WD 03/ 106344 PCT/ US02/ 19263 PROCESS FOR THE PRODUCTI ON OF PRECI PI TATED
CALCI UM CARBONATE AND PRODUCT PRODUCED THEREBY 5 FIELD OF THE | NVENTI ON
The presewD mWnesmt i on rel ates generally to a process for pcadisor/mgen
precipitated cal cium carbonate (PCC) and a product produced using the
process. More specifically, the process of the 10 present invention
produces hi gh-solids precipitated cal cium carbonates that can be

manuf actured starting with linme or cal cium hydroxi de and addi ng sufficient

water to produce a pr ES&ﬂst %ﬁ%HEcﬁdo%bb‘fHo%aBP EgPI(ng:@l product contai ning

a maxi mum of about 1 ercent wa out a tering or drying
step. 15 The cal ci WE&%%ﬁﬁ%cquﬁéchF%@UﬁFOW@ESE%(?EB?‘% ng to the method
of the present invention are particularly useful as fillers for paper as
pi gnents for coated paper, as pignents for paints, as inpact nodifiers in
pol ymers and may find specific application in the food, nutrition,
cosnetic, and phar maceut | cal i ndustries. 20 BACKGROUND OF THE | NVENTI ON
Preci pi tated cal ci um car bon3dlELDPOF) THE INENEEONr ed via a series of
controll ed chem cal reactions. Precipitated cal cium carbonate (PCC) is
comonly prepared by first slaking lime (CaQ, comonly referred to as

qui cklThepredont ivihtig: relatdd gendrelly to0a HrOtEs For HAGRAMBa pledipitite@aldfmpal ci um
hydroxide ("mlk of line"). This sI%rry is ﬁen reagtgl?i) wi t h carbon di oxi de

t 6 ILtat I
Carhorih e e o 5011 L€ GPH O GBI PP cd CAl £hom L8l Sonare (EL has
m gﬁr #gggepg i{l??gl?{?o%l d)%{g%%%? H%h—so }is grlé 1t§t (Ii ca gl%magar agds tﬁatg Ica!l]n éa l%gll‘ll? actur ?it

starting with lime or calcium hydroxide and adding sufficient water to produce a precipitated
calcium carbonate (PCC) product containing a maximum of about 10 weight percent water

without a filtering or drying step.

15 The calcium carbonate particles produced according to the method of the present invention are
particularly useful as fillers for paper as pigments for coated paper, as pigments for paints, as
impact modifiers in polymers and may find specific application in the food, nutrition, cosmetic,

and pharmaceutical industries.

20 BACKGROUND OF THE INVENTION

Precipitated calcium carbonate (PCC) is manufactured via a series of controlled chemical
reactions. Precipitated calcium carbonate (PCC) is commonly prepared by first slaking lime
(Ca0), commonly referred to as quicklime, by mixing with water to form an aqueous slurry of

25  calcium hydroxide (“milk of lime™). This slurry is then reacted with carbon dioxide gas to

DN 99-009 1



using the gas-slurry process descri bed above, however, the result is a

| ow-solids slurry containing fromabout 10 wei ght percent to about 30

wei ght pewoantlo®3&C whi ch nust be 5 dewatered by mechani calPCTiusez/n®b3 and/ or
ot her drying neans known in the art to produce a high solids PCC. Because
preci pitated cal cium carbonate (PCC) produced by the nethod described by
the present invention contains at |east about 90 wei ght percent solids,
this method requires snmaller vessels and | ess energy than a process that
pr oduddecipitats calgippenrbonsie: dhe apsgerifiornod greciniatad fceun sekharae RES) s Thus,
t he manuf acture of high-solids PCC requires significant capital and energy,
i n addintdrthoriambohidme] stegaithmrerystallemslad mbgrthimostedles that whelematfa¢ctnongBEE t he
solids concentration of the as-produced PCC from gas-slurry processes. 15

RELATERin e bid-gtfbtavas depaitdtabars) howatdrote WEuliGs 31kBdoliddates net hods of
treating linme, particularly carbide line, containing insoluble inpurities

usi ng QR+ ANHS A AL d Riat gé}gagikag/tﬂ%drm 96%;)@1@;59%&3@@“&@%% pgal cium

|onsfromtﬁgllmeto achiev solu y O ime in solution 20
t han usin er _alone.. After renovi,ng .insoluble inmpuritie a purifi.ed
sorut 1SR an A Bl AR N o Bl WREp 4o 8% g Bl g
cal ci um_cont ai ni.ng products., 2 WO 03/106344 / US02/ 19263 . S.. Pat.  No.
3, 150, 946s Pebeh Escapispprreiisted splcpio grropiye &Paéfag RH wﬂé&ﬁ%& @%géaﬁcs%ﬁ%t i ng
a nmechanically fluidized bed of Iine, either in its oxide or hydrated

f or m hyothahiastntanvesiior sentains ailgase pbori H0lyecight pdrtent solile thig sresthpdaaguresi s
necessary to maintain the tenperature sufficiently lowto prevent

over hesaddllegvessds emhkegerengy thag b prozest thatrproducks $0-39 whighit porceiteprecipitdtet m ¢ 5
hydrati on and carbonati on stages. During hydration the tenperature is

pr ef erqalivm RBibbhat PeE.i n

10
Thus, the manufacture of high-solids PCC requires significant capital and energy, in addition to
time, equipment, and labor costs, in order to increase the solids concentration of the as-produced
PCC from gas-slurry processes.

15 RELATED ART

International patent application WO 00/34182 teaches methods of treating lime, particularly

carbide lime, containing insoluble impurities using an aqueous solufion of a polyhydroxy

compound to extract calcium ions from the lime to achieve a higher solubility of lime in solution
20  than using water alone. After removing insoluble impurities, a purified solution of calcium ions

remains that may be used for the production of calcium containing products.



t he range of 125 Fahrenheit to 220 Fahrenheit. Wen |inme, such as that
prepared by calcining linestone, is used as the starting nmaterial, various
crushi ng,wpuBmesit£i ng and screening steps are perfornmed @PCTArS0/m263
hydrati on. 10 European Patent No. 0912238 teaches a process for producing

i norgani c and organic powders by precipitation froma liquid reaction

m xture. The process includes passing along a tubular reactor a segnented
reaction flow conprised of discrete volunes of _a reaction m xture separated
by di d&8eP#. Vel hgg%%ﬁ tegches gapreaePhiyr PrfduEDgIRICHIN sarbomale BN CRBPIAJNER sci bl e
with the reaction mxture. The process is particularly useful in the

pr eparm¢dhemically finidizatl @sd oSliintj elther inatrcbxidexechytitateliformdwmswhitd an txasadl
possibilities include the synthesis of oxides, m xed oxides, carbonates,

m xed waelkdbesaddend Ty edess ward isnedeRxyaannainate Rynperatic BulfRidndly or
co-precipitation in aqueous or alcoholic nedia in the presence of urea

rir o JBEAGH RRRLD BRI GEA B Ap AhBe BRupUR e
Sy B AL D Bk IR AT B o @ 0

di oxi de gas 5 _and comm nuti n% which is a ml Iigg ction th%t exiposes t he
gs ¢

unr eadhe&nga Pk 1 2k alyenhsitite 420 Frlygpet | When limgniug HpreRyed by calRining

carbon dioxide gas streamto produce a calcium carbonate having at | east
f r om dboestor@Qiswsed)in thp stacsrgtmatenislevarian cofshingepduerizingrendatresringstdps e t o
cal ci um carbonate and having a solids concentration of at |east about 90
wei ghtpepforiedpriortd hitiseiopr ovi ded is a process for producing precipitated
cal cium carbonate, including the steps of providing cal cium hydroxide,
reacting the cal cium hydroxide with carbon di oxi de gas to produce

10  European Patent No. 0912238 teaches a process for producing inorganic and organic powders by
precipitation from a liquid reaction mixture. The process includes passing along a tubular
reactor a segmented reaction flow comprised of discrete volumes of a reaction mixture separated
by discrete volumes of a separating fluid which is substantially immiscible with the reaction
mixture. The process is particularly useful in the preparation of oxalates, sulfides, and mixed

15  sulfides. Additional possibilities include the synthesis of oxides, mixed oxides, carbonates,
mixed carbonates, hydroxides, and hydroxycarbonates by precipitation or co-precipitation in
aqueous or alcoholic media in the presence of urea which is heated to generate a precipitating

anion.

