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WD 2004/ 053228 PCT/ US2003/ 038360 FI LLER- FI BER
COWPCSI TE FIELD OF THE | NVENTI ON 5 The present

WO pwesi2e relates to a filler-fiber conposit ePCHUS2003/038360
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 _.and particl ize of the m nera
filler are est dLlsKR+FIBEE HOBELE opnent 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

- L -

particulate fillers such as cal cium carbonate, talc
and clay on fibers for the 15 subsequent manufacture

Phhe RORAT indBiEliddaBRtes RS HNGL Fbed Bokhp oKt Sa procd€ fé its production, the use
chal | enge. A nunber of nethods, having sone degree of

ofﬁ%gé}solf%?t rrT%(l%ﬁ tﬁﬁ&é aﬁ&‘foﬁj&?ﬁf %ucgcl? g166¥eﬁ0m. More

A
at fTi or w
: b, retention aids ve peen used,. dir.ec .
paticulElhe TN A § 2 ROC FPE G ERELmGREES fhedporphology and partile
method to attach the filler directly to the surface of
size of thewairferah Stlerr e estihdiehed pyiod to thefgvelpmentofthpbendda dhe fiker. Even more
filler have been used, precipitation wthin never
particulaityi, @ ppaskit ihveneion taedts aPCCHlla-fitet b@dpdsite, Wherdin tig dekiged optical
cellulosic fiber have been used, high shear m xing
: ﬁ@ﬁp ' j [ ci um
and phygﬁgérﬂ é at éesllgsgc %%Jggﬁioggietdg ga%mﬁg)fﬁa%%r?éégﬁ&gl oxide in a
cl osed pressurized container, fillers have been
trapped by nechani cal bondi ng, cationically charged
pol ymers have 1 WO 2004/ 053228 PCT/ US2003/ 038360
been used andB D cal ci um
carbonate have all been used to retain filler in

I nsure

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 ceilulosic fiber have been used, high shear mixing have been used, fiberous
material and calcium carbonate have been reacted with carbon dioxide in a closed pressuﬁzed

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@hOees8 ve. 5 Therefore, what is needed is arP€T/UEm®n3/038360
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 inventionis to
produce a flller/flber conp05|te Anot her _obj ect of
been usedandgyulis Bber lpmea Iededhwith calgiugy eahenstehaye el fget wed to retain filler in
producing a filler/fiber conposite. Wiile 10 another
fiber fordmbespuentfust e pagrees Muist ofithe nteitmds ifer fiker prtadioneraboth 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 naintains optical properties such as
| SO opaci ty, and gnment scatter. Wiile still a further
Blaﬁr%fe?e §tha ﬁéleﬁﬁk‘éslé & Adilien fesitsoptposice s prsthogdor producing the same
filler/fiber conposite that is particularly useful in
that is bptipdfectivelingaparing thediller antlintxpensiye R thd papcaRkeL 18, utilize.
Pat. No. 6,156,118 teaches m xing a cal ci um carbonate
filler wwth noil fibrils in a size of P50 or finer.
20 U.S. Pat. No. 5,096,539 teaches in-situ

B FeoR, SR80 67 s he*i g %ﬁé&%&?@f@%ﬁ‘f@eﬂfﬁé‘f °8%{€°?"6- Another
object olf\%é)freséétﬁﬂge%%p I,]i)go.j\fl ¥} %GE}&Q f@?prrg 118:;’1:.}13%’I agﬁﬁl%ﬁ{h?? F(?%S;I)ocsite. While

car bon d|0X|de.reagtLon ) o )
another object of the 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 fillet/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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U S. Pat. No. 5,665,205 teaches a nethod for conbining
a fiber pulp slurry and an alkaline 5 salt slurry in

wao be4posnesect zone of a reactor and i nmedi at el yPCT/US2003/038360
contacting the slurry with carbon di oxide and m xing
SO as to precipitate filler onto secondary pulp
fibers. U S Pat. No. 5,679, 220 teaches a conti nuous
process for in-situ deposition of fillers in
papermaki ng fibers in a flow streamin which shear is
applied to the gaseous phase to conplete the 10
conversion of cal cium hydroxide to cal ci um carbonate
Uriivleli Noef,923,0903cacket a mhihod for 1e@in@3sllvlesic fibsr ysingdegsshear mixing
for nodifying hydrophilic fibers with a substantially

of crumBuly durihgattoh&lid:08¢ Sadidh. subst ance in-situ
precipitation. 15 U S. Pat. No. 5,733,461 teaches a

R ?’%fj I\{o(.) ,6'6?,%?5/ %’aXhe%rﬁqgé{ﬁgd 9ofr c&'nﬁﬁﬁnp%{ ﬁﬁ&ﬁ)ﬁl}ﬂ ﬁ}lﬁ!}' and an alkaline
waste “water ’StTeam produced 1n a paper nmanufactufring

salt slur%{iggﬁe;qsopg& %Sﬁ;pe@z t@ Feélpl\b r gﬁ@?ﬁ%?cggtg]ty;gg%gptg% $ %lﬁllaizngvith carbon dioxide

_carbonate trap the mcrofibril by reliable and

and mixwegsa &l to ahdcepitatechideriontd sdoomdinnpulpifibaesut bi nders or 20
retention aids. 3 WO 2004/053228 PCT/ US2003/ 038360
U S Pat. No. 5,928,470 teaches nethod of naking netal
oxi de or netal hydroxi de-nodified cellulosic pulp.

H.S-pababo. §\5’79,§202t’§:§?%eg gie%ﬁ%ﬁgﬁﬁ 1‘%’05@%& Ii*&fjingécitup&éggkiﬁit)g @f fillers in

a pulp fibér Tumen "cal ci um car bona

avi a.papticle size. o .4.mcr.o 0 1.5 m.crons.
papermaleiie HfesB bty Sefut i WyRhistoet if PR RS efsepul PEREH omptete he

cal ci um carbonat e, ground cal cium carbonate, clay and
conversgag) of calciyp hydrokida to Caleiyay earhapate immedigtelynat el y to be

used i n paper has been subjected to a nunber of

proofs. However, none of the prior related art
di scloses a filler fiber

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.



