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WD 2004/ 053229 PCT/ US2003/ 038218 FI LLER- FI BER
COWPCSI TE FIELD OF THE | NVENTI ON 5 The present
wonvessnm relates to a filler-fiber conpositepPC&US2003/038218
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
t he nor phol ogy a tdhf j m ner a
filler are estab {"@' B ER Eﬁm@}ﬁ opnment 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 ed therefrom
are realized. BA ON Loadi ng
particulate fillers such as cal cium carbonate, talc
and clay on fibers for the 15 subsequent manufacture
dhe pepent imvedtipaptatespgo adillet-§baenmposies a pmwcbss far its production, the use
chal | enge. A nunber of nethods, having sone degree of

of suchSa! ﬂfémufﬁai«f@ppﬁ%@r ot5RferbOard PERSSE ahlh !tcs%eip‘éﬁy@du&_a therefrom. More
insure that fillers remain with or within the fiber

particul\éftrqg (’Iéher b &toh W aidk gcrc'% Eﬂf@?@%ﬁ&n&@%ﬁe irgéévfxﬁﬁtthe lal’orpahology and parti;:le

I pttation onto e ers nave en use

. thod tg attach the filler directly to the surface o

size of (R ripsrHdeh s SN BRUICLRART © dey gprodiu of s pndiRihe fger Ben more
filler have been used, precipitation within never _ _

particulgrly, dlet gresept invensiop eelates ool CQ Giller-filar soriposite, Wherkinie dasised optical
cellulosic fiber have been used, high shear m xing

G
%u D

‘and physivdbpropericsiSfitle phpdr praliised Meiciohtire agilized! ci um

car bonat 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 ymers have 2004/ iﬁiéﬁii&ﬂ&(OBSZlS
been used andB&]c.:%\e.“{Qu N éiﬁ?ﬁF 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
woneddossizbve. 5 Therefore, what is needed i s aPprCiriuses03/038218

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
been us %Qrgdsﬁlﬁg T |urI1n\eFé/r11f :cféﬁ witk ﬂﬁfrl %%b dﬁ?@ fl?\%raﬁloo%kef %edqg retain filler in

ducing a filler/fiber co le .10 another

fiber fobg]l gquegt userda P3PS Aest pfthe m tléqflsi fgr fi Berﬁptga%arg both expensive and

filler/fiber conposite that naintains physica
ineffectpmeoper ti es 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

&Egeﬁ)qgg*ﬁa%( h@l?é%d?& %@Iﬁer%@lt ¢Sth npos% ia}lc? a?ﬁé.t}!ncglef%r Efgdhpiﬁ% the same |

ect resent 1 nvent I O

that s ot e rc{al%'a?rgé%aégla Bie i oid brsperdd FQJEU%??a” i g wifke

Pat. No. 6,156,118 teaches m xing a cal ci um carbonate

filler with noil fibrils in a size of P50 or finer.

20 U.S. Pat. No. 5,096,539 teaches in-situ

Phé&efopt, taflobjeot efth@prebdi® iryaition ik itd producd 4 fillerdiber calfiposile. Another
pul p. 2 WD 2004/ 053229 PCT/ US2003/038218 U.S. Pat.

object Jf#ﬂg eﬁe%&n@@rﬁi&ﬁ?%wﬁe DRieRR HP5rolifd n‘ﬁé QQPI&%&H‘ LGP Ssite. While

usi ng shear n1X|ng of cru duri ng

another O%Jecto o tgcle grxelsedn 1r{veegt(1:(t)n 15 t6 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 filler/fiber composite that 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 fibrils 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
weharrog3nzm t he contact zone of a reactor and PCT/US2003/038218

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 i's applied to the gaseous phase to conplete the
conversion of calc |umprﬁdgl ide to cal cium carbonate
Urirdat- Reeb-923,0905eaghgs a megpod rﬂgazhrga@ lplogie diber yspngduglsshear mixing
for nodi fying hydrophilic flbers with a substantially

of crumhgudyy durmgadatizinadioxide granfian. subst ance i n-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 manufacturing

§cifét°‘§\l ?16§5 2 \Aziieacil\& atraetﬁg’&'fo(}%%n%ﬁﬁlggg ﬁbé uﬁ; EIHn'% 8“d an alkaline

precip cal‘cr'um
carbonate trap the mcro Jbrl by reliabl ) .
salt slurFpi R FniASH 5Tt REACIRROG 58 %@telgwmsﬂng&ﬁﬁ Siiry wih carbon dioxide

retention aids. 3 WO 2004/053229 PCT/ US2003/ 038218
and miXingso @etp predipitate HIE, onr@secerdanepulpdibierssd of maki ng net al

oxi de or netal hydroxi de-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

W'moﬁ? PAETd S PrealiiR aoéonginf}cf)dy ;?}BQJ%§ f&omlslfa J@p%glﬂﬂﬁ of fillers in

he pr em of 1 nsuring that mat er | such

Cl.Um car Qona alciu rhonat e
papr S0 EBE O 9 P 552 L e B BB Y ot o
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 microfibril by reliable and non-reliable mechanical bonding without binders or

retention aids.
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subjected to a nunber of proofs. However, none of the
prior related art discloses a filler fiber 10
woemaesszze where the norphol ogy of the filler PeT/US2003/038218

predetermned prior to introducing fibrils, 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
JU@: lP‘ég NY5 b§§ qv@ga&{e@ hﬁtlﬁg%tf?r}aﬂll(nggnetaeﬁﬂie of nfetdl 'hg(‘ﬁ{)xide-modiﬁed
sta e reactor’, reac the slak€ containing seed in

he first stage reactor in the presence of carbon

‘wuub%ﬁﬁﬂpde to produce a first partially converted cal cium

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

DS SERACN0.06,28R1 5D feathedXd fhethbl dfpdstliethgda HEIpAitter lumen loaded with
partially converted cal ci um hydroxi de cal cium

calciunCRHRARR vﬁlglua{ I.ISathc?}EQ'léé B6F6. 'r&‘&rcfn@%o $8GRRbRar ti al I'y
converted cal ci um hydroxide cal cium carbonate slurry
in athird stage reactor in the presence of carbon
di oxide and fibrils to produce a filler-fiber
conposi te. 4 WD 2004/053229 PCT/ US2003/ 038218 In
Zho prablera op &nsuring that fillesmaterialsy suehiag galcaim eardonaie,sground calcium
filler-fiber conposite including feeding slake
carbonatgril®yi amid@ls eadaihovishihifitets giange uldmately to beasdd imgpdplee has been
sl ake containing seed in the first stage reactor in

subJectécm% @Elﬁﬁ'nﬁ@r‘:@f Bfooﬁam%vgl Ashé %f 31 }B{&%ﬁ?edaarf fsefoses a filler fiber
partially converted cal cium5 ydrOX|de cal ci um

a ctin hrst parti
composfg W BRRTh Bl BT eSSl e pBo: BThdodsind i,  method
. reactor in the presence of carbon dioxide and fibrils
for its prefustigp neits;useiif paer o BAACT PrdkfiSsite. In a further
aspect, the present invention relates to a
filler-fiber conposite including feeding 10 sl ake
containing citric acid to a first stage reactor,
reacting the slake containing citric acid in the first

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,
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 slurry in a third stage reactor in the presence of carbon dioxide and fibrils to produce a

filler-fiber composite.
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stage reactor in the presence of carbon dioxide to
produce a first partially converted cal cium hydroxide
woabmioase2gar bonate slurry, reacting the first paruisaloBy3s21s
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 15 converted cal ci um
hydr oxi de cal ci um carbonate slurry in a third stage
reactor in the presence of carbop. dioxide d fibrils. .
o or Dtnodhes st S piral myaHbOR RS 1 A (et DResgrRalS including
aspect, the present invention relates to a o )
feeding $lpkesqontdingng seedrtp o dirststagn edagidirrgactingdli sigkesloatagning seed in the first
containing citric acid to a first stage reactor,
stage rdaCRe tih e bhserideadfecageuit dibRidego girbdice @A€ikdd parttillyrconbé@ted calcium
first stage reactor in the presence of carbon di oxide
hydroxifOREQH Safbolte Ty eRPichorits the FRMETAG R A el bium carbonat shurry
. ortion of the partially convert.ed. cal ¢cium dr gxi de
in a sedp b It AANG PLBHEy ARG IPRIOF g otk PRBBREGE ilr-fber
such in a second stage reactor in the 5 WO
composptg04/ 053229 PCT/ US2003/ 038218 presence of carbon
di oxi de to produce a cal ci um carbonate\fibri
conposite to serve as a heel and taking a second
portion of the partially converted cal ci um hydroxi de
6Ad Rirthe? £PERONE bR st Mvedti RIS to biffllet-fiBer@Bfhposite including feeding
surfactant and reacting in the presence of th to

ce.a second rtially c rt.ed C L
lake oo 61, REEA R Rrackor RRIRE YRSt i o g inthe fir
partially converted Ca(OH) 2/ CaCO3/fibril 5 material in i
stage rqagtor ip dhe presense iearhon diokierta niedss & Bi pgrtially converted calcium
produce a filler-fiber conposite. In still a further
hydroxids pacitim datienpte eyt reactingrihe fnst partidiyemnyated calcium hydroxide calcium
filler-fiber conposite including feeding slake

carbona##@ 8Tty Mh AGesdntdlskdpe 364cebrlif tige presente SF 88Bor 8RKIRIo produce a second
reacting the slake containing citric acid in the