20



a cal ci um hydr oxi de/ cal ci um carbonate m xture, comm nuting this m xture,
and sequentially repeating the steps of reacting the cal ci um hydroxi de

wi t h car bwo oditessitdde gas and comm nuting the cal ci um hydr exirdsozad263 um
carbonate m xture until this mxture is substantially converted to 15 at

| east about 90 wei ght percent cal cium carbonate having a solids
concentration of at |east about 90 weight percent. DETAILED DESCRI PTION OF
THE | NVENTI ON 20 The present |nvent| on provides a process for the
preparation of at |east IMAR YT FENITON eci pi t at ed cal ci um
carbonate (PCC)-. Typical noisture ranges of the as-produced materials
generated by this process are, preferably, from about 3 weight percent to
about 10 wei ght percent wusing no filtering or drying steps. The nethod

r equi NEeSrot@a i progided keipiodueyth mxdipated edlcium @itidnete, mcmwh&@tﬁﬁsmf

PCT/ US02/ 19263 purchased or produced fromline W|th carbon di oxi de gas to
di recpcﬁlﬂ Eél@ﬁh?l?yd%ﬁ&é %hﬂ%ﬁx%gnatﬁ@ thé aﬂbﬁafmw@e WREGHboh drtxideapst about

90 we rcent sol i ds ‘wi t hout "t eri ng or dryi ng l\/bre specifically,

acgordi 0.th feed is
gct 3’8&18\?1{%“51@5 R%ﬁ? %%1 Eégg‘étg‘;s Feam Eﬁgelt er Sl rru gﬂ}ggﬁly or

aI ternat ely, comm nut ed 5.ta,p ast about 90.wei er cent

preci AHEHIGAL o A0RTaGHANL F%l’i‘éﬁheé‘ %%5’ & 8 §reant f?epmguc(? ﬁgcaii hydr oxi de

made by reacting linme with water. drated Ilrre can _bhe producyﬁjF

commecabanaty haviag kidsass flonalzoub PO Pigighh aeeentcenyersignoqiie spiciim hygraxide g?f—‘éss of

the present invention produces a high-solids PCC having a solids

concend eatinmcadionate and davingacotid9neeitgtion of et loast abti S8dvarghtipheceniot al

wei ght of the product. 10 SLAKING Sl aking, as defined here, neans to react
lime with water to produce cal ci um hydroxi de and/ or

10  Also provided is a process for producing precipitated calcium carbonate, including the steps of
providing calcium hydroxide, reacting the calcium hydroxide with carbon dioxide gas to produce
a calcium hydroxide/calcium carbonate mixture, comminuting this mixture, and sequentially
repeating the steps of reacting the calcium hydroxide with carbon dioxide gas and comminuting
the calcium hydroxide/calcium carbonate mixture until this mixture is substantially converted to

15  at least about 90 weight percent calcium carbonate having a solids concentration of at least about

90 weight percent.

DETAILED DESCRIPTION OF THE INVENTION

20  The present invention provides a process for the preparation of at least about 90 weight percent
precipitated calcium carbonate (PCC). Typical moisture ranges of the as-produced materials
generated by this process are, preferably, from about 3 weight percent to about 10 weight percent

using no filtering or drying steps. The method requires reacting calcium hydroxide that is either

4



adj usting cal ci um hydroxi de to a maxi nrum of about 10 wei ght percent

noi sture. Preferably, the 15 hydrated linme solids concentration is above
about 90 weioghoe3per cent and, nost preferably, between abear/ud02/vwesyht
percent to about 92 weight percent. This hydrated linme feed solids
concentration produces slaking tenperatures of up to 600 degrees Fahrenheit
(315 degrees Celsius), while also providing enough water for carbonation
to ultimately provide, with conmnution, a product of at |east about 90
wei ghpurshased ior ppaduesdiireratlisnr with crtben digxidsraes & disestlypgrthesisniresipifiety i s
nost preferably conducted to produce about 92 wei ght percent slake solids
at a cileimpecabame @CA)padleagiabbutdlovdglfrpeesnteaiide mhtout filsxBzdegraes

Cel sius). Slaking is continued 5 WD 03/106344 PCT/US02/19263 wuntil
CoNVeliiR Ipdotfidllpyabcatdass tol theplodidsitd tiee fre@ht mobitthn Llonrand lins fesddst anti al |y
conplete, preferably, being term nated when at |east 90 percent conversion

to cal, icté?vgig‘g% ?ﬁh%?di%%@ﬁ{égs Qtreaﬁ%ﬁ(ﬂg't QRERNtan8busty SRRy WnikeiaRH

per cen wel g percent, "and nost preferably, about 92 wei ght

percent sqlid For. e | e, . when m xi.ng. fr om.aho ter with
5 Sbotk PP “i?o%ﬂ."c?ét @0“??@?18@8 Y Precipjttes] ﬁay"“%gé’g}r?ﬁ%%?% K@%ﬂﬁm&g%?i od of
about 30 mnutes to _about 60 mnutes to produ%%@boattl. 95- 13)% E}o nd
hydr atige i cateluppliydigrife Biia By ieactne ipegutivatey PGA TR R PTRBICPY s .
CARBONATI ON AND COVMM NUTION 10 The cal ci um hydroxi de contained in the
hydr atfedh tommeiciallyaeailahiblimes evpurchased bontaw wateppl. Theaueeass of thewrasantcar bon
di oxi de gas to produce precipitated cal cium carbonate. Unlike conventional
sl ur r ynyhfl6e pedacds @rhigieol plsRIC hiving @ ollISContdneratian bitatd¢asbabost Bpwaghor di ng
to the present invention does not require any cooling of the carbon
di oxi derc@athasdd'6h MRkothPweibhi &¥&he product.

10

SLAKING

Slaking, as defined here, means to react lime with water to produce calcium hydroxide and/or
adjusting calcium hydroxide to a maximum of about 10 weight percent moisture. Preferably, the
15  hydrated lime solids concentration is above about 90 weight percent and, most preferably,
between about 90 weigh’; percent to about 92 weight percent. This hydrated lime feed solids
concentration produces slaking temperatures of up to 600 degrees Fahrenheit (315 degrees
Celsius), while also providing enough water for carbonation to ultimately provide, with
comminution, a product of at least about 90 weight percent precipitated calcium carbonate

20 (PCC).

The slaking is most preferably conducted to produce about 92 weight percent slake solids at a

temperature of up to about 600 degrees Fahrenheit (315 degrees Celsius). Slaking is continued

5



15 carbon dioxide gas for the carbonation is not particularly critical, the
standard m xtures of carbon dioxide in either nitrogen or air as found in
wet - scr ubwedsgeses bei ng sati sfactory al though pure carbeeTdiSoxiade3 gas or
i quid carbon di oxi de can be used. The carbonation of the hydrated linme is
continued until the conversion to calciumcarbonate is at |east about 90
wei ght percent, i.e., from calciumhydroxide to precipitated cal cium
carbonate (PCC). Preferably, water is added during 20 carbonation to

mai nt aintil ednverstn 9 hydratechbmehaying akish-tplids gente s spbistaatially capplgicabout 90
to about 97 weight percent. Mdst preferably, water is added to nmaintain

f r om ghefiatabBQ beiap gdriningted when attleasaBoperc@2 onaveyion pecadenth hydtaiidenhaving a

hydr oxi de/ cal ci um carbonate m xture solids concentration during

car bongliiPebntdht WOROB/ 2b GBI wWEGH hépbbht 1043t 97 e htb&dertOaridBodt hegenably,

i nvention, comm nution occurring either sinultaneously or alternately wth

the C%gmt&ag%ﬁeg@gk golgagg E‘_af 5%%4414@: ol Shixlr f?aiﬂ%&nts'@%oﬂﬂ&s%ﬁ%%& Wl ci um

hydr oxi de to degree’of conversion to calcium carbonate
duri ng.t he carbgnat.ion action. 5 used herein teryp. comm.nution”
rreéns%gﬂkyt%ér@é@g%o{lﬁﬁ?’ § 313%?31@%58%?11 a4 %P%rgo,écﬂhfa«?gﬁts@ S MRer wi se
exposes the cal ci um hydroxi de conponent of the material being processed and
i ncl ucibeut G miutesippradups eleat P& 108 poundsiydrged lips heying frogy abept @Eﬂ OHly step
for acconplishing the same. 10 Wien conminution is to be perforned

al t er it wédightyietdentsodidenat i on, the carbonation reaction nay be perforned
using a pressurized vessel such as for exanple, a pipe pressurized to 40

pounds per square inch with carbon dioxide gas, to achieve, typically,
greater than a 90 percent conversion of cal cium hydroxide to cal cium

carbonate. The result anf AQRBONNTICNR AN eiGiIVIN@TRON | e m xture is then

sequentially mlled by renoving It tromtinhe pressurized 15 pipe and, in the
ca3e of small batches, by hand mlling the m xture using a nortar and
pestl e,

The calcium hydroxide contained in the hydrated lime is then subjected to carbonation by
reacting it with carbon dioxide gas to produce precipitated calcium carbonate. Unlike
conventional slurry processes for the production of PCC, the carbonation step according to the
present invention does not require any cooling of the carbon dioxide gas. The nature of the

15  carbon dioxide gas for the carbonation is not particularly critical, the standard mixtures of carbon
dioxide in either nitrogen or air as found in wet-scrubbed gases being satisfactory although pure
carbon dioxide gas or liquid carbon dioxide can be used. The carbonation of the hydrated lime is
continued until the conversion to calcium carbonate is at least about 90 weight percent, i.e., from
calcium hydroxide to precipitated calcium carbonate (PCC). Preferably, water is added during

20  carbonation to maintain the solids content of the mixture at approximately from about 90 to
about 97 weight percent. Most preferably, water is added to maintain from about 90 weight
percent to about 92 weight percent calcium hydroxide/calcium carbonate mixture solids

concentration during carbonation.



