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WD 2004/ 053227 PCT/ US2003/ 038358 FI LLER FI BER
COWPCSI TE FIELD OF THE | NVENTI ON 5 The present
WO pwefsizon relates to a filler-fiber conpositePCHUS2003/038358
process for its production, the use of such in the
manuf act ure of paper or paperboard products and to
paper produced therefrom Mre particularly the
invention relates to a filler-fiber conposite in which
the norphol ogy and particle size of the mnera
filler are est MLldhRgFIBER COMPOSELE oprent of the
bond to the fiber. Even nore particularly, the
present invention relates to a PCC filler-fiber
conposite, wherein the desired optical 10 and
physi cal properti Jigﬂgﬂﬁﬁiiﬁﬁﬁﬁﬁﬁfed t herefrom
are realized. BA ON Loading
particulate fillers such as cal cium carbonate, talc
and clay on fibers for the 15 subsequent manufacture
Bie pragsat inxprtiopaplates pr ofllertiibes semposiiess procdse fog its production, the use
chal | enge. A nunber of nethods, having sone degree of
of such Bithe agaufabiducofipapst ou paskrb@rdpidiess atdiopapagmeductdtherefrom. More
insure that fillers remain with or within the fiber

particul ¥Pthe iSfeRbh Alatdd A% RAYLADGRBIpISIEh indhKiek the morpgolo gy and particle

precipitation onto the fibers have been used,

i t hod attach.the fille irectly tq. the surface
size of ] faitier s, Sttt BHPLAHFA peiopto o ek phialt S ing e e ven more
. filler have been used, precipitation wthin never . .
particulagly, &g DsesFR iRvsREODEkes je ad COplle-Tist sryapasis. vherqm Hig desiged optical
cellulosic fiber have been used, high shear m xing
and phykiaslerbgetiesusahk pdpebprodused therefromadre sralizesal ci um
carbonat e have been reacted with carbon dioxide in a
cl osed pressurized container, fillers have been
trapped by nechani cal bondi ng, cationically charged

pol yners have [% $ ﬁ%/ 038358
been used andgééﬁggkiﬁ Q§§%%f E cal ci um

carbonate have all been used to retain filler in

Loading particulate fillers such as calcium carbonate, talc and clay on fibers for the
subsequent manufacture of paper and paper products continues to be a challenge. A number of
methods, having some degree of success, have been used to address this issue. To insure that fillers
remain with or within the fiber web, retention aids have been used, direct precipitation onto the
fibers have been used, a method to attach the filler directly to the surface of the fiber have been used,
mixing the fiber and the filler have been used, precipitation within never dried pulp have been used,
a method for filling the cellulosic fiber have been used, high shear mixing have been used, fiberous
material and calcium carbonate have been reacted with carbon dioxide in a closed pressurized

container, fillers have been trapped by mechanical bonding, cationically charged polymers have
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fi ber for subsequent use in paper. Mst of the nethods
for fiber retention are both expensive and
w0 p@ifeei ve. 5 Therefore, what is needed is arP€T/UEm®03/038358
fi ber conposite and a nethod for producing the same
that is both effective in retaining the filler and
i nexpensi ve for the paper maker to utilize.
Therefore, an object of the present invention is to
pr f
s s B g et U i Gy B & et e
-producing a filler-fiber conposite. Wiile 10 another
fiber fordmbeauentust e pgrees Must ofithe ntethwds ifer fiter peterdisneraboth expensive and
filler-fiber conposite that naintains physica
ineffectieoperties such as tensile strength, breaking |ength
and internal bond strength. Still a further object of
the present invention is to produce a filler-fiber
conposite that maintains optical properties such as

| SO aC|t and_pi. t atter still furt
”glgﬁr p ﬁéleﬁqleéislgn‘%q eﬁgg?ﬁqog}popge r5ie szagmog or %roducmg the same
filler- f| ber conposite that is particularly useful in
that is bpthpeffectinelinpaipaning thediljsr antliexpensiye K th BIpeARIEkeL. (8 utilize.
Pat. No. 6,156,118 teaches m xing a cal ci um carbonate
filler wwth noil fibers in a size of P50 or finer. 20
U S. Pat. No. 5,096,539 teaches in-situ precipitation

’g%eg?[l’;ﬁaés glg ggi@% C?Slf ]‘.lrﬁ sﬂfgﬁé %fg%lglg qY ﬁ)rpég(‘idlgg? IR Ber c%n?@sr[e Another
et oSS S S S RS . i
another rogjaegtt chQLITe present invention is to produce a filler-fiber composite that maintains physical
properties such as tensile strength, breaking length and internal bond strength. Still a further object
of the present invention is to produce a ﬁllef—ﬁber composité thaf maintains optical properties such

as ISO opacity and pigment scatter. While still a further object of the present invention is to provide

a filler-fiber composite that is particularly useful in paper and paperboard products.

RELATED ART

U.S. Pat. No. 6,156,118 teaches mixing a calcium carbonate filler with noil fibers in a size

of P50 or finer.

U.S. Pat. No. 5,096,539 teaches in-situ precipitation of an inorganic filler with never dried

pulp.
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5 US. Pat. No. 5,665,205 teaches a nethod for
conbining a fiber pulp slurry and an al kaline salt
w@kwnnog32en t he contact zone of a reactor and PCT/US2003/038358
i mredi ately contacting the slurry with carbon di oxi de
and m xing so as to precipitate filler onto secondary
pulp fibers. US. Pat. No. 5,679,220 teaches a
conti nuous process for in-situ deposition of fillers
in 10 papermaking fibers in a flow streamin which
shear is applied to the gaseous phase to conplete the
conversion of cal cium hydroxide to cal ci um carbonate
WSnRati MHo.64,323,090%cackasta méthod By kding3elltlesic fies uping brghshear mixing
for nodifying hydrophilic fibers with a substantially
of crum¥Bh B duking @hibh Qidxi@S rﬁécﬂio% substance in-situ
precipitation. 15 U S. Pat. No. 5,733,461 teaches a
nmet hod for recovery and use of fines present in a
waste water stream produced in a paper nanufacturing
rocess . Pat. No. 5,731,080 teache .
Iﬁfse‘é%tpra%J S 2 nshgien amﬁéhqéﬁ%wrp B il P g an allaline
carbonate trap the mcrofiber by reliable and
salt slurryan theaiontabl zeneref ineaactonindiomaidiielyiconianiing itheserswish carbon dioxide
retention aids. 3 WD 2004/053227 PCT/ US2003/ 038358
and mixkhgSo a8 prdipitate, (ARB oAbkt @RiahgRuIEbAGd of maki ng net al
oxl de or netal hydroxide-nodified cellulosic pulp.
U S. Pat. No. 6,235,150 teaches a nmethod of producing
a pulp fiber lumen | oaded wwth 5 cal ci um carbonate

vin icle si.ze of 0.4 mcro
e PP o B 1o 0 BtER & SoRionF v dp iR e SR ag flers in
aIC|un1carbonate ground cal cium_ carbonate, clay and
papennetl@g:ﬁbqr%m flowistreann it whieh sheanistapphied fgithe gaseus,phess tyeomplete the
used i n paper has been
conversion of calcium hydroxide to calcium carbonate immediately.

U.S. Pat. No. 5,122,230 teaches process for modifying hydrophilic fibers with a substantially

water insoluble inorganic substance in-situ precipitation.

U.S. Pat. No. 5,733,461 teaches a method for recovery and use of fines present in a waste

water stream produced in a paper manufacturing process.

U.S. Pat. No. 5,731,080 teaches in-situ precipitation wherein the majority of a calcium
carbonate trap the microfiber by reliable and non-reliable mechanical bonding without binders or

retention aids.



subjected to a nunber of proofs. However, none of the
prior related art discloses a filler fiber 10

wevposi2zee where the norphol ogy of the filler P&I/US2003/038358
predeterm ned prior to introducing fibers, a nethod
for its production nor its use in paper or paper
products. 15 SUMVARY OF THE | NVENTI ON The present
invention relates to a filler-fiber conposite

cludin eedi ng sl ake. c alnln ee rst
Uag b 40k rﬁ?jh?fﬁef Wpetiehod ﬁ%@e%fe%va‘r%de-modlﬁed
the first stage reactor in the presence of carbon
cellulosidipuki.de to produce a first partially converted cal ci um
hydr oxi de cal ci um carbonate slurry, 20 reacting the
first partially converted cal ci um hydroxi de cal ci um
carbonate slurry in a second stage reactor in the
I r [ : .
I@ S ?g %2203%\6;1 eS*rB?tg a:qll él?ﬁ}ﬁécﬁopﬁt%‘AH%ﬁg 3 Cpfjﬂ?}% ?iﬁrgnr lumen loaded with
a bona e slurr nd reac the cond partially
5 Calmum&%‘ﬁ?\‘?@ﬁ“?i‘@“@%la@ W?W%ﬁ%@ %IB“ gpgto md%fPB%nat e slurry
in athird stage reactor in the presence of carbon
di oxi de and fibers to produce a filler-fiber
conposite. 4 WD 2004/ 053227 PCT/ US2003/ 038358 In
’Hﬁ();]hbslerraﬁm@anngt thet Pl sentridls)\sach hoalciahatadSorate, @round calcium
filler-fiber conposite including feeding slake
carbonafe? @tag'aﬁﬂ'}glcsf‘eﬁgalﬁ Qifhi JI ifibars tﬁﬁtaﬁs WBASER" to BeL@el il Paptiehas been
sfa contalnlng seed in the first stage reactor “in
subjectesgs talp]rélr,eqlsfgf nggﬁ'eg,: ﬁé(ﬁed%tbp %g ge tgfl Caftuﬁllhscﬁoses a filler fiber
car bonat e slurry and reacting the first partial
10 ComPOSJébeh@P thegmemhelogyptthe HY e presipigrmiped prior ty I%té@@ﬁlag §ipgrger method
reactor in the presence of carbon dioxide and fibers
for its ptodugticachoe étsasé id paper ¢ gaper produgposi te. I n a further
aspect, the present invention relates to a
filler-fiber conposite including feeding slake
containing citric acid to a first stage reactor,
reacting the slake containing citric acid in the first