] AL AR SRS OB i
carbonat e urr,

convertg% g{lgl)é%ld}g*dg?a}lﬁ «i: gg}:wph?qrgpx@% By hélf:i?ct %tggﬁ faeacf:tiorr 1Snt the presence of

carbon dioxide and fibrils 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, reacting the slake containing citric acid
in the first stage reactor in the presence of carbon dioxide to produce a first partially converted
calcium hydroxide calcium carbonate slurry, taking a first portion of the partially converted calcium

hydroxide calcium carbonate slurry adding fibrils and reacting such in a second stage reactor in the

5
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hydr oxi de cal ci um carbonate slurry adding fibrils and

reacting such in a second stage reactor in the
worer®asxr9 of carbon di oxi de to produce a cal ci BAT/US2003/038218

carbonate/fibril conposite to serve as a heel and

taking a second portion of the partially converted

cal ci um hydroxi de cal ci um carbonate slurry addi ng

fibrils and pol yacrylam de and reacting in the

s BSOS e P o s
R L TR A e L

reactor to produce a filler/fiber conposite. In a,
fibrils and surfaciapead reactiog pr heanesentp{tPoin preduse @seeendgpartially converted
filler-fiber conposite including feeding 20 slake
Ca(OHRB UG- MBI nedtérid]l CandGeattihgthe skédisltpagtialyeohead@@a(OH),/CaCO;/fibril
reacting the slake containing citric acid in the first
materia e GOl iR ARG o PR S IR Sohpositc
sodi um bi carbonate to the heel material of the first
stage reactor in the presence of CO2 to produce 6 WO
2004/ 053229 PCT/ US2003/038218 a partially converted )
bt} 4 furtheraspreta the pagsentuny@iien solates tosa fileryfibas gomposite including

reacting the partially converted calcium hydroxide
feedingGhdke icomtamdngcitrat azidstour firgt stapeaestapredciigihe slakacomaining citric acid
t he presence of carbon dioxide and fibrils to produce

in the fRstfdtddeQadtdiRrthe BrRARE WS- capbddFdibkidEld PRodutd B Hrédbatkally converted
THE I'NVENTI ON Precipitation of PCC with Varying

. r.phol ogi & i us ElLiow Stir Tank a r ST .
SRR DALY M S S BB Al 5T ciom
process involves makjng a high reactive Ca(OH)2 .
hydroxig palciym qarbanatq shwey adding fluleand seacting syeh ingpsseopdittage reactor in the

This slake is then added to an agitated reactor,
presencbodcarhon dwxalede pradade a calcium carbonate/fibril composite to serve as a heel and

taking a second portion of the partially converted calcium hydroxide calcium carbonate slurry adding
fibrils and polyacrylamide and reacting in the presence of CO; to produce a second partially
converted Ca(OH),/CaCOs/fibril material and reacting the second partially converted
Ca(OH),/CaCOs/fibril 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 bicarbonate to the heel material of the first stage reactor in the presence of CO, to produce

6
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reaction tenperature, 0.1 percent citric acid is added

to the slake to inhibit aragonite formation, and
woeeamnossh2v t h CO2 gas. The reacti on proceeds 10CpaSz®Bn38218

to 40 percent of the way through at which point the

reaction is stopped. This produces a partially

converted Ca(OH)2 /CaCOB slurry 15 (approximately 20

percent solids by weight) which is then fed into a

a pamallr")g&%t%n?& Yfehns o i é%aa}t 1?8 8@{:@{1’{ {lﬁ}o& Shurey 2 a? %@? 'p?xgialtl)p converted

produce a scal enohedrai crystal. This reacti
ca1c1ump]p)@6%)g§§ cylpivm carbonstg Egyll%ﬁ. ssgcoqdhséaagrrsﬁgrsml e presence of carbon
achi eved. The product nmade once stabilization is
dioxideanHt ifbmésito(pagince rifilet-Gbyr @Bpwerteent converted) is then
mxed wwth diluted fibrils (approximately 1.5 percent
concentration) and water. This m xture is then reacted
with CO2 gas to 20 endpoint pH 7.0. The product
manuf act ur e bout
0.2 percent %b% Pﬁbﬁ E i‘N’Q’ N ﬁ
with respect to fibrils at 3 percent to 5 percent
. total solids. 7 WD 2004/053229 PCT/ US2003/ 038218 The
Precipigatinn ot PG 3vith ¥Ypeying Morphologies ar ea from about 5
neters squared per gramto about 11 neters squared per
Contingows¥lopr StitiEanls Reacter (CBSTRpout 3 percent to about 5
percent and a PCC content from about 0.2 percent to

ScalenchB@l MBPpkoib8y cent, and is predom nantly scal enohedr al
I n norphology. 5 Aragonitic Mrphology The first step

P U 1408 R BT e e o

he co centratlon of th ssl e i s approxi mate 15 )
screemlafev@én 2y estiigH slakertsitheny Paded o ot BER e rrsipry bogEi to a desired
agitated reactor, brought to a desired reaction
reactiort tempenatire; i0el, pefrgepreisrivoastd BOddedo® theeslakerto intabit adagoniteffoduation, and
percent additive is added to direct norphol ogy and

reacted With€COASHE. MhaedaetonbiobeedOTB peRkent td126 peRafiidfeRe WhpRALdH at which
10 percent to 40 percent of the way through at which

poin LKL 0L it RUERR T2 BB YOI a0 sy

(approxtlrplately 2% 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 fibrils
(approximately 1.5 percent concentration) and water. This mixture is then reacted with CO, gas to
endpoint pH 7.0. The product manufactured using this method can contain from about 0.2 percent

to about 99.8 percent scalenohedral PCC with respect to fibrils at 3 percent to 5 percent total solids.



10

15

20

into a reaction vessel at a rate that matches CO2

gassing to maintain a given conductivity (ionic
weatunaizon) to produce an aci cul ar, aragoniti BCT/US2003/038218

crystal. The reaction continues until process 15

stabilization is achi eved. The product nade once

stabilization is achieved, (approximately 95 percent

cal cium carbonate) is mxed with diluted fibrils

TP BrRLIRE ! sger: fio sREIceaRla AN GEAAhERR)squiRd pYPLSH: to about 11

The cal ci um ¢ onate and fibrils are then reacte

wth CO2 gas t n dpoi n f, pH7,0.. T roduc _
meters Yty REY BPEaPrON GOl AP TRBHRHL Loyt AL Hd BPGC content
percent to about 99.8 percent aragonitic PCCwth
from about®@ percent togboytiNg§ pescent, apgdtipredorpmagidyiscalenohgdsak ingnorphology.
percent total solids. 20 The product has a specific

surface area of about 5 nmeters squared per gramto
about 8 neters squared per gram product solids from

Amgonggq%r%o%;cent to about 5 percent by weight and a PCC
53229 PCT/ US2003/ 038218 content from about
0.2 percent to about 99.8 percent with respect to
| brils and has a predom nant | aragonitic . .
 The BiRoPisByn R ROR GBS DotkeA WaD PR (OB wilkgblime slake
in this process involves nmaking a high reactive Ca )
and screegpg 2t —ﬁ?g kaesh.- Thereonsentrasion g thigslike is eppsexioutely 15 parsent by weight.
mesh and has a concentration of approximtely 20

This slakeisakért addyd wedingigitated réhctopdiraugiit toci desired readtidnitempeatacd, from about
to inhibit aragonite formation. A portion of this

005 RS i 0L O, GRAER R RPUAN G i

. The. reactio roceeds,to condugti vity m ni . .
CO; gai) Alic reiign Proveedy 10 Parcenida a0 pesceplpl hsgvaythuceh 4lvhigh point the
. converted cal cium carbonate crystal with average o
reactiongg ptoppqde Tiigrrodygss a partially gonvgeted & §@HYF/ Gasedu slurry which is then fed
mcron to about 2.5 mcron with any crystal
into a renstiphetsglyat aSatti that hatchedHOOapessing tadutentainoa 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 fibrils (approximately 1.5 pércent concentration)
and water. The calcium carbonate and fibrils 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

aragonitic PCC with respect to the fibrils at about 3 percent to about 5 percent total solids.