10

15

20

“calcium garbonafe hayge #;

10 conposite where the norphology of the filler is
predeterm ned prior to introducing fibrils, a nethod
WO o004/05R2%€r oducti on nor its use in paper or paper/Us2003/038360
products. 15 SUMVARY OF THE | NVENTI ON The present
invention relates to a filler-fiber conposite
i ncludi ng feeding slake containing seed to a first
stage reactor, reacting the slake containing seed in
the first stage reactor_in the presence . of carbon . i
diSoR#teot %%%&thas ipethed O‘E)@P@P%me?l ¥ide oF metp! bygreidgmmodified
hydr oxi de cal ci um carbonate slurry, 20 reacting the
cellulosfcipudgs. partially converted cal ci um hydroxi de cal ci um
carbonate slurry in a second stage reactor in the
presence of carbon di oxide to produce a second
partially converted cal ci um hydroxi de cal cium
e r I .
G3ARE L0 B0st SO0l BRGRARE AR e Linken fpaded with
in a third stage reactor in the presence of carbon
PBRIGIS St 0 HatiEnsld 5 FIEOnE ber
conposite. 4 WD 2004/ 053228 PCT/ US2003/ 038360 In
anot her aspect, the present invention relates to a
filler-fiber conposite including feeding slake
TprabRhNEf Beathd atfiflérBiteSilagRckh aacilofium ¢AB6Hdtd)Eréudd calcium
e containing seed in the first stage reactor in

sla
carbona%é;?%a?;ﬁ%?etgﬁ,eré?ﬁaiﬁ heTon ﬁ%kﬁ)&hggarﬁ&étﬂﬁ%gféﬁclgﬁ E%egl%h paper has been

y converted cal cium I oXI

. rbonate slurr d reacting e first rtiall
subjecte o EEoes A P BAMB et ooy prioh TeieBlcth oebssg @ fillr fber
reactor in the presence of carbon dioxide and fibrils
compositgwhers theceomhelopy ef the ffiler is predaisaninedprienfo antradueing fibrils, a method
aspect, the present invention relates to a
for its pfddution dorbiBruse anpepst depapacprodidtyg f eeding 10 sl ake
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 cal ci um

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 coﬁtaining seed in the first stage reactor in the presence
of carbon dioxide to produce a first partially converted calcium hydroxide calcium carbonate shurry,
reacting the first partially converted cqlcium hydroxide calcium carbonate slurry in a second stage
reactor in the presencé 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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hydr oxi de cal ci um carbonate slurry, reacting the first
partially converted cal ci um hydroxi de cal ci um
w@2aobosaee slurry in a second stage reactor i nP€TES2003/038360
presence of carbon di oxide to produce a second
partially converted cal ci um hydroxi de cal ci um
carbonate slurry, and reacting the second partially 15
converted cal ci um hydroxi de cal ci um carbonate slurry
in athird stage reactor in the presence of carbon
di oxide and fibrils to produce a filler-fiber
conposite. In yet a further aspect, the present
Inrmnetiter aspectetlatpessenininaerftiohlrelntes @ fillesfiparsiotposite including
Including feeding slake containing citric acid to a
feedingf élelk%_tcoﬁttaﬂﬂl? §RAed QFirst "sﬁ?&fda&&,%h%ﬁﬁﬁ el AeRbalaHifseed in the first
citric aci 20 in the first stage reactor in the
ence car | OX]. r e irst -
stage reiBPFLAR PlesiBE W datel GbRab i RRAHEE Aot phity converted caloium

.carbonate slurry, taking a first portion of the
hydrom%aqalqﬂan cgrbeRmte dFre ancispdting the fyidregiallysorvared gafpium carbonate slurry

carbonate slurry adding fibrils and reacting such in a
in a second otage stamtyr indbe pwserica aflverbob digxide @ad GiBER2® produce a filler-fiber
PCT/ US2003/ 038360 presence of carbon dioxide to
composfé.oduce a cal cium 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 adding fibrils and surfactant and

eacting in the presence.of CO? to_.produce a secand .. .
b b ob St OEP R oA sty s b FPEIPY: cRpaRTEanc ijpe foeding
reacting the second partially converted L
slake cogtg{ndng Gifricaciofai fiseti stags repatonrpasgting thetstake gprigiaingeitos agdin the first
inathird stage reactor to produce a filler-fiber
stage re@cOP (s tHeeprebdncs tof| darbnf dibkideno psgRet a fifve ppridfigonverted calcium
invention relates to a filler-fiber conposite

hydmxigé*&a!w&h Reboh&E Y, I%Aaigg O ARG Ohbdried caeiuth hRirdkide calcium

Irst stage reactor, redcting the sl ake contai ning

I
ctonf, 5 28 o B P B BE i Bl t rodce s

__partially converted 10 cal ci um hydroxi de_ cal ¢ci um )
partiallyceonyentet ealapgylydroxidggaleiun carhogate shury, ghd sractipgthe second partially
partially converted cal cium hydroxide cal cium
convertedheddcinat leydsdtide yaleido cagbdniater shirsy anal thishstbgengactocin the peesence of
second stage reactor in the

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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presence of carbon dioxide to produce a cal ci um
carbonate/fibril conposite to serve as a heel and
W 20048228 second portion of the partially conveeT/E82003/038360

cal ci um hydroxi de cal ci um carbonate slurry addi ng
fibrils and pol yacryl am de and reacting in the
presence of CO2 to produce a second partially 15
converted Ca(OH)2/ CaCO3/fibril material and reacting

presencérg @?ﬁé}o&gw‘%rﬁ%b%dgé%%o &g%ltce@ed ng%(f ql%é)ggggeé{g@grrvg Ias a heel and
reactor to produce a filler/fiber conposite. In a

taking afseqvafl padionof thetpadiafly esrmatted calamnihydroxele gsalesmt gurtpnate slurry adding
filler-fiber conposite including feeding 20 slake

fibrils af® BirBdchin® 8nd tdattig RChE picerie folf GO, 16 hadRicé 8 86doRH partially converted
reacting the slake containing citric acid in the first

S . i d i i .
Ca(OMF RGO AR hilsslal bl Fesll P ARG Ro80 oFHR0 Dot RSt cacou bri
.. 80dj um bi car ate to the heel mater, al the first .
mateﬂalslflééf’epr.eé%? 8? ¢Pain HHsEAge fragiap o preglugga §Ilara€1a% CORIPQEC-
2004/ 053228 PCT/ US2003/ 038360 a partially converted
cal ci um hydroxi de cal ci um carbonate slurry and

reacting the partially converted cal cium hydroxide

Bastitli i tbar 3peudl the pledént YnveAtion febfedd «Sfilbgaiveeashpdsite ihcluding
the presence of carbon dioxide and fibrils to produce

feeding ?’ﬁ%é %:&rﬁﬁihfﬂ[g%%tﬁc GEIiRe %iffr?rs_ta%ﬁ %E@ré%%tm&a gg}lta%ng citric acid