15 SUMMARY OF THE INVENTION

The present invention relates to a filler-fiber composite including feeding slake containing
seed to a first stage reactor, reacting the slake containing seed in the first stage reactor in the presence
of carbon dioxide to produce a first partially converted calcium hydroxide calcium carbonate slurry,

20  reacting the first partially converted calcium hydroxide calcium carbonate slurry in a second stage
reactor in the presence of carbon dioxide to produce a second partially converted calcium hydroxide
calcium carbonate slurry and reacting the second partially converted calcium hydroxide calcium
carbonate slury in a third stage reactor in the presence of carbon dioxide and fibers to produce a

filler-fiber composite.
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10 stage reactor in the presence of carbon dioxide to
produce a first partially converted cal ci um hydroxi de
w@200gi0saeTar bonate slurry, reacting the first Per/Usz03/§38358

converted cal ci um hydroxi de cal cium carbonate slurry
in a second stage reactor in the presence of carbon
di oxi de to produce a second partially converted
cal ci um hydr oxi de cal ci um carbonate slurry, and
reacting the second partially cqnverted calcium . . .
hydr dRiaAetheRAspreinthe arpEHdRElipn F"S%ﬁe% 9 aaglé%?f%hff erggesite including
reactor in the presence of 15 carbon di oxide and

feedingfsiadie centtiming seaditoen Brsf $thgeaeadtonh esactingriho slake containyngtseed in the first
further aspect, the present invention relates to a

stage rehdtbl BY thel fBEen6O OGP CEILLE diddGhI e PEbdubeadirgpatialke converted calcium
containing citric acid to a first stage reactor,

L T T R

i o o RS S B hehof SEaLs Sk eSSl a e ier
portion of the partially converted cal cium hydroxide
composit@l ci um carbonate slurry adding fibers and reacting
such in a second stage reactor in the presence of
carbon dioxide - to produce a cal cium carbonate\fi ber
conposite to serve as a heel and 5 WD 2004/ 053227

]ggrrfiml%z%% ggﬁ'tseg?r?sgg{ @g Iﬁﬂ)n%lﬁfég RNIARGL AP BoRboditi$ncluding feeding

cl um hydr oxi de cal ci um

carbonate sluyrr ddi n fibers and rfactant and ...
sake cof gy qigiaricpe Yt e acigh Faeing B sphfBAaR sififgpid in e first
partially converted Ca(OH)2/CaCQO8/fiber material and_ = |
stage repetee il Hiy presense 06 ﬁgrbpa@qngdq: §o oeriee aelgrst partially converted calcium
Ca(OH) 2/ CaCO3/fiber material in the presence of CO2
hydroxiddcatciihicathosdtagarry.aanting thedirgtrpartiatle canverted ealeifimbiemroxide calcium
conposite. 5 In still a further aspect, the present

carbonatWERY (PR sdcBh@k@se ARy il HeSrehQL6r GPFIROSbLL@e to produce a second
I ncluding feeding slake containing citric acid to a

prtts s GG S5 B5 FEF gE SEFRELA 0 Seont ity
presence of carbon dioxide to produce a first )
convertgshealgipm) Rydeaxidessal@pm carbonate slurry in a third stage reactor in the presence of

carbon dioxide and fibers to produce a filler-fiber composite.

In yet a further aspect, the present invention relates to a filler-fiber composite Including
feeding slake containing citric acid to a first stage reactor, reactiﬁg the slake containing citric acid
in the first stage reactor in the presence of carbon dioxide to produce a first partially converted
calcium hydroxide caléium carbonate shurry, taking a first portion of the partially converted calcium
hydroxide calcium carbonate slurry adding fibers and reacting such in a second stage reactor in the

presence of carbon dioxide to produce a calcium carbonate\fiber composite to serve as a heel and

5
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cal ci um hydroxi de cal ci um carbonate slurry, taking a

first portion of the partially converted cal ci um 10
whyanosi2ee cal ci um carbonate slurry addi ng fi bReBUS2003/038358

reacting such in a second stage reactor in the

presence of carbon dioxide to produce a cal ci um

carbonate/fiber conposite to serve as a heel and

taki ng a second portion of the partially converted

al ci. um hydr oxi de, cal ci um car bon sl.urry. addi
taking 2 6¢09B4 BOTAD opthe parsially copvadedgariym gﬁrpw&e ol afhog%fé shugry adding
of CO2 to produce a second partially converted
fibers arChuEfdp @hCaaBAdtingan thmpresinat o O, te pridiega s¢rond gedially converted
partially converted 15 Ca(OH)2/ CaCO3/fiber material in

Ca(OH)/eCPLEDeNeStefhl GidPreabid thbkécdnd hadially easleted TR(OH),/CaCOs/fiber
produce a filler-fiber conposite. In a final aspect,

L. t

material 19%%@%? 21@% %f(': é.’) ﬂn{fﬁ d sgiggtrc%%to# ?cf(@‘og{é{:qe!t zgﬁﬂléﬂnigl%élc?mposﬂe
aC|d to a flrst stage reactor, reacting the sl ake
containing citric acid in the first 20 stage reactor
in the presence of carbon dioxide to produce a CaCO3
Inestil] agrtherceipent; the piesent omteation redptedidialiardibsoermpeosite including
the heel material of the first stage reactor in the

feeding BIERS €1 &nRE ¢ atid t§ b T GEgd real i reddting tROSIMIEY dodthining citric acid
cal ci um hydr oxi de cal ci um carbonate slurry and

e SR A O O S e

AR BB GBS ERLCIHERT b S ——.

onposite. Fiber as used in the present invention is
hydromdmahmm caghonptp shurpraddinedibermand spdcking guchany spesng stige reactor in the
refiner known in the pul p processing industry)
presence of ¢talb@sdiogidd toprodeehmedlciam qubanatel/ fiter combesifeitbaerve as a heel and
are typically 0.1 to 2 mcrons in thickness and 10 to

taking a‘éQ&nH’BSﬂBﬁ%ﬂh@ phﬁﬁggx Bo@eﬂe@éa@mﬁﬂ BiydoRia lcmxmpéa@mla@@my adding
according to U 6, 251, 222, "which is by t

fibers aﬁl% Ien(:%ﬁ Ef\l UL 1%g 19 Ghe pPesence Afl &BD to proC@Bllchal 9(90'0% partially

converted Ca(OH),/CaCOs/fiber material and reacting the second partially converted

Ca(OH),/CaCOs/fiber material in the presence of CO; in a third stage reactor to produce a filler-fiber

composite.

In a final aspect, the present invention relates to a filler-fiber composite including feeding
slake containing citric acid to a first stage reactor, reacting the slake containing citric acid in the first
stage reactor in the presence of carbon dioxide to produce a CaCO; heel and adding slake containing
sodium carbonate to the heel material of the first stage reactor in the presence of CO; to produce a

partially converted calcium hydroxide calcium carbonate slurry and reacting the partially converted

6
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10 Precipitation of PCC with Varying Morphol ogi es
Conti nuous Flow Stir Tank Reactor (CFSTR)
w@eakesabedr al Mor phol ogy The first step in thPGI/US2003/038358
process involves making a high reactive Ca(OH)2
mlk-of-1ime slake and 15 screening it at -325 nesh.
This slake is then added to an agitated reactor,
brought to a desired reaction tenperature, 0.1
) ercent citric acid is added to the slake t.o jnhibit
calcmmﬁwéwm@t QUG FEIBALe SHED 1) & 3RO8E SRt RO i §lac Prppce of carbon
reacti on proceeds 10 percent to 40 percent of the way
dioxide tund Gberh taprodindechfillgyefibrer compodieact i on i s stopped. This
produces a partially converted Ca(OH)2 /CaCO3 slurry
(approxi mately 20 percent solids by weight) which is
then fed into a reaction vessel at a rate that 20
BB SRRE Sl RUBTI B B SRR W Hdg/any pulp

(ronirc €atu

crystal. This reactio roc s untjl stabi.lizatign o
refiner Wﬁvnﬁ%@gﬁp pgocaismgelvgbsf%rygﬁéﬁﬂ?%ﬁ@%or AR B 55er *he fbers
stabilization is achieved (approxi mately 95 percent -
are typiealy\et tae? migrons Ha higknessl 118 tel#PQmeetons pelesgthang@re additionally
2004/ 053227 PCT/ US2003/ 038358 (approximately 1.5
prepared£dcoftiiiig RONSERAH 6,25 0222 At chalt8rthis Tellefenot cufperdted hdrein.
reacted with CO2 gas to endpoint pH 7.0. The product
manuf actured using this nmethod can contain from about
0.2 percent to about 99.8 percent scal enohedral PCC

W th resgegl_ ,Et]guflijb ﬁ)ﬁéRfP %ﬁt’{ &ﬁ!qa&ﬁell t ot al

sol i ds. cprottet—HaS—a-SpectHo—SHFace—& l\L from
about 5 neters squared per gramto about 11 neters
squared per gram product solids from about 3 percent
Precipitatioalyd RCG wikhr ¥aryingNbrahelggiesont ent  from about 0. 2
percent to about 99.8 percent, and is predom nantly