The product has a specific surface area of about 5 meters squared per gram to about 8 meters

squared per gram; product solids from about 3 percent to about 5 percent by weight and a PCC
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remai nder of the slake not used in the manufacture of
the "heel" material. This slake and CO2 is added to
woher4/obeed " material at a CO2 gassing rate to PETUSA08/038218

a given conductivity (ionic saturation) to produce a

rhonbohedral crystal. The reaction is continued until

process stabilization is achieved. 15 Once

stabilization is achieved, this product (approximtely

¢ . . . : _

content 359(?19 ?Bééﬁplbé (fC%? t()ga%{)v?t?g 8 n;ge?%\ﬁg (x}ltﬁ ggsgécr?t ct:(()—:‘ mnﬁ(lg gna\'hgsrh predominantly

.concentration) and water. Additional CO2 is added to
aragoniti, mo, & of pH 7.0. The product manufactured using

this nmethod contains fromabout 0.2 percent to about

99. 8 percent rhonbohedral PCC with respect to fibrils

and i s about 3 percent to about 5 percent total

Rhomb&RMid Mordloibbe product has a specific surface area
fromabout 5 neters squared per gramto about 8

TR Rfst st%? %f}b%%regiss HvdNes %ﬁ%ﬁ lag@réaqavé ce 'ﬂbgﬁ%ﬁk-%f—lime slake

per cent ercent cont ent

2004/ 0532 PCT. 003/ 0382 from about O ercent .

which { respEL 943 gleaé?gf@ﬁﬁ 2 b ehEeion o) PBRIGRITHLG PG pETeent B weight. 0.1
r honbohedral norphol ogy: EXAMPLES The follow n _

percent giteiparidss added; tatietnbié dragoniss Empiation, An@rﬁlm@h@mglal@nm added to an
are not intended to 5 limt the scope of the

agitated redeof, i oughtEXA\NRIekrdd reaCiidiEtifebitise MTCaReaateddwitld CO, gas. The
liters of water with 3 kilogram CaO at 50 degrees

reactioncﬁljoéééd% tH rc@ﬁ(‘ﬂfc'tl@g)é ShikPRE 'i)?(%?félnglcp“ﬁ&él”\’ve}\g‘%elc% %ﬁl?ed as a fully

ake sl ake was thén screened at -

od ran
convertfE Eilcfin &b Podfl §iRiNeraRe Bfielotes PRelL ® iteeefélflge of about 1
reaction vessel with an
micron to about 2.5 micron with any crystal morphology. Sodium bicarbonate 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 fibrils (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 fibrils and is about 3 percent

to about 5 percent total solids.

The product has a specific surface area from about 5 meters squared per gram to about 8

meters squared per gram; product solids from about 3 percent to about 5 percent; and PCC content

9
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agitation of 615 revolutions per mnute (rpm. 0.1

percent citric acid, by weight of total theoretica
w@aWddsin9 be produced, was added to the screenedrakzios03s218

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 15 air (14.83

standard liter mnute C02/59.30 standard liter mnute

from a@;ﬁ })é_ﬁ%ﬁ%ﬁ@%o& %f? y&%%ﬁt Haé’ e?gl%a{)mn%gﬂy Hgogllé)l%zla&\%gm&rphology:

stopped and the slurry was transferred to an agitated
20-liter storage vessel. 2 liters of the 2:1
Ca(OH) 2/ CaCOB slurry was transferred to a first

4-liter agitated (1250 r prBXAMPEIESi nl ess st eel
doubl e j acketed reaction vessel. The tenperature was

IThe egivhvih®etnplegire @fefdRlis6 BtempliTy tikOnpPeitivanhd @fFndd agtended to
inair (1.41 standard liter m nute C02/5.64 standard

lunnﬂék&%éo?hﬂHhﬁa ioh) was added to the first 4-liter

tion vessel until a pH of 7.0 was achieved
produci ng a CaCO3 slurry. 10 WO 2004/ 053229
PCT/ US2003/ 038218 Once a pH 7.0 was achi eved began
addition of the 2:1 Ca( 2/ CaCOB slurry of the
20-liter storage vesse irst 4-liter reaction
vessel while continuing to add 20 percent CO2 gas in
air (1.41 standar SCALIIENOHBDRALCOPE(S. 64 st andard
liter mnute air) to the first 4-liter reaction vesse

REadI& 1Y RER of VafeP VU Bt Nigtayh CA0 2PHT &Pgré@t% |s¥usPPoducing a 20 percent
percent ionic saturation. The addition of

e CETE BEP OB ETor ebiApr ing s

hours until product Ph ysi cal _ properties renni ned

slake that wanransferred in arfasigdQiliteh dowhle jasketad statdess stegh jegctignayessel with an
was approximately 98 percent converted. Transferred

agitatiof) 01 811 revelutons per hem@8 (ypar)c OritpeBaOCH trad acid, by twe@ight of total theoretical
second 4-liter agitated (1250 rpn), stainless stee

CaCO; d@tb*allﬁ-ow&hemsi al@RCld Mg ¢R%A&] slardded f-Blr lréa{cﬁ!3§ ve@kl and the
.8 percent by dry merght cellulosic fibers and

tempera&)&&ﬁg c‘b&e&l‘s% (g.%?f tg) s%ér éélg{ﬂlgg% ﬁl{? ﬁé(?ﬁ])ﬁr; éf%(? etl 9&8%1‘202 gas in
air (14. 83 stan({arcg P’ter mlnutg1 %%a2;5d9 3()I stta(lenrda‘rrg| liter r%mute air) to the 30-liter reaction vessel

to produce a 2:1 Ca (OH),/CaCOs slurry. At this point, CO; gassing was stopped and the slurry was

transferred to an agitated 20-liter storage vessel.

2 liters of the 2:1 Ca(OH),/CaCO; slurry was transferred to a first 4-liter agitated (1250 rpm)
stainless steel, double jacketed reaction vessel. The temperature was brought to 51 degrees Celsius
and 20 percent CO; gas in air (1.41 standard liter minute CO,/5.64 standard liter minute air) was

added to the first 4-liter reaction vessel until a pH of 7.0 was achieved producing a CaCOj slurry.

10
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C02/5.64 standard liter mnute air) to produce a CaCO3

filler/fiber conposite. The calcium carbonate filler
whaad4aspeedoni nant |y scal enohedral norphol ogy. PERANRI0E038218

2 15 ARAGONI TIC PCC Reacted 10.5 liters of water with

2.1 kilogranms CaO at 50 degrees Cel sius producing a 15

percent by weight Ca(OH)2 sl ake. The Ca(OH)2 sl ake was

then screened at -325 nesh producing a screened sl ake

Once ayﬂﬂﬁ’ 0\WRS al i &Rg b%ée[neagid tRndf 2| b\%()lﬂ? b@b Jsﬁﬁjg%tf% 20:liter storage

tal nl ess st eel eactlon vesse an ag t1on

vessel tggfgggfskééﬂ?re%pg e"g-‘é@o%ggmflg%h %(ide?% Qntj(géz gas in air (1.41

nmeters squared per gran1 approxi mately 25 percent

standard bief anute @Op/H&4 3Bndlard difer manute pipho thedysied-litghepaptienivghgel to maintain
the tenperature of the contents to 5l1degrees Cel sius.

a condubtivisesfdippiogingkély 196 heentaionit sdthnation riter dddidioarcd aDH),CaCO; slurry
crystal that has been endpointed and milled to a high

and COE)R?&'efﬂrgt 4Stef RGEH Rlsel Whs YA ARR4 R ﬁgx%glmately 12 hours until product
CT/ US2003/ 038218 (i.e. greater than 30 neté

. ram and .t ypi ca ar icle si

physicaf P13t SirpbR SRauiall  Giinlesh BROATIE oS AR Brallipd that was
Inair (5.24 standard liter mnute C02/47.12 standard

approximately 98 peisaptecoqverfed. ol rapgfersed P18 diters ph the Wspereend &jaCOs slurry to a
doubl e jacketed reaction vessel for a 15-m nute period

second dfliteragitatbd €250 hpmCERidenscenl, dattilojackwa] feactionasest],tadd&i0.66 liters
percent in air (10.47 standard liter mnute 5

of 3.8 p@@%ﬁt“ﬂy &9 v\feiéﬁ dalhflodié iBErs rzlhdl‘ Hﬂlﬁe@td 1.5 })@fceﬁtrboﬁgigiehéy‘? MPHis mixture

m nut es producing a 2. slurry.

of CaCété (SW%@' Vg%ge%gt%%vg i)sf tgﬁtf@@d 2R 8 Ei}e 1241 st%nc%ard liter minute

COvs & sandes ?aq‘;’Eﬁ%ﬁ@!ﬁ?iﬁhp@ﬁ?eﬂifaceiqr@‘rj@ﬁeraﬁﬁ%%ﬁ’ﬁosﬁeh The calcium

agi tated, double jacketed stainless steel reaction

carbonae f Herl hadiatpinedogiinatlyoealesohedtal ikBphgdegyand t he
tenperature was brought to 52 degrees Cel sius. Began
addition of 20 percent CO2 gas in air

EXAMPLE 2

ARAGONITIC PCC

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
an agitation of 615rpm. Added 0.1 percent by weight of a high surface area (HSSA) aragonitic seed
(surface area ~40 meters squared per gram, approximately 25 percent solids) to the 30-liter reaction
vessel and brought the temperature of the contents to 51degrees Celsius. A “seed” is defined as a

fully converted aragonitic crystal that has been endpointed and milled to a high specific surface area

11
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10 (1.00 standard liter mnute C02/3.99 standard liter
mnute air) to the first 4-liter reaction vessel and

wo be4nemet i on was continued until a pH of 7.0 maBUS2003/038218
achi eved producing a 100 percent CaC33 Slurry. The
tenperature of the 100 percent CaCO3 slurry of the
first 4-liter reaction vessel was brought to 63
degrees Cel sius. Began addition of the 2.3:1

