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Coatings which contain fine particle size pigments, such as calcium carbonate, have been
shown 10 be particularly useful in improving the properties of ink jet recording paper. U.S.
5,643,631 (Donigian et al., 1997) and U.S. 5,783,038 (Donigian, et al., 1998) disclose thermal
ink jet recording paper. incorporating heat aged precipitated calcium carbonate and a binder,
such as poly(viny] alcohol), starches, and carboxymethy! cellulose. Treatment of paper with a
coating composition of a slurry of fine particle size calcium carbonate in a poly(vinyl alcohol) or
starch solution resulted in improved optical density of ink jet print. An example of an
appropriate poly(vinyl alcohol) binder was Airvol® 107 poly(vinyl alcohol) which is 98 t0 98.8
% hydrolyzed. The binders were “cooked™ 10 obtain a solution prior to addition of the pigment
slharry.

The use of poly(vinyl alcohol) and its derivatives as binders in ink jet coating systems are
well known in the art. For example, an article by C. A. Finch in Polyvinyl Alcohol -
Developmenis, Wiley, 1992, pages 555.556, describes the use of poly(viny] alcohol) as a binder
for ink-jet printing paper. Poly(viny} alcohol), 98-99% hydrolyzed and a 4% viscosity of 25-31
cP (Poval-PVA-117) was reported to be generally used.

An article in Tappi Journal, Vol.80, No.1, January 1997, pp. 68-70, by John Boylan,

entitied, “Using Polyviny) Alcohol in Ink-Jet Printing Paper,” describes the use of various grades




An article in Tappi Journal, Vol.80, No.], January 1997, pp. 68-70, by John
Boyl an, entitled, "Using Polyvinyl Al cohol in Ink-Jet Printing Paper

descri bes the use of various grades 2 9 APR 2004 of pol y(vinyl aIchpﬂ 3904 or
coating paper. It is noted that partially hydrolyzed grades of po]y(vinyl
al cohol ) provide the best printability in ternms of ink optical density and
dry time when used with silica pignments in paper coatings. However, the
final viscosity of poly(vinyl alcohol)/silica coatings increases sharply
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conprisi Lgn%apl | an® QY Ha¥k) Alve ARAberald PE@Tsize@Td 0a8 5000 A, a pore volume of
0.05 10 3.0 cc/g, and an average particle size of 0.1 10 50 um. Poly(vinyl alcohol} may be used
as a binder for the particles in an amount of 5 to 60 % (preferably 20 to 40 %) by weight based
on the 10tal weight of binder and particles. PVA 117, manufactured by Kuraray, was used in the
examples.

U.S. 5,057,570 (Miller et al., 1991} discloses a method of preparing a high solids,
aqueous paper coating composition in which dry particulate solids of a partially hydrolyzed, low
molecular weight poly(vinyl alcchol) is added to a high solids, aqueous pigment dispersion and
mixed, without external heating, until dissolved. The aqueous pigment dispersion typically
contains clay and/or calcium carbonate at solids levels of 70 t0 76 %.

U.S. 5,270,103 (Oliver, 1993) discloses a receiver sheet having a coating and suitable for
printing with agueous basea inks, comprising a pigment, poly(viny} alcohol) binder, and an
additional binder component. The poly(viny] alcohol} is at least 87 mole % hydrolyzed,
preferably at least 99 mole % hydro]yzéd.

JP 11-4983 (1999) discloses mixing poly(vinyl alcohol) with an organic and/or inorganic

nowder, and combining the mixture with water to obiain a non-Jumping dispersion having a high




addi ti onal binder conmponent. The poly(viny) alcohol) is at |least 87 nole %
hydrol yzed, ©preferably at |east 99 nole % hydrol yzed. JP 11-4983 2]59}@%)2004
di scl oses m xi ng pol y(vinyl alcohol) with an organi c and/ or i norgafi‘c
powder, and conbining the mxture with water to obtain a non-I| unping

di spersion having a high 2 9 APR 2004 concentration of polyvinyl alcohol).
The dispersion is reported to be useful sadhesives and paints. The
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particle size of 200 umor less, is 8 to 90 nole % hydrol yzed, and has a
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parts poly(vinyl alcohol) parts pignent particles, can then be
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powder in an aqueous slurry of pigment particles which is predominantly fine particle size
calcium carbonate. The poly(vinyl alcohol) has an average particle size of 200 um or less, is 85
10 90 mole % hydrolyzed, and has a degree of polymerization of 50 to 600. The slurry,
containing 0.} to 50 parts poly(vinyl alcohol) per 100 parts pigment particles, can then be
formulated with other components to produce a paper coating composition for specific
applications such as ink et paper coatings.