NVENT Precipitati of PCC W th Varyin
. r phol ogi es ntinuous.Fl gw Stir..Tank Reactar  (CESTR)
in the 5 S8R SHEIT 41 TROVISHORD ) HOORRECTIAe & PIORLE § R Rpgialty converted
. process involves nmaking a high reactive Ca(COH)2 )
calcium piyfigexigie cpicim eqrbgnatehyry, dakingeiistpariomef thg partiglhgepnverted calcium
This slake is then added to an agitated reactor,
hydroxide caligtutn darboaatd abirryeddingdibeils and reenipng sadhline, se€ondl stage reactor in the
percent citric acid is added to the slake to inhibit
presenc@ bGP @okidE B pioalice #BMcium 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 CaCOj 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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reacted wth CO2 gas. The reaction proceeds 10 percent
to 40 percent of the way through at which point the
WO e@asnes i s stopped. This produces a parti al | BCT/US2003/038360
converted Ca(OH)2 /CaCO3 slurry 15 (approximately 20
percent solids by weight) which is then fed into a
feaction vessel at a rate that matches CO2 gassing to
mai ntain a given conductivity (ionic saturation) to
. produce a scal enohedral . crystal. This reactio .
a partialfcomuted caleiin MEVREAS SR SHOGRAE Hérrmi@é%tmg s partially converted
achi eved. The product nade once stabilization is
calciumdyidieidalcalcippr oxbomtesilyrd i peewadtstagoneastargd )thé presénen of carbon
mxed with diluted fibrils (approximately 1.5 percent
dioxide GAd 6BALs 8 bl te AfilleiBb&compbsie. M Xt ure is then reacted
with CO2 gas to 20 endpoint pH 7.0. The product
manuf actured using this nethod can contain from about
0.2 percent to about 99.8 percent scal enohedral PCC
wWthr fibril a DEr Ce 0 pers ;e
to: al gg}oieg ]519 D DS REZE), 99 LE ENSENIONY,  The
product "has a specific surface area from about 5
neters squared per gramto about 11 neters squared per
Precipitption of PG with ¥artyinlgs Marpholagizst 3 percent to about 5
percent and a PCC content from about 0.2 percent to

Contin@f3WloWSth PANCRBActoAXFSERPT €dom nant |y scal enohedr al
in norphology. 5 Aragonitic Mrphology The first step

b0 1 ss involves making a high reactive Ca
Scalenogedr g 0?8 -l ime sl ake and screened at -325 nesh.
he_concentration of this s]ake.i s approxioatel, .
- g}éf‘r@éPﬁt%W thie prpeess Tvebies R W AN Stiae) o8 g lime slake and
agitated reactor, brought to a desired reaction
screeningsifrper 3 umesh. fiihimslalteois tthertaddled 3o pe agiated reacwbdupughtdd a desired
percent additive is added to direct norphol ogy and

reactionSbr&feratais] Origrededticitid dtid ©alddas theldkerie atiitiDfagoniie egdttion, and
10 percent to 40 percent of the way through at which

. h . . . _
e OIS TUEREA s OB T BOE R i v
., .then fed. into reacti on vessel . arate t
point trpiari ispogeeti AT B & iy GulteHEh SRR (GRCOs stury
i onic
(approxgmately 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 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.
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saturation) to produce an acicular, aragonitic
crystal. The reaction continues until process 15
w@r@bioki2zat i on i s achi eved. The product nade oOPCEUS2003/038360

stabilization is achieved, (approximately 95 percent
cal cium carbonate) is mxed with diluted fibrils
(approximately 1.5 percent concentration) and water.
The cal ci um carbonate and fibrils are then reacted
with CO2 gas to_an endpoint of pH 7.0. The product
Flampdwftéaaéa spesifirgsur fare area diopralayh £ angiers pavaredipRs gram to about 11
percent to about 99.8 percent aragonitic PCC with

meters sqeapé pér gramy predddt bolidsSromt atadmd 8 peRepeo abnit Stpercahicand alPCC content
percent total solids. 20 The product has a specific

from ab@tt‘tr d. @9%0@1{&@ aBdutdb %Lﬁerc%nfr%hg 'is%ré&’diﬁ%ﬁﬁlﬁ&%le%%él@n morpholo gy.
about "8 meters squared per gram product solids fro
about 3 percent to about 5 percent by weight and a PCC
8 WD 2004/ 053228 PCT/ US2003/ 038360 content from about
0.2 percent to about 99.8 percent with respect to

Aragonitic 0 has a predoninantly aragonitic
nor phol ogy. Rhonbohedral Mrpholo 5 The first step in
this process involves making a high reactive Ca (OH)2
The Rrs0ftep imnmbissiradess invbivel makingcr iagh egdcive €3 20HBATK-aime slake
has a concentration of approximately 20 percent by

and scrébBé R 329 mbsh PERCOREertiatibh 6f A GhkeSs AFHGHmbR L f‘ﬂ“}béﬂ:ént by weight.
aragonite formation. A portion of this slake s ad

This sla.{; Wg@?naat%ﬁ?i otaa]?]l% [ %?%%e%rtpléz» gﬁﬂto 316eéid reg’cflhlg genir;p%g ﬂt g om about

oceeds to conductivity m_ni mum produci hg a "heel A
0.05 pmﬁw abqug 0 @4 mpicert agdditiye f%ﬁdld9d toolireshiparphalegy am%w%and reacted with
carbonate crystal with average particle size typically
CO, gas. Mhehreaatian peotdsabbpércdnt toidOrpencenb ofitheutvay2thBoughcat evhich point the
with any crystal norphol ogy. Sodi um bi carbonate is

reactiond§ 8Fpdd0 THipro&RdBh PaGEIIPEoveReSCR @H&Q@M@lﬂrﬂf \Tvﬁgl&s then fed

manutf acture of the "heel mat eri al i s slake and

),_

info a réa%tion vessel 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 fibrils (approximately 1.5 percent 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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added to the "heel" material at a CO2 gassing rate to
mai ntain a given conductivity (ionic saturation) to
w@e@dose2@ rhonbohedral crystal. The reacti on P&I/US2003/038360
continued until process stabilization is achieved. 15
Once stabilization is achieved, this product
(approxi mately 90 percent to 95 percent converted) is
mxed with diluted fibrils (approxinmately 1.5 percent
concentration) and water. Additjonal CO2 is added to, .
content gypng abyh P Atpepsentdpabous 99-Brperosptwia respech b Blutly prcphas @jppgglominantly
this nethod contains fromabout 0.2 percent to about
aragoni@@merghefopynt r honbohedral PCC with respect to fibrils
and is about 3 percent to about 5 percent total
solids. 20 The product has a specific surface area
fromabout 5 neters squared per gramto about 8
e, red per gram product solids from about 3
Rhmﬂhﬂ%&nﬂ Pty ut 5 percent; and PCC content 9 WD
2004/ 053228 PCT/ US2003/ 038360 fr.om about 0. ercent. .
e rsbaier yothis preseseAYOLiSY e THeR EORT YRR @Hﬁ it ime slake
r honbohedr al nor phol ogy: EXAMPLES The fol |l ow ng
which issceaepédeat —32 emiesit anddesia tencenteationiof gprrdramiatelie? paseenabyweight. 0.1
are not intended to 5 limt the scope of the
percent i€ BEitl @9 addefAVRIHEDiL ara@SiitRNGHEIVALA Bokidiestihizdildke is added to an
liters of water with 3 kilogram CaO at 50 degrees