Contin®6id oW A Bink Red®6{CIYOY) Aragoni tic Morphol ogy

Scalenohedral Morphology

The first step in this process involves making a high reactive Ca(OH), milk-of-lime slake and
screening it at —325 mesh. This slake is then added to an agitated reactor, brought to a desired
reaction temperature, 0.1 percent citric acid is added to the slake to inhibit aragonite formation, and
reacted with CO, gas. The reaction proceeds 10 percent to 40 percent of the way through at which
point the reaction is stopped. This produces a partially converted Ca(OH), /CaCOs slurry
(approximately 20 percent solids by weight) which is then fed into a reaction vessel at a rate that
matches CO, gassing to maintain a given conductivity (ionic saturation) to produce a scalenohedral
crystal. This reaction proceeds until stabilization of the process is achieved. The product made once

stabilization is achieved (approximately 95 percent converted) is then mixed with diluted fibers
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10 The first step in this process involves making a
hi gh reactive Ca (OH)2 m |l k-of-linme slake and
wa@ereesee at - 325 nesh. The concentrati on of tPCBHUSI0ake38358
is approximately 15 percent by weight. This slake is
then added to an agitated reactor, brought to a
desired reaction tenperature, from about 0.05 percent
to about 0.04 percent additive is added to di rect
nor phol ogy and si ze, and reacted wt
(approxwé@lv .1érpeﬁqea&@é@§nw°p)e?@ew ek ol %mb?@ﬁr@éﬁ eafeatCWé WOZ gas to
t hrough at which point the reaction is stopped. This
endpoinppHJLE €Bhegprpdudt neinhfacmosiviesitgatisGacth@H)ad donBaCiBmsibomirG/2 percent
which is then fed into a reaction vessel at a rate
to abouttgvad dpéi‘@etn@ %&ngﬁ?drﬂm [athbés théi'tdﬂ BB af3 Pérd@f to 5 percent total solids.
conductivity (ionic saturation) to produce an
acicular, aragonitic crystal. The reaction continues
until process stabilization is achieved. The product
made once stabiljzatjon is achieve appr oxi at el
Ble H@ﬁ@éi@s 8 APCIHMTERES 8194 fom "ﬁg {%‘é’ RSy ?}t%%ﬁ%o about 11
fibers (approxinmately 1.5 per cent concentration) and
meters sgatred pergranrpbdua soladsiivom ataut 3 parcknitie pbow Seperdsatnand a PCC content
reacted wwth CO2 gas to an endpoint of pH 7.0. The
from abBiitOEY Gércérd Rl bt 90 Bheddent) Gnd ¥ [red®hinadt e ealeabisirdl i@ Morphology.
about 0.2 percent to about 99.8 percent 8 WO
2004/ 053227 PCT/ US2003/ 038358 aragonitic PCC with
respect to the fibers at about 3 percent to about 5

ercen otal solids. The product has a specific
A—g—ﬁﬁrﬁ%’g%—%m on 2Q8%a of about 5 meters squared per gramto

about 8 neters squared per gram product solids from

about 3 percent to about 5 percent by weight and a PCC

Bhe first step inf thrpradess involves pekoera higlo rebve Co ¢OB)peilkofidime slake
with respect to fibers and has a predom.nantly

and scrRh@&PANBLE el PRI RO ralibe bhdiagiialis Bﬁfr@)ﬁﬁia&wy@S ;ii:éi@ent by weight.

first step in this process involves making a

This slak& %C[flén a%dg@to(agj)gﬁat@i !re}ﬁctg;, bkdlféﬁt t%laa&glred reaction temperature, from about

0.05 percent to about 0.04 percent additive is added to direct morphology and size, and reacted with
CO; gas. The reaction proceeds 10 percent to 40 percent of the way through at which point the
reaction is stopped. This produces a partially converted Ca (OH); / CaCOj slurry which is then fed
nto a reaction Vdssel at a rate that matches CO, gassing to maintain a given conductivity (ionic
saturation) to produce an acicular, aragonitic crystal. The reaction continues until process
stabilization is achieved. The product made once stabilization is achieved, (approximately 95
percent calcium carbonate) is mixed with diluted fibers (approximately 1.5 percent concentration)
and water. The calcium carbonate and fibers are then reacted with CO; gas to an endpoint of pH 7.0.

The product manufactured using this method contains from about 0.2 percent to about 99.8 percent
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10 which is screened at -325 nesh and has a
concentration of approximately 20 percent by wei ght.
w@2m4/0p2eTent citric acid is added to inhibit BPCEHUSV/E38358

formation. A portion of this slake is added to an

agitated reactor, brought to a desired reaction

tenperature and carbonated with CO2 gas. The reaction

proceeds to conductivity m ni num producing a "heel". A

"heel" .is defined as a full converted cal ci um .
aragoniticl (e g tharegniegtodhe {fipems ah%b@e%a Bergehtitp @peuts) negcen fofad splids-

in the range of about 1 15 micron to about 2.5 m cron

with any crystal norphol ogy. Sodi um carbonate i s added

to the remainder of the slake not used in the

TRIPH A Bs Phcifib Surtdee 8lea o BRE 5 dleterd fjudredlpakgramtd ab&H 8 meters

is added to the "heel" material at a gassing rate

¢ . . . . oni o
squared pr BRGE pR0FheP ke DO bohonk 6 LS BAAHE B v and a P
continued until process stabilization is_achieyved. :
content Gogpaboub 2 PeLesit tg goout 9§§me@:@g§y’v th ]:ﬁsgec"_c, [ fihers and has a predominantly
(approximately 90 percent to 95 percent converted) is
aragonitkOmpipheldgyd t h dil uted fi bers (approximately 1.5
percent concentration) and water. Additional CO2 is
added to an endpoint of pH 7.0. The product
manuf actured using this nethod contains from about
about 99.8 percent rhonbohedral PCC
RhombdhedaP i iHlo o fibers and is about 3 percent 9 WO
004/ 053227, PCT/ US2003/ 038358 t.0 .about 5 ent. .
Tleiet S ts DropespgaLe: Hagea Suterrtv ChRPEBdil-pglime slake
~_fromabout 5 neters squared per ?ram to about 8 )
which ispereanesl a8 o8y meshymd hgs aagnepriation of aureximatehoifl pesesut bygweight. 0.1
percent to about 5 percent; and PCC content 5 from
percent aiddisici i2added ¢e thibivarapenite Bfndigner A eotticanst thisslake is added to an
predoni nantly rhonmbohedral norphol ogy: EXAMPLES The
agitated( 18Adt QY “‘bﬁglgﬁf(m|d@§re%r1%aétﬂlet@ﬁeilggrtag&e S5 & WiohiMed RAth CO]g gas. The

i'nvenfion and are not | ntend [tTmt the scope o

reactiontpqgceiegél & }:cin%qu'ctivity minimum producing a “heel”. A “heel” is defined as a fully
converted calcium carbonate crystal with average particle size typically in the range of about 1
micron to about 2.5 micron with any érystal morphology. Sodium carbonate is added to the
remainder of the slake not used in the manufacture of the “heel” material. This slake and CO; is
added to the “heel” material at a CO, gassing rate to maintain a given conductivity (ionic saturation)
to produce a rhombohedral crystal. The reaction is continued until process stabilization is achieved.
Once stabilization is achieved, this product (approximately 90 percent to 95 percent converted) is
mixed with diluted fibers (approximately 1.5 percent concentration) and water. Additional CO; is
added to an endpoint of pH 7.0. The product manufactured using this method contains from about
0.2 percent to about 99.8 percent rhombohedral PCC with respect to fibers and is about 3 percent

9
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10 EXAMPLE | SCALENOHEDRAL PCC Reacted 15 liters of
water with 3 kilogram CaO at 50 degrees Cel sius
w@e@dosi2zeyg a 20 percent by weight Ca(OH) 2 sl ak€&T/UI10e3/038358
Ca(OH) 2 sl ake was then screened at -325 nmesh producing
a screened 15 slake that was transferred to a first
30-liter double jacketed stainless steel reaction
vessel with an agitation of 615 revolutions per m nute
(rpm. 0.1 percent citric acid, by weight of total
“’ﬂmHE%@%W%WFHéFOﬁ@%CCB to be produced, was added to the
screened slake in a 30-liter reaction vessel and the
tenperature of the contents brought to 40 degrees
Cel sius. Began addition of 20 percent CO2 gas in air

tHAprBductihandapetitié k@fackiafdal forkABOMS Bidtess thek igta@i to about 8
mnute air) to the 30-liter reaction vessel 20 to

meters s%@rgg ggr S@ﬁlél, é‘\g@%&?&%&éﬁ&ﬁ%@ﬁ{eﬁ trdybvc\%g ﬁereéﬂt,ne{n’d PCC content

transferred to a itated 20-liter stor vessel .. 10
from iy D3 pa1coES 2P BOI RO R LRSS SN &GP PRRe il gorphology:
Ca(OH) 2/ CaCOB slurry was transferred to a first
4-liter agitated (1250 rpnm) stainless steel, double
j acketed reaction vessel. The tenperature was brought
to 51 degrees Celsius an@XAVMPEESNt CO2 gas in air
(1.41 standard liter mnute CO2/5.64 standard liter
. - . t
DO Bl dypes RO PR 1 Sl e ok Bh ah P HoPhrended to
i .tthCaCCB g%ur.r‘y. .5 Once a pH 7.0 was achi eved began
it the, seape PHINCSIYPHE™.2: 1 Ca( OH) 2/ CaCO38 sl urry of the
20-liter storage vessel to the first 4-liter reaction
vessel while continuing to add 20 percent CO2 gas in
air (1.41 standard liter mnute C02/5.64 standard
liter minute air) to t EXAMBLEA4-|liter reaction vessel
to maintain a conductivity of approximtely 90

percent ionic sat u@ALfNORRDRAD poen of
Ca(OH) 2/ CaCO3 Sl urTy

Reacted 15 liters of water with 3 kilogram CaO at 50 degrees Celsius producing a 20 percent

by weight Ca(OH), slake. The Ca(OH), slake was then screened at —325 mesh producing a screened
slake that was transferred to a first 30-liter double jacketed stainless steel reaction vessel with an
agitation of 615 revolutions per minute (rpm). 0.1 percent citric acid, by weight of total theoretical
CaCO3 to be produced, was added to the screened slake in a 30-liter reaction vessel and the
temperature of the contents brought to 40 degrees Celsius. Began addition of 20 percent CO; gas in
air (14.83 standard liter minute C0O,/59.30 standard liter minute air) to the 30-liter reaction vessel
to produce a 2:1 Ca (OH),/CaCO;s slurry. At this point, CO, gassing was stopped and the slurry was

transferred to an agitated 20-liter storage vessel.