(1e. gretggeg { A RGER Lts%;}xﬁ'rreﬁ%epém}r{]ﬁdzt% lcl\ﬂsyﬁz{ p§rtt19 A9 3’&?‘?% Oé microns).

e Tirst e I on e contin
. ercent CQ2 .i t andar .
Began Ao Celphos 6 CQuebfadh A5 24 Ftﬂﬁgﬁeﬁgﬂarmr)utq 60 ﬁé- 13 Standard lter
first 4-liter reaction vessel maintaining a ‘ '
minute gigrtd dlas 30sliterstaihleappieadxdavhicghoke@0 reaetierevissél dori acl S-minute period after
saturation. Continued the reaction for approxi mately

which theN00§ Sontehiratidnh&aphiyGeHad tPROPRidenEsn @fr {10647 asntat@Mter minute
product remai ned essentlally unchanged, producing a

C02/41|%i§ts§rﬁfslzﬁg$ﬂetrﬁ%ei %al ( Cem it 15 :ﬁﬂqu{refs%%du‘é‘ ggdz 11 83 (OH),/CaCO;

to a cond

B e P AT T

percent by wt. cellulosic fiber and 1.0 liters water

to an agl@tqdr?é) litectoraga vesselerTrarsferask2 iescnfdheg.3al CalOeiGaEiR; slurry to a
by wt. CaCO3/fiber mxture. 12 WO 2004/ 053229

first 4- 1 BicltR2d) @30118 fiekéed Adihdads staclaecidtion vasadl with gptatieniet 8Q250rpm and
inair (1.00 standard liter m nute C02/3.99 standard

the tembéﬁaﬁfre WaQHlto%ghtatbrf)Z &&%&Q CehiisO @e%n Lidigibn 0E26 tp'eR:@nt C(ﬁe » gas in air

vesse unt i | 0O was reac at which'tine

054 gh %&iﬁﬁﬁﬁ%ﬁﬁ@%&ﬂﬁ Bt ey pgfiopressel and

per cent aragonltlc PCC to fiber. 5 EXAMPLE 3
the reaqreﬂmvaaqenm poid ReHafde) was achieyed produgiagar Ofnercest CaCO; slurry.

kil ograns CaO at 50 degrees Cel sius producing a 20
The temperature of the 100 percent CaCOs 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 CO,/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. CaCO; slurry.

Transferred 0.35 liters of the 98 percent CaCOs slurry to a second 4-liter agitated (1250 rpm),
stainless steel, double jacketed reaction vessel, added 0.66 liters of 3.8 percent by wt. cellulosic fiber

and 1.0 liters water to the second 4-liter reactor producing a 1.5 percent by wt. CaCOs/fiber mixture.

12
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percent by weight Ca(OH) 2 slake. The Ca(OH) 2 sl ake was
screened at -325 nesh producing a 10 screened sl ake
woOhed4/0se9t ransferred to an agitated 20-1iter BCOUSYD3I/038218

vessel . Transferred 2-liters of the screened sl ake
fromthe 20-liter storage vessel to a first 4-liter
agitated, stainless steel, double jacketed reaction
vessel and began agitation at 1250rpm Added 0.03

Added tglﬁ é&?ﬁﬁnaﬁ(y b rl‘d‘en%l %U% iP¥r m(g&!fﬁndaﬁflit%ﬂ‘gﬁﬁ@d@?.%ﬁ%& [®er minute

Irst 4-Titer reaction vessel rair se

. tenperature of .the contents. t 50 degrees 1 us .
i) to U ARG iSEreBuinn \eeis! G0 AL o O s FAChed ah iz T tap reaction was
m nute CO2/ 5.77 standard 15 |iter mnute air) to the
complefedrpsedusing 2 £aCadier gompesitee| Thmegmpesitp iqonsistzd Of @pproximately 75
achi eved produci ng al00 percent CaCO3 slurry. To the
percent aedpoRifie PCXT akfbern the 20-liter storage vessel, added a
solution of 1.3 percent by weight of Na2CC3, based on
theoretical yield of CaCO3, producing a Ca(OH)2/
Na2CO3 sl ake. Increased the tenperature of the
contents of the first i@§2é§£%£§§0tion vessel to
approximately 68 degr and began addition
of the Ca(OH)2/ Na2CO3 sl ake of the 20-liter storage
vessel 20 to the f RHOMBOQHEDRAERECOn vessel while
continuing to add 20 percent CO2 in air (1.44 standard
Resoped 15l of @aRr vaitly 3 kshogradesr QaDiat 80 degrees €ebsius)prbducing a 20
the first 4-liter reaction vessel maintaining a
ercent BRIt VA(OH)PE§1aREP TR ICHROED).Ys1HL WEY §@Enell ANLS25 mesh producing a
P saturggioé. ggdition of thgw%a(C}DZI Na2C3 sl ake 1% s
004/ 053 PCT/ U / '
sereene ko B s YR A 10 R ARl A R hp Tl g ers ofhe
of the resultant product renmaiped essentially .
screeneg) ﬁ&kgm tlﬁ. Srltsr (FEPTA%E ‘é‘ﬁf‘ﬁ‘?léﬁi sk 491gerp%g1@g;ﬁlt stlgyﬂ%@ steel, double
CaC®B Slurry. Transferred 0.22 liters of the 98
jacketedoreactemt veSeCaR] bdgan agititonat $2%wpul. Added 6103 pgicentt @dic acid by weight
(1250 rpm 5 dual jacketed, stainless steel reaction

of theor¢@&$ ELCAR b el 401itehrehdticdvessel andl Bisbe ﬂﬁ&é\hﬁ&ﬂt%fgﬁé contents to
cellulosic fiber and 1.0 liters water to the second

4- | A r i : i
50 e i GRS PS03 b 6 BERGRRI Ay 77 s
liter migc':lfotgﬁlgg];ogtlhg ﬁs'S]f'4£}l£1}t€I$ }eazltgtgc?nr \(/jeslselzltu%{il arln pglu (t>te7 ggvza:sl' 5a(':h7iZV6d producing al00

percent CaCOj slurry. To the screened slake in the 20-liter storage vessel, added a solution of 1.3
percent by weight of Na,CO3, 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
minute COy/ 5.77 standard liter minute air) to the first 4-liter reaction vessel maintaining a
conductivity of approximately 50 percent ionic saturation. Addition of the Ca(OH),/ Na,COj slake
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liter mnute air) to the second 4-liter reaction

vessel until a pH of 7.0 was reached at which tine the
WO eaatossn9 was conpl et ed produci ng an appr oxi maPeT/8S#003/038218

percent by wt CaCCB/fiber conposite. The 10 cal cium

carbonate had a predom nantly rhonbohedral norphol ogy.

EXAVMPLE 4 SCALENOHEDRAL - CFSTR Reacted 15 liters of

water with 3 kilograms CaO at 48 degrees Celsius to

and COP Had bGRinfed Rl %Brgm 15 1 2K&urs ﬁﬁ*ﬂ QE‘al eI'tieIQ gﬁ%he Qesultant product

iters of wat produ CI ng a 20 p ent

e rcent .Ca e
remainT(sSRNBHY 4e¥nned Froafonb i FRerais Ahpsrerrl bt faces stuny.
doubl e jacketed, stainless steel reaction vessel with
an agitation of 615rpm Added 0.015 percent citric
acid, by weight of total theoretical CaCO3 to be
fﬁramﬂfme«ﬂ .22 ditdrhref tBO 98 ptreent Catlk sinry\te s se&londAditdriagitated (1250 rpm)
tenperature of the contents brought to 36 degrees

dual Jacﬁ@tls§ | s%nleﬁ%%ﬂreﬁ&ﬁint\}e%@l £ 28 P66 ﬁﬂarrs &3 géﬁeﬂt By ¥efght cellulosic
. 20 standard liter mnuteCOZ 548 st andar

ﬁberan F(ghtellpwaltlérg @{eréa(io&ab4215{8ar {0r ﬁr(:)jciurcg/nega p&rggrg X ave‘llé‘lg CaCOs/fiber
sto ed and. the OH) 2/ CaCO3 slurry was . transferred

mixture, A &alaflgllngaalé?@ pergepy CQp glraa@@ Qf!egggﬁar Jter yymute C02/5 77 standard
2004/ 053229 PCT/ US2003/038218 In a 4-liter agitated

liter mimute piagfe thesssend 4-titaridantiah Ges&d uhiik apk 067.0twes reached at which time the
Ca(OH)2/CaCOB slurry with 0.66 liters of 3.8 percent

reactiorPyad\&niiletedl ipRydutmgafdpprokiinate 92 gerdet By Wk CaBUSHibERKI te. Th
a Ca(n%h-l) 2/ (I%aCOYfl bri erraterl al IJTrans}fierred 2 lI [ terdgpbSle ©

. a4-liter 5

calel a(léjalﬂwl‘?lt gﬁ“f‘%‘%& revo @gﬁgb%ég?gl%&gtm%g’( eaction vessel

and the tenperature brought to 55 degrees Celsius and

carbonated with 20 percent CO2 in air (1.30 standard

liter mnute CO2 / 5.23 standard liter mnute air) to

a pH of 7.0 producing EXAMBLE{$ri| conposite.

