

are incorpor al®d hweepnipgined, and Axe chamicpldya daEErent £oomnthaim

sul fate V@g&ﬁé&ﬂaﬁ%urface. Milling is typically performed on
PCT/ US96/ 03546 ct adec aéaﬁe in_di stosed Ny lf i Pat ent No
4,892,590, the teagﬁFﬁ% f V\fﬁ’% aly AGIGRABE . REISmALIC, \BK o py

reference rhombohedr&h moxphi)ogy . t Heatcsging ptersoxhally ze and
performed on a rhombohedral or prismatic PCC, and not
15 only separates aggregates, but alsoc involves further
precipitation on the particle surface. It is believed
that the newly precipitated material may be chemically
different from the original surface material; e.g., the
surface of a heat aged or milled PCC may have a higher
20 calcium-nagnesium ratio.

Conventional heat aging, also known as
Ostwald ripening, is a process whereby crystals such as
calcium carbonate, initially at a higher internal
energy state, and having relatively high phase

25 solubilities, undergo a phase transformation by
dissolving and redepositing on crystals at a lower
internal enargy state. The process results in a f£inal
crystal product characterized by grsater perfection of
the crystal lattice structure, a narrower particle size

30 distribution, a greater degree of particle
discreteness, and a lower surface snergy.

In the present invention, heat aging of PCC
starts by ending the reaction of carbon dioxide and
calcium hydroxide when the conductivity of the slurry

as reaches 2 minimum, which is typically at a pH of about
10-11. The PCC is then screened to remove impurities,
and up to about 1 percent by weight of an



5 specific surface area is obtained, the PCCis heat-aged or mlled

t o—obtain-the PCC characteri stics—ogiHiod for—a-hi gh-guali-ty, | ow— -
cost ink jet recordi ng paper. M I 1ing breaks pignent
aggregates into i ndi vi dual particles, which exposes PCC surfaces

t hat 10 were joined, and are chemcally different fromt

aggregat e SWWM lling is typically perfornmed on a %W?h a

scal enohedral , acicular, prismtic, or r hombohedr al nor phol ogy. Heat
aging in normally performed on a rhontdlredral or prismatic PCC, and

not 15 only separat es agqregates, but, al so invo]ves further
precipitation on tﬁ@?f&?‘f % cbased pn Hheweight of PCQ.4s addedoy v
precipi tated nat ertalcontrdlc tie mxtanty or degredi bt cieut dgimy.! hothergi nal
surface material; gngmicdl'Gagents that' a2eCsibedcl b AP Lriltn Tdgatd £5C MY

have a hi gher 20 cal ci umtmagnesi um.rat! o. nventi onal
heat aging, also kFRiFLUR carbonate;mill alpp.gerye a& welk Afss wher eby
crystals such s organopisisphonatashtoatentrolt the | exténta dx Heyredenbgr nal

energy state, and ' at id(ﬁ%y ' p 2 sl uhi 1j tyi.e nder go
a phase transforrrai?%g%/{ ]gﬂ' |§%ﬁ3fn§g§§ﬁd?'e ep%s%al %%:fgiiﬁy’tg al s at
a | ower i nt §¢ nighe SR IPwing;: #odinm pplyphasphates . 8 i nal

crystal product cheiPfdéstes,chdaiv poloack9laces) Ovarious carbdxydie’ ystal

dogr e of par | ol ACLEE! RUBL oo, “al, TEet, oo Soipdaptipnile, godasd’ o'
In the preseni®invandthelnanltay vgrdpup(prlysaccharides, [andrvarigushe
cacion o co orodenils isasirg stsbcmunsian bt
SOBHugf | \altlboﬁt o Nfné 1%{%7 e thep &‘gﬂgntgc?e%%hv eﬁx:ﬁbﬂ” ?/es,
and up to about 1 geewtrit5%. wadgpreferably about 80T .O&23dgher to
PCT/ US96/ 03546 heat age the PCC particles. The helit aging step is
i5 conducted for up to about 10 hours or more, depending
upon the temperature. At temperatures of about B0 to
85°C., the heating is conducted for about 2 to 5 hours.
The pH of the siurry rises to approximately 10.5 due to
the presence of unreacted calcium hydroxide. The aging
20 reaction is then monitored by measuring the surface
area of the PCC at hourly intervals. The heat aged PCC
that is recovered as the final product of the process
has a rhombchedral or prismatic morphology and a
specific surface area of about 60 to about 100 mzlg,
25 preferably about 65 to about 95 m?/g, and most
preferably from about 80 to 90 n?/g.
The organcphosphonates employed in the
present invention are organcpolyphosphonates of varying
molecular weights commonly used as scale inhibitors,
30 seqguesterants, deflocculants, and detergent promoters.
Such organophosphconates include, but are not limited
- to, mnitrilo tris (methylene phosphonic acid),
ethyleanediaminetetra (methylene phosphonic acid),
- diethylenetriaminepenta (methylene phosphonic acid),
35 hydroxy ethane-1, l-diphosphonic acid, ethanolamine,
ethanoclamine bis- (methylenephosphonic acid), N,N-
dimethylene phosphonic acid, and hexamethylene-




-or gahophosphonat e, based on the weight of PCC, in added to control

the extent or degree of heat aging—OQ her chem cal_agents that are
surface act ive with regard to cal cium carbonate will also serve as
wel | as organophosphonates to control the extent or degree of

heat agin ents include, but are not limted

foll ovmgngg %@%ﬁ?’gol yphosphat es, sodi um silicates, ng‘é:{s%m

pol yacryl ates, various carboxyllc acids, such as nmono, di, tri, and
pol ycar boxylic acids, 10 and their salts*®various pol ysaccharl des, and

vari ous eatln r box func |onaI|t|es
The slurry is then@’fm%]:% %ﬁgﬁ éLB? é?nf The,hout

75[err]C. and prefmﬁv%mmmuhigmlm Biaat age the
PCC particles. Thegiaiylatiephosphenis acid). conducted for up to about 10

hours or nore, dependi ng t he te erature At tenperatures of
about 80 to 85C. , thMﬁﬂ‘B’P of o trlcium sarhonmte may benoyrs.