10



and CO2 to the first 4-liter reaction vessel was

conti nued for approximately 12 hours until product 10
w@bopegiosrk7 properti es remai ned essenti al | y uncheemyEs003/038358

produci ng a CaCO3 slurry that was approxi mately 98

percent converted. Transferred 0.18 liters of the 98

percent CaCO3 slurry to a second 4-liter agitated

(1250 rpn) stainl ess steel, double jacketed reacti on

vessel , 0.66 liters of 3.8

e S el o B B Yo 1250

consistency. This mxture of CaCO3 slurry and fi ber
stainless/whee], rdealle gatkefed re@@iop ersseln tThe@mpenataierwesibrdughs toalddeagrees Celsius

liter minute 15 C02/5.64 standard liter minute air) to

and 20 pRErQHY CO), a8 (f.11 biehddrd Het nEfNRCOY 864 $agdalitdr iiinute air) was
carbonate filler had a predom nantly scal enohedr al

st TR R G L R R 0,

5 Once a gﬁj& o8 u% &%%Q agqlig@é g%g S qt %q?&yg? gg&éﬂg@%}%@g 20-liter storage

mesh producing a screened sl ake that was transferred
vessel te gheafigpHlitergeactionbiesse] abide certining ol asdsls2Osperednt C€kcgai d air (1.41
vessel with 11 WO 2004/053227 PCT/ US2003/ 038358 an

standardalgterd rainuRICOF/5.64 Biaufdicd Rdei@chufe dir) pe the et 4olytevveadgibh vedselao maintain
hi gh surface area (HSSA) aragonitic seed (surface

acondu@tf oféﬁergth@y §Glidé}{:éﬂ 5afr3Bn. aiﬁﬁraa&ﬂtieﬁbﬁb¥qoﬁgz/gaco3 shurry

ent 'so to'the 3 I ter reaction vesse

and CO{%I tﬁ% : thgﬁersrg% E)glavtggs%gwpsn%c}&h&gecgp E‘?lﬂ}it)rf)yt%%%x i? gglérs until product
aragonitic crystal that has been endpojnted and m || ed
10 physicak prepertioghrapaned icssestiphln dmchinegd.s produsinggpebpePs t Huy that was
. 30 nmeters squared per gramand typically a particle
approxisiaiey 98 pé&cdnttoonVertediri Tramsfiajed 0. Beitens afithet98qreraht COCO; slurry to a
percent CO2 gas in air (5.24 standard liter mnute

second A8&r ﬁ%ltﬂ%&i acsy ﬂﬁﬁﬁ stainl 8 stedl] bR jatkcted BadiBR vaiel h(ld%ﬁ 0.66 liters

stai nfess steel, double jacketed reactl on vessel for a

of 3.8 pg'r%énmbyl{’itry WFe)lgrlﬂ: ceqlu?osm fibers and diluted to 1.5 percent consistency. This mixture
of CaCO; slurry and fiber was reacted with 20 percent CO; in air (1.41 standard liter minute
15 COy/5.64 standard liter minute air) to produce a CaCO; filler-fiber composite. The calcium

carbonate filler had a predominantly scalenohedral morphology.

EXAMPLE 2

ARAGONITIC PCC

20 Reacted 10.5 liters of water with 2.1 kilograms CaO at 50 degrees Celsius producing a 15
percent by weight Ca(OH); slake. The Ca(OH), slake was then screened at —325 mesh producing
a screened slake that was transferred to a 30-liter double jacketed stainless steel reaction vessel with

11
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whi ch the CO2 concentration was increased to 20

percent in air (10.47 standard liter mnute C02/41.89
wGer@agse7 liter mnute air) for an additional RGI/US2003/038358

m nutes producing a 2.3:1 Ca (OH) 2/CaC3 10 slurry. At

which time CO2 gassing was stopped. The 2.3:1

Ca(OH) 2/ CaCO3 slung was transferred to an agitated

20-liter storage vessel. Transferred 2 liters of the

. 2.3:1 Ca( 2/ CaCA slurry first 4-liter .
an agitati of 41 S oD | Beske b vetegl pfwligh strbice arca S5 paragonitic seed
vessel with agi tatl on set at 1250r pm and the
(surface aemapd 0 aatere squasedyren ggint, approsiznaiely 26 psrcGulsslidss to Be Gaditer reaction
addition of 20 percent CO2 gas in air (1.00 standard

vessel ahd El%ﬁgllfﬂ A8l teBafePriid - of thesdoatelrtd SliHéREes Tl ARi“Bdedl & defined as a
the first 4-l'iter reaction vessel and 15 the reaction

o colf IR 8 ot A R DA e e
rcen I rr

(ie. sreijarbbr S aiet sigh SR RS & é@é@@'}’@%@% Lé%égéﬁato 0 Phicrons).
addition of the 2.3:1 Ca(OH) 2/ CaCa3 slurry of the

Began agditibh o€ 0 pemeny€Oy gasial air 65024 $tendaid Hier mihite /047l stapdard liter
vessel while continuing to add 20 percent CO2 in air

minute &1} tOBe SDANEtAEANIEIstsRE], dFUHIaCkdEP et vatsan@das d5nitiel period after
mnute air) to the first 4-liter reaction vessel

which tfgé;F@jéﬁ%oﬂc%a@oﬁ%&oﬁgféﬁéédvﬂ&% ;ﬂfe f Ot T84 .87 Xtaﬁg?rd liter minute

Ionic saturation e reaction

SRR IR RE T T -

unchanged, producing a 98 percent by wt. CaCGO3

stury. &1 whiel HmEXCQYERE08 05 9ol (e 0szb 631 @B /B8 Os slurry was transferred
Transferred 0.35 liters of the 98 percent CaCO3 slurry

to an agitgted 26 ditarsthbrded vessyl. Tginkfztred 2(1ikASOf therd).3:1C04OH)£E68CO; slurry to-a
steel, double jacketed reaction vessel, added 0. 66

first 4-11Jcek Eﬁfa%do foub18;aPEHEEIMinIB s¥del reaidni Bl Qfltfl laB@ftion 3Bht 124brpm and

ters vvater to the second 4-liter reactor producing a

the tem;ga‘aag(]l{) iv&z}? 5@%6&5% élﬁcgrgag (fallfﬁggpmgﬂacglgtlcg} c'gfg%)‘;?e&ceint COrz gas in air

ute C02/3.99 standard liter mnute
(1.00 stagggfilerzninmieds Oy 292 siapgard btgs EHnyipgr) tOéh?)ﬁrSM llver@eawa@n vessel and

reached at which tine the reaction was
the reaction was continued until a pH of 7.0 was achieved producing a 100 percent CaCOs slurry.

The temperature of the 100 percent CaCOs3 slurry of the first 4-liter reaction vessel was brought to
63 degrees Celsius. Began addition of the 2.3:1 Ca(OH),/CaCOs slurry of the 20-liter storage vessel
to the first 4-liter reaction vessel while continuing to add 20 percent CO; in air (1.00 standard liter
minute C0O,/3.99 standard liter minute air) to the first 4-liter reaction vessel maintaining a
conductivity of approximately 90 percent ionic saturation. Continued the reaction for approximately
9 hours until the physical properties of the resultant product remained essentially unchanged,
producing a 98 percent by wt. CaCOj slurry.