itatedehctbi % WE b MBife 2 BRIC R fiperahile IMd WaltdRhie £ TS, gas. Th
agrate g%dée. ?ﬂgﬁga( 3 gﬁ%ﬁe &bs ﬁgh gcreené% af -§25 2 838 ©
. hesh produci .a.screened sl ake that..was.transferre
reactior] rogects 13 SO ELFIBUH B BERELcIEEY i Al LET Bt BRfHed as a flly
reaction vessel with an agitation of 615 revol utions
convertgshealgippueasbqnaimyrystal with average paticlei sizeslgpigallpin theirgpge of about 1
of total theoretica
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 rthombohedral 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 thombohedral 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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CaC® to be produced, was added to the screened sl ake
ina 30-liter reaction vessel and the tenperature of
wao b@4posneent s brought to 40 degrees Cel sius. BeQENS2003/038360
addi tion of 20 percent CO2 gas in 15 air (14.83
standard liter mnute C02/59.30 standard liter m nute
air) to the 30-liter reaction vessel to produce a 2:1
Ca (OH) 2/ CaCXB sl urry At this point, CO2 gassi ng vvas
stopped and the slurry was transferred to. an ed
from abyegt Bﬁtp@rcegr tGﬁB@‘ét g?e%%@'?em and hasqy predamingy yzrhembo edral morPhOIOgY :
Ca(OH) 2/ CaC33 slurry was transferred to a first
4-liter agitated (1250 rpn) 20 stainless steel,
doubl e jacketed reaction vessel. The tenperature was
brought to 51 degrees Cel sixiempaEs 20 percent CO2 gas
inair (1.41 standard litér mnute C02/5.64 standard
J}“fé% ﬁ llovovr11n ess?flgs Aflvl%l?endggg? g%ehg)hg]%g Slﬁ\éec 1|oré s}é%gr% not intended to
producing . .a CaCO3 slurry. 10 WD 2004/ 053228
hmltth‘FJ@PPGJS@@’Gﬂ‘(?B‘QS’GO Once a pH 7.0 was achi eved began
addition of the 2:1 Ca(OH) 2/ CaCO3 slurry 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 |itexampukq C02/5. 64 standard
liter minute air) tothe first 4-liter reaction vessel

to maintain a cor@élg;még#@‘% %&?@@ mately 90
percent ionic sat ' of _
B! g coutehareh aBERREIR or>0aferon FAsiapipdiSihg 2 20 prent

hours until product physical properties remined

by weighsCuRH)zslalie. (e KafiQl slaje vide then geraered ecs 25 Inugshypradvging a screened
was approximtely 98 percent converted. Transferred

slake thet W& fradsieedad atflist FBlitee deubid jaCléiéBstainluss ytetlareaction vessel with an
second 4-liter agitated (1250 rpn), stainless steel,

ag1tar‘r101‘ii Qf‘@i Sereifélﬁﬁgﬁs r hERGE Itrgﬂlt)vgsﬁﬁroenﬁqﬁiﬁdacﬁ %ﬂeig‘h%ﬂota‘?theoretlcal

8 percent dry we cel'lulosic fibérs and

uted.to,1. ent_,consi st xture 10 of
CaCO; ?%é&frgrrfrri’ng% BB QRFRAE TN i £ 70 ae il Vet and the
in air (1.41 standard liter mnute @02/5.64 standard i
temperatyre of theicputerts hrqueht tg 49dsaigeeCelsicgdtagan pdditen ¢f Hhkpercent CO, gas in
conposite. The cal ci um carbonate
air (14.83 standard liter minute CO,/59.30 standard liter minute 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),/CaCQO; shurry 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 CaCOs slurry.
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filler had a predom nantly scal enohedral norphol ogy.

EXAMPLE 2 15 ARAGONI TI C PCC Reacted 10.5 liters of
wowioenszeg h 2. 1 kil ograns CaO at 50 degrees CePGI/US2003/038360

produci ng a 15 percent by weight Ca(OH)2 sl ake. The

Ca(OH) 2 sl ake was then screened at -325 nmesh producing

a screened sl ake that was transferred to a 30-liter

doubl e jacketed stainless steel reaction vessel with

an _agitation of 615rpm Added O. rcent hy wei ght of

Once a pH i (Gassizpiexedbegan adfﬁp@ssaé tﬂ%?é&%@?ﬁ@%‘é@aﬂw 9@3@ $Qiger storage
area -40 neters squared per gram approximtely 25

vessel tpdliecrst 4divdri rdadtionovessod while [contamingtocaddo2) peresrs dlOxnged in air (1.41
brought the tenperature of the contents to 51 degrees

standard@kShiite B04/5.68 anda3d GRf inatk 88 t8 theffithtl AlitePRY@IOh&™ssel to maintain
aragonitic crystal that has been endpointed and mll ed

cconsl 5 LB AL B gAML OPTTRD oo sty

squared per gramand typically a particle size of 0.1 .

and COp § the Z‘lf%ﬁ#éftwyc.twns@a%%&aa eontinged b anrf%%%%lmu%eersgl&gl product
inair (5.24 standard liter mnute C02/47.12 standard

physical ipregertigsi memaned repsantialih enr@bangetle pradugingl es £a€seslurry that was
doubl e jacketed reaction vessel for a 15-m nute period

approxiffatey 98 phricedt doieertdd Transfendd Gl 8 difery\as the I Ba&@d CaCO3 Slurry to a
percent in air (10.47 standard liter mnute 5

d et 4dididn b falri & sELINEG®IalRetd Aead@idndtle], L8k 0.66 it
SeCone T8 Rut esﬁp?ggg%gﬁg a 2.8%1::1 Ca %a e%/ Catin s?gﬁrry. Hers
At ich ti assjn .. St . The 2.3:1 —
of 3.8 DEispR S e SIS RRe® phE e PLES prsesh fongipape s mixture

20-liter storage vessel. Transferred 2 liters of the )
of CaCO; slurycaddidyez/wasamactsd vrithy2Q pergentt CPg in Air| (144 standard liter minute
agitated, double jacketed stainless steel reaction
CO,/5.64atnddrd Wer mimge tia) to@rodnet a @hCO2 Slerffibeacmnpdsite The calcium carbonate
tenperature was brought to 52 degrees Cel sius. Began
filler ha@ @ rbdRint1 1@&6}%%1@& Jinair 10 (1.00
e ast gdrgdar dnl [ tygs?am nute C02/ 3. g%’ standard liter mnute
air) tothe first 4-liter reaction vessel and

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 S1degrees Celsius. A “seed” is defined as a

fully converted aragonitic crystal that has been endpointed and milled to a high specific surface area
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the reaction was continued until a pH of 7.0 was
achi eved producing a 100 percent CaCO3 Slurry. The
wao eqopesretire of the 100 percent CaCO3 sl urry oPCT/I82003/038360
first 4-liter reaction vessel was brought to 63
degrees Cel sius. Began addition of the 2.3:1
Ca(OH) 2/ CaCO3 slurry of the 20-liter storage vessel
to the first 4-liter reaction vessel whi |l e continuing
to add 20 percent CO2 in air 0 standard |iter
(i.e. grepfenthen 3@@2@1@8 gguagedpef M |apg éXPl By RartiG P)“ZF of Pﬂeto o4 microns).
first 4-liter reaction vessel maintaining
Began additiducif il Oipeyceot COp groia ainfel4 staidape titee rmumutar(ﬂ@z/47 12 standard liter
saturation. Continued the reaction for approximtely

minute dr)OHSOUREH kaih1BG sBRY FohHik fdék&é@febétﬁﬁx whsel B al8SHinhiRPYeriod after
product remai ned essenti al y unchanged, producing a