coffee grinder, or other such like device. The m xture is again charged to
the pressurized pipe, subjected to carbonation, renoved, and mlled with

t hese st ewo bBadaIgs sequentially repeated until conver si onPCa/wsat/c926im
carbonate is at |east about 90 wei ght percent. This nethod of repeatedly
carbonating and comm nuting in sequential steps denonstrated a conversion
to cal cium 20 carbonate of at |east about 90 wei ght percent. Comm nution
may al so be perforned sinultaneously with carbonation. Conm nuting
apparatus wuseful in performng this sinultaneous reaction can be a tunbler
or ball mll that incorporates 7 WO 03/106344 PCT/ US02/ 19263 conm nuting
medi a Aetordarg toube piicsere ireestiom domeiigitics deonrrmigleithepiagltémepigp odaltarmajelyhe
reaction. An alternative apparatus useful in performng a continuous batch

r eact ixgth thé cabBhatRh stdpab pBdsmedas Brdeetd &fpobd Bid vntdabted celafdORydIOENE Gt gas
supply and uses both comm nuting nedia and, preferably, also incorporates

a rot %ﬂlf}% 2 it ﬁﬁe@ﬂae%lf @gl?verrﬁorp{oec\éﬁnl{t)m%%bﬁﬂe Hﬁnhé;D e@ﬁﬁ)ﬁhﬁén gﬁio‘ﬁs A the

m xer wa |ng processi ng, thereby providing oroug conn1nut|on

Re ar dl comm nutl.on aratus uti ree of
| et A HOBRR m%%@&%m%e%}%%sﬁqt% Cf%#%qﬁ’asﬁ“%?f ofl§
unreacted hydrated |inme feed to permt its conversion to caIC|gn1 ar bonat e
dur i n§ eReBHERETRASeS By calgiyn w@ir%ée rerapenenbaltle makaich bripg Pracased 2dyr hon
di oxi de gas concentrations, carbon dioxide gas rates, or any conblnatlon of
t hese iffichatesy it is hag hmtadletg,rw noiflinggp grinding.i wpubienzing Smj fosaesamplishiehibev e
exposure and conversion of the unreacted hydrated |line feed. The PCC
convesshen achi eved using this simnmultaneous carbonation and comm nution
acconplishes virtually conplete conversion to a high-solids precipitated
cal cium carbonate product as described in greater detail below 15 The
as- produced precipitated cal cium carbonate may be utilized as such for

F1b! ©RPhendlomaAbh 4o BRBLHEARmAN whinFatdohitdl, Bt Rt does.  The

- produced precip

may be performed using a pressurized vessel such as for example, a pipe pressurized to 40
pounds per square inch with carbon dioxide gas, to achieve, typically, greater than a 90 percent
conversion of calcium hydroxide to calcium carbonate. The resultant calcium
carbonate/hydrated lime mixture is then sequentially milled by removing it from the pressurized
15 pipe and, in the case of small batches, by hand milling the mixture using a mortar and pestle,
coffee grinder, or other such like device. The mixture is again charged to the pressurized pipe,
subjected to carbonation, removed, and milled with these steps being sequentially repeated until
conversion to calcium carbonate is at least about 90 weight percent. This method of repeatedly
carbonating and comminuting in sequential steps demonstrated a conversion to calcium

20  carbonate of at least about 90 weight percent.

Comminution may also be performed simultaneously with carbonation. Comminuting apparatus

useful in performing this simultaneous reaction can be a tumbler or ball mill that incorporates

7



carbonat e havi ng high-solids may al so be packaged and delivered to
end-users for use in filling and coating applications. Alternatively,
further fwoioshodsgs st eps may be perforned on the as- produeed/ysorei2ps t at ed
cal cium carbonate to renove remaining inerts, such as, for exanple, 20
magnesi um and silica-containing conpounds, in order to produce high purity
PCC s useful in the production of paints, plastics, and heal thcare
products. 8 WD 03/106344 PCT/ US02/ 19263 SPECI FI C EXAMPLES AND TABLES The

f ol | oORBRIABHLG Medlie of yadousriitmetersaad pieishitylog miBingmeiatioreduringdhg regctiadach and
set forth particular enbodinents of the present invention as envisioned
her e. Athdiereateyefapparatuk ustfnbini peefofming rpoatsuons bytch heavtive is, 2 midr draehasot t o be
construed as limting the invention. It is recognized that m nor changes

and altesi Altiofifed watGcaglsor AbxiEY @RNuBpE dlid@Bed BYtE BSmimBgGirdedi ddd, i N
conjunction wth a concentrated carbon di oxi de gas source, can be nmade to

the Prpcessly, RRb 218 EAPRRM SO LA AERPOAGRPEEE hhRkaY against
conteégﬁgte35ﬁerg?%hﬁﬁbﬁever, to t egfextenéﬁanﬁ s&gﬁgc anges or 2BHnS
al terations do.not. materially change qr affect th rocess. or_the. fin 10
ot Sauats Bfer W Bk Pae YucG PP ingne Ty bl PR R R et
spirit, and scope of the invention as defined by the clains that foll ow.
START R eprryuiman eppasgtys piifized; krregyisitdesss of sommapytiongs thebaeedad & i al s used
to pr oduceﬁdg; ecipitated cal cium carbonates according to the present
i nventreppatoder exposr the iytarior efdh¢ hmeadied/hyyated limednedipdreonit dis casversien toaj or
conponent produced by slaking commercially available |inme sources
( Hydr atletuni caxbona?g datich dwbsmation. Biy vesyiiditht ndadé loadvyopéraiiad tiyieq ¢abbabl e
(Hydrates 3 and 4), the chemi cal conpositions for which are |isted bel ow
in Talfigkide gad@oncentrations, carbon dioxide gas rates, or any combination of these factors, the
10 degree of comminution can be adjusted to achieve exposure and conversion of the unreacted
hydrated lime feed. The PCC conversion achieved using this simultaneous carbonation and
comminution accomplishes virtually complete conversion to a high-solids precipitated calcium

carbonate product as described in greater detail below.

15 The as-produced precipitated calcium carbonate may be utilized as such for fillers, dry
coating applications, and plastics-production additives. The as-produced precipitated calcium
carbonate having high-solids may also be packaged and delivered to end-users for use in filling
and coating applications. Alternatively, further finishing steps may be performed on the as-
produced precipitated calcium carbonate to remove remaining inerts, such as, for example,

20  magnesium and silica-containing compounds, in order to produce high purity PCC’s useful in the

production of paints, plastics, and healthcare products.



9 WD 03/106344 PCT/ US02/ 19263 TABLE 1: STARTI NG FEED MATERI ALS Hydr at e
fromHydrate from M ssi ssippi Mssissippi Vertical M ssissippi Beachville
MR200 Rotwpyw3@octex Commercial Conmercial Conmercial Conm@Caieso2/keds at e
Linme Line Hydrate (Hydrate 4) (Hydrate 1) Hydrate 2) (Hydrate 3) XRF DATA
- X-Ray Fl uorescence Analysis CaO (wei ght percent) 73.46 73.93 74.65 74.81
LO (weight percent) 24.96 24.79 24.27 24.25 Si02 (weight percent) 0.94
0.42 0.54 0.53 MO (wei ght percent 0 62 0. 78 0.41 0.37 TOTAL 99.98 99.92
99. 87 99.96 TGA/ DTA DATASPECH AVRILES 4 wei ght percent) 92.0
94.0 94.0 94.5 CaCO3 (wei ght percent) 4.5 2.5 2.5 1.5 Free H20 (wei ght
percent) 0.6 0.5 0.6 0.7 Msc. Losses (weight 0.4 0.4 0.2 0.3 percent)
My/Si/A/Fe (weight 1.71 1.37 1.12 1.05 percent) TOTAL 99.21 98.77 98.42

98. 05 ThRgsIfd Wik n6ABnYIBhE Bt andpléPard pR¥idedkd ndbré Specifically teach and set forth

particular embodiments of the present invention as envisioned here. They are for illustrative
5  purposes only, however, and are not to be construed as limiting the invention. It is recognized
that minor changes and alterations, such as for example a high-intensity media mill in
conjunction with a concentrated carbon dioxide gas source, can be made to the process
parameters and components that are not specifically contemplated herein. However, to the
extent any such changes or alterations do not materially change or affect the process or the final
10  product, it is to be understood that such changes also fall within the spirit and scope of the

invention as defined by the claims that follow.

STARTING FEED MATERIALS AND SLAKING PROCESS

15 Starting feed materials used to produce precipitated calcium carbonates according to the present
invention were both hydrated lime having calcium hydroxide as the major component produced
by slaking commercially available lime sources (Hydrates 1 and 2) and hydrated limes that are
commercially available (Hydrates 3 and 4), the chemical compositions for which are listed below
in Table 1.