The pH of the 5| urcarriekouto iapeithernacwet 16r JdrpaniXling procea® Abgsence
of unreacted cal ci W e |o n nitored :
by neasuring the éu‘%ace ,d ar eavi?’tﬂﬁna%&ul% urﬂ J."z rﬁ' ?

heat aged PCC Jraen medda;pdldy a?hPhEr#ﬂﬁ?“b f-lﬂc I%rp‘ﬁ-odess
has a rhonbohedraloxﬂf Wy iingridducingp kol agiects slurry ofS U fintoSW f ace
area of about 60 0 ny bo 65 bout
95 nferr]/g, and Err'ges%@%ﬂ Q’%‘:ﬁ%ﬁg Fléén'a%“'fi 8{J€t 0 'd% n{L*t F&“%
The organoph%horﬂa‘t"e§%rﬂyl9om i fheh@edia mill oie
orgiano_polh_yghosphowcdlarnﬂilt&t:lon, aﬂfﬁ'ﬁﬁéﬂ W%d as
scal e inhibitors, ) St n eflo ant.s gent
pronoters. §u°:czig‘do'r é’ﬁ%?og)c%oﬁ%gyi #’I& ca:lg %5’( §|°I mted

to, nitrilo tris (oandeptondasedsenotbe teotal, V'Cight oft [thec ROGI andnghet r a

(met hyl ene phosphQpigerACi HWhen mcundhﬂh Neg r'e ParedRinad ene
phosphoni c acjd), dro eth n osphoni 5 aci.d
et hanol am nec‘{g ’gtgt "'*é‘ ﬁ%‘ﬁ%& E’i&f’ &N, N-

di et hyl ene phospmtd-ﬁa dl,umohexaﬁeoﬁyfm about 10 to about 40
mzlg, preferably from about 15 to about 30 mz/s. and a
less elongated crystal shape is produced.

Examples of binders useful for coating

20 compositions for ink jet recording paper are those
heretofore conventionally used in the art, and include
polyvinyl alcohol {("PVOR") and derivatives thereof,
oxidized starch, etherified starch, esterified starch,
dextrin .and like starches, carboxymethylcellulose,

25 hydroxyethylcellulose and like cellulose derivatives,
casein, gelatin, soybsan protein, maleic anhydride
resin, lattices of usual styrensbutadiene copolymer,
methyl methacrylate-butadiene copolymer and like
conjugated diene polymers or copolymers, and lattices

30 of acrylate and methacrylate polymers or copolymers and
like acrylic polymers, and latex. When required, the
coating composition may have further incorporated
therein in an amount conventionally used in the art of
conventional pigment dispersants, tackifiers,

35 flowability modifiers, defoaming agents, foaming
inhibitors, release agents, coloring agents, and the
like.
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-_10 - di am netetra (nethylene phosphoni-c—aci-d)—Fhe

preferred organophosphonate i s ethanol am ne bis-

(et hyl enephosphoni C aci d). The mlling of a calcium

car bonat e rrsyo carried out in either a wet or dry pi-bhéddfisdik 0CESS
or exarrpl e, a conventional ball mll, jet mll, mcro

m I |, or media mll. The preferred mlling i r1 carrl ed out by

[ ntrodum ng an aqueous slurry of PCCinto & media m Il containi ng

gl ass nedia of a size from abgyt %
equi pped with mechani ca 3gl tlp??%%di %8,.%}3% 385% h&%er cent
solids of the PCC ¥CGr fprpylatienaofiithe presymt invantpepcgmre beerd on

the total weight o :hba:B@C.aadtibe.a The VE51owi! ﬂsnidhﬁnﬁ&-}'@ﬂtl{b
typtcally perfornme scal cly) edra hoI SNk d PCC with

a specific ?6?1"388’5%3‘8%?7%%%%%{ f‘("gbou
merr]/g, prefd& abprodncsdabthe emdtive Amatirgd priogesp/ gpnahﬂ eategorizédss

el ongated crystal ah%aefbﬁ:paeduse%igmnu preparation, EX8pRligac 0én Nbider S

useful for coating. 8%@ nEOS|t|0£s for |nk4% recordi ng E $er are

t hose her et &8 ’COWB Fi graFing And, proqessing. and tegt

pol yvi nyl al cohol Epeddfir datiaiilsi far i amch tdftheise proceduncsduzecbmm ch,

etherified starch, gg_bgrlfled st arch, dextrin and |i ke starches,

car boxynet hyl cel I uPose h droxyet hyl cel I ul ose and |i ke cellul ose

derivatives, Pigment Prepars m==t50ybean protein, nmaleic anhydride

resin, Iattlces of usual at yPEgnbutndterlm autedrare typicallytivwlthe

met hacryl at e- but adi pgl onj d rs
:‘@Qﬁ BePR ¥f§%rgngrcr§filtar cgk@ 8 Fds iﬁrfhpqéé'ﬂ?

or copolymers, and I ces ate and met hacryl ate polymers or
copol yners and of a pRuTEE JTP cOPRAGHITALed 1P [thecs 35 ed s 5&RY the
coating conpositi OvadaumNELEtratios! | g dinsdances, shERM &6 Nwith an

amount conventjlona o\éiusﬁglg dtpﬁ?a&lﬁ?fa s ecid‘.i%OQngekﬁg ok $80loy
di spersants, tacki f | ers oam ng agents,
f oam ng i nhil®i ter 35 Pe/ias%hag%}ﬂ'éﬂ adGen grageat sfuskhes ne

li ke. altered in order to duplicate trial conditions. Once

the target formulation solids is met, the pigment is
diluted, if necessary, with water and thoroughly mixed.
20 The pigment is characterized by particle size
distribution (Sedigraph 5100), specific surface area
{Flowsorb), viscosity (Brookfield), and morphology by
scanning electron ni.croscopj {"8EM") .
The surface area of the product was cobtained
25 using a Micromeritics Flowsorb II 2300, which employs
BET theory with nitrogen as the absorbing gas. The
particle size was determined by a sedimentation
technicue using a Micromeritics Sedigraph Model 5100 on
agueous dispersion of the product at about 3 percent
30 and using about 0.1 percent carboxylated
polyelectrolyte (Daxad 30) as a dispersant.
. Pormulation:
Typical binders are cationic starch
(Filmcote-54®, National Starch), polyvinyl alcohol or
35 PVOH (Airvol 107%®, Air Products Inc.), and latex (Dow
experimental size press latex). When a starch is used
as a binder, the dry starch is dispersed in water at
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- 11 - I nk jet_recording papers incorparating the
PCC fornul ati ons of the present invention have been prepared and

tested. The following is a summary of the procedures and testing
met hods used. Once a PCCis 5 produced, the entire testi, S can
be categori PUYP6/2936% i o four areas, pi gnment preparation, %@W

W th bi nder, paper coating and processing, and testing.