EI%tEaXlo Wascﬁl FESAC{;\%)CE% pefc%nt-r {na%]lg (% r4§cgt ggl% liter minute

which tﬁ§
percen a secon

ters o
gltated (225 stai nless st.eel , .doybl
002/41-§%étﬁ%cfagb @@aqt%ﬁrv@%%ddﬁ?éaaéé nglss prodisiae pP-33] 2 (OH)H/CaCOs
percent by w. cellulosic fiber and 1.0 liters water
slurry. Abwhich tisecCgdgassing e stoppest: ofhedh Bl G Q) ACaCEs gharye was transferred
by wt. CaCO3/fiber mxture. 12 WD 2004/053228

to an agh&itd 262G IBES G sel Addarfcard 2ddedsiofiad 2.20 EKOEHHCaCO8 slurry to a
inair (1.00 standard liter minute C02/3.99 standard

first 4-litdr b 'E t&8 QHlife jalk %d tAnfelstf ?é?t@ﬁio Aodstdi %thra%ﬁ fdn%@t at 1250rpm and
e jafkidd ity A PRt ar 12

ves anti was reac whi ¢

t ted d
the tempeia 'sx??s Sty TR nsbarers CEBitS: Sieeer oy %lbpf&(? REIp Oppas in i
percent aragonitic PCC to fiber. 5 EXAVPLE 3
(1.00 stmd@dé@mt_e O3 RA stendard liter mine sirpto the fiest 4vliteryeaption vessel and

kil ograns CaO at 50 degrees Cel sius producing a 20
the reacfien eas torinhued wgtit a $34 COANIV & skeved prodEan el B0 phwket Q@05 slurry.

screened at -325 nesh producing a
The temperature of the 100 percent CaCOjs slurry of the first 4-liter reaction vessel was brought to
63 degrees Celsius. Began addition of the 2.3:1 Ca(OH),/CaCO; 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. CaCOj slurry.

Transferred 0.35 liters of the 98 percent CaCOjs 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.
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10 screened sl ake that was transferred to an agitated
20-liter storage vessel. Transferred 2-liters of the
w@ereeseeB sl ake fromthe 20-liter storage vesseCT/US2083/038360
first 4-liter agitated, stainless steel, double
j acketed reaction vessel and began agitation at
1250rpm Added 0.03 percent citric acid by weight of
theoretical CaC®B to the first 4-liter reaction vessel
rai sed t he t erat re of t contents to

Addedaté Al et C &Op%ané Bﬁ“@@n@fﬁéj%@ % srtaqdzrddner minute
standard liter mnute C02/ 5.77 standard 15 liter

air) to threi saesnd 4alited reagiontvessel wigil agH oft7ed wasmethiedat whish éinetilx fehction was
a pH of 7.0 was achi eved producing al 00 percent

completed Geitiuglngr 4 YaCOY/HBE coapRSBE AR digpdshie tbasid®d bf bffroximately 75
storage vessel, added a solution of 1.3 percent by

[ , based on theoretical yield of CaC33,
pmcmﬁ£§§gB%F%gC§%é§%%}b2/ Na2CO8 sl ake. Increased the
tenperature of the contents of the first 4-liter
reacti on vessel to approxi mately 68 degrees Cel sius
and began addition of the Ca(OH)2/ Na2CO3 sl ake of the
20-liter storage vesselEXAMBLERe first 4-liter
reacti on vessel while continuing to add 20 percent CO2

inair (1.44 standREHOMBCHEDRAUtECED2/ 5.77 standard
liter minute air) to the first 4-liter reaction vessel

RBIHER] 9)ifs Bf walkh Sia 3\15115%' @&P%P . rgg lsé’ E%%gus /producing a 20

percent 1onlic saturation |t|on O

peen 3CR A1, TRk 1 3P SR Bty s%?eze%%%’ Ot pp Producing a

hysi cal properties of the resul tant product remai ned

Screeneg slalemihptavas iransiorsd deen aieted 20rderstoragpyessel mitaastyged 2-liters of the
percent by wt. CaCO38 slurry. Transferred 0.22 liters

screened Slaké dro88 thpe2 G-t stcag¥aBveshdine v first d-1sacayicdted; bthindsss steel, double
agitated (1250 rpm 5 dual jacketed, stainless steel

jacketed &Q&Idn%séé!?&ﬁ?ﬂ)egﬁﬁg iafdad: P8k harsd 0103 %et%eﬁ%‘itﬁ@@&d by weight
by wei ght cellulosic fiber and 1 Oliters water

of theorglhc%l ?@@é%?l ' s}) k. rhtgl‘erﬁ%g%ttl%?l éfgssg d’Hle a%ec? glg &?1?1? gagtgfent 6hey contents to
ent C2 in air (1.44 standard liter mnu
50 degriss Slsitsy Addsh a%p%rcent (GQergapin ik @ 44 standasg l%tﬁrén@é@&faz/ 5.77 standard
4-liter reaction vessel until a pH of 7.0 was reached
liter miratte win) torthe ifing 4tliter reaction vessel until a pH of 7.0 was achieved producing a100

percent CaCOs slurry. To the screened slake in the 20-liter storage vessel, added a solution of 1.3
percent by weight 0f 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
minute CO,/ 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),/ NayCOj3 slake
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reacti on was conpl eted produci ng an approxi mate 3.4
percent by wt CaCQO3/fi ber conposite. The 10 cal cium
w@a00bosRee had a predom nantly rhonmbohedral noP@ITUEE3/038360
EXAVPLE 4 SCALENOHEDRAL - CFSTR Reacted 15 liters of
water with 3 kilogranms CaO at 48 degrees Celsius to
produce a Ca(OH)2 15 sl ake, added an additional 6
liters of water produci ng a 20 percent by wei ght
Ca(OH) 2 sl ake The 20 rcent _Calgl Od) 2 sl ake was
and COpw#crmEamas ot sppsorimailalchavrei shysl piopertignol th ssultant product
doubl e jacketed, stainless steel reaction vessel with
remained essegtitlyt nmohandedGidduemg addgecbximit® Spercanty wi. tGaCO; slurry.
acid, by weight of total theoretical CaCO3 to be
produced, to the 30-liter reaction vessel and the
tenperature of the contents brought to 36 degrees

it 2R A 1 P RO bl gl oo
h I I
A ORI Sy R e
stopped and the Ca(OH) 2/ CaCO8 slurry was transferred
fiber and b.0diteragiateatetie 236ohd #diterstastageodneimgel 1.5 fetcantby weight CaCOy/fiber
2004/ 053228 PCT/ US2003/038360 In a 4-liter agitated