There are several advantages 1o preparing a coating composition by first mixing fine
particle size, partially hydrolyzed. low molecular weight poly(vinyl alcohol) powder directly to
the fine particle size calcium carbonate slurry. They include:

the poly(viny] alcohol) does not need 1o be solubilized prior to mixing with the calcium

carbonate slurry, thus eliminating the problem of adding more water 10 the slurry and
reducing the amount of solids;

the poly(vinyl alcohol) can be solubilized in the calcium carbonate slurry without

heating;

the Jow shear viscosity of the calcium carbonate slurry is significantly reduced, thus




carbonate slurry, thus elimnating the problem of adding nore water to the
slurry and reducing the anount of solids; the polyvinyl alcohol) can be
solubilized in the cal ciumcarbonate slurry without heating; the
viscosity of the calciumcarbonate slurry is significantly reduced, thus 2
9 APR 2004 4 allowing greater m xing efficiency. inproved filterability.
and inproved punping efficiency of the final coating fornulation; the
solids level of the pignent slurry can be increased w thout increasing the
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5,643; 631 and U> 5, 783,038. Cal ci um carbonate having a nean
surface area of 80 nR/g is available commercially under the trademark
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pol yrer i zaf1eRiZ R uhta®Bnite abQids prefseraphy fid501Q w 50 %; preferably 20 to 30 %.
Up to about 10% of other paper pigments such as clays, silica, and titanium dioxide may also be
present.

The fine particle size calcium carbonate has a mean surface area of at least 50 m*/g;
preferably at least 80 m*/g. Fine particle size calcium carbonate can be prepared by heat aging
and/or milling precipitated calcium carbonate, such as the method described in U.S. patent
number 5,643,631 and U.S. patent number 5,783,038. Calcium carbonate having a mean surface
area of 80 m?/g is available commercially under the trademark JETCOAT™ 30 Specialty PCC
from Specialty Minerals.

Suitable fine particle size, low molecular weight, partially hydrolyzed poly(vinyl alcohol)
powder for use in this invention can be 70 to 90, preferably 85 to 90, and most preferably 87 to
89 mole % hydrolyzed, have a degree of polymerization (DPn) of 50 to 600, preferably 150 to
300, and an average particle size of 200 um or less; preferably, 180 um or less. An example of a
preferred poly(viny alcohol) powder is Airvol® 203S poly(vinyl alcohol) supplied by Air |
Products and Chemicals, Inc. The poly(vinyl alcohol) used in this invention can be prepared by
synthesis and saponification techniques well-known.10 those skilled in the art of manufacturing
poly(vinyl alcohol). A fine particle size of the poly(vinyl alcohol} can be achieved by grinding
the poly(viny] zlcohol) particles and passing the particles through a mesh.

The fine particle size, Jow molecular weight, partially hydrolyzed poly(viny} alcohol)




300, and an average particle size of 200 umor less; preferably, 180 mor
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and saponification techniques well-known to those skilled in the art of
manuf acturing poly(vinyl alcohol). A fine particle size of the poly(vinyl
al cohol) can be achieved by grinding the poly(viny] alcohol) particles and
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10 prepare ink jet paper coating compositions or can be used directly as an ink jet paper coating

composition. No additional binders or dispersants are needed in the coating composition. A
typical coating composition for ink jet paper app]-ications contains:
90 to 100 parts fine particle size calcium carbonate;
0 to 10 parts secondary pigment;
0.1 to 50 parts poly(viny] alcohol);
0 to 3 parts cationic dye fixatives such as polyethyleneimine or poly(diallyldimethyl
ammonium chloride); and

010 0.3 parts defoamer.

The invention will be further clarified by a consideration of the following examples, which

are intended 10 be purely exemplary of the invention.

EXAMPLE 1
VISCOSITY MODIFICATION EFFECT

The viscosity modification effect of low molecular weight, partially hydrolyzed, fine

particle size poly(vinyl alcohol) on slurmies of fine particle size calcium carbonate was measured.