Prepared 16-liters of 1.5 percent

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 percent citric acid, by
weight of total theoretical CaCOj 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
a 5:1 Ca(OH),/CaCOs; slurry. CO; gassing was stopped and the Ca(OH),/CaCOj; slurry was
transferred to an agitated 20-liter storage vessel.
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by weight fibrils and a separate 10-liter vessel of
water. To the 4-liter reaction vessel began addition
wohoahe32ea( OH) 2/ CaCO3 slurry of the 20-1iter apCrassm3/038218
storage vessel, along with the 1.5 percent 10
consi stency fibril mxture at 172.05 nl per m nute,
along with 31.21 ml per mnute of additional water
while maintaining the flow of CO2 gas (1.30 standard
liter mnute CO2 / 5.23 standard liter mnute air) at
a rate to maintain conductivity of approxi mately 90
ionic saturati i i nt ai ni S )
it a&ftataﬁ 5@5@&6%8@?;&% iig’e%thattré f&ﬁ%@ﬁﬁz@éﬁ?gp slurry with
SO|IdS 15 This reaction was contlnued until product
0.66 litgry sofc 318 preogest thesveightaifibots asdewithalll0p liters hahgeadier making a
Addition of material fromthe storage vessel was

Ca(OHBICAARAibYINnh R riflOX raxti@liriel] QNita 6 the CAIOMATACDibD Material to a 4-liter
material in the 4-liter agitated reaction vessel was

agitatecp I‘Qg@p ofuffiofs BEE Ainufe)Getio | the t Agdl ﬁrb fﬂlt‘f@ 5 degrees
%, Ug I Ng 62 E 3 m#dl EFI 2

pro conposl t € Wi

et S5 B 0 FREEORE 5y 525 s

) EXAVPLE 5 SCALENCHEDRAL CFSTR/ RECYCLE/ SURFACTANT 5

liter mifRie air)tel 2 PHI ofj & @prodedingva Cae Oylfibml compopitsy raenaredald-lters 4§ 1.5 percent
degrees Cel sius to produce a Ca(OH)2 sl ake, added an

by weighd fibtils aithd sdpatatd H-Ktepiesvel bEwvater. 0Tuittiedglitar r2fctioarvesssltbelgyn addition
wei ght Ca(OH) 2 sl ake. The 20 percent Ca(OH)2 sl ake

of the @@(@Iﬁ?@ﬁ@@?glu% of3Re ZUﬁﬁE} tetdrs%}ﬁéee VERE, LRng with the 1.5 percent

reéaction vessel 5151 evol Tt | ons per ntnu e).

consis g fpnf Ay C AT, ik o, Sand 12 Bl Pl of adational

reaction vessel and the tenperature of the contents

water whilsapgiptangnegthe flowaeldr @egascd 38istrndarddyermugén ¢PonS8p stapdard liter
percent CO2 gas in air (14.08 standard liter mnute

minute @ at a fat t8Gnaintain 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 CaCOj/ fibril composite with the CaCO; having

a well defined scalenohedral morphology.
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standard liter mnute air) to the 30-liter reaction

vessel producing a 5:1 Ca(OH)2/CaCO3 slurry. At this
WQQ00310532002 gassi ng was stopped and t he Ca(OH) B¢ OacL83/038218

slurry was transferred to a 20-liter agitated storage

vessel. 15 In a 4-liter agitated storage vessel,

conbined 0.25 liters of the Ca(OH)2/ CaCC8 slurry with

0.66 liters of 3.8 percent by weight fibrils and with

1.09 liters of water making 2 liters of

Ca(OH) 2/ CaCB/fibril material. Transferred 2 liters of

t he Ca(OH)2/CaCCB/fibribzgghﬁgkﬁ% to a 4-liter

stai nl ess steel, double ted, agitated (1250

revolutlons per n1nute) reactlon vessel and t he

t enper a DHd »[ R X FASURFACTANT

React ed the Ca(OH)2/CaCCB/f|br|I material wth 20

percent CO2 in air (1.30 standard liter mnute CO2 /

Redidedst SINER 08 water @ithBi Kl I@30 itatsdepridedCeldiudto ﬂxfédde@a Ca(OH),
2004/ 053229 PCT/ US2003/ 038218 At this point, prepared

slake, a&@ed drt St ahi o?;falbé'll%r?@fr&%@%pllaxué{\f?céeg?b géﬂcQﬁt' élghtan éOBI)%gake The

ters o S at per onsi s

2 e O b B A Y BB e B stion v

volume of fibers at 1.5 percent consistency. 5 Once a
(615reyplptioms peryminyte).aAHied QAL pereanteitrid 4cide by wetght ofatal theenstical CaCO3
began addition of the remaining 5:1 Ca(OH) 2/ CaCO3
to be pducedy td therB0tliter 2Qetidnt wssel @hd dec@mpranag of iescmitentsbiolght to 35
a flowof the 1.5 percent fibril mxture at 176.48 n

degrees @%[suﬁ‘ B&gaf addiflod'bf F0 I?e%ce%@clﬁilz g&eﬂi (IO Lst R RT ht%xr @Eufenﬁbz/ 56.30

|ter vessel to the 4 reacti on vesse

s AL e 101 H%Y‘%Sﬁ‘” B3 FL G, .

rate to maintain conduct|V| a roxi mately 90
this poipfe (QergasipsVas stoppest and e C nelairy weg tigasfsrred to a 20-liter
bal ance of approxi mately 4 percent to 5 percent total
agitatedssodragksvessel.

In a 4-liter agitated storage vessel, combined 0.25 liters of the Ca(OH),/CaCOj slurry with
0.66 liters of 3.8 percent by weight fibrils and with 1.09 liters of water making 2 liters of

Ca(OH),/CaCOy/fibril material.

Transferred 2 liters of the Ca(OH),/CaCO;/fibril 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),/CaCOy/fibril 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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Conti nued addition of the material fromthe agitated

storage vessel to the reaction vessel until product
wohywsiosa29 properti es remai ned essenti al |y unchaagad2004038218

whi ch point, addition of material fromthe storage

vessel was stopped while CO2 addition was continued to

a pHof 7.0 at which tine 15 CO2 addition was stopped.

T his produced a 2.33:1 CaCO3/fibril conposite with

the cal cium carbonate having a well defined

scal enohedral norphol ogy. EXAMPLE 6 SCALENOHEDRAL

TR/ POLYACRY acted. 15 s, of ter .
A3 S RO PEgAe Gl 28 Laspaaegt b avees EPa BrOdies g frls at 3.8
Ca(OH)2 sl ake, added an addltlonal 6 liters of water
percentsppgisfengypngd P68 hterscdrwatéry angd genarata d Olifer vehsgkef watee Added 0.04
20 percent Ca(OH)2 sl ake was then screened at -325
percentRRShctit sl dnha velhReTd e atH & pdiddint ¥@sistehéy. WO
2004/ 053229 PCT/ US2003/ 038218 transferred to a
5 30-liter agitated (615rpm reaction vessel. Added 0.1
percent citric acid by wei ght of total theoretica

rod iter actio vess ..
CRECE Rl e e an B s e ion Eors SR i e remaining
ees Cel sius an addition of 20 percent CO2 %
5:1 Ca(plfﬁdpacm slugy frwaﬂp@gpdlten jgitated sfosagesvesyed, witlsoflgw of the 1.5 percent
standard liter mnute air) to the 30-liter reaction
fibril mupewmseat 1P6.481mt pagmmute dhd5viGai 200 Bl faGobugd waten/frofa@Re 10-liter vessel
gassing was stopped and the slurry was transferred to

to the 4511‘[31Q‘e£dtffoﬁ el \RJEQeeﬁalnﬁa'irﬁﬁ%ﬁﬁ RSSECO, R % (.39 's{ahﬂﬁﬂ liter minute CO,
agltate vesse added liters of The ca CaCx

. rs
10 /5.23 sﬁag%agflé e rr]rémutg ﬁnd %t gte(%o {nea}n?axg fcgn&tctlwt)( %P %)Ip([)c aurg%telg 90 percent ionic
Ca( 2/CaCCB/f|br|I material. 2 liters of the
saturation, (eNEREIENE Mt balpraecriiapproxirsatelythRerasnt &) S pgrognt total solids.
4-liter agitated (1250 revolutions per mnute)
Continuedaxitliton ofcths ebatemad ftone theeaghatedt sioragevasssblr pudbtredction Yessel until
degrees Cel sius. 10 Began addition of 20 percent CO2
product' physicél prdpedtessbRamad dsskhtifly uficRatged CAR which pbntSARIMER 6F material

'ifer mnute

from the storage vessel was stopped while CO, addition was continued to a pH of 7.0 at which time
15 CO; addition was stopped. T his produced a 2.33:1 CaCOas/fibril composite with the calcium

carbonate having a well defined scalenohedral morphology.