mixtureS AAI8Q Bn YEEE6hal 20 PeReRaTO Dindd (1i44astsmdald litBeminute CO»/5.77 standard
Ca(OH) 2/ CaCOB slurry with 0.66 liters of 3.8 percent

e B B s B T T8 e

CaCOB/fi terial to .
rea"tmna‘@‘?stcgﬁ@g@‘%%“ﬁa%l(l E}PI?IB%‘]‘?%% 4 BFREREYY ngé?bé/tﬁ"g%%"%om- The
and the tenperature brought to 55 degrees Celsius and
calciumegrtisoaigthed apredonrpabrrbemboledrl ntprahqlogyl. 30 st andar d
l[iter mnute CO2 / 5.23 standard liter mnute air) to
a pH of 7.0 producing a CaC3/fibril conposite.
Prepared 16-liters of 1.5 percent by weight fibrils

and a separate 10-literg lpof water. To the
4-liter reaction vessel%’di tion

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 CaCQOj 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),/CaCOj; slurry. CO, gassing was stopped and the Ca(OH),/CaCOs3 slurry was
transferred to an agitated 20-liter storage vessel.
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of the Ca(OH)2/CaCO3 slurry of the 20-liter agitated
storage vessel, along with the 1.5 percent 10
waeongiosescy fibril mxture at 172.05 nl per nPeIUS2003/038360
along with 31.21 m 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 approximtely 90
percent ionic saturation, while maintaining nmass
bal ance of approximately 4 percent to 5 percent total
solids. 15 This reaction was continued until product
Innslitca hgipptehdotpe sesselpeinmenedts 8 & titaradf the Ca(@HpAcp0; slurry with
Addi tion of material fromthe storage vessel was
0.66 liteisORPed sWpklcentCHy a@ibint | @yivasnd 6oms | noediiRRd dfh®ater making a
material in the 4-liter agitated reacti on vessel was

coors Bl Sl o e ELTR SRS A v

. the Ca .having . a well defined scal enohedral
agitated %f%w%m%ﬂ%@nv@ SegerioTeesEe) Anbéy (EPEREITD Brovght to 55 degrees
EXAMPLE 5 SCALENOHEDRAL CFSTR/ RECYCLE/ SURFACTANT 5
Celsius Rethearieehatsl with 89 peroént\eddn aini (1 303 tanidindditenmsin@te@s / 483 standard
degrees Cel sius to produce a Ca(OH)2 slake, added an

liter min@cbdiid) koDpH of 710 grédiingfa QEI®Y H Qofosite. Brephred@60ifis ol percent
wei ght Ca(OH)2 Sl ake. The 20 percent Ca(OH) 2 sl ake

by weigl‘é%?)[rlﬁsff{etfraedr"s%garﬁtte 103#& vEB o Mer TNAE £ Hedcfoftvessel tbg%an addition

eactlon vessel (615revolutions per mnu

. Q15 percent cit.ric acid, by weight of to
of the CHRIFTC s Caro RS e Z-hler et setarortte 4ot pbithe 1.5 poreen
. reaction vessel and the tenperature of the contents .
consistepeX ik mpxdurest 192-02 g1 desmanite aleng WiEly3h 24 adiner sunwe of gdditional
percent CO2 gas in air (14.08 standard liter m nute
water whiBRmhinbanidg the flawadd iGD,| dat €r.3Orstandaed diker mihotet@®, / 5.23 standard liter
30-liter reaction vessel producing a 5:1 Ca(OH)2/ CaCO3
minute SHY bYateAb 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/ fibril composite with the CaCO; having

a well defined scalenohedral morphology.
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this point, CO2 gassing was stopped and the
Ca(OH) 2/ CaCO3 slurry was transferred to a 20-liter
w@eiokasees st orage vessel. 15 In a 4-liter agi tBECBEUS2003/038360
storage vessel, conbined 0.25 liters of the
Ca(OH)2/CaCOB slurry with 0.66 liters of 3.8 percent
by weight fibrils and with 1.09 liters of water naking
2 liters of Ca(OH)2/CaCO3/fibril material.
Transferred 2 liters of the Ca(OH)2/ CaCOB/fibril
material to a 4-liter stainless steel, double 20
j acketed, agitated (1250 revol utions per mnute)
reacti on vessel and t h&EXAMBBESure was brought to 58
degrees Cel sius. Reacted the Ca(OH) 2/ CaCQ3/fi bril
mat er i JCALENOIPEDRAIS CFSTRRECYCLE(SURRA Ct avgtar d
liter mnute CZ | 5.23 standard Tt1ter mnuie air) to
a pHof 7.0. 16 WO 2004/ 053228 PCT/ US2003/ 038360 At

nt liters . of 1.5 percent b
 RedelAlSufs pPLEREVEDs HioanbS CRoR a7 raBSICe s Shimdugnp Caom,
consi stency and 9.68 liters of water) and a separate

slake, addgd|aptadditipaalSelitersfol wates Produginad 2 pacens by swsight Ca(OH); slake. The
surfactant based on the volune of fibers at 1.5

20 percgne Ca6DH),cliksividsateynedsat OA2 8 niesp khd frankféiradas adohliteredction vessel

inthe 4-liter reaction vessel, began addition of the

(615revoRABhEH A nintte]l ARPAS GRfeh: o‘iﬂn@ raEM by Q&F&tgﬁ {@t%l’thé&r@t’ical CaCO3

agi tat ed storage vessel, wth a fl ow of _
to be pré)\ﬁ? th)bB-hter rFac:fI;I {Ygsse rtld7 ﬁleélfr 1 %rtaﬁl?e( Rglhig H:%)gteﬁ&dnrought to 35

f vssel tothe4I|ter reaction vessel whil
degrees fyglsivp-dpogan gdditien ¢f 20wetsentdeld: gpadn piy (idePSstaMera iermipate COs/ 56.30
mnute CO2 10 / 5.23 standard liter mnute air) at a
standard lttemimmtenai)rto dierd Oelitadigadtioni iegsed prodpeng R iSnte€#OJ)90aCOs slurry. At
percent ionic saturation, while naintaining mss

this ponhabwa %@s@ﬁ WRPEOYpABnG| the ¢a@HLATHCO,SIRTPRES Blhsféd®lo a 20-liter
solid (%ontlnued addition of the material fromthe

ag1tated%§>'r£§et\?egse§.t°r age vessel to the reaction vessel until

In a 4-liter agitated storage vessel, combined 0.25 liters of the Ca(OH),/CaCOj3 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),/CaCOs/fibril material.