Specific details for each of theme procedurest@re given bel ow. 10
Pi gnment Preparation: nts t he tested are typically

in the f or mahiout 49n25, perogat; F?gﬁﬂak%‘ &ogked 42 A5 m
of a slurry are commmmllhbotheodyseoeﬁcso&tcib&w 195‘0. \f.a»e-usmno

filtration. In sam;d @cesﬁcsg.ghuﬁ%t@iggwn%/“ e%é PCC wth a

specific surface area y SO|IdS are
not further m ith $be pigment; cwkhich iﬁsﬂ |m= istedy
the target forrsil aipruparedd ¢ isttagh, théctatgstfoimulation gtlidiesdantf

necessary, W th water I X T

characterized by pﬁx'@%ﬁsﬁ}}%ﬁmg Xn”h 5?%‘%3% ](gao&gr %f%ofm
specific surface aremen impeller bladel) ThesEermplatiomdie Flé-l*e}l £omd

nor phol ogy by .b&mmmuehachhemnaceaﬁpmu. %eaous slurry is

The surface area of .t duct S obtai M croneritics
Fl owsorb 11 2300, ﬁ'&?ﬁ the r”’é%{l']fﬁe% #ﬁ?ﬂgtﬂ’ogen as the

absor bi ng gas.10he charactqg:;mdcby Sreekﬁheldetblmﬂm KA0a 26di F@at andon
t echni que using a Mwwul}cgnaegbmagh Model . 5100 on an aqueous

di spersion of the product at _ahou pe ng about 0 1
percent carboxyl at ed E&qﬂ'ﬁ' }Biﬁ?g"%tﬁ?(ﬂ%r‘ii&

Typi cal bi nders ar esiondlamnite shatcuised for gtarchncotThe FVOR ]1,8 N&drenaﬂ
Starch), polyvinyl &l GaliRle Q00°c35in BVikborhEd sy ddbildY 'dor Aol18p0duct s
Inc.), and Iatex ( Dow peri nment al e press a starch
i s used 135 2ivken “tﬁé Beycepy, 86 *“ﬁ dlsffé?sﬁtf%wg V\gﬁ% (8o
percent solids), no preparation is necessary before
testing. The formulation of theae binders with the
pigment is the same as with the starch.
Formulation solids for the tests were in the
20 range of about 20-28 percent, with a typical coating
formulation having about 20 percent solids.
Paper Coating:
Generally, an unsized base stock with an
81.3-83.0 g/m® basis weight is used in the tests. The
25 paper is cut into 12x17* sheets and secured to the CSD
Drawdown Apparatus, which consists of a glass plate
(12x17") mounted on metal base with spring clip at the
top. A coating formulation is applied with a CSD
drawdown rod by placing the rod of choice, which
30 depends on target coat weight, at the top of the paper,
adding a thoroughly mixed 10-15 ml sample of the
formulation with a 30 ml syringe in a uniform line
across the top to the paper, below the rod, and coating
the paper by pulling the drawdown rod from top to
3as bottom using light pressure and a constant, steady rate
for about 2 seconds.
The coat weight is determine by the stainless
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-12 - about 10-25 percent—sodd-ds——and then cookedin—-an

aut omat ed | aborat ory cooker at about 195[err]C for 50-190 m nut es.
The resulting viscous starch slurry is conbi ned with the pignent,

whi ch has been a roprlately 5 prepared to attain the t
fornul ati on %3 and m xed t horoughly on a Prem e?&ﬁ’\ﬁ%ﬁ"“ﬁ‘?h a

Cow es type open i npel l er bl ade. The formulation is m xed for
about 5 mnutes until a corrpl etely hom)genaoﬁtﬁ slurry is obt ai ned,
and the resultlngformf on IS racteri zed b Brookfleld
viscosity (10, 20, 258® ""lé) pra,gpecifically grooved to
Pol yvi nyl al cohol dalmepaneplndhazﬂm coating volmﬁarté octid Papexed for

starch. The PVCH i te gpﬁ ory
coeker for 50-190 §u?§ﬂ£ﬁ. gﬁo%'s vgf perc?tt%ggoﬁ glﬁvgor tlL a‘?téx
bi nder (50 peptcreight; mince,Fhs SpACces Batween the graouas are

testing. The fermici@aeld Ofinttiess, Holichdth ahgritter numbér gﬂ?lﬁoﬁes t he
sane as vvlththes rthetests

I ol ids
were in the 20  CRERELY pages omaevas prodidd Thuffes Godt welansa o
f or mul at’i on haV| ng%ée!lmfem@rﬂh%lﬁm about 2 pgpth !ﬁi ng:

General |y, an unsized base Spe& aV#dintilation h,glhggﬁ&ﬁ,mgﬁ erdhe basi s
wei ght is usedlnthetets aper Cc t,0 errlsheets
and secured to t hePt8 is m@aﬁ%%g}h‘g \#‘T’Eﬂ 1&1}1{%%{ gl ass
pl ate . (192x1!{mrﬂa9ubmlnn@j aacaons=| apds Shent conpletaly |dyied athe
top. A coating forgyba! tefpésa@iie I&fuMat Re2ibd@Dof .boutdifWWaod by

pl acing the rod of h0|c whi ch depends,on t
t he tog of the papgg arfed'p %%d‘ra? tﬁli’tff‘g | 4 ﬁ?xgdﬂﬁ) ’i%‘a:rﬁ\% e of

t he f or mul afpontesting. 30 M syringe in a uniformline acr oss
the top to the papg_&zeﬁstgﬁiﬁ= rod, and coati ng
' 15 Minimum ink jet print quality specifications

have bean established by Hewlett Packard Corporation
(*HP"). Therefore, most teats utilize HP methods to
determine the following print characteristics.
Optical density is a measure of the
20 reflection density of an image. A specific test
pattern is printed onto the paper, and the optical
densities of pure black, composite black, cyan,
magenta, and yellow ars measured using a reflection
densitometer (Macbeth RD918). The resulting optical
25 densities are compared to minimum HP specifications.
Ink spreading and feathering camn both .
decrease the quality of ink jet print. Ink spreading
is defined as the growth cor widening of printed areas.
Feathering is the wicking of ink, which results in
30 fuzzy images. This is measured by analyzing a specific
portion of the same printed pattern used for optical
- density measurements. The specific portion is
evaluated for ink area, spreading, and ink perimeter,
- feathering. The resulting, digitized pattern is
35 quantitated and compared to a commercial premium ink
jet paper. The HP test method for ink spreading and
feathering was not used in these tests, since the HP



t he paper by pulli

ng the drawdown rod fromtop to 35 bottom using |ight

pressure and a const ant—steady +ate— for about 2 secands.
The coat weight is determ ne by the stainless WO 96/ 29369
PCT/ US96/ 03546 - 13 - st eel

drawdown ro '
predet er m ng@’%‘%@%{'&

grooves deliver a

h are specifically grooved to del i
I'ng volunme to the paper surface. g&ﬁ%mr

heavi er coat weight, since the spaces between the

grooves are 5 wider. In turn, rods wth-al§reater nunber of rmrle
tightly spaced gro o] | ighter coat I ghts. Typi cal coat
wei.ght s are about gxgg ?6 #f%???'.” Tather than quantihatives oyl ati on has

been applied, the

pape¥nk Prynkidientisl » theasdrei b ehbaﬁk:&”lﬁiﬂ finat

gun 10 for abouuaggﬁgisgcm,amw %eteky‘rﬁ“%i qﬁ tpers room

t erperature over
then cut into 8 1/
Testing: 15 5

d t 24 h are
EREEI i ef?] £HY é é i"‘ﬂ&rur igckbipkted, and thweper
ruultim mpm;h Idenaei tyr ot tnuai:raunsﬁeﬂd KBl dI ink

have b t abl ey et t r HP"
Theref ore, st lfo?ﬁfﬁ LT e R 2LEgRs o0 Seaying | oui ng

print characteri st PEB

model from EF, apd abns-hly ¢Wat::lm§we of the

20 reflection deosléylatedn iTHmgEinad @9Ciimsst 886 compardfidgrn is

printed onto the pgpgl

conposite bl agck, cyan
A 16 densi t onet éF“(M'RDé!SP ngpsure sof t they axpiuntalof 25

refl ection

uﬁ%{éﬁ‘rﬁou&albxd - densities of pure bl ack,

ow are neasured using a

densities are conpesbsidmt n&wnmdﬁdsmf aCptintad u-n to an I nk

spreadi ng and feat
print. Ink spreadin

08 L Ko, SECR SR8 b o7

ar eas. Feat Heatexfaatnens \M‘tﬁ@i Dgté'-fﬂmnks phinted contic then paper,

i5

20

25

30

as

250ul of water is applied across the print, and allowed
to run over the printed area and adjacent unprinted
area. The optical density of the transferred black ink
on the unprinted areas is measured. Resulting optical
densities are compared to HP standards.

Highlighter smearfastness is the measure of
colorant transferred from a printed area to an
unprinted area when contacted by two types of
highlighters. The specified test pattern is printed
onto the paper and, using an alkaline highlighter and
an acid highlighter, a perpendicular line is drawn
across the test area. The optical density of
transferred black ink on unprinted areas is measured
and compared to HP minimum criteria.

A color svaluation is performed with a CIELAB
system, which uses an Elrephro Datacolor 2000

.colorimeter to determine L*, a*, and b* values to score

color appearance of cyan, green yellow, blue, magenta,
and red printed areas. The results are compared to HP
diagrams for color quality.

Toner adhesion is a non-ink jet xerographic
test, which measures the degree of toner adhesion to
the coating. Toner adhesion is essential for use as a
commexrcial miltipurpose paper, which will often be used



30 fuzzy images. This is measured by anal yzing a specific portion

of the saffe—printed pattern used—+er—eptreat———densit

The specific portion is evaluated for ink area, spreading, and i nk
peri neter, feathering. The resulting, digitized patternis 35
guantitated sgpared to a commercial prem umink d'l%sa@ﬁﬁﬁ . The
HP test netho gr I nk spreadi ng and f eat heri ng was l,not use ‘lgn
these tests, since the HP WD 96/ 29369

PCT/ US96/ 03546 - 15 - 14 - test in

subj ective rat her a t Ti

measure of the rat SEOP QB%E‘.L!: Bai’xﬁsorp‘f'f‘dnﬁ o8t pgﬁégfnog ?%fed A’m:"’
specific test the,paper Being|aiXerox (roplexye the bhet:tedpaambt he 5

resulting optical deessed @ithhe §rpaaieraddd,aakd eise :cnu‘li:fn
The'results are fi ted to

decayin onent nodel HP and
the ink dry time i&°%® P‘tggﬁm%}‘%gﬂ%ﬁfﬁ &4£F tPf"reg %ﬁ‘%"é‘g?r‘par%to
m nimum criteriSa sdeggpePf tager loss is ratwd Erbmslicbestiar morvtamere of

the amount of 1088, oeanioxramtgrazechéaﬂa %oawigdsar ea to an
unprinted area when water.is apghl %}[Q wat errast ness test pattern

is printed onto the paper, eas taster tha cPBted PAREH S t he
print, and al |l onedtesSed forrTAPRY crrightrmssnusdng: the aTecknl dyrosts-4

unprint ed ar g4 ghPfesl  héthr JC HRidua tyf arlec I&:ﬁgﬁ&&f&@%ﬁ] %i‘@i‘é‘r .

on the unprin %d a as |s nEasured Resul ting opt
conpared to HP"sta 8py8to Hi ghlighter snearfastness is the
nmeasure of 20 colorant transferred fro®XaMPLE8ted area to an

unprinted area when contact egpd d‘;ﬂq”mh%eﬁog Fi].m:l. °§ gmng‘g_@ The

specified test patternls rinte usmg an
al kal i ne hi ghl i ght ®erety illustratiye of,the PQ’R’FEF“Q subodimants af (thee s
drawn 25  acrosspikbsehrtsinvéttion,lnd piriec Abtdessbé Yedhatrued dg ansferred

black ink on ygpri Rifde 2hE5ns SidFdtic! the scope of which is defined
by the appended claims,
Example 1
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 50°C. The slurry was 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, stainless steel reactor egquipped
with variable speed agitation having two pitched blade
turbine impellers, heating and cool:l.xig jackets, a
stainless steel carbonation tube to direct a carbon

30 dioxide containing gas to the impeller, and a probe for
monitoring the pH of the suspension.