20



percent) TRACE ELEMENTS x 20 m Al 320 258 389 329 Fe 341 432 445 258 K 29

104 49 22 My 2370 3470 1730 1520 WM - 63 - - Na 123 118 124 121 P 48 -
51 39 SiwDWB00aBAL0 1970 2350 Sr 166 154 168 177 Ti - - PCTAR02/W263 - 24 -
Zn - 22 - - The Mssissippi lime and hydrate materials referred to above

are available fromthe 10 WO 03/ 106344 PCT/ US02/ 19263 M ssi ssippi Line
Conpany, Ste. Cenevieve, Mssouri, and the Beachville lime materials
referred to above are available from Carnmeuse G-oup North Anmerica,

Beachville Plant, Ingersoll, Ontario, Canada. The hydrates identified
above in Table 1 as HydraBe® 1} SIARPING FEEBCMATHRIALSVer € produced by
sl aki ng M ssi ssippi and Beachville commercial |inmes. The M ssissippi and 5

Beachville |ines having chem cal conpositions set forth in Table 1 above

wer e sl aked with watell HpdateRInghlt Hwakrate frofn dppMixdissipe! Y| Misdisqigpi Vdgical
wat ef per pound of |inmg. Niigsipgpeci fBeaalville toMRIDI Byl dT@lee Chbmntdbcial
pounds of linme was sl ﬂe«tohyn gi g &3mmep@AINds Q@bmmercial Hydrate
Lime Lime Hydrate (Hydrate 4)
(Hydrate 1) (Hydrate 2) (Hydrate 3)
XRF DATA — X-Ray Fluorescence Analysis
CaO (weight percent) 73.46 73.93 74.65 74.81
LOI (weight percent) 24.96 24.79 24.27 24.25
Si0, (weight percent) 0.94 0.42 0.54 0.53
MgO (weight percent) 0.62 0.78 0.41 0.37
TOTAL 99.98 99.92 99.87 99.96
TGA/DTA DATA — Thermal Analysis
Ca(OH), (weight percent) 92.0 94.0 94.0 94.5
CaCO; (weight percent) 4.5 2.5 2.5 1.5
Free H,O (weight percent) 0.6 0.5 0.6 0.7
Misc. Losses (weight 0.4 0.4 0.2 0.3
ercent) '
Mg/Si/Al/Fe (weight 1.71 1.37 1.12 1.05
| percent)
TOTAL 99.21 98.77 98.42 98.05
Possible CaO(weight 1.32 1.39 211 2.46
| percent)
TRACE ELEMENTS (y 20ppm)
Al 320 258 389 329
Fe 341 432 445 258
K 29 104 49 22
Mg 2370 3470 1730 1520
Mn - 63 - -
Na 123 118 124 121
P 48 - 51 39
Si 1700 1010 1970 2350
Sr 166 154 168 177
Ti - - - 22
\ - - 24 -
n - 22 . -

The Mississippi lime and hydrate materials referred to above are available from the

10



wat er at 68 degrees Fahrenheit (20 degrees Cel sius) over a period of 32
mnutes to permt the exotherm c slaking reaction to reach a reaction

t enper at LWe 0apod3a4 about 600 degrees Fahrenheit 10 (316 de@CaasofZed263 us) .
This el evated tenperature was nai ntai ned bel ow where cal cium hydroxi de
deconposition occurs, approximately at about 600 degrees Fahrenheit (316
degrees Celsius), and then |owered to bel ow 200 degrees Fahrenheit (93
degrees Cel sius) when conplete. The tenperature profile of the slaking

pr oc e dississipm Lime Epmpa@}c%-i%nmw@ Missausi, gpgile Beadayvilte Noermaimeieveteed
PROFILE M nutes into Hydration Sl aker Tenperature Degrees Fahrenheit

Degr eésalitak siamyailgble SienP0@8mais@ G2Fup NOGCALGrit7,dbea@ivily PlaBp Iag2$l50C Thi s
sl aki ng process descri bed above was repeated using Beachville comerci al
lime 2htsiaChhah. RedyiatdRiesiisrdHyevaineraBldy Hodhie 1 phopefkpRtveel forth
in Table 1 above. 11 WD 03/106344 PCT/ US02/ 19263 EXAMPLE SET 1 ALTERNATE

CARBONRTY %Jd&!@@ b?%%%@}gﬂpgg g{cggéachﬁule RYGalekdalfndsh efh%fl\flﬁéiﬁsli}géi and

hi gh- pressure ca ring these experinents, ca um

hydr oxj d .charged t.0 a seal ed .pi pe d.t.h i pe.was_raised.to.40 pounds
por shsanm TN g chenilsad ROPaulonFaat it oo arile g5l Td ithe: ¢
contents were all] owed %o react for about Eive (5 mnutes, the vessel was

t hen deHTe8sulFighicannal Mmpaoraaisly 87 norads effeates Rss pid ofdiae- MO Resul ts
showed t hat approxinmately about 10 mei?ht percent conversion to

preci ppacafiicatlyctalpeodnee Hydrate 1, 75 pounds of lime was slaked by adding 53.1 pounds of

water at 68 degrees Fahrenheit (20 degrees Celsius) over a period of 32 minutes to permit the
exothermic slaking reaction to reach a reaction temperature up to about 600 degrees Fahrenheit
10 (316 degrees Celsius). This elevated temperature was maintained below where calcium
hydroxide decomposition occurs, approximately at about 600 degrees Fahrenheit (316 degrees
Celsius), and then lowered to below 200 degrees Fahrenheit (93 degrees Celsius) when complete.

The temperature profile of the slaking process is set forth below in Table 2:

15 TABLE 2 SLAKING TEMPERATURE PROFILE
Minutes into Hydration Slaker Temperature
Degrees Fahrenheit  Degrees Celsius
0 68°F (20°C)
3 212°F (100°C)
16 476°F (247°C)
32 122°F (50°C)

This slaking process described above was repeated using Beachville commercial lime

20  starting feed to produce Hydrate 2 having the properties set forth in Table 1 above.

11



10 carbonate (PCC) had occurred. This m xture was subsequently hand-m || ed
using a nortar pestle and/or a coffee grinder and recharged to the pipe
where it wa3nes3ps essuri zed to 40 pounds per square i nchP@Ttusozarbdn

di oxi de gas and allowed to react for an additional five (5) mnutes. The
m xture was dunped fromthe pipe and re-analyzed and it was observed that
approxi mately about an additional 10 weight percent conversion to
precipitated cal CI um car bonat e (PCC) had 15 occurred. This findi 1%9

i ndi cat ed tBEXAM AL LB RN ARBONA HONAND CQMMENYTE]
conversi on of the caIC|un1hydrOX|de/PCC m xture. Table 3 shows vari ous
exanpl es where the mxture conversion to at |east greater than about 96.6
wei ght percent precipitated cal cium carbonate (PCC) occurred using this
met hodn o2der t@mva2ig¥® th3 £AE6 84 Hi gRPhLdIDafldRGRoxidABskduBinE RkSSeligherinieny, PE
CONFI GURATI ON SAMPLE NO. 1 2 3 Hydrate Feed Hydrate 1 Hydrate 1 Hydrate 1
Per centhlcifth hildroRitic Wl @h&esd toga?se%ld?lgf ?@éﬁd t8e pthe RRIs G 8iBdd to oﬁlﬁdé@ér@&&aréo

grans 150 grans 100 grans Run i ons Concentration 0O percent at 100

pegc e cﬁsn#?l%gﬂ-?){"éigﬂ%)% génrgoﬁfogl?d% S%S O¥ hg ﬁlﬁg’%%oﬁféﬂjcs%e Qﬁ&ﬁ&p{o)reé@ fgounds

per poun S per uare ch square 1 nc uare 1 nch Nunber
of Ru n%out tc%r(g?rrﬁ%dtgsnth-g Vrgsase was then%%pl%gsu%l;ég anrH t%Ut T ena‘?ﬁommhg lf)}peeswas

analyzed.

Results showed that approximately about 10 weight percent conversion to precipitated calcium

10  carbonate (PCC) had occurred. This mixture was subsequently hand-milled using a mortar pestle
and/or a coffee grinder and recharged to the pipe where it was re-pressurized to 40 pounds per
square inch with carbon dioxide gas and allowed to react for an additional five (5) minutes. The
mixture was dumped from the pipe and re-analyzed and it was observed that approximately
about an additional 10 weight percent conversion to precipitated calcium carbonate (PCC) had

15  occurred. This finding indicated that comminution was a critical element for sustaining
conversion of the calcium hydroxide/PCC rﬁixture. Table 3 shows various examples where the
mixture conversion to at least greater than about 96.6 weight percent precipitated calcium

carbonate (PCC) occurred using this method.

20

25
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m nute /Run Comm nution Apparatus Mdirtar and Mortar and Coffee Pestle
Pestle Ginder Run Results Conversion (percent) 98.5 percent 99.0 percent
96. 6 per cwpoto3/18sk4 ds (percent) 94.5 percent 93.0 percent PCTASTIVENt 5
The data in Table 3 denonstrate the high conversion rates to cal cium
carbonat e achi eved when using conmm nution sequentially with carbonation on

a hydrated lime feed having high-solids, i.e., above 90 weight percent and
nost preferably between about 90 wei ght percent to 92 weight percent
solids. More specifically, Sanple oduced using a hydrated linme feed
of 91.9 10 percent sol ikR | RCK N IdGHY er si on to cal ci um

carbonate. Sample No. 2 produced u5| ng a hydrat ed line feed of 92.2

per cent | SAIMPBEENG] eved a 99. 0 perceht conversipn to2calciym ca& bonate.
Sanpl e No__3 produced using a hydrated line feefd of 92 4 percent saligs

achi eveq Bydra® Beeder cent conver si on Hydeateilum ¢ Byduatstle haﬁyﬁga@ﬂ 6 wei ght
per cent rgetds—Table3—shows—eonversgign—ef 8 gm-hydro 2.
pr eci p| 1 ﬁntrs,.ghtdSHm carbhonate (D(‘(‘\ g §:pprcp£tng _Iﬁ%t g Wy zﬁpemnt\nqt can

be achi e¥BargsyVeishini nuting cal ci um hiod B5Mse f eb30 gHaMS cat HOMARMS
i ncl udi n@lunrﬂgmmohs ds feeds. 13 WO 33/ 106344 P”T/ Us02/ 19263 EXANPLE SET 2

SI MULTA] COMMHNUIH-ON-A er—was—anita 51 Ng a
tvel ve- | E@ C‘?Eﬁgont | ve-inch dia ;GQJ Iﬁlaf g R ab)ﬁggaerceﬁf at

f I ange- Kigh i ST SATGPoSESD o %?@Wsm{; BAURHEKES 4Y ROVHLRSE or .
Four equally 5 spaced internal one nlﬁf}uta‘éf‘rmEIIIA SQUAEHINGR de | BEITRFG Wsh yey e
| ongi t udNuaitey ofoRmmsed Gibhnationh@inpé p&0x5 minutes | 17x5 minutes | 16x5 minutes

\1*4

(minute)/Run

Comminution Apparatus Mortar and | Mortar and | Coffee
Pestle Pestle Grinder

Run Results

Conversion (percent) 98.5 percent | 99.0 percent | 96.6 percent

Solids (percent) 94.5 percent | 93.0 percent | 97.6 percent

The data in Table 3 demonstrate the high conversion rates to calcium carbonate achieved when
using comminution sequentially with carbonation on a hydrated lime feed having high-solids,
1.e., above 90 weight percent and most preferably between about 90 weight percent to 92 weight
percent solids. More specifically, Sample No. 1 produced using a hydrated lime feed of 91.9

10  percent solids achieved a 98.5 percent conversion to calcium carbonate. Sample No. 2 produced
using a hydrated lime feed of 92.2 percent solids achieved a 99.0 percent conversion to calcium
carbonate. Sample No. 3 produced using a hydrated lime feed of 92.4 percent solids achieved a
96.6 percent conversion to calcium carbonate having 97.6 weight percent solids. Table 3 shows
conversion of calcium hydroxide to precipitated calcium carbonate (PCC) of at least 96.6 weight

15  percent can be achieved by comminuting calcium hydroxide feeds with carbonation including

high-solids feeds.