Transferred 2 liters of the Ca(OH),/CaCOs/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),/CaCOs/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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product physical properties remained essentially
unchanged. At which point, addition of material from
wo b4psneage vessel was stopped while CO2 addi pPCDOS2083038360
continued to a pHof 7.0 at which tine 15 CO2 addition
was stopped. T his produced a 2.33:1 CaCO3/fi bri
conposite with the cal cium carbonate having a well
defi ned scal enohedral norphol ogy. EXAMPLE 6
SCALENOHEDRAL CFSTR/ POLYACRYLAM DE 20 Reacted 15
liters of water with 3 kilogranms CaO at 48 degrees
Cel sius producing a Ca(OH)2 slake, added an
Aththid pomaprepared 1 6418ero bf Watpercept mdweighgfibril2 (6.p2 titeendf fibyrils at 3.8
wei ght Ca(OH) 2 Sl ake. The 20 percent Ca(OH) 2 sl ake
percent w&&&&eg afi§ 9%%&&&5 %&"wa 59{ RAUL1iRE vassSICS8eA8d  Added 0.04
sl ake that was 04/ 053228 PCT/ US2003/ 038360
ted 615r reaction
percent (BT of T 0%%18? 8£ﬁf>eré. S otshronsSthet ohe  of
total theoretical CaCO3 to be produced, to the
5 30-liter reaction vessel and the tenperature of the
contents brought to 50 degrees Cel sius. Began addition
Ohce20plp of ¢.0vias @fevgdsn the 4aliter feddiod Vesseh beganchddition ef the remaining
mnute CO2 / 60.06 standard liter mnute air) to the

5:1 Ca(@ﬂ?}/@i@d)g ﬂ%ﬁbﬁﬂhﬁy 20-318dr aBltSdd StoRte Fefell wath a flow of the 1.5 percent
Ca(OH) 2/ Ca slurry. CO2 gassing was stopped and the

fibril ml\%é'{sfé é‘y 17@&8 fof ﬁé}%l {é{e%gd }‘?&%Zﬁ& é&rmlﬁgfg%g&t%q:g fﬁ l%trlgglgter vessel
f the, 0. 60
to the 4 ffer gt VoSG LR g this gt 26 8136 ypndagt bt e O

produce a Ca( ()—|)2/CaC(13/f| bril material. 2 liters of
10 /523 stambrcth(eammﬁmws/awb td ainggtie ponguctiwity afreaprokimately 90 perpent ionic
4-liter agitated (1250 revolutions per m nute)

saturatidif; @dileGRaiMREHY nﬁ@bﬂhﬁemﬁggbaimwaywq&r@hougﬂ pettconittdtal solids.
degrees Cel sius. 10 Began addition of 20 percent CO2

Contmu]'e@ aﬁﬂﬁloﬁjof?tﬂe Iﬁﬁ’@?ﬁgrﬂ h%%gltﬁfeﬁ%@ %@eséelsto %§%@ﬁ&?59ssel until

m nut e unti was reac
product %Bysw (ilp?%e?tle(s:%ecr%lélgd gsrs,erlltla?lgl%oﬁanged 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
15 CO, addition was stopped. T his produced a 2.33:1 CaCOs/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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At this point, prepared 16-liters of 1.5 percent by
weight fibrils (6.32 liters of fibrils at 3.8 percent
weongisesicy and 9.68 liters of water) and a SPEHDS1083/038360

10-liter vessel of water. Added 0.05 15 percent
cationic polyacrylam de (Percol 292) based on the
volunme of fibrils at 1.5 per cent consistency. Once a
pH of 7.0 was achieved in the 4-liter reacti on vessel
began addition of the remaining 5;1 Ca(OH) 2/

transferrgfl {9 # §0-lites geitaied @5Tﬂlli)éﬁa€é1§PfV§%SéH %@@ﬂ&glep%%% gitric %ﬁl(i fy weight
a flowof the 1.5 percent 20 fibril mxture at 90 m

of total fheoretital a€0;ad barprodited, th8ths 3fHlitqreeachibmuésselaind the temperature of the
additional water to the 4-liter agitated, double

ts 18 E&ﬂsdd‘e%feﬁeé 1sNi8S BebanMatiltRn TR habett T, 1A i iP5 standard
conten Sl!%las st@grﬁldard %a}nt er Ir%l nutg cox2 |/ Zga & sandat

liter mlril}tg gfgja t/ %\Qidpys?z}ngv ed]nluctg m uéc% 8@ to e@%tﬁr e%%{ glo%i% ggoéiélgmg as:l

PCT/ US2003/ 038360, 90 percent ioni¢ saturation,
Ca(OH)pflrprPas TS S2 BHFIAR #ES sferpadeng @WWW@%I%@HF%W 20-liter agitated

product concentration at approxinmately 4 percent to 5
storage yassalefio additerdgitat@bmesseliadded@dl] tifemvidic CHOHHCCOaklurry, 0.60 liters
fromthe agitated storage vessel to the reaction

of fibrily @638l pedtint borRisReids lan@NY® Ktdls $wRer {ol |8 diRNBCAEDH),/CaCOy/fibril
essentially unchanged. Addition of material fromthe

t
e S SRR OIS SRR Bl gy 020
rovolu e oyl AR o Rl e ?%?Rﬁﬁrw%ped Bl 59 ercs Celsio.
wel | defined scal enohedr al hol ogy. DEFI NI TI ON OF
Began afiRn b 20 pactnt Bl s (b eieudse b maiia R / fafhytapdarg liter minute
refiner known in the pul p processing industry)
air) untit & pHWfos@wantbactiedprediritigcaCa@O}/fbfil duetiposithe fibrils
are typically 0.1 to 2 mcrons in thickness and 10 to

400 mcrons in length and are additionally prepared
according to U S. Pat. 6,251,222, which

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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Is by this reference incorporated herein. 15 The
control fiber of the present invention was refined at
W b@4Bses e St ate Paper Research Institute (B3PRU$2003/038360

usi ng an Escher-Wss (conical) refiner to an 80 SR
(freeness). Measured by a fiber quality analyzer
(using arithmatic neans) the control fibril neasured
200- 400 mi crons HOW CONTROL FI LLER/ FI BER WAS MADE 20 ,
Produce a 15% sol jds. sl ake and mx with fibrils

90 percent. ipnEVSHWAEPR B IPRINIRE nassnbalace ffethereactiony tapmintgn product
endpoint of pH of 7.0 producing a filler/fiber

concentratiop as appeoxiitatelyad parceaicte Sap@eent folglsl ICankihged @ddiont of the material
80% PCC but can have nore or less in conposite) 19 WO

from the Q@f‘e{téﬁ%&gée Phaié1 US2RORL8RFB3Rsel Bl Frodudd éﬁ\@&bﬂ@brﬁ%ffﬂéshremained

yS| caI Propertles in Meters Filler Loa

R e L S T

4021459943124245 2 4,358 3,813, 3,715
addltlonswa%coz@@ugd il apHof 0 ggs e aehesl & whirh ing S0 flignrvas stopped
Physi cal Properties in kNEIMFiller Loading
producifgt al eWoh€HCA)/flardgoniposite Rithrthe R hivigpatwell definpdedcglenohedral
Filler/Fiber Filler/Fiber Filler/Fiber Filler/Fiber
morphofgy3. 062 3. 555 3.397 3. 382

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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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
wo pookjosEes | er Loadi ng Scal enohedral Aragoniti cPCT/US2003/038360