- Twenty-six (26) liters of calcium hydroxide
slurry, prepared as described above, were added to the
- reactor while stirring at 420 r.p.m. To the slurry was

35 then added 6 grams of organophosphonate (Briquest 221-
50A, ethanolamine bi- (methylenephosphonic acid),
Albright & Williams Americas, Inc., Richmond VA),




and conpared to HP minimumcriteria. A color evaluation is
performed with a CIELAB____ system which uses.an El rephra _Dat acol or 2000

30 calorineter to determ ne L*, a*, and b* values to score col or
appearance of cyan, green yellow, blue, nagenta, and red printed
areas. The results are conpared to HP di agranms for color quality.
Toner adhesi B %2939 non-ink jet xerographic 35 test, whi M t he
degree of toner adhesion to the coating. Toner adhesion is essenti al
for use as a commercial nultipurpose paprs which will often be used
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- 15 - as CeEheeponding tq 0.4 percent By;veight of Briguest: o

the paper using a Xsased cowithe daleitmsicarbenatereguivalent e With a 5
pound roller, and t I oMol 0$Sy e;p*g conpared to
a set of standards. Qﬁéﬁﬂi‘l&i iqr]’ee oF “¥sner osgél&% ra g“ﬁ om 1, best
or no toner ¢%§'1¥’€Pa(?5%r%@1@8°zé\?»éﬁe°t'UHErﬂP%slddﬂd' The

In the brightness tghhrry admwwa mA@justed tbcsiveef Olrand\@Plgas

SRR s ey gt =t hog®

EXAMPLES air) waghingzgdussdathenxate of n@-%x%#ﬁ)-lw-ar\dzile
nerely illustrati ve-eirémimefﬁs ol griiodicaRBbiatioh et t:he cal¥igaent

i nvention, and are e ci)nstrued ﬁ%&*&ﬂg&nﬁé’?# ﬂ! e |nvetri1t|on

t he scope of mhich
Exanpl e 1 10 cooling wqoraemm Béﬁrnscmdyctivharmn

hydroxi de was carri ggaohéd Py1sditutingd thakithel hﬁcmmue&.té parts

water with nechani cal ation at an |n|t|al erature of
50[err] C. The slurr®* V\ﬁg"*ﬁm Jas saplate. The m ckempprafure (it
water to 1 part |incheosldrparvwes 15.8°C. The specific aurface area of

the resulting calcium carbonate was determined to be
15 115 m3/g.
Example 2
In the same manner as described in Example 1,
calcium carbonate precipitation by carbonation of a
calcium hydroxide slurry with a carbon dioxide
20 containing gas in the presence of 0.1 percent by weight
Briquest and 3.15 percent by weight Al,80,°16H,0 was
carried out with the same equipmant. The carbonation
was complete in 35 minutes when a minimum conductivity
was attiinod. The final temperature of the slurry was
25 16.7°C., and the pK was 11.65. The specific surface
area of the PCC was 102.3 mzlg. The PCC slurry was
screensd with a 325 .mesh screen, and placed back into
the reactor. While stirring, 45 g of Briquest 221-50A,
corresponding to 0.7 percent by weight Briguest, based
30 on the weight of PCC present, was added. The pH was
adjusted to 9.5, the slurry was heated to 80°C., and
the PCC was heat aged at 80°C. for 5 hours. The
spec.ific surface area of the final product was
82.4 m' /g.
35 Example 3
In the same manner as described in Example 2,
a calcium hydroxide slurry was carbonated in the



wat er, and screened with a 60-nmesh screen to renove grit. 25

Caj‘rfl'mn—ca'r'bonate—was preci pi - Slurry.in a 30 liter

stai nl ess steel reactor equipped with variable speed agitation
having two pitched bl ade turbine inpellers, heating and cooling

j ackets, a tai nl ess steel carbonation tube to direc{f a carbon 30
di oxi de con'gil ni r%égas to the inpeller, and a probe for chrm Y8 i ng
the pH of the suspension. Twenty-six (26) liters of

cal ci um hydr oxi de slurry, pr epar ed anidescri bed above, were added to
t he react or tLEr m sl urr was 35

t hen added 6 gramspwphLiﬁ %ng%hg;‘% nzz'ﬁ qigyp é’??gzéfiq““t &0 15

et hanol ani ne bi - (nPeRgLER eb?io Q))' 16B,0, whaicerbgth pediedtisfes

Anericas, Inc., R ape0Bis¥d)on the calémga%%%ﬁgtn ivalent of
PCT/ US96/ 03546 (Bquivalent o the

corresponding to chlﬁéﬂewjvﬁ'ght% WP&B@&LW time wam P on t he
cal ci um car bon&t e wiphtesentheffinal pH was a.al.sl,uahhydrm diel Wry. Al

liter soluti on @;,cgggéagﬂ.mgﬁ,ﬁ‘gd@ rk??ﬁ % %[ er%{fl was t hen

added. The r r at JUSt Ind a gas
cont ai ni ng car bon gi&? p\ﬁ%} fe7CepEeent by weight 3ir) war
i ntroduced at a r aBeigaegt &aﬁﬂ.l\/lbudﬁ en the weSHht oD PEE wald ddded]