13



The endpl ates were provided with an inlet for a carbon di oxide gas feed
supply and an outlet for vapor renoval. The tunbler was charged with 300
grans of wgodsao@ds | i me produced from M ssissippi comrer ciPEIT/USOME263 . €.
Hydrate 1 described above) and various dianeters and | oads of comm nuting
medi a except for a conparative exanple (Sanple No. 4) wth which no nedia
10 was used. The tunbler was placed on a | aboratory twn-roll horizontal
roller that rotated the turrbl er at 25 revoI utlons per mnute, which for

i AVE] ET A\ a BONATION Nhe
comm nuting nmedi a would not tunble but stlck to the tumbl er wall. Duri ng
rotation, 15 the tunbler was supplied with 3.46 cubic feet per mnute at
14.5 VA)huﬂlﬂerpxeﬁmﬁuiufaaﬁﬁdmsﬁﬂgmmhze-igeislohg, tpetfeanoh tihmeta piperfitedonitr eact i on
simul taneously with the comm nution to achieve conversion of the cal cium

hydr Omo@l@dheng%% tdﬁaea R5 Sf BYraxRIaf S fotdel RASY fi @méter. MYk 6fuallye set
forth in Table 4 el ow. 20 To evaluate the use of comercially avallable

oY 2 TR ARG W GO P o s B
e A A DM

paranmeters set forth belowin Table 4. 14 WO 03/ 106344 PCT/ USOZ/ 19263
TABLE p@iemoraR Themvinplam way cbsrerd wibvisOeremss abhwdraigd limsisodusadfens 6 7 8 9
10 11 12 13 Hydrate Feed Hydrate Hydrate Hydrate Hydrate Hydrate Hydrate
Hy dr atMiskigsippitcentdyatciat Bmelfick. Alpdrate 1ldegcribed abote)and varifer dameteSainiddeadds. 8
94.8 94.8 94.7 91.7 91.7 91.7 91.7 99.4 93.4

of comminuting media except for a comparative example (Sample No. 4) with which no media

10  was used.

The tumbler was placed on a laboratory twin-roll horizontal roller that rotated the tumbler at 25
revolutions per minute, which for this tumbler apparatus, approached the critical speed beyond
which the comminuting media would not tumble but stick to the tumbler wall. During rotation,
15 the tumbler was supplied with 3.46 cubic feet per minute at 14.5 volume percent carbon dioxide
gas to perform the carbonation reaction simultaneously with the comminution to achieve
conversion of the calcium hydroxide to PCC, the process parameters and properties for which are

set forth in Table 4 below.

20  To evaluate the use of commercially available hydrated limes, Comparative Sample No. 12 and
Sample No. 13 also were prepared in the tumbler, described above, using Vertical/Codex
calcium hydrate (i.e., Hydrate 4, described above) having a chemical composition as set forth in

Table 1 above, as the hydrated lime feed with the process parameters set forth below in Table 4.

14



Charge Wi ght 300 300 300 300 300 300 300 300 300 300 grans grams grans
grans grans grans grans ans grans grans Media Char e 3/4 Weight Inch
(pounds) wO0388634458 7.58 7.58 - - 7.58 7.58 7.58 Vol une PCmyYsoz/192800 1800
1800 1800 - - 1800 1800 1800 V2 Weight Inch (pounds) - 6.61 11.61 6.61
6.61 6.61 6.61 6.61 6.61 6.61 Volume (m) - 1540 2690 1540 1540 1540 1540
1540 1540 1540 i/4 Weight Inch (pounds) - - - - - 2.20 2.20 2.20 2.20 2.20
Vol unme (m) Run Conditions Tunbler Speed (rev. per mnute25 25 35.3 25 25
25 8 25 25 25 (@as Concentration (volune percent) 100 100 100 100 100 14.5
14.5 14.5 14.5 14.5 Gas Rate Cubic feet per mn. 0.5 0.5 0.5 0.5 0.5 3.46

3.46 3.46 3.46 3TARLIRUDATATCRCONMMIRUITONUSNGOrGIBIEB0 30 30 Run

Results Conversion (percent) 45.7 9/.3 95.0 95.2 9/.0 94.1 91.4 96.9 14.4
85.18—51\;%{39? ( r@‘;;ﬁa 3417375 406] 397 339 310. 0 38%.3 38[L. 9 Z07Cadhp
5 6 7 8 9 10 11 12 13
Hydrate Feed Hydrate | Hydrate | Hydrate | Hydrate | Hydrate | Hydrate | Hydrate | Hydrate | Hydrate | Hydrate
1 1 1 1 1 1 1 1 4 4
Percent Solids 94.8 94.8 94.8 94.7 91.7 91.7 91.7 91.7 99.4 934
Charge Weight 300 300 300 300 300 300 300 300 300 300
grams grams grams grams grams grams grams | grams grams grams
Media Charge
Y Weight
Inch | (pounds) - 7.58 7.58 7.58 7.58 - - 7.58 7.58 7.58
Volume (m}) - 1800 1800 1800 1800 - - 1800 1800 1800
Ya Weight
Inch | (pounds) - 6.61 11.61 6.61 6.61 6.61 6.61 6.61 6.61 6.61
Volume (ml) - 1540 2690 1540 1540 1540 1540 1540 1540 1540
Va Weight
Inch | (pounds) - - - - - 2.20 2.20 2.20 2.20 2.20
Volume (ml)
Run Conditions
Tumbler Speed
(rev. per minute) 25 25 353 25 25 25 8 25 25 25
Gas Concentration
(volume percent) 100 100 100 100 100 14.5 14.5 14.5 14.5 14.5
Gas Rate
Cubic feet per min. 0.5 0.5 0.5 0.5 0.5 3.46 3.46 3.46 3.46 3.46
Run Time (Min.) 15 15 15 30 30 30 30 30 30 30
Run Results
Conversion
(percent) 457 97.3 95.0 95.2 97.0 94.1 91.4 96.9 144 85.1
Weight (grams) 341 375 406 397 339 310.0 386.3 381.9 207 410
" Solids (percent) 9.6 89.5 89.2 90.8 90.5 91.2 91.0 90.9 9717 93.7
5

The data in Table 4 demonstrate the high conversion rates to calcium carbonate achieved when

using comminution simultaneously with carbonation on a hydrated lime feed having at least

about 91 weight percent solids. More specifically, Sample Nos. 5-8 produced using carbon
10  dioxide with a hydrate feed having from about 94.7 percent to about 94.8 percent solids achieved
conversions of from about 95.0 percent to about 97.3 percent calcium carbonate with solids

contents of about 90 weight percent. This is in comparison with a 45.7 percent conversion of

15



Solids (percent) 92.6 89.5 89.2 90.8 90.5 91.2 91.0 90.9 97.7 93.7 5 The
data in Table 4 denonstrate the high conversion rates to cal ci um carbonate
achi eved wian/104384 ng conmi nuti on sinmultaneously wi th carbecatisornians a
hydrated |ine feed having at | east about 91 weight percent solids. Mre
specifically, Sanple Nos. 5-8 produced using carbon 10 dioxide with a
hydrate feed having from about 94.7 percent to about 94.8 percent solids

achi eved conversions of from about 95.0 percent to about 97.3 percent

cal ci §ramenararesiample 4 chievedasingorosppguERe Ad Wit eigisdesshevag 94-5hi s i s
in conmparison with a 45.7 percent conversion of 15 WO 03/106344