5

Rhombohedr al
Filler/Fiber

Contr ol

Filler/Fiber

Level s Fill er/Fi ber

Filler/Fiber

255.67 25 263.20 285.95 251.65 256.95 30 242.63
248. 60 273.65.249.53 The norphol ogy control |l ed
filler/fiber conposite showed equival ent or greater

20 237.70 264.07 283. 13

physi cal properties (i nsil strength, Dbreaking
| ength, and internal bond strength) as conpared with
t he Blt'eaku_rg' Lenhgth PhysidaliRnoperties\(h Meger53228
Filler II &Hedrall ABlrdgoditic SORbBmaKdhkyral)t | Cadkrol
Levelspr opert| es FFilldrl(ErbelLo A fillagFise gl erfdledtbal ArEgpoRiben [
B A R i A E@gé 24 6o 53135 5 54'2451+5' s
2989 93 38b 1375959 78 adh888 40 003.88300 Ao 84183 bo 83
TABLE 5 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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Pi went Scatter Optical Properties Filler Loading
Scal enohedral Aragonitic Rhonbohedral Control Levels
wOo-004e53288 ber Filler/Fiber Filler/Fiber FillerPE/b82003/038360
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 control |l ed
filler/fiber conposite showed equi val ent opti cal
properties (i.e. 1SO Opacity and Pignent Scatter) as
conpared with the control filler/fiber. 5 10 21 WO
2004/ 053228 PCT/ US20¥ABBE®0 W claim 1. A
filler-fiber conposite conprising: (a) feeding sl ake
cont ai ni ng/SOQ@pacific Optical Rroperiest age reactor (b)
F:ﬂer?.%@?ﬁhd‘g tFezamhaté@raCio AFagbRitic1] hériobedrall I Gontrbie fir st
Level§ age I eaclt ofiller/fibehe| Pilletdmece ofFilledFiear borFildi/Eikerde t o

guce—=a \,a eet g&T) addie-?g Fake—c Ih. i ng
A fi

%v L"nﬁb"‘ e—t G odi—d erf-al—of—t-He st
@mﬁm@ do o058 tolps
g Q‘I aIIv con9@9Ped kal98i4fn Hydr 8868 xd‘_ajﬁﬁﬁﬁj_‘
carbonate slurry and (d) reacting the partially

converted cal ci um hydrpxgg sal ci um carbonate slurry
in a 10 second stage reactor in the presence of carbon

di oxi de_Bignidr¥ $¢artdPoptBaHProferties' ©" -

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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fiber conposite. 2. The filler-fiber conposite of
claim1 wherein the fiber is fromabout 0.1 mcrons to
W@b@wyns3228 m crons in thickness and from about ROI/US2003/038360

m crons to about 400 microns in length. 15 3. The
filler-fiber conposite of claim2 wherein the filler
i s rhonbohedral having a specific surface area of
fromabout 5 neters squared per gramto about 11
.nmeters squared per gram 20 4. The filler-fiber

We claigignposite of claim 3 wherein the cal ci um hydroxi de
cal cium carbonate slurry is converted from about 20
berdchlir-fiter aboposikCopyprismgt . 22 WO 2004/ 053228
PCT/ US2003/ 038360 5. The filler-fiber conposite of
ﬁb FbdBife NAES Rnthitilg cfthi¢ 8did BP4 Fitsklaye feabLr t €d cal ci um

ydr oxi de cal cium carbonate slurry is converted from

. . . r t
B Bt ARG U nbRuPAMo it PG st rBroiolf thepregence of
partially converted c | U roxi de cal ci um
c acHdRa dioxids fopyoquee @ 333@8111‘%{% a filler-fiber
conmposite. 7. A nethod for producing a filler-fiber
©dapdisg skke opsaingigrgdiuny biparberal¢ tnths hafaenaemal sif Hierfiyst stage
citric acid to a first stage reactor 10 (e), reacting
t heeftorke tHegRtRhEd SRCO) forgrédiReiagaitinllytenddricdicakivagydroxide
reactor in the presence of carbon dioxide to produce

a %M@ﬁbo 'f@sl&ﬁ;),r di ng sl ake cont ai ni ng sodi um
carbonate to the hee

_ material of the first stage
@Sﬁgﬁté:?l{l% H{en:pél[(tt Eﬁ{y%%ﬁi%?e@%a&fém% V@Ito%irqlg SRS cziarbgnaartet: éh%l'rly Yna
second 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 thombohedral having a specific

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

gram.

4. The filler-fiber composite of claim 3 wherein the calcium hydroxide calcium carbonate

slurry is converted from about 20 percent to about 40 percent.

22



10

15

20

carbonate slurry and 15 (g) reacting the partially
converted cal ci um hydroxi de cal cium carbonate slurry

w0 pooa/osregxond stage reactor in the presence of PCHDRIING/038360

di oxide and fibrils to produce a filler- fiber

conposite. 8. The nethod for producing the

filler-fiber conposite of claim7 wherein the fiber is

from 20 about 0.1 mcrons to about 2 mcrons in

t hi ckness and from about 10 m crons to_about 400 .
i dihenfsllarribes sgmposiEzof ey d4vbesim thepirs patioliy/congsd calcium
9. The nethod for producing the filler-fiber conposite

of hgtlmixideScaldiemedarbdnhte dhiry & canwertech fohoiisat dll peadnhasabout 99
a specific surface area of from about 5 neters squared
pergeamn to about 11 neters squared per gram 5 10.

The method for producing the filler-fiber conposite of
claim9 wherein the cal cium hydroxide cal ci um

carbonate slurry is converted from about 20 percent to

about 40 ercent. 11. The nethod for praoducing the )
¥ |T|h§rﬁ1¥erﬁp@pr eAPRSite o clmcy wh?ﬁemthﬁﬁ%ﬂrpamél%fquﬂed calcium
partially 10 converted cal ci um hydroxi de cal ci um

callydratde caldinm yaibsnate sverytiecbniveded ®ixofilierdiber pempesite.

to about 99 percent. 12. The nethod for producing the
filler-fiber conposite of claim 1l wherein the second
partially converted cal ci um hydroxi de cal ci um

] A filler- 15 fib
FRABAKR i SPRLRRL Ao L 1S {1 0er
(Lélt) Itjeéclzlgg sllafge go%%grrlingr rcitﬁg Fzgcelcri o g rﬁ(rjst stage reactor

(e) .reacting the slake containing citric acid in the first stage reactor in the presence of

carbon dioxide to produce a CaCOj3 heel and

(f) 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

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

fiber composite.

8. The method for producing the filler-fiber composite of claim 7 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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14. The filler-fiber conposite of claim7 utilized in
paper or paperboard. 15. The paper produced utili zing
wWo b@4fsber-fi ber of claim 1. 16. The paper prpdiyosm03/038360

utilizing the filler-fiber of claim7. 20 24

9. The method for producing the filler-fiber composite of claim 8 wherein the filler is
rhombohedral and has a specific surface area of from about 5 meters squared per gram

to about 11 meters squared per gram.

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 slurry 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.

16. The paper produced utilizing the filler-fiber of claim 7.
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