Car bonati on of theggal 5*% was ‘J%%% 9’§F§| %Sv\%iﬁlgontl nued for 36
C

mnutes with 10 C00 unt1 | m ni was
reached, indi ®8ti nﬁ’?ﬁﬁ?‘?h@c"&?ﬁ%‘@%oﬁ&ﬂehﬁatﬂd tore8ig tfoxi @ was

conpl ete. The fi nahotwper'melr@da‘iﬂc ‘surfhbe akdaldf VEve 10 Prlbbuctne
specific surface a&,ﬁ #.6 the resulting cal ci um carbonat e "'was
11?%

determ ned to be err]/g. _
Exanpl e 2 In the sanme #xemplead described in Exanple 1,

cal ci um carbonat e preci pit atiroreHy sakebaladhbeNa®ddscribed in Example 2,

15 a calcium hydroxide slurry was carbonated in the
presence of 0.7 percent by weight Briquest 221-50A and
3.15 percent by weight Al,80,- 16H,0, both percentages
based on the calcium carbonate equivalent of calcium
hydroxide. The batch time to minimum conductivity was

20 36 minutes, and the final pH was 11.4. The specific
surface area of the PCC was 99.1 mzlg. The slurry was
passed through a 325 mesh screen, returned to the
reactor, stirred, and 0.15 pe'rcent by weight Briquest
221-50A, based on the weight of PCC, was added. The pH

25 of the slurry was adjusted to 9.5, and the slurry was
heated to 80°C. . The PCC was heat aged at B80°C. for 2
hours, and a PCC with a specific surface area of 63.8
:nzlg was obtained.

Example 5

30 A calcium carbonate slurry with a volume of
0.6 1 and a solids concentration of 20.2 percent by
weight, based on the total weight of calcium carbonate
and water, where the calcium carbonate was a
scalenchedral PCC with a specific surface area of 11.57

35 mzlg and an average particle size of 1.35 um was placed
into a 1.5 1 stainless steel media mill containing 1.7
kg of glass beads of 0.7 to 0.9 mm. The media mill was



cal ci um hydroxide slurry with a carbon di oxide 20 containing gas in the
presence of 0.1 percent—-by wei ght—— Bri guest- and-3. 15 percent by
weight Al[err]SOerr].16H err] O was carried out with the sane
equi pnent. The carbonati on was conplete in 35 m nutes when a m ni num
conduct|V|t was attained. The final tenperature of was
16.7[ e *ﬂ’ém“and the pH was 11.65. The specific surfac%a%&“%gr ea of
the PCC was 102.3 nferr]/g. The PCC slurry was screened with a 325
mesh screen, and placed back into t e ¥&actor. Wile stirri ng, 45 g

of Briquest 221- 50 | : ercent, b Lght
Briquest, based SFiPRe% H'g‘g&e %¥%#°&1.?)$&°e¢2}"ﬁ\ﬁ§é gﬁa‘ﬁkg‘mé ptPfas
adjusted to 9.5, tmdusryr wpswadliedt fort 10 goinutdaCwitin@n agitatias PCC was
heat aged at 80[ er Igdged’ §4§GU§:§m ThRe milled $RUAUCC bW hagBedi i Of

the final product was 1/9

Exanpl e 3 Surface arpp pholSone mewn‘gﬁeg'm'sedvﬁﬁtésamprw

a cal ci um hydr &xi desfloulsSymiesonarbonated in the WO 96/ 29369

PCT/ US96/ 03546 Example 6 1/ - presence of

0.1 percent by weight Bri quest and, 3

cent
Alferr]sqerr].16Herr] O whér S‘Bﬁﬁi"pﬁ?ﬁ?ﬁ‘%ﬁ%s’ h‘é’l"@gbgsgﬂlﬂﬂ‘t at
cal ci um carbonat e @n§ taland a0boliids concentritiannds disa gparcéhe by

carbonation tine t 0 a PCC
with a spec %gsur gce@armelagg? ﬁg‘ji ‘Efiegﬁ/g v\s;/ahsj,° ol%tlg?ﬁgd
Wil e stirring® he qfthomate gnd Shecwnteny Wheum the calcigm gazrbenase. 5oA,

based on the wei ghtwaﬁi‘ aDGGumoaddedl PCC witH he qiwﬂ&dmﬁ&eeeaedavxbth a

325 mesh screen. U oo S5l oL REpkeas. Rbrefit VLR 0 80kl gl

Ce area: of pr odu
81.6 nferr]/g. placed in a 1 5 1 stainless gtesl medda mill equipped In

the same manner as wiag vakddble Gpesdl agltation and 1.7 kg of 0.7 to 0.9
15 mm glass beads. The slurry was milled for 10 minutes
using a 2450 rpm agitation speed. The milled pcc

product had a specific surface area of 30.11 m /g and
an average particle size of 0.26 um.
The heat aged and media milled PCC’s of
20 Examples 1 to 6 were formulated with an appropriate
binder, and paper test sheets were coated with 6 g/mz
of the formulation in the manner described above.
After drying, the paper hand sheets were tested for
true black optical demnsity, composite optical density,
25 spreading, penetration, dry time, and water solubility.
The results of these tests are given in Table 1.



15 a cal cium hydroxide slurry was carbonated in the presence of 0.7

persent—by—wei ght Bri quest 221-56Awaie= 315 percent —-by—wet+ght— ——
Alferr]SOerr].16H err] O both percentages based on the cal cium
car bonat e equi val ent of cal cium hydr oxi de. The batch tinme to m ni num
conducti vi t 0 36 mnutes, and the final pH was 11. ecific
surface are?o € PCC was 99.1 nferr]/g. The slurry was ilcrm;{gog%gd
through a 325 nesh screen, returned to the 39 -~ reactor, stirred, and 0.15
percent by wei ght Briquest 221-50A, based on the was
added. The pH 25 gyt B A o m oo s o oS was
heated to 80[err][L. CC was| I@at ageql @t 80[lepy 1 ours,
and a PCC with a § sy face nrea of 163. 8 - wgs ol ai ned
Example 5 30 , \eeal cl um carbopate sl urey
0.6*1 and a soli d} ation]of 20.2 percent jby bgsed on
the total weight f mCaroprate aTTa—Wat e I um
carbonate was a bnohedt & PCC Wit a speci f of
11.57 35 nferr} A caver hge. parti ¢l si zd af pl aced
intoa 1.5 1 staif EJ"’rr_edarﬁII cpnt ai ni-ngJ1. ass
beads of 0.7 to Of The npedip mll wat \
PCT/ US96/ 03546 | - " - 18 pped
with variabl e spegd necfan| cal apitation..| “Yhe “ | ed
for 10 minutes wifh & &i{&ion| ™ speed of| 45p&p
product had a spegifiq & spiirface arga of 1.9 pier
average particle g§ize o of D 35 _nicrons
Exanpl e 6 1= A cal & um car bamat e slgrry o of
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was a’ scal enohedral PCC with a specific surface area of 26. 07
nferr]/g and an average—particle_size of 0.88_[err]m was ___placed in
a 1.5 1 stainless steel nmedia mll equipped with variable speed
agitation and 1.7 kg of 0.7 to 0.9 15 mm gl ass beads. The slurry was