PCT/ USg¢Ht92fi8nt ©Ghidpar ati ve Sanpl e 4 achi eved using no conm nuting nedi a
with a hydrate feed having 94.8 weight percent solids. Sanple Nos. 9-11
run using various nedia sizes and | oads at 8 revolutions per mnute and 25
5 revolutions per mnute with a carbon dioxi de gas provided at 3.46 cubic

feet %%Enﬁ‘l'é r&g& 9. glt %ﬁ Cﬁ%ﬂ%‘ﬁp\%ﬁ Ak 1z‘é§ addoady ! Wﬂlﬁﬁﬁ&eﬂ& nfikhitk BRA 25

illu ect o I ncreasi ng bot anount of nedia
ch grge and.tunbl er

uc PCC hayi er Mor e
ci FPEARRQRs p\?)ﬁ@hn g‘r"ﬁ il (\R\ ‘P\Xl AYdFat! ecp%a%% ‘gof‘ ge%{]ﬁ;e V\n/gllng at Ber cent
SO|IdS a tunbler. sp eed of 8 revolutlons ut.e ave Iomer
convercenesRtEHopetl 4 V%]H&?tpegcfnﬁﬁ%@%’é]t‘iﬁtr%%ﬁiel t@ni 1?Llcf)f %ﬁw‘n%rS?‘PﬂJ%ﬁ th il an
i ncreased conversion of about 94.1 percent Samle 9) obtained using a
t unbl emameelimedia 2Barge god tmhiwpp@itomr@dnce PG hevimghigherecoavessians. dyloreedi a
charge. Upon further increasing the nedia charge with a tunbler speed of
25 r ewpedificalys whert begimihg withohitdrat® ch@gpef Tiehwetght perceaitanliGamdmbléd) was
obtained. Al three Sanples 9-11 produced PCC solids of about 91 percent.
15 speed of 8 revolutions per minute gave a lower conversion to PCC of about 91.4 percent (Sample
10  10) when compared to an increased conversion of about 94.1 percent (Sample 9) obtained using
a tumbler speed of 25 revolutions per minute with the same amount of media charge. Upon
further increasing the media charge with a tumbler speed of 25 revolutions per minute, about
96.9 percent conversion (Sample 11) was obtained. All three Samples 9-11 produced PCC solids
of about 91 percent.
15
The data also show that commercially available hydrated limes may also be used as the feed for
the process of the present invention when the hydrated lime is provided with water in amounts
preferably approaching from about 8 weight percent to about 10 weight percent. Specifically,
Comparative Sample No.12 produced using a hydrated lime feed having about 99.4 weight
20  percent solids yielding about a 14.4 weight percent conversion while Sample 13 having lower

hydrated lime solids of about 93.4 weight percent exhibited a conversion to about 85.1 percent.
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The data al so show that comrercially avail able hydrated |inmes may al so be
used as the feed for the process of the present invention when the
hydr at ed worma/10684pr ovi ded with water in anmounts preferablPgTasproaehi ng
from about 8 wei ght percent to about 10 wei ght percent. Specifically,
Conpar ative Sanple No. 12 produced using a hydrated |ine feed having about
99.4 weight 20 percent solids yielding about a 14.4 wei ght percent
conversion while Sanple 13 having |lower hydrated line solids of a

wei ght peEXAMPRERS SIMUAANEQUS CARBONATIEEN ANI) COMY ETGHN
03/ 106344 PCT/ US02/ 19263 EXAMPLE SET 3- SI MULTANEOUS CARBONATI ON AND
COW NUTI ON A conmerci al -grade nortar m xer manufactured by Stow Co.

Bi nghant on, New York, was retrofitted with a carbon di oxi de gas supply

| i ne afdomalesvialsgupdd ynhopiapinigermannfacatat by HrosyCo Biogkdneten] New Yodk,iwesi de t he
nortar m xer vessel for providing a water spray for tenperature

mai Nt 6RAGKEdAREh & BSbo AivkidRl gad wigphglisedhDRatet mpplmgfn%tvﬁﬁl whieespgregd and
media were charged to the mxer and the unit agitated and gassed to

COBP! G BN fch @Al fine HordFkR BB Yor HRIdIG £ lvard Uafird idhuBedpé NSt the

i nSi de wa nortar m xer, er-tipp or st ess Steel

stationar W per, re al so. proyided inside e rfar, mxer 1o

cont i f%d P?lnc§(?Pga&%ﬂ’étrg@a(ﬁnngﬁﬁ%ﬂagﬁﬁ' :}ﬁa‘gﬁe(%ﬁm&ﬁg ?dﬁ%ldnrg% %?Ve}r;rel barefessel |
as well as lift the media to generate the conmm nution_ reguired dyring.the
r eact i t9rthesmeist angihe vapgitated and gassed e capipless {ng%ﬂtw%agoé“ﬁ&’rlﬁ%@waﬂw&gf
pounds and 24 pounds of hydrated |line and 15-pounds, 25-pounds, and

50- pouhel thiaiuts agsfinst th-insidé wall affeteanontas e rilbgr-tippkdeor sieless stephstafenary
provided at rates to renove the heat generated by carbonation while

mai Nt ayipeRRGvdrdglss pasidedringtle dptmdredr nsiréd td sontimwastysatapethe waltamper at i ve
exanpl e (Conparative Sanple No. 14) was also run using 32 pounds of

hyidr at,@ehtioh BB tHe Q88 AMntiReN\R s & BRI s 1HB el toWeherteth®¥drHiRinididn Of
concentrations fromabout 17.0 percent to about 17.8 percent and a fl ow

rate OJeq&iEe%'Hu%%Q lﬂﬁe r]eélct?on step.

pout 93. 4

NN

More specifically, the mortar mixer was charged with 16 pounds and 24 pounds of hydrated lime
and 15-pounds, 25-pounds, and 50-pound loads of 1/4-inch diameter comminuting media. Water
15 was provided at rates to remove the heat generated by carbonation while maintaining the reaction

at optimal solids concentration. A comparative example (Comparative Sample No. 14) was also

run using 32 pounds of hydrated lime feed with no comminuting media. Carbon dioxide gas of

concentrations from about 17.0 percent to about 17.8 percent and a flow rate of from about 14.2

cubic feet per minute were supplied at room temperature to the mixer for varying times of from
20  about 75 minutes to about 120 minutes to produce high conversions of the slake to PCC of up to

about 97.6 percent.

17



cubic feet per mnute were supplied at roomtenperature to the m xer for
varying times of from 20 about 75 m nutes to about 120 m nutes to produce
hi gh convwpasams40f the slake to PCC of up to about 97. 6 pparusemia2e6éd7 WO
03/106344 PCT/ US02/ 19263 Sanples 14-17 and 20-21 were produced using
hydrated |inme produced from M ssissippi comercial linme (i.e., Hydrate 1,
descri bed above) while Sanple 18 vvas produced using hydrated |ime produced
from Beachville comercial line é Hydrate 2, descri bed above) and
Sanpl Saumlesald- B swi20-AL wraRyosas ug@gélﬁdraé@rm@ progrcad e MR (i . e. |
Hydrate 3, described 5 above), the process paraneters and properties for
whi ch careneseitl lime (ite. i Hiydratel le d&schibédanove)attlile Samplel 18 wBgmpdussd tging7 and 20
wer e produced using rubber-tipped w pers while Sanples 18, 19, and 21 were

pr oduggdrausd Inde §< tRuBEEESmBRchvie pafiserciABlnte §.e] MIydATAL FieR B b dls) laall
USI NG AR M XER Conp Sanple No. 14 15 16 17 18 19 20 21 Hydrate Feed

! Pt MO e b

Char ge Wei ght
u N da%é eﬁgth% g)r%gssé%razrﬁet%ﬁs a% properuesqlor wﬁj?:ﬁ set /fc‘;’lrthI 1?1(;[&%}/\% lge%w( pounds) -

Additionally, Samples 14-17 and 20 were produced using rubber-tipped wipers while Samples

18, 19, and 21 were produced using stainless steel wipers.

TABLE 5
10 DATA FOR COMMINUTION USING MORTAR MIXER
Comp
Sample No. 14 15 16 17 18 19 20 21
Hydrate Feed Hydrate Hydrate Hydrate Hydlrate Hydlrate Hycirate Hycirate Hyc}rate
1 1 1
Percent Solids 93.3 92.8 83.9 87.0 90.4 91.1 86.4 89.0
Charge Weight
(pounds) 32 16 16 16 24 24 24 24
Media Charge
YValnch | Weight :
(pounds) - 15 15 15 25 25 50 50
Volume (ml) - 4086 4086 4086 6810 6810 13620 13620
Run Conditions
Gas Concentration
(Volume percent) 17.8 17.5 17.0 17.7 17.2 17.2 17.2 17.2
Gas Rate (cubic
Run Time (minute) 105 120 120 120 86 75 90 90
Run Results
Conversion
(percent) 88.1 92.2 92.7 96.6 97.0 96.3 97.6 96.4
Solids (percent) 95.2 95.4 973 90.0 93.6 95.6 92.0 94.2

15

The data in Table 5 demonstrate the high conversion rates to precipitated calcium carbonate as

high as about 98 percent achieved when using comminution simultaneously with carbonation on

18




Volume (m) - 4086 4086 4086 6810 6810 13620 13620 Run Conditions Gas
Concentration (Volune percent) 17.8 17.5 17.0 17.7 17.2 17.2 17.2 17.2 @as
Rat e (cubwo oBaeds4per mnute) 14.2 14.2 14.2 14.2 14.2 14. PCTAISE2/19262 Run
Time (mnute) 105 120 120 120 86 75 90 90 Run Results Conversion
(percent) 88.1 92.2 92.7 96.6 97.0 96.3 97.6 96.4 Solids (percent) 95.2
ﬁ5.ﬁ 97.3 90.0 93.6 95.6 92.0 94.2 The data in Table 5 denonstrate the

i gh conversion rates to precipitated cal cium carbonate as 15 _hi gh as, about
98 perdwdrteddinefesd hariag agangrpisehes meluding Rydraed HHEJG%QS%WE WI%’%F B‘gﬁiét i on
on 18 WO 03/106344 PCT/US02/19263 a hydrated |ine feed having a range of
sol i dsontems i.egdrbuyetfpdrapkiperdent Mesdpebificallyy SaingleeNos dbi2dprodusad esing i . e.
above 90 weight percent. Mre specifically, Sanple Nos. 15-21 produced
usi ng indr&in@asédiglonasihea dasst RtatRnglepssdwith cabah dinile gappadidddtdnacar bon
di oxi de gas provided at a constant rate (14.2 cubic feet per mnute) and

at a Lelatdhyalyi€o ig ?éeit Pﬁ}gf?l?lgé? 3hd 9 felalivBIM@h SR cOnRRNGas (1790 Holurhe

vol ume percent) furt t e the benefi'cial effect of increasing both

th t ia_ch t duce P j i ons.
I B R L e
ol AR ol i & s et RS S et ol Bl

conversi on of about 88 percent.
18-21 having increased media loads of 25 pounds and 50 pounds exhibit higher conversions to

PCC (96.3 percent to 97.6 percent) than Comparative Sample 14 which used no media and
yielded the lowest conversion of about 88 percent.