12
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conpl eted produci ng a CaCO3/fi ber conposite. The

conposite consisted of approximately 75 percent
w@re@gosizei ¢ PCC to fiber. EXAMPLE 3 RHOVBOHEDRAL/UF0Q3/038358

10 Reacted 15 liters of water with 3 kil ograns CaO at

50 degrees Cel sius producing a 20 percent by weight

Ca(OH) 2 sl ake. The Ca(OH)2 sl ake was screened at -325

mesh producing a screened sl ake that was transferred

to an agitated 20-liter storage vessel. Transferted
apstesdd 7 ekt te STt AU ITomesHRong d- Pt agitated (1250 pm),
storage vessel to a first 4-liter agitated, stainless
stainlesssteel [dpublo jesketed feactiomt vesset, @ddad oo Wiesd B.Spercehlgawit. cellulosic fiber
agitation at 1250rpm Added 0.03 percent citric acid

and 1.0 RérsWedt&th thexedndlARer RhdteBdrodiaiida 1.9 pbientlblyrvat CACOL/fibdr mixture.
reacti on vessel and raised the tenperature of the

0 | si . r . .

i SERRI 146y 8, COOER GF1BhIS I ZD RA P BI R e mim

a0 R SR S s B b B o raction wes
produci ng al 00 /l%ler cent CaCO3 slurry. To the screened

completed pkastucingt h€2@0s/fibereorspasitag l heeensuiosite dorsisted ebprmrpxmately 75
of 1.3 percent by weight of Na2CO3, based on

percent biagexrifie PCA toyfitet.d of CaCO8, producing a Ca(OH) 2/
Na2CO3 20 sl ake. Increased the tenperature of the

contents of the first @%h%gﬂgg&ti on vessel to
approximately 68 degr s and began addition
of the Ca(OH)2/ Na2((R sl ake O-liter storage
vessel to the firs j‘:‘ﬁ!ﬁm. eHetor vessel while
conti nui n_g to add 20 percent CO2 in air (1l.44 standard,
Reactad 15 BloprrDoeter 05803 kilpgramydiaid 3 H3gsgges krelsiye groducing a 20
C02/ 5.77 standard liter mnute air) to the first

percent &y Ividight CH£OER); slake eThe Ca(@i ptskikei wg sreepehdire3ASvinesh moducing a
approxi mately 50 percent ionic saturation. Addition of

screened 8k RLQAAanhRACTR a2l :?éﬁ%ted?@%t% 6Nt TRHASRrE@D-liters of the

approximately 12 hours until physical properties of
screene& gleaker: %rsolrjxll ttt?enﬁO-ﬁ{eg %Po%ztlge vessel to a first 4-liter agitated, stainless steel, double

jacketed reaction vessel and began agitation at 1250rpm. Added 0.03 percent citric acid by weight
of theoretical CaCOs to the first 4-liter reaction vessel and raised the temperature of the contents to
50 degrees Celsius. Added 20 percent CO; gas in air (1.44 standard liter minute CO,/ 5.77 standard
liter minute air) to the first 4-liter reaction vessel until a pH of 7.0 was achieved producing al00
percent CaCOs slurry. To the screened slake in the 20-liter storage vessel, added a solution of 1.3
percent by weight of Na,COs, based on theoretical yield of CaCOs, producing a Ca(OH),/ Na;COs
slake. Increased the temperature of the contents of the first 4-liter reaction vessel to approximately
68 degrees Celsius and began addition of the Ca(OH),/ Na,COs slake of the 20-liter storage vessel
to the first 4-liter reaction vessel while continuing to add 20 percent CO, in air (1.44 standard liter
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remai ned essentially unchanged producing an

approxi mate 98 percent by w.' CaCO3 Slurry 5
wae@asseered 0.22 liters of the 98 percent CaQOXBI/BEE2903/¢38358

to a second 4-liter agitated (1250 rpm dua

j acketed, stainless steel reaction vessel and added

0.66 liters of 3.8 percent by weight cellulosic fiber

and 1.0 liters water to the second 4- Iiter reactor

: roducing a, 1.5 percent Db CaCOB/ f .
minute E%Qe? dr’el. Stapred 515?{ B F5h mw?ffo T ek I%EOP yegie} maintaining a
(1.44 standard liter m nute C02/5.77 standard 10 liter
conductiviityoff eprroximately 50 perserg dordc sativation. Addition ofithe £6@H),/ Na,CO; slake

until a pH of 7.0 was reached at which tinme the

and COJ W&@Ldon@fudder ighRl 1Ay pﬁi&l@%b@é&ﬁ@dﬁh&eéultant product
percent by w CO3/fiber conposite cal ci um

reminel 3 AP o e RS b AR PRASIEA UL R Pty

of water with 3 kilograns CaO at 48 degrees CE|SIUS to
produce a Ca(OH)2 slake, added an additional 6 liters

of water producing a 20 percent by weight Cai1 2

Biangferred 0.2 Btersxef thedScpaieenCaaCy slugy w@semsi 4 Hce agitagedg(fl 250 rpm)
-325 nmesh and transferred to a 30-liter double

dual jacked€kK etafifless stlakattion sestlent adéwicd.6®hterseS'SE perdehtibyaweight cellulosic
agitation of 615rpm Added 0.015 percent citric acid,

fiber andY. ng%er%\’@v‘a&? to s&:%h@h SR ?(ﬁiucﬁ@g% #&céﬁ?by weight CaCOs/fiber

produced, to the 30-liter rea tlon vessel and

t at u he ¢ nt s b ht .t
mixture EG S5t ahdreron M E RO BB EQyp 77 sandard
_ (13.72 standard,llter,n1nute CO2 /_54.89 standard . = .
liter mirjutq &) terta peeond; 4-Jiter wagtinn vessel pptgha nEbak ) ies yeashed at pdhich time the
produce 14 WO 2004/053227 PCT/ US2003/ 038358 a 5:1

reactionGeds@dnipl GadCpddating ay apfraRingas 3.4 ipgroanishyswoPpE0:/bel dongposite. The
Ca(OH) 2/ CaCOB slurry was transferred to an agitated

calcium%8rdonh@had &85 hombohedral morphology.

EXAMPLE 4

SCALENOHEDRAL - CFSTR

Reacted 15 liters of water with 3 kilograms CaO at 48 degrees Celsius to produce a Ca(OH),
slake, added an additional 6 liters of water producing a 20 percent by weight Ca(OH), slake. The
20 percent Ca(OH), slake was screened at —325 mesh and transferred to a 30-liter double jacketed,
stainless steel reaction vessel with an agitation of 615rpm. Added 0.015 per‘cent citric acid, by
weight of total theoretical CaCO; to be produced, to the 30-liter reaction vessel and the temperature
of the contents brought to 36 degrees Celsius. Began addition of 20 percent CO; gas in air (13.72
standard liter minute CO,/ 54.89 standard liter minute air) to the 30-liter reaction vessel to produce
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In a 4-liter agitated storage vessel, conbined 0.25
liters of the Ca(OH) 2/ CaCO3 slurry with 5 0.66 liters
w@b003/082pEr cent by weight fibers and with 1. 09P¢T/U82083/038358

of water making a Ca(OH)2/ CaCO3/fiber material.
Transferred 2 liters of the Ca(OH)2/ CaCO3/fi ber
material to a 4-liter agitated (1250 revol utions per
m nute) reaction vessel and the tenperature brought to

55 degrees Celsius and. carbonated w 2 cent

a 5:1 CaPRLICACOaHuEY-arfddr gassingeVahsiopped @ézﬂw 8@1@)@,@%%@ was
liter mnute air) to a pHof 7.0 producing a

transfen@d @81 hgiked 2bhisostotage vBssehared 16-liters of 1.5
percent 10 by weight fibers and a separate 10-liter
vessel of water. To the 4-liter reaction vessel began
addition of the Ca(OH) 2/ CaCO3 slurry of the 20-liter

BT Sa00 B S ol &Eejgﬁﬂhé CYBBEFERO, sy v
W 31.2
0.66 Tifs 100 Hsi Messet iy PYREit | Bhptes susbpvighol P THG toi’aafarea maing

liter mnute CO2 / 5.23 standard liter mnute air)
Ca(OH)aCa@0g/fiber maténivtl al ransforredi2 lifevd efjthoCa(@fby/ GaC@dﬁb«myngmal to a 4-liter
percent ionic saturation, while 15 maintaining nmass

agitated Q@2 $0M&R o RtioAPPErANINTRY &ia}étlén peselant thotehpprngebtodght &l 55 degrees
solids. This reaction was continued until product

Celsius gﬁc}@a\rﬁgﬁat WhERD HhER #) Fﬂt?f@z i %ﬁr ﬁ%@%d@lldl er M %5%2@9?15.23 standard

mat e fromthe storage vesse

. i CO2. addi t cont i.nu
iter i B P PPy HLPER et AP e OB BifPgRL TR gr 1.5 percen
brought to a pH of 7.0 at which 20 tine CO2 addition
by weighiaftbest a;}ﬂpee@pgaf@dgdﬂﬁgesselzofzwexw@@@ 44litgs spacHepriresselibegan addition
wth the CaC38 having a well defined scal enohedral
of the QHIOPNHCAQD; s lifry \WD RO VG0 IRRA TP CIrAfS20A1, 08835 &ith the 1.5 percent
EXAMPLE 5 SCALENCHEDRAL CFSTR/ SURFACTANT Reacted 15
consistelnbf Gber ﬁfxtﬁﬁ@ta?'ﬁﬂ‘bf hi$e %al‘iﬂn‘ﬂﬂé afisnSRHeh 81.248n10RIBBSte of additional

sius to pro uce

water while maintaining the flow of CO, gas (1.30 standard liter minute CO, / 5.23 standard liter
minute air) at a rate to maintain conductivity of approximately 90 percent ionic saturation, while

maintaining mass balance of approximately 4 percent to 5 percent total solids.