mlled for ) S using a 2450 rpmagitation sp Mlled
PCC l‘g?gkuct had a specific surface area of 30.11 rr[g’?‘&ﬁs

an average particle size of 0.26 [err]m The heat aged
and nmedia mlled PCC s of 20 Exanples 1 %® 6 were fornulated with an
appropriate bi nder, a t sheet re co ted W|th 6

g/ merr] of the formi ’%ongl'ﬁhgﬁ € %\ggc'h

After drying, the piERFOVRmARtS mmerséstedafm:lcal uncdatwa bI ack
optical density, cwﬁanptpa@ﬂ:,denahhy typidally S Sk ation,
dry time, and watery sol,ubili e esults of t eset sts are
given in Table 1. black °pti°y‘\h)d§6'f'i’§ 69Q about 0.9, a true optical

PCT/ US96/ 03546 5  density of about 1.28, spt#éadifgref about 108,V\@ 96/ 29369
PCT/ US96/ 03546 percent. penotrat:l.on of about 38, & drying time 6f about
These results demnyi’ gl & Waler sodubility of about 0.17. By
comparison, the best high cost, coated commercial paper
has a composite black optical density of about 1.2, a
10 true black optical density of about 1.56, spreading of
about 98, a percent penetration of about 28, a drying
time of about 12, and a water sclubility of nearly 0.
Therefore, an ink jet recording paper produced
according toc the present invention, and, in particular,
15 a paper that is coated with a formulation based on the
PCC produced in Example 2, is comparable in ink jet
print quality to the best high cost commercial paper
now available.
While it is 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 devised
by those skilled in the art. It is intended that the
appended claims cover all such modifications and
25 embodiments as fall within the true spirit and scope of
the present invention.



mprovenent when conpared to a typical uncoated commer ci al paper,

0.9, a true optiycalhas asmmgmjmfnllwm 1.28, spreadi ﬁgn?ﬁ—k:bgjut a?ggt a

percent, penetration of about 38,"a "rying tinme of about 38, and a
wat er sol ubiywpbsedke about 0.17. By conparison, the begiubdsiisiOSt
coated comrerci al paper has a conposite black optical density of

about 1.2, a 10 true bl ack opti cal densiaé of about 1.56, spreading of
about 98, a percent penetration of about 28, drying time of about
12, and a water solubility of nearly O. efore, an ink jet
recordi ng paper produced accordi ng esent invention, and, in

particular, 15 &epaper thhtPFecess kaFr pueparipg: aupseripitated on the

Pﬁc_ Er oduE_edhi N Exeefktus, cagbenabe pitmiernt) whilch ebmprises féidiingludl ity to
t he  best hi gh cost r a .

VWiile it in appar eg' 8?:%2»[ 8?%’?%%%“%%6 %@Q%e¥§%%9§+g%|%%%?7%e%| I

cal cul ated to ful f afdipgcan organephosphonadisc compound fe Gthe |slurry, and
appreci ated that heatifgMEhe@UsLEPEY fts ddat agandhepeet St éd)edIuium

devi sed by th KiLI ' h rt. ..t is iznten hat th .
appended cl ai ns coﬁg?sgﬁfkgﬁr%%#?fc%ﬁ’?&g &ﬁ@ fggm Foom HEmS an fall
within the true sppigmented scope of the present invention.

WO 96/ 29369 2. The process of claim 1,PERe+BER/ 46
- 21 - A process

CLAJl MS 1.
for preparingl® pr8EPpRPRPREPhonate comnaund ig gn.amineroeRtainineh
conpri ses form ng phosphorig|acid ddrivative matcdscaddednim azb@mxxiunt of

particles, 5 agdi@gedNo 1 JRA® P Grivuni! s?,cmgﬂeg to the slurry, and
heating the slurry_to heat a'?é t he remdplt?::\l d calcjum car bonat e
particles therein 3nd form tTR®iRER te ‘iﬂi grefperein the

organophosphonate compound is ethanolamine bis-

15 (methylenephosphonic 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 BET specific surface area

20 of greater than 60 nz/g.
5. The process 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 process of any of claims 1, 2, 3, 4 or 5,
wherein the precipitated calcium carbonate particles
are aged for between about 2 and 5 hours at a
temperature of between about 80-85°C.
7. Heat aged calcium carbonate particles

30 whenever cbtained by the process of any one of the
preceding claims.

- 8. A process for making an ink jet recording
paper comprising: coating at least one side of a paper
base stock with a coating comprising heat aged calcium

35 carbonate particles according to claim 7 and a binder
to form the ink jet recording paper.
9. The process of claim 8, wherein the coating



2. ‘ The process of cI !ﬂlm wherein the 10 or ganophosphonat e

corrpound IS an am ne~gcontai u' “ﬂ‘ﬂﬁ orCc aci d—derivative—and i s
added in an anount of A 1 percent by wei ght. 3.