0O to 3 parts cationic dye fixatives such as pol yet hyl enei m ne or
poly(diallyldinmethyl amroniumchloride); and 0 to 0.3 parts defoaner. The
invention will be further clarified by a consideration of the fol | &8 AR 2004
exanpl es, which are intended to be purely exenplary of the invention.
EXAMPLE | VI SCOSI TY MODI FI CATI ON EFFECT The viscosity nodification effect
of | ow nol ecul ar weight, partially hydrdlyzed, fine particle size
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nost coatings, as solids increase, |ow@&Hedr viscosity increases. However,
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Jet Coat 5pts 10 pts 20 pts 0_.3 pt TSPP
30* A 203S per A 203S per A 2038 per (dispersant)per

Solids 28.50% 28.04% 28.72% 31.64% 27.70%

Brookfield Viscosity

5870
10 rpm 6960 1530 99¢ 900
20 rpm 3980 8§10 545 550 3050
50 rpmn 2008 358 264 318 1308
100 rpm 1152 209 165 223 690

* Supplied by Specialty Minerals as a slurry.

With most coatings, as solids increase, low shear viscosity increases. However, unexpectedly,
addition of the Airvol 203S to the Jet Coat 30 resulted in a substantial reduction in low shear
viscosity. Reduction of low shear viscosity leveled out at 20 parts Airvol 2035/100 parnts

calcium carbonate. The results obtained with the Airvol 203S were much better than those

obtained with the TSPP dispersant.

EXAMPLE 2
BINDING EFFECT

The effect of Airvol 203S as a binder for fine calcium carbonate particles on paper was
measured. An uncoated base sheet of paper was secured to a glass plate with tape. The coating
formulation was poured over the top width of the paper. A wire wound rod was placed at the top

of the coating and drawn down the length of the paper applying a uniform application of the

coating formuiation across the length of the paper. The wet coated sheet was then dried in a
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EXAMPLE 3
PRINTABILITY

The ink jet printability of paper coated with a combination of Jet Coat 30 and Airvol
203S poly(viny] alcohol} was measured by applying the coating formulation with a wire wound
rod 1o an uncoated base sheet and drying the coating at 250 °F for 2 minutes. Coat weights were
between 8 and 10 g/m®. Airvol 203S alone and a mixture of 0.3 pt. TSPP with Jet Coat 30 were
used as comparative examples. The coated paper was printed on an Hewlett Packard HP 56Q ink
jet printer using a test pattern developed by Hewlent Packard. The optical density was measured

with a Tobias 1Q 200 Densitometer. The results are presented in Table 3.

Table 3
Base Sheet A2035 10 pts 20 pts 0.3 pts TSPP
Comp Black 0.57 0.75 0.94 0.96 '
Magenta 0.77 N/A 1.14 1.] Dusting
Yellow 0.6 N/A 0.85 0.83
Cyan 1.03 1.1] 1.48 1.4
Mono Black 0.86 0.54 1.32 1.24

Ink jet printability of a binder used for ink jet paper coatings is very important. The binder must

be hvdrophilic enough to allow the ink vehicle to penetrate into the coating while allowing the

ink 10 remain at the surface of the coating with the pigment. In addition, the binder must not




used as conparative exanples. The coated paper was printed on an Hew ett
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EXAMPLE 4 COVPARI SON TO OTHER Pl GVENTS The exanpl e conpares the effect of

Airvol 203S on the | ow shear viscosity of several pignents typically used
for paper coating applications. An a@iﬁ 4 pi gnment slurry was wei ghed

out and water was added, i&q}ﬁﬁgﬁiﬁﬁrﬁ‘?ﬁﬁmlém}%gi red solids |evel.

Agitation was then begun ory tType mxer. Airvol 203S was

slow y added 1 &g AL BbirethRie@RBINS AiSIUR0YS an thenliowi shganeiscosonbf sayedd) f or
about 30 m nutes. Conplete solubilization of the Airvol . 203S was checked

by ri nsipigments ngitaliyarmptl ortpapenesiatiag 3omicatans. bR akdPos AEPERERK FINGY FE
weighed out and water was added, if necessary to obtain the desired solids level. Agitation was
then begun with a laboratory type mixer. Airvo] 2035 was slow]y added to the agitating pigment
slurry and mixing was continued for about 30 minutes. Complete solubilization of the Airvol
203S was checked by rinsing a small sample through a 325 mesh screen and checking for
unsolubilized poly(viny! aleohol). When the poly(vinyl alcohol was completely dissolved, the
final solids was measured via the microwave technigue. The viscosity of the mixture was then

measured with a Brookfield viscometer at 100 rpm. Results are presented in Table 4.
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Brookfield viscometer at 1 00 rpm Results are presented in Table 4. 2 9
APR 2004 9 Table 4 RunPi gment TypePi gnment! oAirvol 203SBrookfield 1Cal ci um
Carbonate - Al12. 670085 2Cal ci um Carbonate - Al12.6707775 3Cal ci um Carbonate
- Al12.67010325_" 4Cal ci um Carbonate - Al2. 670204560 5Cal ci um Carbonate -
Al12.630015 6Cal ci um Carbonate - Al2. 630519 7Cal ci um Carbonate - Al2.6301025
8Cal ci um Car bonate - Al12. 6302040 9Cal ci um Car bonate - B7.1700204 10Cal ci um