This reaction was continued until product physical properties remained essentially
unchanged. Addition of material from the storage vessel was stopped while CO, addition was
continued and the material in the 4-liter agitated reaction vessel was brought to a pH of 7.0 at which
time CO, addition was stopped producing a 2.2:1 CaCOs/ fiber composite with the CaCO3 having

a well defined scalenohedral morphology.
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5 sl ake, added an additional 6 liters of water

produci ng a 20 percent by weight Ca(OH)2 Sl ake. The
wQ@oopesrent Ca(OH)2 sl ake was screened at - 325r@EEk2o0a5a383s8

transferred to a 30-liter reaction vessel

(615revol utions per mnute). Added 0.015 percent

citric acid, by weight of total theoretical CaCO3 to

be produced, to the 30-liter reaction vessel and the

tenperature of the contengs rought to 35 degrees

Cel sius. Began additi ol dAMILE 3 cont o2 gas in air

(14.08 standard liter mnute C02 / 56.30 10 standard

liter m nutSCALENOWEDRABCHSERISUREACTANT essel

producing a 5:1 Ca(OH) 2/ CaCO3 slurry. At this point,

CO2 gassing was stopped and the Ca(OH) 2/ CaCO3 slurry

N&gteh r1 9T1§Jr§5f \%{eﬁ&lt}% ﬁ@o%rhrh? Ca039hg adsbs féitei%‘hﬁgg produce a Ca(OH)z

vessel I ter agitat ed stor age vessel nbi ned

f
s, oS gl SRR S
liters of water making liters
20 percegh Cef Y1) chekenyas seiepnagR eﬁ?%meshr?lzedq@wfqr@é to 2;30¢lfpisreggtion vessel
the Ca(OH) 2/ CaCOB/fiber material to a 4-liter
(615revelusibm &3 snistite)e | Adddd 01116 pejcanticdtie deid Ani wagktidhf (d@BBeoretical CaCO3
: revol utions per mnute) reaction vessel and the

to be pr&ﬁﬂ%@ ratE 80MRs rBichbg %ss‘epandz@le":t@m?ﬁ'ﬂﬁl@@& &elcohtésits brought to 35
Reacted t he Ca(O—DZ/CaC(B/flber erial with 20

degrees gg]ﬁlggg%ega% tlcr " 20(p%mrc§18 Céya%g ?1‘?%19(14' dSﬁEanP‘érgLf%& %Oﬂ 56.30

2004/ 053227 PCT/ USZOOS/ 038358 At thi.s in

standardylgfer mingfesaigfio fhes Onpiiengt 1%9]%?@49@%%5351 ‘%%0@’522/&@ £66 guny. At
of fibers at 3.8 percent consistency and 9.68 liters

this poimtf Catgessingwas stoppadaandtthe Co(OM L4 aCsdury whs anderred to a 20-liter
Added 0.04 percent surfactant based on the vol une of

agitatedfstd?@feSveBdel.l. 5 percent consistency. The surfactant is
Tergitol TM M N FOAM 2X which is avail able

comercially fromUnion Carbide, 39 Add R dgebury 5
Road, Danbury, CT. 06817.

In a 4-liter agitated storage vessel, combined 0.25 liters of the Ca(OH),/CaCO; slurry with

0.66 liters of 3.8 percent by weight fibers and with 1.09 liters of water making 2 liters of

Ca(OH),/CaCOs/fiber material.

Transferred 2 liters of the Ca(OH),/CaCOs/fiber material to a 4-liter stainless steel, double
jacketed, agitated (1250 revolutions per minute) reaction vessel and the temperature was brought to
58 degrees Celsius. Reacted the Ca(OH),/CaCOs/fiber material with 20 percent CO; in air (1.30

standard liter minute CO; / 5.23 standard liter minute air) to a pH of 7.0.
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Once a pH of 7.0 was achieved in the 4-liter reaction

vessel, began addition of the remaining 5:1
W@2(0DFRLTaCO3 slurry fromthe 20-1iter agitatBdI/UsS2003/038358

storage vessel, with a flow of the 1.5 percent fiber

m xture at 176.48 ml per mnute and with 32.00 nl per

mnute water fromthe 10-liter vessel 10 to the

4-liter reaction vessel while rrai ntaining the flow of

1.30 standard liter ute
& e prop@ed (oriies o 1r5)Peé‘fen5 Y i o G ers of ibers at 3.8
conductivity of approximtely 90 percent ionic
percent sarsintericy and 9\68iliters wiiivatea) aridraysepasts Hhalitenwesself of water.  Added 0.04
approximately 4 percent to 5 percent total solids.

‘percent SRITAdtAH AR AAGH HeOrbl@he IOTEIHRRS &1 1.8IpefdepimdmRitadgl.t atheburfactant is

storage vessel to the reaction vessel until product

v TR B FRS s ISR TR ooy

vessel wa opped while CO2 addition was continued to

RQadaDé‘nBWo@Tﬂﬁlgt which time CO2 addition was stopped.
This produced a 2.33:1 CaCO3/fiber conposite with the
cal cium carbonate having a well defined scal enohedra
nor phol ogy. EXAMPLE 6 20 SCALENOHEDRAL

OhKTRHIPOE Y AGRY 2 A ifveact-Bidr Abetlontvessel, bEgataidditioniof the3emaining
kil ograns CaO at 48 degrees Cel sius pr oduci ng a

5:1 Ca(gﬁg @0, § ﬁgg'oglgtgg gﬁtlﬁ%y \f/j\[/eg":eg %Q)P% v@séelztsﬁﬂlsa ﬂf)w\@ﬂferl 5 percent

ducrng sl ake. The

oot G MM RS e

screened sl ake that was transferred to
to the 4é@¢rtraac@an vesserpiie maateimiegithe dlosert COupe &1 éO itaﬁd;afé @Fﬁr minute CO,
citric acid, by weight of total theoretical CaCO3 to
/5.23 stagdapd Gtk ﬁﬂﬁhte 1ip) 4tlheatd@e hiatréain camthiciivity ofeppriximatdlytd@epercent ionic
tenperature of the contents brought to 50 degrees
saturatlgf? |v§ﬂ11ésma1§%§ﬁﬂg Al bd1afteQt aﬁ?roﬁlﬁﬁﬁ@l?u &S 51paradh total solids.
. standard 5 liter mnu 06 standard

Contmlﬁ;l Oag‘gg]ioﬁgo tlel% te?naﬁ %rotrrp ﬁlesa(r)gltlajced storageea%ésanto ik §‘§40t10n vessel until

product physical properties remained essentially unchanged. At which point, addition of material
from the storage vessel was stopped while CO; addition was continued to a pH of 7.0 at which time
CO, addition was stopped. This produced a 2.33:1 CaCOs/fiber composite with the calcium

carbonate having a well defined scalenohedral morphology.

EXAMPLE 6

SCALENOHEDRAL CFSTR/POLYACRYLAMIDE

Reacted 15 liters of water with 3 kilograms CaO at 48 degrees Celsius producing a Ca(OH)
slake, added an additional 6 liters of water producing a 20 percent by weight Ca(OH), slake. The
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Ca(OH) 2/ CaCOB8 Slurry. CO2 gassing was stopped and the
slurry was transferred to a 20-liter agitated storage
weemsmes322To a 4-liter agitated vessel added O0.BAT/U51003/638358

of the Ca(OH)2/CaCO3 slurry, 0.60 liters of fibers at
3.8 percent consistency and 1.09 liters of water to
produce a Ca(OH)2/ CaCO3/fiber material. 2 liters of

the Ca(OH) 2/ CaCO3/fiber material was transferred to a
4-liter agitated (1250 10 revol utions per m nute)

20 percqng 5 QU sldecwrs ey semecdaipa? arissl PipddcHe uggktened sigle that was
degrees Cel sius. Began addition of 20 percent CO2 in
transferrail to 4 30-Bider agizaneth(cd Stpint)eeaction wesselCARIded B, 13gkredna pidiér atid, by weight

liter mnute air) until a pHof 7.0 was reached

of total REQIHGH TIACD, ¢REEHolLRRA! t0GREBOHikdr Seactidbn Vé¥sSl daQithY temperature of the
prepared 16-liters of 1.5 percent by weight fibers

oty b KRS Dol afon A B SR CLEUF LIS st

) vessel of water. Added. 0.05 _ percent. cationic ;

liter minges¢ (6 ¢ PO QR stpadpudditeominte ylrbﬁs@a 3BrliterHeacion yrssehproducing a 5:1
fibers at 1.5 per cent consistency. Percol 292 is

Ca(OH)g6ae0s slimay.| §Oagasing ptae stopmath aal hestirGowisdiassierrad ®ia 20-liter agitated
Wl roy Road, Suffolk, VA 23434. 20 Once a pHof 7.0

torage Vi@Sc1 ACHh QARG doftatbd Sesdell dd8&T 0.8 PRGE (Tt EKORL),/CREQRSIurTyY, 0.60 liters
M addi ti on of tr%g remaining 5:1 Ca(O—DZ/C% slurry

t - | Ik gt .S1 O S j I
o e, FO T AP o et U 1L B AGR Y Ei Lot gt O e
I ith 48 5 ni ' iti .
matera RGP b B B P e Gk Ber bt 1250
agitated, double jacketed reaction vessel while ]
revolutiones priraimizie raahigorf Vesgelomd e taepergture3vasranglrie Siljdegiees Celsius.
mnute CO2 / 5.23 standard liter mnute air) at a rate
Began al@itidRoNL@pdtc® Uy Gih hivi(1.94 btadid tifer Ao E Skystandird liter minute
percent ionic saturation, and maintain mass bal ance of

air) untﬁaggHrcﬁ% W?r&%ﬁr@&ﬁﬁﬂ% %Cg@@ﬁﬁber%ﬂ@gﬁtté ation at

roxi mtely rcent per cent [1ds. Continued
addition of the material 5 fromthe agitated storage
vessel to the reaction vessel until product physical

properties remai ned ) )
At this point, prepared 16-liters of 1.5 percent by weight fibers (6.32 liters of fibers at 3.8

percent consistency and 9.68 liters of water) and a separate 10-liter vessel of water. Added 0.05
percent cationic polyacrylamide (Percol 292) based on the volume of fibers at 1.5 per cent
consistency. Percol 292 is commercially available from Allied Colloids, 2301 Wilroy Road, Suffolk,

VA 23434.