EXAMPLE 6

SCALENOHEDRAL CFSTR/POLYACRYLAMIDE

20 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

20 percent Ca(OH); slake was then screened at —325 mesh producing a screened slake that was
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air) until a pH of 7.0 was reached producing a

CaCCB/fibril conposite. At this point, prepared
wa@ed4iosens of 1.5 percent by weight fibrils (6P8RUS2003/038218

liters of fibrils at 3.8 percent consistency and 9. 68

liters of water) and a separate 10-liter vessel of

wat er. Added 0.05 15 percent cationic pol yacryl am de

(Percol 292) based on the volume of fibrils at 1.5 per

transfer&ﬁ'% a 39018/ %tﬁ@ﬁ%lﬂﬁﬁe@ct Whsel- A4 t.?gg&jcgl?j Pc?ﬂi.g Beid, by weight

l'iter Teaction vesse began a

of total gﬁ%&@g&&%é&g&&%ﬁ %&%ﬁslgexf xie Wfo%f%rgfs:qgan_fl_ztge Ite!rrtlpe(-:rrature of the
percent 20 fibril mxture at 90 Ml per mnute, along

contentypronght 8o 50 degreasrCelsivsy tBeget adslifdin of @R alerogat €2 gas 1n pis (15.01 standard
4-liter agitated, double jacketed reaction vesse

liter midite |GOYedN0GEstAaNd@d titee niihowe atr) t6(He WRBtef feadfommtaavelgreducing a 5:1
liter mnute CO2 / 5.23 standard liter mnute air) at

CaOMCRG Sy Ghss ““%%@B%%#‘*%é%%%ﬁ%%ﬁ?ﬁ (TRt agitated

storage f/%ssﬁ,aatt 1{1 hte%?%@i%{vess& gnaﬁﬁé?]] e(%ofc tﬁ §BQ}E);/6&H 3| iy.rrx 0.60 liters

ercent to 5 percent solids. Continued addition of the
of ﬁbﬂﬁt@f ér§ pgreertt ﬁ@ﬁﬁlﬁtﬁ@}’a@iﬂt 1109 litesy of waler (e pedice & GagfaH),/CaCOy/fibril
reaction vessel until product physical properties
materiat. @nitersexd thee€s@H ),/ AalCP;(frveih anegerthl wad diahsformedfo arddlieriagitated (1250
fromthe 20-liter storage vessel was stopped while CO2
revolun%n@ﬁéy rhhfﬁ'ib)\/i@a%tx@ﬁ RessBUafl WMBkéhp&atai? ks KrOQgH’ﬁ§ J1eRGhRA Celsius.

which tine CO2 ad ition was stopped producing a

Began a%dﬁ%né»f %8 ﬁ%/erﬁt &? in 2 g?gl%{aﬁﬁabrw&%é? [rrﬁlﬁﬁ‘te F&ggré %ﬁﬁ#%@&_hter minute

IBRIL .10 A fibyri] |s pr oduced reflnlng (any pul p
air) unql abhel 7R Masseached pradysing,2 SPQQ@P igrlh@ommfgt ry)
cel lul ose and/ or mechanical pulp fiber. The fibrils
are typically 0.1 to 2 microns in thickness and

At this point, prepared 16-liters of 1.5 percent by weight fibrils (6.32 liters of fibrils 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 fibrils at 1.5 per cent

consistency.

Once a pH of 7.0 was achieved in the 4-liter reaction vessel, began addition of the remaining
5:1 Ca(OH),/CaCOs slurry from the 20-liter agitated storage vessel, with a flow of the 1.5 percent
fibril mixture at 90 ml per minute, along with 48.5 ml per minute of additional water to the 4-liter
agitated, double jacketed reaction vessel 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 level of approximately
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10 to 400 mcrons in length and are additionally

prepared according to U S. Pat. 6,251,222, which is
woyodshs®29 ef erence i ncorporated herein. 15 ThepCDUS200B/038218

fiber of the present invention was refined at the

Enmpire State Paper Research Institute (ESPRI) using

an Escher-Wss (conical) refiner to an 80 SR

(freeness). Measured by a fiber quality analyzer

i ' ti - ol fid bril.. .
90 percg il SR, i AR PR B e ARET AR Bffein product
Produce a 15% soljids slake and mx with fibrils (-1.5% .
concen{gaf}py &l ARRTOY Mkl ¢t PSreent o> aﬁrég%tr?eﬁd&o opigped &@H&B Of He material
of pH of 7.0 producing a filler/fiber conposite with a
from thg agftatedstaraga vessebtolthe neacon yesgel undil osupQehyisical praperties remained
have nore or less in conposite) 19 WO 2004/ 053229

essentidRCTh¢IRRQAB/ AdBitdBof MABAE fibnBihe 2B#¢ steagtvesdehyas @apped while CO,
Pro erties in Meters Filler Loadi ng Scal enohedr al

N L | g | :

sdditonf 3P S0 AP BREVFD (IR ARt GO AP PEy sopped

I L Y Lo RO LN I N M —
Properties in KNEM Fill er Loadi ng Scal enohedr al

morphok?%{goni ti c Rhonbohedral Control Levels Filler/Fiber
Filler/Fiber Filler/Fiber Filler/Fiber

DEFINITION OF FIBRIL

A fibril is produced by refining (any pulp refiner known in the pulp processing industry)
cellulose and/or mechanical pulp fiber. The ﬁbrils are typically 0.1 to 2 microns in thickness and
10 to 400 microns in length and are additionally prepared according to U.S. Pat. 6,251,222, which

is by this reference incorporated herein.
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 fibril measured 200-400 microns

HOW CONTROL FILLER/FIBER WAS MADE

Produce a 15% solids slake and mix with fibrils (~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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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
Properties in ft-Ib Filler POROSHG3/038218
Cont r ol

Filler/Fiber

w&kenngi2h Physi cal
Scal enohedr al
Filler/Fiber

Aragoni ti c Rhonbohedr al
Fil | er/ Fi ber

Filler/Fiber

Bond

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 The
nor phol ogy controlled filler/fiber conposite showed
5 properties (i.e

equi val ent or greater
strength,
strengt h) as corrpared

g Leiigth, Shysieal Kroperties in Mete

tensi |

20 204/

br eak

physi cal

iyl €791 N
contr ol

03/038218 TABLE 4 |SO

and i nternal
filler/fiber.

Level s

bond

els
D[

Filler lswdlegohedr gealonpbadeah tArzaopitie i dtetbelied@bnt r Géntrol e
LevelsFi | | er/ Fi ber FHPYRRSF ) FiFEIBEFIRGT| | or Tilter/Biber Fi || FillerFibpn
[ 2Q089. 20 88. 2@ ¢r1 38| 8% 889 25 894 39289. 15 BBgA8 $9. 55
S50 95 IV 4@ Fgh 08| Y% 358 3,813 3.715
30 3,280 3,674 3,871 2,998
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

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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TABLE 5 Pignment Scatter Optical Properties Filler
Loadi ng Scal enohedral Aragonitic Rhonbohedral Contr ol
wheaalos32e9 | | er/ Fi ber Filler/Fiber Filler/FiberPCT/US2003/038218

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 controlled filler/fiber conposite showed

equi val ent optical properties (i.e. 1SO Opacity and

Pigment Scatter) as conpared with the control

filler/fiber. 5 10 04/ 053229

PCT/ US2003/ 038218 Wé—éﬁgﬁ 1. Afiller-fiber

conposi te conprising: (a) feeding slake containing

citric aci dSOOpaeity Qptigalddr e®r (b) reacting the
Fillerdlgatingont pSealenghedral | | Arageoitid | rRhpmbohefinakt| s€entrol
Levelseact or i n| t Fillerfijhes enddlegfibers| ¢ fillpgRiberi oxi kikerfiper

proguce a [TTgh T L] aldg/ogonyver g 3gal ClIUNREY@ O i de

RIS A 1 A WA 37 LA 0
e . B | ||9DYJ5 Ln ndyct B&Qm‘ Qr 61#83r he
presence of carbon dioxide to produce a second
partially converted cafaBLE 8ydroxi de cal ci um
carbonate slurry and

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 control filler/fiber.
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10 (d) reacting the second partially converted cal ci um
hydr oxi de cal ci um carbonate slurry in a third stage

WO e@anss229 n t he presence of carbon di oxi de andp€T/bs200%038218
to produce a filler-fiber conposite. 2. The
filler-fiber conposite of claim1l wherein the fiber is
fromabout 0.1 microns to 15 about 2 mcrons in
t hi ckness and from about 10 microns to about 400

We claffi:crons in length. 3. The filler-fiber conposite of

claim2 wherein the filler is scal enohedral having a
pe/gi 1i C Eurface area of .fromabout 5 neters squared
Eer SIIPG CRBWIFIa OMRHSE 20 squared per gram 22
WO 2004/ 053229 PCT/ US2003/ 038218 4. The filler-fiber
tOnpofedmgstakelcantaindnggitricedcrd torpelisbstegearsidigndr oxi de
cal cium carbonate slurry is converted from about 20

[Or cepdacting thbalake 46ntpi@iradifric abid imhige fiist bt@ge fehdiBf in the presence of
conposite of claim4 wherein the first partially

convegd B &i%leaqugao%fu@é’ g &‘19% ggﬁiaﬁ? LGhvereg 2LIPRRA %‘E"Xi ¢ calcium

slurry iI's conver rom about 41 percent to about 99

percentb 6. éﬁhe filler-fiber conposite of claimb5

wher efHOPHL® ¥BEYnd partial |y converted cal ci um

h)sdr oxi de cal cium carbonate slurry is converted to a

£9)1 | eFeagiinggthe digshpadially conerted calciym hyhioxide celeivauedrbepate slurry

filler-fiber conposite conprising: (a) feeding slake

cont aima segond $tagecreactbdintthe preférrcs bf sirbge diogaietto prddage a second

reacting the slake containing citric acid in the first

st agepir@iaty &nvefted EAciRiFBRARGEdOEalcium 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 fibrils to

produce a filler-fiber composite.