The process of clai m 1, wherein the or ganophosphonat e conpound is

et hanol am ng, obisﬁg (met hyl enephosphonic acid) and is ap@lj@sdsﬂ

anount of 36?ween 0.4 to 0.85 percent by weight. s The
process of claim1, 2 or 3 wherein the precipitated cal cium
carbonate particles are aged for a suf RRciment tine to i npart a BET

specific surface apea o] e /
The process of anyigf agﬁ?ied & géfég ;_{,ﬂw}{k %en{p%grk'elgﬁ'tht CI pitated
cal ci um carbonat e plrticl es The Pr%ﬁtﬂ%lgﬁj olgdn) 8t wecf - Iwhateldn thers at a

tenperature of eo.annbeﬁataiﬁimd]& th’wpapfir on a pap@fmikOegss of any
of .claims 1, 2, 3,_4 3’ dur V\%gereln % g prepggltated cal ci um carbonate
particles arg"§§éﬁ 8 %J%? R88Ps at a

t enper at ure of Sbet #den about'-l‘Be -pepeesy @f claim B, 9 or 10,cwhexnein theci um
carbonate particl epind@r 1¥NS8EySinPDiLldEtbI0 Yt t;e,]gggggss of any one of

t he precedi ng cl ai ns. ocess, f maki n Ink jet
recor di ng 3 2+ conpri B REPCRRA 19K, ‘%ﬁk@%a gPHerB'F gd%é%
base stock with a papernbaving r eshanc et propsties cmpriﬁﬁng.car bonate

particles according to claimy w%@ne'mzpmué QafQidh! Barblliaté!
recordi ng paper. 9. 1]9.roce cl.ai m 8, ereint
coati ng 10 V@im2§359 produce particles havi.ng a surface

PCT/ US96/ 03546 morphology and chemistry tha.t enhafifes the abilisyaphplied

to each side of th a S The process of claim
t2886 £9¢!§1nd t P
8 or 9, wherein ththg pax Qéi 'I ng 1 n ‘Tl e to t he paper on a paper maki ng

machi ne during the papermaklhb BPeEiRg K3 least one side of a paper base
stock with a coating comprising said milled

15 precipitated calcium carbonate pigment particles and a
binder to form the ink jet recording paper.

13. The method of claim 12, wherein the particles
are n:llled to have a BET specific surface area of at
least 15 m /g.

20 14. An ink jet recording paper comprising a paper
base stock, having thereon a coating comprising a heat
aged precipitated calcium carbonate pigment, a milied
precipitated calcium carbonate pigment, or a mixture
thorcof,. and a binder.

25 is. The ink jet paper of claim 14, wherein the
media milled precipitated calcium carbonate pigmont: has
a BET specific surface area of at least about 15 m 2/g.
1s. The ink jet paper of claim 14 or 15, wherein
the heat aged precipitated calcium carbonate pigment

30 has a BET specific surface area of at least about

0 mzlg.
17. The ink jet recording paper of claim 14, 15
or 16, wherein the binder is polyvinyl alcchol or a
starch.



5 1.

The process of claim8, 9 or 10, V\hereﬁ‘ﬂ"ﬂh@ 94- }ﬂd«aﬁﬂ?”?'s

pol yvinyl —al-cohol f4em %_“A—p#eeesﬂe#—nmé—ng—&@ﬁ&——

jet re
a) ml
partic
the ab
coatin

conpri

cordi ng paper having enhanced properties conprising;
| ing precipitated cal ci um carbonate 10 pi gment to pragss
| es having a surface nmor phol ogy and chemistry thfgh "1;
ility of PCT the pavdrLENRIECFUAD PROBERTDORGAMIZATION
g at | east one side of a paper™fE@lBurem ot 5ck wWith a coating

si NENTEBNATIONALAPPLICATION PUBLISHED AINRER: THE PATENTCOQORERATION FREATY (PCT)

parti clg
13.
to hav

| to f t | : '
g N B T
e a CItic SUI’ ace drea

C(#3) Internations] [PahfiGition Diste| 251Septeinbyr 1996 (X(19.96)

14.
havi ng
car bon
or a n
papéer
car bon
15 nfe
t he he
speci f
The in
bi nder

AT TR Jet 1TeCaor o ng pdapec

Qinnteaativn) Apptication Nymbep1Dr | PCTIYS
'l ed
%?ur e Ei‘m"'ﬁ{"ﬁ‘er eof “%‘r'fa 1996 @’i‘%

of claim 14, erein the
&0 WZ“ ) ] ign P
T QR 13 s R Sy 'Saéa%@fm B Yl 2 RC R

at aged precipitated cal cium car bo e NLORTESE), OAPIDatent (BRI, G, BI-TI, CM, GA,

At
Nk i X i Bl St GNGW'-MF# g». T6 17
k et cord""ﬁ’g paper o W?’l 15 or 16, wherein the

(m;lnpotb:y*v Dajis] wWa; 1821 Main Su'eet,‘ Patiishiat
, PA 18018 (US). RESNIK, Robert, Without imternational search report and 10 be republished
Kenmth, 1709 Wynwood Lane, Easton, PA 18040 (US). upon receipt of that report.
MCFADDEN, Michael, Gregory; 870 Durham Road,
Riegelsville, PA 18077 (US).

(74) Agents: RICHARDS, John; Ladas & Parry, 26 West 61st Street,
New York, NY 10023 (US) et al.

CONMQTT ST Ny a paper basestock;

Km)nﬂhnggggj Aﬂnﬂ QMﬂZﬂﬂiU@mBH%F
i tat %
MW, MX, NG, kénusn

px.e'l; g manew.@anmmmo

(54) Title: INK JET RECORDING PAPER INOORPORATING NOVEL PRECIPITATED CALCIUM CARBONATE PIGMENT
(57) Abstract

Anunprovedthenmlml:getmondingpapu incorporating heat aged and/or milled precipitated calcium carbonate ("PCC") and a
bindez, is disclosed. The heat aging and milling processes produce discrete particles of PCC with a surface morphology and chemistry that
enhances the ability of the PCC to bind to ink jet ink without binding so strongly that the color of the ink is changed. Ink jet reconding
papers incorporating the PCC and binders of the present invention have been produced that are superior to multipurpose office papers with
Mfeaﬁenug,meadmg,mdmmhnmbachﬂuhwﬂuwﬂuuwﬂlasmmed optical density, dry time, and water fastness.
The ink jet recording paper of the present invention is comparable to silica based commercial papers, at a fraction of the cost.
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