Once a pH of 7.0 was achieved in the 4-liter reaction vessel, began addition of the remaining
5:1 Ca(OH),/CaCO; slurry from the 20-liter agitated storage vessel, with a flow of the 1.5 percent

fiber mixture at 90 ml per minute, along with 48.5 ml per minute of additional water to the 4-liter
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essentially unchanged. Addition of material fromthe
20-liter storage vessel was stopped while CO2

w@adaisnsner was continued until a pH of 7.0 was PEHUkm®A3/038358
at which time CO2 addition was stopped producing a
3.34:1 CaCCB/fiber conmposite with the PCC having a
wel | defined scal enohedral norphol ogy. 10 The control
fi ber of the present invention was refined at the

Enpire State Paper Research  Institute I [ ‘ .
agitated adoubls h@ietwg@ﬁge 8ﬁ$s@awl)\i16r1@ﬁim€§mé e 51?“%55 @52 das {2 30 %andard titer
(freeness). Measured by a fiber quality analyzer
minute COsi 5123 stendandiiter mineanis)at & hate toonaintin dontestivity devigh efpproximately
200- 400 microns 15 HOW CONTROL FI LLER FI BER WAS NMADE

90 percBROMMES sAurhfdh Sald dRirthiak@aanshlmos of e feabifins td malnt¥o product
consi stency) React in the presence of C02 to endpoi nt

of. pH of 7..0 pr Ci ' - fi: her i A .
conen i s S BRI AR P S bk HEIGREE B bt
have nore or less in conposite) 2Q 19 W) 2004/.053227 .
from (XA B0sE0 SEBEH A H-Eh wﬁﬂbp@éﬂ&@ysaalsﬁreg?mes remained
Properties in Meters Filler Loadi ng Scal enohedr al
essentially agdnngddc Additivpoifeapterial Gomt the R0-lites viorage Messebvas sigpped while CO;
Filler-fiber Filler-fiber Filler-fiber 20 4,021

additiorftwa® Sontthudd 2nth, 2 48 0f2P0 Ivakached28wBicB1BnS Ch%addaidn was stopped
3,280 3,674 3,871 2,998

producing a 3.34:1 CaCOs/fiber composite with the PCC having a well defined scalenohedral

morphology.

The control fiber of the present invention was refined at the Empire State Paper Research

Institute (ESPRI) using an Escher-Wyss (conical) refiner to an 80° SR (freeness). Measured by a

fiber quality analyzer (using arithmatic means) the control fiber measured 200-400 microns

HOW CONTROL. FILLER-FIBER WAS MADE

Produce a 15% solids slake and mix with fibers (~1.5% consistency) React in the presence
of CO2 to endpoint of pH of 7.0 producing a filler-fiber composite with a surface area of 6-11 m2/g

(~60 to 80% PCC but can have more or less in composite)
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TABLE 2 Tensile Strength Physi cal
Loadi ng Scal enohedr al

Filler

wa@oriosd227 Level s Fill er-fi ber

Filler-fib

er

Pro erties in kNN m

Aragoni ti ¢ Rhonbohedr al

Filler-fiber
20 3.062 3.555 3.397 3.382 25 3.124

Fi | per/U81008038358

3.324 2.999 3.021 30 2.658 2.785 3.005 2.448 TABLE 3

I nt er nal
Filler
Cont r ol
Filler-fib

er

Bond Strength Physica
Loadi ng Scal enohedra

Levels Filler-fiber
20 237.

Vi

Properties in ft-Ib

Aragoni tic Rhombohedr al

Filler-fiber

7 283.13 255.67 25
263. 20 285.95 251.65 256.95 30 242.63 248.60 273. 65
249 Br8aKing bemngtioPhygicad Propertias in Meéersf i ber

Filler ngml i e [Sapthe@dl Walgeific O Regnadhedral phy Toawdl
L;veels operti es (lFlllee-fibdre nsFilersivprengt IFjllebiiteaki ndilleefigr i,
“ etnal Ur]ﬂﬂ-%21CIl t h) CT llpdl eg vttt il4:‘24§L
c trol fi bar a W TaTaWH 27 L
P&b s2003/ 038798 TARAB98 | d0 n%gf‘frﬂwt 3415 |
PBOperties FiB280 LdadBff4scal enchddlal Ar 78881 |
Rhonmbohedral Control
TABLE 2
Tensile Strength Physical Properties in kN/m
Filler Loading Scalenohedral | Aragonitic Rhombohedral Control
Levels Filler-fiber Filler-fiber Filler-fiber Filler-fiber
20 3.062 3.555 3.397 3.382
25 3.124 3.324 2.999 3.021
30 2.658 2.785 3.005 2.448
TABLE 3
Internal Bond Strength Physical Properties in ft-Ib
Filler Loading Scalenohedral | Aragonitic Rhombohedral Control
Levels Filler-fiber Filler-fiber Filler-fiber . Filler-fiber
20 237.70 264.07 283.13 255.67
25 263.20 285.95 251.65 256.95
30 242.63 248.60 273.65 249.53

Filler-fiber

and

The morphology controlled filler-fiber composite showed equivalent or greater physical

properties (i.e. tensil strength, breaking length, and internal bond strength) as compared with the

control filler-fiber.
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Levels Filler-fiber Filler-fiber Filler-fiber

Filler-fiber 20 89.20 88.20 87.38 88.18 25 89.93
w@2002565887 78 89.55 30 90.95 90.40 89. 68 90. 83rCTARI0B3/638358

Pigment Scatter Optical Properties Filler Loading

Scal enohedral Aragonitic Rhonbohedral Control Levels

Filler-fiber Filler-fiber Filler-fiber Filler-fiber

20 60.15 55.47 55.08 58.55 25 64.90 62.40 61. 10 65. 40

30 70.55 69.55 65.80 73.13 The nor phol ogy controll ed

filler-fiber conposi d equival ent optica

properties (i.e. 1SO Opacity and Pignent Scatter) as

conpar ed WSO QpacitoOptichal Propertids ber. 5 10 21 WO
Filler fB?fyiﬁrﬁsza?&de&rauowa@m RM¢mihadran | 1.Cotrol
Level er FilepfipaS | teme:ef‘r?prl Si rEgler-f(lu) f 4 a?ilzllengbesl ke
:_:_rali(_:yr\nngq‘Zﬁl al j\c:g ? b ?ﬁf&fﬁf‘“pﬁ \ :] & IoPg
i n25h9 pr pq@n@%Qt:Lr %157; di mﬁ&ngm nr d 155
fi3G&t partli al 9@-950nver99d4(1:al ci uBRGIr oxil de9&8Bcifum
carbonat e
TABLE 5

Pigment Scatter Optical Properties

Filler Loading Scalenohedral | Aragonitic Rhombohedral Control

Levels Filler-fiber Filler-fiber Filler-fiber Filler-fiber
20 60.15 55.47 55.08 58.55
25 64.90 62.40 61.10 65.40
30 70.55 69.55 65.80 73.13

The morphology controlled filler-fiber composite showed equivalent optical properties

(i.e. ISO Opacity and Pigment Scatter) as compared with the conirol filler-fiber.
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slurry (c) reacting the first partially converted
cal ci um hydroxi de cal ci um carbonate slurry in a
W@ emensB28t age reactor in the presence of carboPCTUS20031€38358
and a heel to produce a second partially converted
cal ci um hydr oxi de cal ci um carbonate slurry and 10 (d)
reacting the second partially converted cal ci um
hydr oxi de cal ci um carbonate slurry 1in a third stage
_.reactor in the presence of carbon dioxide and fibers
Weclaimp produce a filler-fiber conposite. 2. The
filler-fiber conposite of claim1l wherein the fiber is
If. r om Aulfidlat-fiBerlcompositneonymisitd about 2 microns in
t hi ckness and from about 10 microns to about 400
(31 Cr GB&dih slall:e?&ﬂftdining seeliN® affirkt s@dgefrbdeedr conmposite of
claim?2 erein the filler is aragonite and has a
ecific. surface a £ g
GEr® grifine ARG Rl iort 1 TR lack pBLE S HALER of carbon
WD 2004/053227 . PCT/ US2003/ 038358 4 he filler-fiper
5 conpdipride i prefugerd @SW%PQIYWW@TM%l%WW&?i Gggtum carbonate
cal cium carbonate slurry is converted from about 20
per cesrry o about 40 percent. 5. The filler-fiber
conposite of claim4 wherein the first partially

(@f NV aeidthgGRd HistipartiBlnocientddienl & ahtiydroxid dtidh @arbonate slurry in
slurry is converted from about 41 percent to about 99

\ i \ Do
\%ﬁ;? g%"%}ec%,ﬁ% s%geﬁge%gﬂo% g{r '{hle'g}[? gntgegcglﬁ\i g%’tbélg dg;a}ﬁl%él %1&1]@ Reel to produce a

Py Or %) dey ST CBLBONALE, LML R SRTLEE S 80

10 (d reacting the second partially converted calcium hydroxide calcium carbonate slurry
in a third stage reactor in the presence of carbon dioxide and fibers to produce a

filler-fiber composite.

2. The filler-fiber composite of claim 1 wherein the fiber is from about 0.1 microns to

15 about 2 microns in thickness and from about 10 microns to about 400 microns in
length.