2. The filler-fiber composite of claim 1 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.
3. The filler-fiber composite of claim 2 wherein the filler is scalenohedral having a

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

squared per gram.
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carbon dioxide to produce a first partially converted
cal ci um hydroxi de cal cium 15 carbonate slurry (c)

woeemnossgot he first partially converted cal ci URCT/US2003/038218

hydr oxi de cal cium carbonate slurry in a second stage
reactor in the presence of carbon dioxide to produce a
second partially converted cal ci um hydroxi de cal ci um
carbonate slurry and (d) reacting the second partially

GONYRE KRG xﬁ@érgbﬁ&pbi}%%%%iﬂ% Wit Gh 4B &80 AR Bk Uhikdim carbonate
e reactor in the presence car bon
d d d f t d filler- fib
or %@Fp@ﬁn@%é@eﬁa%éﬁf%%%%wa BetEsEb16 8. The
nethod of producing the filler-fiber conposite of

claim7 wherein the fiber is fromabout 0.1 nicrons
to about 2 mcrons in thickness and from about 10

81 CTi@nfllet fber@uipodidd ofMickimns whardie g first paBiallfn@nverted calcium
nmet hod of producing the filler-fiber conposite of

cl %ﬁcﬁdd@@aﬁ?hﬂl {ioratd &1 % Ii$ co ?ﬂe&%%@ﬂt A é%%% t&about 99

spe Ic surface area o on1a ters s

gran1to about 11 neters squared per gram 10 10. The
met?6E6f producing the filler-fiber composite of

claim9 wherein the cal cium hydroxide cal ci um

carbonate slurry is converted from about 20 percent to

about 40 percent. 11. The nethod of producing the

6i | Ther illérif@yer composictad oddimc) aihereld thetsec@idnpdrtiglyf ¢anserted calcium
15 partially converted cal ci um hydroxi de cal ci um

carfariig &dhhaibdnse INRHLiS dortveRH to a filler-fiber composite.

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

(a) feeding slake containing citric acid to a first stage reactor

(b) reacting the slake containing citric acid 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 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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about 41 percent to about 99 percent. 12. The
filler-fiber conposite of claim 11l wherein the second

woaoioasy converted cal ci um hydroxi de cal ci URCT/US2003/038218

carbonate slurry is converted to a filler-fiber
conposite. 20 13. The filler-fiber conposite of claim
1 utilized in paper or paperboard 14. The
filler-fiber conposite of claim7 utilized in paper or
paper board. 15. The paper produced utilizing the
filler-fiber of claiml1. 24 WO 2004/ 053229

Phe. 1 11 R EeoructiePATHEr RBer Bbopkcrt i S¥hefbin the ive is
conposite conprising: (a) feeding slake containing

ci t ri &ograheut & 1anitionsto shony2 nriewos vy thickness @ad fiormyabohe]0 microns
sl ake containing citric acid in the first stage

r eact ary abont 40kemvresandengii. 5 carbon di oxide to

produce a first partially converted cal ci um hydroxi de

cal cium carbonate slurry (c) taking a first portion

of the partially converted cal ci um hydroxi de cal ci um

82 cond Tt feBielrdrRPinking e [P TBnpRSTr ot Aol Fheteh fie sl i

di oxi de to produce a cal ¢ci um carbonate\fibri
conpog§alenohedralandeas 3 epecificsustage arg @f fram abari hgeters squared
second portion of the partially converted cal ci um

hy dr ogradetocabont Linmetessrsqoarad pesgramc y addi ng fibrils and
surfactant and reacting in the presence of C02 to
produce a second partially converted
Ca(OH) 2/ CaCB/fibril material and (e) reacting the

?r(gf g r”?g? ﬂ{einﬂotﬁ'ﬁg%r&%‘ﬁg rtltleeﬁlleg?f{bgf%gﬂqg&%/ f fcia?nrl I9I wherein the calcium
hydroxide calcium carbonate slurry is converted from about 20 percent to about 40

percent.

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

about 41 percent to about 99 percent.

12.  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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15 presence of CO2 in a third stage reactor to produce
a filler-fiber conposite. 18. The filler-fiber
wooamaesszee of claim 17 wherein the fiber is frpor/abmeso3s218
0.1 mcrons to about 2 mcrons in thickness and from
about 10 microns to about 400 microns in Ilength. 20
25 WD 2004/ 053229 PCT/ US2003/038218 19. The
fil I er-fiber conposite of clai m 18 wherein the filler
g area of
e T L o
neters _squared per. gram .5 20 The filler-fiber
ggﬂpoélﬁl]@r—gpercqog?wligc%@p%@g] t he cal ci um hydr oxi de
cal cium carbonate slurry is converted from about 20
(r ceffieeding sédkewontdtingeeitrardcid ®1a firFheagded lehaor f i ber
conposite of claim20 wherein the first partially

EONV ekdaBing il GlaktB oMty dighR Jerd itk Tifsa5theRh&oSinlhé Yresence of
is converted from about 41 percent to about 99 10

*
5Bt B 5 R g o e i

hydr oxi ge cal CI um carbonate sI urry is converted to a
f| | | eFHPPRALS SIBXposi te. 15 23. A method for produci ng
a filler-fiber conposite conprising: (a) feeding

§ak etaksioaadirstinegtian efrthe parbirdy eenvarted ealeius hygeoxideeaiainm
(b) reacting the slake containing citric acid in the

fi raibonbegurtyeaiding fibrils bibrepctseducle ir0d second bage rhiacst thethe
to produce a first partially converted cal ci um

hy d§r03ehS€o £l dnUTbx i G EPRBAIE aSdaitiiih carbonate\fibril composite to serve
as a heel and

(d) taking a second portion of the partially converted calcium hydroxide calcium
carbonate slurry adding fibrils and surfactant and reacting in the presence of CO2 to
produce a second partially converted Ca(OH)2/CaCO3/fibril material and

(e) reacting the second partially converted Ca(OH)2/CaCQO3/fibril material in the

presence of CO2 in a third stage reactor to produce a filler-fiber composite.
18. 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.
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20 (c) taking a first portion of the partially
converted cal ci um hydroxi de cal cium carbonate slurry

waddi4ng3ny bril s and reacting such in a second BCBmS2003/038218

reactor in the 26 WO 2004/053229 PCT/ US2003/ 038218
presence of carbon dioxide to produce a cal ci um
carbonate\fibril conposite to serve as a heel and (d)
taking a second portion of the partially converted

1.d i
rﬁl%g{ e rg%czcsgtn %T Hmdn 18 éﬁ%ﬁj&}l ?hesijil? iy sc%?e%oﬂ&iral ving a

br| S tan presence o

C02 taq oduce a second partlally converte
bip @g?m

Ca (SPF$! PSR TOmAPRI SANCISHS $apsd prrgamHe Akt dr gneters
partially converted Ca(OH) 2/ CaCO3/fibril material in

t hequgrdpengramof C02 in a third stage reactor to

produce a filler-fiber conposite. 24. The nethod for
producing filler-fiber conposite of claim23 wherein

the fiber is from 10 about 0.1 microns to about 2

fd t
out ogﬂfﬁt igir)%gsb%?}ﬁos gg)ft 2‘9%&&9 tp%}%éﬁpﬁn h?ldrox1de calcium
rod cin |IIer fi ber .conposi wher ei n
theca’F Ofp rs yrey is genyeriod frogh OUBQSP%G%{ t‘éﬁ ‘Htﬁpdf’eféfﬁinf ace
area of fromabout 5 neters squared per 15 gramto
about 11 neters squared per gram 26. The nethod for

producing filler-fiber conposite of claim25 wherein
2he Thd Gllemfibdrycdmpssiteofoddimi 20whereimothatfiest plattially cofiverted calcium
converted from about 20 percent to about 40 percent.
20_ 2?1ydroxide calcium carbonate slurry is converted from about 41 percent to about 99

percent.

22. The filler-fiber composite of claim 21wherein the second partially converted calcium

hydroxide calcium carbonate slurry is converted to a filler-fiber composite.

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

(a) feeding slake containing citric acid to a first stage reactor

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

(c) taking a first portion of the partially converted calcium hydroxide calcium

carbonate slurry adding fibrils and reacting such in a second stage reactor in the
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WD 2004/ 053229 PCT/ US2003/ 038218 27. The met hod for

producing filler-fiber conposite of claim26 wherein
wohen4foss322¢ partially converted cal ci um hydr oxPd®US2003/038218

cal cium carbonate slurry is converted from about 41

percent to about 99 percent. 5 28. The nethod for

producing filler-fiber conposite of claim27 wherein

the second partially converted cal ci um hydroxi de

! AT G PR bl SOy i composie oseve

conposite of claim17 utilized in paper or paperboard

30.a5Pfeckand er - f i ber conposite of claim23 utilized in

paper or paperboard. 10 31. The paper produced

()i | itakimgya sdoend portien of tHeegpartodlllycioaverted calcBfin hidrexidapelcium

produced utilizing the filler-fiber of claim?23. 33.