10
For media loads of 15 pounds of one quarter (%) inch diameter media charges, Samples 15 and

17 show increasing conversion at lower final solids concentrations after run times of 120
minutes. For 25-pound media charges, Samples 18 and 19 show that maintaining lower solids
increases conversion . Moreover, Samples 20 and 21 which used a batch size of 1.5 times that of
15  Samples 15-17 with a media charge of more than three times higher (50 pounds., %4 diameter)
show increasing conversion productivity at shorter gas times of 90 minutes verses 120 minutes.

Moreover, Samples 17-21 having more media and/or lower final product moisture all have

higher conversions than the no or low media cases of Samples 14-16.

20  Thus, the process according to the present invention produces a high-solids PCC having at least a
90 weight percent solids using a reaction step that requires minimal dewatering or drying thereby
eliminating the need for large filters and dryers. By performing sufficient comminution either
during the addition of carbon dioixide gas to calcium hydroxide or alternately adding carbon

dinxide oas to calcium hydroxide followed by comminution and recharging with gas and
19



10 For nedia | oads of 15 pounds of one quarter (1/4) inch dianmeter nedia
charges, Sanples 15 and 17 show increasing conversion at |ower final
sol i ds cowoantio@tds ons after run tines of 120 m nutes. FoPCTBISpDLIM63 nedi a
charges, Sanples 18 and 19 show that maintaining | ower solids increases
conversion. Mreover, Sanples 20 and 21 which used a batch size of 1.5
tinmes that of 15 Sanples 15-17 with a nedia charge of nore than three tines
hi gher (50 pounds., 1/4" dianeter) show increasing conversion pr.oductivity
at shaeneatingthis eycidenanstyatenihat eatyerpans dg calogmpsagpqnaie of abhghePayeista np| es
17-21 having nore nedia and/or |ower final product noisture all have

hi ghepementsesipitaied tdieinmt daebomatedPOC) waysw axhizaied sBy £liganaping thelekiagive20

Thus, the process according to the present invention produces a high-solids
PCC hayyiflg sips ty?asauy BerfSPhatefod pis-Ne ¢ prticessed, itletsprusdse of therpeesehi iamersionp t hat
requires mnimal dewatering or drying thereby elimnating the need for

| ar ge f Ofi] dirfsl 18Rt cdRPPOT 6L i@ Rn EillkRer
duri ngs%%ﬁeﬁegglé%gn%g&pg% o%é)g?gi’ gl:g%je‘gg’glgg{/{dgﬂ‘glclgﬁccioﬁm hydr oxi de or

al ternately adding carbon dinx;rle a:. : j.um. h i.da. I by
corm HaEraedi P ARr B gt BB dhata Sob SRR A i 1838
repeating this cycle denonstrates_.that conversions cal ci um car bonat e of
about 23 dF WieiyPHOdUGBE.CEI mé‘i“g@i b‘?‘%“é‘f‘@é figis E‘iglﬁﬁpégpr%(é g(gtpém{%égsuﬁﬁaﬁn‘ge
achieved. By elimnating the extensive drying steps typically perforned
for gdwaldhaareprogeessesses, the process of the present invention sinplifies
the process for producing PCC, thereby, providing | owcost PCC for use in

fillers, 5 coating-grade slurry applications, dry-coating applications,
pl asti cs-production additives, as well as for use in producing, with

m ni mehgigd did rolthd¥dHR tR8 pc8RSccdifingito thelfbdthsinvBh Rl (1.6 S ratiddtdhan a
heal t hcare products. Using naterials produced by the process according to

the PreRekiohM%Rit) QR td stftting FRURE! proli@inShigh solids PCC o further modified PCC
products permits the use of small-scale equipment for post-processing while reducing storage

and transportation requirements.

Moreover, unlike conventional PCC production processes that utilize slurries, the process

15  provides significant additional operating advantages, among which are ability to use carbon
dioxide gas supply without cooling, cutting water consumption and permitting the use ofa low
energy compressor to deliver the gas to this process. Additionally, the process according to the
present invention reduces the wet-waste and disposal costs associated therewith while
eliminating a majority of the water typically used for slaking.

20
While embodiments and application of this invention have been shown and described, it will be
appreciated by those skilled in the art that modifications and embodiments are possible without

departing from the inventive concepts herein described. For example, although embodiments are

20



10 conventional slurry) as the starting feed for producing high solids PCC
or further nodified PCC products permts the use of small-scal e equi pnent
for post-woosassing whil e reduci ng storage and transport ®CiTars02/19263

requi renents. Mreover, unlike conventional PCC production processes that
utilize slurries, the process 15 provides significant additional operating
advant ages, anong which are ability to use carbon dioxide gas supply

wi t hout cooling, cutting water consunption and permtting.the use of a | ow
ener gyhevanprbdsseribadabaes with respRet tg sRecily gq&r@ﬂ]@ﬁﬁ%é@ COREHTULIBA APRAFAUS,h
process according to the present invention reduces the wet-waste and

di spo#abilldesipparasiso thast sbilled ar thaiartthattithes sinaildr dieviged mgy he gapbyed {0 of t he
water typically used for slaking. 20 Wile enbodi nents and application of
this ginvgahtaRly@ iRty Shes thanshrehetd féddathringtcariohhtidieto edfepr ehighklalle by
those skilled in the art that nodifications and enbodi nents are possible

wi t ho - - | SiS GRL &It cl8s appRAHs udeBil i
exam}d{é?vegﬁq@ﬁ%éﬁgﬂﬂ%%gg?hgﬁf A R e s usl I and
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o Lo es, T e erPoYed Lo, <L L ANGOUSLY, or ALl ALl expose

according to the process of the present invention. Gas-contacting apparatus
usef ukcommisuting apprratya el thinrepiddnelyde ¢is elasutyingomitss barameymilsjqt-aylle t | | s
that have been retrofitted with a gas supply to permt carbonation and
conmi mill$, aksctmillbscodioiuhilBnagitasddybatiendllsy saed mikx engtharmyills doowinnw theragt.
apparatus in this regard include air classifying mlls, hamer mlls,
jet-mlls, pin mlls, disc mlls, colloid mlls, agitated ball mlls, sand
mlls or other mlls known in the art. 10 Oher nmaterials handling devices

SYEN B BRYELS harktRRY QURESs sudh ¥EbRnAAE SoRTdYREs, URREE LS bitkt vA8YEthat have

been retrofitted with a gas supply may also be used as gas contactors for practicing the process
according to the present invention. Exemplary blenders in this regard include single-cone,
double-cone, “V”-cone, and continuous blenders, and cement mixers. Exemplary conveyors in
this regard include single-screw or multiple screw conveyors that may also be provided in a

15  helical-screw or fluted-shaft configuration. Exemplary dryers in this regard include spray, flash,
rotary, tunnel, and tray dryers. Exemplary vessel configurations in this regard include those
having a cylindrical, polygonal, oval, and spherical cross-sections. When used in combination
with separate comminuting apparatus, these materials handling devices can be used to perform
alternate carbonation steps as described in detail above. By providing and using comminuting

20  media in these materials handling devices, carbonation and comminution can be performed
simultaneously. Moreover, additional internal agitation (e.g., stirring blades, impellors, and
internal baffles) may also be employed with blenders, dryers, and vessels where physically

feasible to further enhance the carbonation reaction.

21



been retrofitted with a gas supply may al so be used as gas contactors for
practicing the process according to the present invention. Exenplary

bl ender s wo wBhd@44 egard i ncl ude singl e-cone, doubl e-conepPCTN0Soz263 and
continuous bl enders, and cenent m xers. Exenplary conveyors in this regard
i ncl ude single-screw or nmultiple screw conveyors that may al so be provided
in a 15 helical-screw or fluted-shaft configuration. Exenplary dryers in
this regard include spray, flash, rotary, tunnel, and tray dryers.