3. The filler-fiber composite of claim 2 wherein the filler is aragonite and has a specific

surface area of from about 5 meters squared per gram to about 11 meters squared per

20 gram.
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10 7. A nmethod for producing a filler-fiber conposite
conprising: (a) feeding slake containing seed to a

wo poogsreage reactor (b) reacting the sl ake coPCHUSI003038358

seed in the first stage reactor in the presence of
carbon dioxide to produce a first partially converted
cal ci um hydroxi de cal ci um carbonate slurry 15 (c)
reacting the first partially converted cal ci um

hydr oxi de cal ci um car bonate sl ur r%{ in a secqond stage .
4-eactBhie filerReerprampasite obrelaily BowherBxibge Elmahfﬁjgg?flde calcium
to produce a second partially converted cal cium

hydr coeirtsbmatealuriuisicoavenied ditoen shaut 2§ pencent(td pboud 40 tperegnt.

the second partially converted cal ci um hydroxi de

cal cium carbonate slurry in a third stage reactor in

the presence of carbon dioxide and fibers to produce a

i1l egr-fiber Sid e. 04/, 4 .
oy R0t P et B o s e sttty comverted calchum
filler-fiber canposite of claim?7 wherein the fiber is

{1 om HEERIGDSC P CREIAGa e SRR FOB P SRV R ¢ PRk LS about 99
and from about 10 m crons to about 400 microns in

| engtperceémt.9. The nmet hod for producing the filler-fiber
conposite of claim8 wherein the filler is aragonite

and has a specific surface area of fromabout 5 neters
squared per gramto about 11 neters squared per gram

éO. T’Pl?e ﬁﬁgr-?ﬁg{ éq?ﬁrﬁogftggﬁﬁﬁﬂ% %vﬁ@refﬂ. t?aé gercbflﬁ ?%{iﬁll converted calcium

conposite o a erein the calcrum dr oxi de

g:lr g Lbl%rgré:}g(rlgo %@%ﬁ%lrb%%(’shﬁ'fyﬁg rc]:gr?v[eg'tgg tof A %ﬂ]eggge%tcorzn%osite.

7. A method for producing a filler-fiber composite comprising:

(a) feeding slake containing seed to a first stage reactor

(b) reacting the slake containing seed in the first stage reactor in the presence of carbon
dioxide to produce a first partially converted calcium hydroxide calcium carbonate slurry

(c) reacting the first partially converted calcium hydroxide calcium carbonate slurry in a
second stage reactor in the presence of carbon dioxide and a heel to produce a second
partially converted calcium hydroxide calcium carbonate slurry and

(d) reacting the second partially converted calcium hydroxide calcium carbonate slurry in a
third stage reactor in the presence of carbon dioxide and fibers to produce a filler-fiber

composite.
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It. The method for producing the filler-fiber
conposite of claim 10 wherein the first partially

w@eoweset cal ci um hydroxi de cal ci um car bonat ePGT/U82093/038358

is converted from 15 about 41 percent to about 99

percent. 12. The nmethod for producing the filler-fiber
conposite of claim 1l wherein the second partially
converted cal ci um hydroxi de cal ci um carbonate slurry

is converted to a filler-fiber conposite, 20 13,

§.i | | Fhermpthed &ympedicing the ﬁBPraﬁh@rfomppﬁlrez%f&km %HB@FHHPC fiber is
paperboard. 14. The filler-fiber conposite of claim?7

util i z&d about@apsiicrois papeutPoaiaons ift Bhickitess galpfesm about 10 microns
produced utilizing the filler-fiber of claiml1. 24 WO

2004“%@%&%&68%&@H§§@9§5 8358 16. The paper produced

utilizing the tiller-fiber of claim7. 17. A
filler-fiber conposite conprising: (a) feeding sl ake
containing seed to a first stage reactor (b) reacting
t he sl ake contalnlng seed in the first sta

€ rea
9.n t hEbgmethed & pspducinebn fillsr-Hpecomposits ﬁg%awc%w crem the filler is

first partially converted cal ci um hydr oxi de cal ci um
car bomagaite ashdihasya specifi¢ s)rface andai af grotthaboiit § sietepasquiaredipgr gram to -
converted cal cium carbonate slurry in a second stage

react fout M hRErPERERA angar bon di oxi de and fibers
to produce a filler- fqueglf conposite. 10 18. The

filler-fiber conposite of claim17 wherein the fiber
is fromabout 0.1 mcrons to

10.  The method for producing the filler-fiber composite of claim 9 wherein the calcium
hydroxide calcium carbonate slurry is converted from about 20 percent to about 40

percent.

11.  The method for producing the filler-fiber composite of claim 10 wherein the first
partially converted calcium hydroxide calcium carbonate shurry is converted from

about 41 percent to about 99 percent.

12.  The method for producing the filler-fiber composite of claim 11 wherein the second
partially converted calcium hydroxide calcium carbonate slurry is converted to a
filler-fiber composite.

13.  The filler-fiber composite of claim 1 utilized in paper or paperboard.

14.  The filler-fiber composite of claim 7 utilized in paper or paperboard.

15.  The paper produced utilizing the filler-fiber of claim 1.
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about 2 microns in thickness and from about 10 m crons
to about 400 microns in length. 15 19. The

WO pdok@s3287 ber conposite o f claim 18 w herei n PEEUS2003/038358

filler i s aragonite and has a specific surface area

of from about 5 neters squared per gramto about 11

nmeters squared per gram 20. The filler-fiber

conposite of claim19 wherein the cal ci um hydroxi de

cal cium 20 carbonate slurry is_converted from about
eTk@eHﬁPeltmoé‘EF@dﬂmh@nﬁéhec% r-fibgs ofglam 34/ 053227

PCT/ US2003/ 038358 21. The filler-fiber conposite of

. ai nA Zillewfiberadomplobige omysdsigmarti al [y converted cal ci um

hydr oxi de cal ci um carbonate slurry is converted to a

@' ' e?eeﬁin%%(ak%%ﬁﬁ’t‘aﬁﬁﬂg%eeg?o a frsfBhbOfkatef producing a

| er-fiber conp03|te conprising” 5 (a) feeding

k tal d .t f.]
(ﬂ:gc? fﬁ%ﬁtﬂ% l?%f( g ols%ldn% E}% eérgtt ?%% %a%?ofcf ght (pl?%sence of carbon
[ ORC T Glonisthto Deadugs & G Bpiel ceeTied FHoNP At @eaqagqti’ﬁrﬁwcarbonate

carbonate slurry and (c) reacting the first partially
conveslueny andl ci um carbonate slurry in a second stage
10 reactor in the presence of carbon di oxi de and

) ber sedcBnPrRouEEpRtidlly dofFertddifilciut @ERREAE §lurddn aAecond stage
het hod for producing a filler-fiber conposite of claim

22 wh
22 SR8 A Bk RS, B o

to about 400 microns in |ength.
composite.

18.

19.

20.

The filler-fiber composite of claim 17 wherein the fiber is from about 0.1 microns to
about 2 microns in thickness and from about 10 microns to about 400 microns in

length.

The filler-fiber c omposite o f claim 1 8 wherein the filleris aragonite andhasa
specific surface area of from about 5 meters squared per gram to about 11 meters

squared per gram.

The filler-fiber composite of claim 19 wherein the calcium hydroxide calcium

carbonate slurry is converted from about 20 percent to about 40 percent.
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15 24. A nethod for producing a filler-fiber conposite
of claim23 wherein the filler is aragonite and has a

w@pm@aisize7 surface area of from about 5 neters BCUESMA3/038358

per gramto about 11 neters squared per gram 25. A

met hod for producing a filler-fiber conposite of claim

24 wherein the cal cium hydroxi de cal ci um carbonat e

slurry is converted from about 20 percent to about 40

20 percent. 26 WD 2004/ 053227 PCT/ US 0383 26. A

Het hobhe Bilerritss cemprsits of Flafms R0 p7hsesin r%éfsl?aﬁéa feogyefied calcium

25 wherein the first partially converted cal ci um

hy dr obidaexidatatéium ceronateaiersis sonveried te o filler-filbet compasite.
filler-fiber conposite. 27. The filler-fiber

conposite of claim 17 utilized in paper or paperboard.
5 28. The filler-fiber conposite of claim22 utilized

'+ B BT PRERE i e AR ARGLoRRRSHETS e
10

roduced_uti |IZI ng .the fi)Jler-fiber of claim?22.
2 feeding slake con ammg seed to a first stage reactor

(b) reacting the slake containing seed in the first stage reactor in the presence of carbon
dioxide to produce a first partially converted calcium hydroxide calcium carbonate
slurry and

(c) reacting the first partially converted calcium carbonate slurry in a second stage

reactor‘ in the presence of carbon dioxide and fibers to produce a filler-fiber
composite.

23. A method for producing a filler-fiber composite of claim 22 wherein the fiber is from
about 0.1 microns to about 2 microns in thickness and frorﬁ about 10 microns to
about 400 microns in length.

24. A method for producing a filler-fiber composite of claim 23 wherein the filler is
aragonite and has a specific surface area of from about 5 meters squared per gram to
about 11 meters squared per gram.

25. A method for producing a filler-fiber composite of claim 24 Wherein the calcium
hydroxide calcium carbonate slurry is converted from about 20 percent to about 40

percent.
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WO 2004/053227 PCT/US2003/038358

26.

27.

28.

29.

30.

A method for producing a filler-fiber composite of claim 25 wherein the first partially
converted calcium hydroxide calcium carbonate slurry is converted to a filler-fiber
composite.

The filler-fiber composite of claim 17 utilized in paper or paperboard.

The filler-fiber composite of claim 22 utilized in paper or paperboard.

The paper produced utilizing the filler-fiber of claim 17.

The paper produced utilizing the filler-fiber of claim 22.
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