Car bonate - B7.1705400 11Cal ci um Car bohehle4- B7.1701 i
Car bonat e_-__B7_170202830 13Cal ci um-Carbanate— 02240 12Cal cium

Z - 12A0

Car bonat d -R'B7_[130518 Pis5¢S8l &YREm Car bnat EMe Rz ?&mﬁggnl$hﬁﬂégﬁg:fL?Hhkﬂdd
Car bonat & - 1B7.|(30a08%aibtést - Boat 30 | Cal d26m Car bdhat 803001152 {8Jet®co
?égatCalsgl Cm AT oA SR arioabY . A0Jel Cgar Ja.6Cal cff ummo Caf bonabe803010168720J4t
230 ay15 0'0\13I7w T f- Iﬁﬁ%ﬁ#‘ﬁg$ULLo 21 dmluu 41T5¢20 avIby®102140 3252
4 Calcium Carbonate - A 12.6 70 20 4560
5 Calcium Carbonate - A 12.6 30 0 15
6 Calcium Carbonate - A 12.6 30 5 19
7 Calcium Carbonate - A 12.6 30 - 10 25
8 Calcium Carbonate - A 12.6 30 20 40
9 Calcium Carbonate - B 7.1 70 0 204
10 Calcium Carbonate - B | 7.3 70 5 400
11 Calcium Carbonate - B 7.1 70 10 2340
12 Calcium Carbonate - B 7.1 70 20 2830
13 { Calcium Carbonate - B 7.1 30 -0 14.4
14 Calcium Carbonate - B 7.1 30 5 18
15 Caleium Carbonate - B 7.1 30 10 251
16 Calcium Carbonate - B 7. 30 20 39
17 Jet Coat 30 Calcium Carbonate 80 : 30 0 1152
18 Jet Coat 30 Caleium Carbonate 30 30 5 209
19 Jet Coat 30 Calcium Carbonate 80 30 10 165
20 Jet Coat 30 Calcium Carbonate 80 30 20 223
2] Clay 15 70 0 241
22 Clay 15 70 10 2140
23 | Clay 15 30 0 17.2
24 Clay 15 30 10 31
25 Titanjum Dioxide 7-30 70 0 125
26 Titanium Dioxide 7-30 70 10 288

The pigments of run no. 1-16 and 21-26 had low viscosities at 30 % solids due to the
greater particle size or reduced surface area of these pigments compared to the Jet Coat 30 (run
no. 17-20); i.e., the Jet Coat 30 particles have a2 mean surface area which is 5 to 8 times the mean
surface area of the other pigments in the example. It is well known that as the surface area of
pigment particles increase, the viscosity of pigment slurries increase and addition of a binder,
su;ih as poly(vinyl alcohol), will result in a further increase in viscosity. However,
unexpectedly, when Airvol 2035 was added 1o the Jet Coat 30 calcium carbonate shurry (run no.

17-20), there was a substaniial decrease in viscosity. In contrast, the viscosity increased when

Airvol 2038 was added 10 the other pigment shurry samples (run no. 1-16, 21-26).
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3. The method of Claim 1 wherein the dispersion of calcium carbonate particles
in the aqueous poly(vinyl alcohol) solution con'tpriscs 5 to 15 parts poly(vinyl alcohol)/100
parts calcium catbonate particles.

4, The method of Claim 1 wherein the coating composition contains pigment
particles consisting essentially of calcium carbonate particles having a mean surface area of at
least 60 m*/g.

5. The method of Claim 1 wherein the aqueous dispersion of pigment particles
contains at least 90% by weight fine particle size calcium carbonate having a mean surface
area of at least 60 m%/g.

6. The method of Claim 5 wherein the fine particle size calcium carbonate has a
mean surface area of at least 80 m*/g.

7. A method of lowering the viscosity of an aqueous dispersion of fine particle
size calcium carbonate, containing 10% to 50% solids, having a mean surfacc area of at least
60 m* /g for use in a paper coating composition comprising adding to said aqueotls dispersion
poly(vinyl alcohol) in an amount of from 0.1 to 50 parts by weight poly(viny! alcohol) per

100 parts caleium carbonate, the poly(vinyl alcohol) having a degree of polymerization of




parts cal cium carbonate particles. 4. The nethod of Claim1 wherein the
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