A f tdrb&tiatd §1@Y adRAP Abtils@nd QPAdt&it R8d rdadting RAEE PEs&lcale CO2 to

containing citric acid to a first stage reactor (b

re | t I [N b A 3 I st

o1 S0 opbont A Uh BrtbaRE O AR ol b T

produce a first partially conye cj um. hydr aoxi.de

P erame eporbrsiabtia et PR L Gy G g g e

of the partially converted cal ci um hydroxi de cal ci um

carfreseaceoisTO? mya thdi stagefrpdsiar|te peastice @ AHer-Abersgoipokite. a

second stage reactor in the presence of carbon

di oxi de to produce a cal ci um carbonate/fibri

conposite to serve 20 as a heel and 28 WO 2004/ 053229

ReT/ Usg0R3{83 %:b%oducing filler-fiber composite of claim 23 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.

25.  The method for producing filler-fiber composite of claim 24 wherein the filler is
scalenohedral having a specific surface area of from about 5 meters squared per

gram to about 11 meters squared per gram.
26.  The method for producing filler-fiber composite of claim 25 wherein the calcium

hydroxide calcium carbonate slurry is converted from about 20 percent to about 40

percent.
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(d) taking a second portion of the partially converted
cal ci um hydroxi de cal ci um carbonate slurry addi ng

wo rbios®2end pol yacryl am de and reacting i n t heCT/US2003/038218

presence of CO2 to produce a second partially
converted Ca(OH) 2/ CaCO3/fibril material and (e)
reacting the second partially converted
Ca(OH) 2/ CaCB/fibril material in the presence 5 of

WThQ m[ethogffér pr?{ll@c%% ﬁﬁgr?fﬁlfelrr BI)I?ngSl@%lf%S%I% 26 \l’ﬂﬁ?élél egfgrrst partially

conposi er - composi te of

wherein the fiber is from about O. 1 mcrons to abo

2 rfoaveted Gakcinmi hydiedde Salgium SAsbaRdE Sl # eqyREed @Om about 41
about 400 mcrons in length. 10 35. The filler-fiber
comgrEosnt ® abbucYBparce3d. wherein the filler is

scal enohedral having a specific surface area of from

about 5 neters squared per gramto about 11 neters

squar ed per gram 15 36. The filler-fiber conposite of

2RSS R BN RO T 215 gyt by
bout 40 t. 37...The fill fib t
ol diomv et Rl B g Fglfmbhﬁeﬁaﬁts/ e@&wvgfq%?aﬂ%eﬂ o1 fyfiller-fiber

hydroxi de cal ci um carbonate slurry is converted from
abowmpdsither cent to about 99 20 percent. 29 WO
2004/ 053229 PCT/ US2003/ 038218 38. The filler-fiber

2onpoTht dllef fisdrabmpdditardrilfinnl 7 diHize€ Gopubepar pdpattogrd
converted cal cium hydroxi de cal cium carbonate slurry

g? Conyetiednbd cﬁﬂfpbél 6f‘cfle{1B92‘3 GATBPH pdper SpapertBatdod

produci ng a ber conposite conprising:

The paper produced utilizing the filler-fiber of claim 17.
32.  The paper produced utilizing the filler-fiber of claim 23.
33. A filler-fiber composite comprising:
(a) feeding slake containing citric acid to a first stage reactor
(b) reacting the slake containing citric acid in the first stage reactor in the presence of
carbon dioxide to produce a first partially converted calcium hydroxide calcium
carbonate slurry
(c)  taking a first portion of the partially converted calcium hydroxide calcium
carbonate slurry adding fibrils and reacting such in a second stage reactor in the
presence of carbon dioxide to produce a calcium carbonate/fibril composite to serve

as a heel and
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5 (a) feeding slake containing citric acid to a first
stage reactor (b) reacting the slake containing citric

w@eood/os3229 he first stage reactor in the preseneer/vf2003/038218

carbon dioxide to produce a first partially converted
cal ci um hydroxi de cal cium carbonate slurry (c) taking
a first portion of the partially converted cal cium
hydr oxi de cal cium 10 carbonate slurry adding fibrils

dr . : ; . '
s a2l L PR oRY ol o IR GAR oA URARARR by ol caloium
carbonate/fibril .congosite, t serve, as .a heel .and (d)
C akicA ous Sl IR B¢ Relurpiinids ang Teagfive it g presence of
cal ci um hydr oxi de cal ci um carbonate slurry addi ng
{1 HEP} 1 Ripdiqslperndhiestinlesoavierted (G PERAE NG fibit Material and
presence of CO2 to produce a second partially
¢ nreautingdhe Sadid-Harti AMyCEdBW Ertdal Ch(OTHR)L/@aCa,/ il n{agrial in the presence
reacting the second partially converted :
Ca( ; L DY | [ SRFTE of CO2
in (?dz(%{ %qg’)’ggﬂé‘gi %éggt?g{roeqrg&écreoag%lyg&ig e‘?fl [‘er /ﬁ fg i ber
conposite. 20 40. The method for producing _
filler-fiber conposite of claim39 wherein the fiber
is from about 0.1 m.crons to about 2 microns in o
i ckABe Sllermfaber pempesiis of cleim AP wihgtein the fiberys fromyahgut 0.1 microns to
mcrons in length. 30 WO 2004/ 053229 PCT/ US2003/ 038218
41. Thisoutr@trhwbrson thckoss ambyfréml dbent 10 hricronotpabeut 40®Microns in
claim40 wherein the filler is scal enohedral having a
speci féngthsur f ace area of from about 5 neters squared
per gramto about 11 nmeters squared per gram

35. The filler-fiber composite of claim 34 wherein the filler is scalenohedral having a
specific surface area of from about 5 meters squared per gram to about 11 meters

squared per gram.

36.  The filler-fiber composite of claim 35 wherein the calcium hydroxide calcium

carbonate slurry is converted from about 20 percent to about 40 percent.
37. The filler-fiber composite of claim 36 wherein the first partially converted calcium

hydroxide calcium carbonate slurry is converted from about 41 percent to about 99

percent.
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5 42. The nethod for producing filler-fiber c onposite
of claim4l wherein the cal cium hydroxi de cal ci um

weoaslaoszke slurry is converted from about 20 pPCT®82008/038218

about 40 percent. 10 43. The nethod for producing
filler-fiber conposite of claim42 wherein the first
partially converted cal ci um hydroxi de cal ci um
carbonate slurry is converted from about 41 percent

a t - 44, aor..r i .
o o e R T gl AR e e PRHEN O Bonyepred calcium
partially .15 converted cal ci um hydroxi de._cal ci um .

car boﬁ&irex@r— GRlpipm bR TVEY S 9nierisel p adiler BT composite.
conposite. 45. The filler-fiber conposite of claim 33
utilized in paper or paperboard 46. The filler-fiber
conposite of claim39 utilized in paper or paperboard.

39. ThempBpebf proaadingd fillet-Fib&d ddthpobie Edvhpriving:i ber of
claim 33. 20 48. The paper produced utilizing the

fai)I ! efe’eﬁin@%[akgfcoﬁlai%iir@ dttic acfilto a first stage reactor

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

(© taking a first portion of the partially converted calcium hydroxide calcium
carbonate slurry adding fibrils and reacting such in a second stage reactor in the
presence of carbon dioxide to produce a calcium carbonate/fibril composite to
serve as a heel and
(d) taking a second portion of the partially converted calcium
hydroxide calcium carbonate slurry adding fibrils and polyacrylamide and
reacting in the presence of CO, to produce a second partially converted
Ca(OH),/CaCOs/fibril material and

(e) reacting the second partially converted Ca(OH),/CaCQOj/fibril material in the

presence of CO; in a third stage reactor to produce a filler/fiber composite.

40. The method for producing filler-fiber composite of claim 39 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.
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41.  The method for producing filler-fiber composite of claim 40 wherein the filler is
scalenohedral having a specific surface area of from about 5 meters squared per gram to

about 11 meters squared per gram.

42. The method for producing filler-fiber c omposite o f claim 41 wherein the calcium
hydroxide calcium carbonate slurry is converted from about 20 percent to about 40

percent.

43. The method for producing filler-fiber composite of claim 42 wherein the first partially
converted calcium  hydroxide calcium carbonate slurry is converted from about 41

percent to about 99  percent.

44. The method for producing filler-fiber composite of claim 43 wherein the second partially
converted calcium  hydroxide calcium carbonate slurry is converted to a filler-fiber
composite.

45.  The filler-fiber composite of claim 33 utilized in paper or paperboard

46. The filler-fiber composite of claim 39 utilized in paper or paperboard.

47.  The paper produced utilizing the filler-fiber of claim 33.

48. The paper produced utilizing the filler-fiber of claim 39.
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