Exenpl ary vessel configurations in this regard include those having a
cylindrical, polygonal, oval, and spherical cross-sections. Wen used in
conbi doieover, aliltongk dpaaxamplasshownand descabpbateye withthspeet tesmatprbaicthandl | ng
devi ces can be used to perform alternate carbonation steps as described in
det ai |pradeess usiBy spedifié Bydigted Nighelfbdigit Sallbe appdirag t3thosedkided in thbes ¢hat

mat eri al s handling devices, carbonation and conm nution can be perforned
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bl ades, ors, Internal baffles) nay al so be enployed with
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those skilled in the art that these processes may be provided as

ful | - quedust praradiergntictont i nuous reactions while using feeds 5 from ot her
lime or hydrated |inme sources. Additional down-streamfinishing steps
including drying, classifying, mlling, surface treatnment, nay al so be
enpl oyed to achieve the desired final product characteristics. Therefore,

it is THEvEer id RahdtdthatRiReppacd cRINS c&RY 8Nl s@dhl mSdiGibationdiahd e@bbdingngnd
enbodi nents 10 that fall within the true spirit and scope of the present

I Nentih@Fall ¢Athin the true spirit and scope of the present invention.
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WO 03/ 106344 PCT/ US02/ 19263 What is clainmed is: 1. A process for producing
preci pitated cal cium carbonate, conprising the steps of (a) providing

cal ci um hworoesdede4 and 5 (b) carbonating the cal ci um hydr exirdsomeh3 car bon
di oxi de gas and comm nuting for a tine sufficient to produce a cal cium
carbonate having at | east about a 90 wei ght percent conversion to calcium
carbonate and having a solids concentration of at |east about 90 wei ght
percent. 2. The process according to claim21, wherein the cal ci um hydroxi de
provi &@batilscbtm@(g@'st about 90 10 weight percent solids with water present
in an anount of up to about 10 wei ght percent. 3. The process according to
claim2, wherein the cal cium hydroxi de provided is about 92 wei ght percent
solids. 15 4. The process for producing precipitated cal cium carbonate
accor di. Agprbess Féri pivducindgreeipitatbd Balcitd] Giribohatey dsaniisag teawpded in step (a)
is produced by the steps conprising: i) mxing calciumoxide and water in

amunt(g)rﬁgjgﬁg%%{@hﬁ%?wm@&e. Loy formcal ci um hydroxide substantially free

of wat taining the mixture at an el evated tenperature for a

ti fficient to hydrate the.calcium, 20.0xide to f.orm cal ci um hydroxi de
nav; ngbheaPeiine. e e s yRb o aRiLE e ant P Pl o Y e
anount of up to about 10 wei gt%t Percent. 23 WO 03/ 1063%%} PCT/ US02/ 19263 5.
The progHisient S prodHEseR caleum carbanate hgymeat heastadboyt & 80 greighl PRECSHFORYFIARR to
m xture at an elevated tenperature is perforned at a tenperature of up to
about cg8liumlegrberate Eadhanhes solidsconceninaton gidti¢ast ahout PO wisight pareenithe cal ci um
oxide to form cal ci um hydr oxi de having at |east about a 95 weight percent
conversion to cal ci um hydroxi de.

2. The process according to claim 1, wherein the calcium hydroxide provided is at least about 90

10  weight percent solids with water present in an amount of up to about 10 weight percent.

3. The process according to claim 2, wherein the calcium hydroxide provided is about 92 weight

percent solids.

15 4. The process for producing precipitated calcium carbonate according to claim 1, wherein the
calcium hydroxide provided in step (a) is produced by the steps comprising:
1) mixing calcium oxide and water in amounts sufficient to react to form calcium hydroxide
substantially free of water; and
ii) maintaining the mixture at an elevated temperature for a time sufficient to hydrate the calcium
20  oxide to form calcium hydroxide having at least about 90 weight percent solids and water present

in an amount of up to about 10 weight percent.
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5 6. The process according to claim5, wherein the step of nmintaining the
m xture at an elevated tenperature is perforned for a tine sufficient to
hydr at e twe oisabaisum oxi de to form cal cium hydroxi de havi mgTaiSOY/ers3 about
a 98 wei ght percent conversion to cal cium hydroxide. 10 7. The process
according to claim1l1, wherein the steps of carbonating and comm nuting are
performed until at |east a 95 wei ght percent conversion to cal cium
carbonate is achieved. 8. The process according to claim1l, wherein the

st eps SofThe prasessacEordingria clemt wheieiythg siep o arigpining themixtugpat ap glevatgdg7

wei ght percent conversion to cal ciumcarbonate is achieved. 15 9. A

pr ocesamparatupy 8 pafomyedot eceppdratuedoftgl toiabmutc#l0blsgetes Faluonhmit for agnehe st eps
of : (&) providing cal ciumhydroxide; (b) carbonating the cal ci um hydroxi de

Wi th gardemt e Bydrate depGldien okidel t88orsnEdléiGhemidréadehavigos leaspaddut 805 Y
convert the cal’cium hydroxide to cal cium carbonate; 20 (c) comm nuting the

at | e%@lﬁ?@f&eﬂ{ é%v%ﬁ§q5kﬁﬁuﬁ%ﬁgmqur0Xi de; and (d) sequentially
n

repeati n teps of carbonati ng commnuting for a time sufficient to
sugst antially convert the cal ci um hydroxi de to cal ci um carbonate having at

| east about a 90 24 WD 03/106344 PCT/US02/ 19263 wei ght percent conversion
to cal cium carbonate and having_ a solids cgoncentration of at Ieaft 8bout
90 weibgihe percesecordmg tqgkaip So WasEILbE stepiof grauyaining the Guxtrat an slavRtE

cal ci um hydroxide provided is at |east about 5 90 weight percent solids

W t h werhperatpress gatfoimedofor atimersufiapdientgo hydrateghe callciumem@c?ﬁ togemg edlelum 1. The
process according to claim 10, wherein the cal cium hydroxi de provided is
about hYdrox¥d IgRingae lexeidboand Dlseight percent conversion to calcium hydroxide.

10 7. The process according to claim 1, wherein the steps of carbonating and comminuting are

performed until at least a 95 weight percent conversion to calcium carbonate is achieved.

8. The process according to claim 1, wherein the steps of carbonating and comminuting are
performed until at least a 97 weight percent conversion to calcium carbonate is achieved.
15
9. A process for producing precipitated calcium carbonate, comprising the steps of:
(a) providing calcium hydroxide;
(b) carbonating the calcium hydroxide with carbon dioxide gas for a time sufficient to at least
partially convert the calcium hydroxide to calcium carbonate;
20  (c) comminuting the at least partially converted calcium hydroxide; and
(d) sequentially repeating steps of carbonating and comminuting for a time sufficient to

substantially convert the calcium hydroxide to calcium carbonate having at least about a 90
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10 12. The process for producing precipitated cal cium carbonate according
to claim9, wherein the calciumhydroxide provided in step (a) is produced
by the stwp3aoedspsi sing: i) mxing cal cium oxi de and wat ePCirrusamm2ng s
sufficient to react to form cal ci um hydroxi de substantially free of water;
and ii) maintaining the mxture at an el evated tenperature for a tine
sufficient to hydrate the calcium 15 oxide to form cal ci um hydroxi de

havi ng at | east about 90 wei ght percent solids and water present in an
anmountweghtpgraest eonyensiongo gelctim cayberashand hayingrhwolids sercsstraéaoeidit igst o cl ai m
12, wherein the step of maintaining the m xture at an elevated tenperature
i s perabontrtdwaightpekemper ature of up to about 600 degrees Fahrenheit for a
time 20 sufficient to hydrate the cal cium oxide to form cal ci um hydroxi de
having at | east about a 95 weight percent conversion to cal ci um hydroxide.
25 WD 03/106344 PCT/ US02/ 19263 14. The process according to claim 13,

wher ei f i It i ag t : L eis
por  oriGed [ESFOG oot WMol (I oy Bl GO i IR B

cal_ci hydr oxi de havi ng at | east about a 98_.wej ght cent . conversion to
cact g tite et sabdy st ser et B Rraenl QY b Houl 0 SSRRAERERE ¢ e
steps of carbonating and comm nuting are perfornmed until at |east a 95

wei ght percent conversion to cal cium carbonate is achieved. 16. The process
according to claim15, wherein the steps of carbonating and comm nuting are
per f orltedheiptackssacdrdimgtto aladi 1dewhtreingbe calntuncigrirexide providsddadtmiug A2
carbonate is achieved. 10 17. The cal ci um carbonat e product

pr oducgsgtitypetdeat glidsess of claim 1. 18. The cal ci um carbonate product

produced- by-the-process of claim4. 15 19. The cal ci um carbonate product
pr oduced- by-t he-process of claim?9.

10  12. The process for producing precipitated calcium carbonate according to claim 9, wherein the
calcium hydroxide provided in step (a) is produced by the steps comprising:
i) mixing calcium oxide and water in amounts sufficient to react to form calcium hydroxide
substantially free of water; and
ii) maintaining the mixture at an elevated temperature for a time sufficient to hydrate the calcium
15  oxide to form calcium hydroxide having at least about 90 weight percent solids and water present

in an amount of up to about 10 weight percent.

13. The process according to claim 12, wherein the step of maintaining the mixture at an elevated
temperature is performed at a temperature of up to about 600 degrees Fahrenheit for a time
20  sufficient to hydrate the calcium oxide to form calcium hydroxide having at least about a 95

weight percent conversion to calcium hydroxide,
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20. The cal ci um car bonate product produced-by-the-process of claim112. 20

26
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14. The process according to claim 13, wherein the step of maintaining the mixture at an elevated
temperature is performed for a time sufficient to hydrate the calcium oxide to form calcium

hydroxide having at least about a 98 weight percent conversion to calcium hydroxide.

15. The process according to claim 9, wherein the steps of carbonating and comminuting are

performed until at least a 95 weight percent conversion to calcium carbonate is achieved.

16. The process according to claim 15, wherein the steps of carbonating and comminuting are

performed until at least a 97 weight percent conversion to calcium carbonate is achieved.

17. The calcium carbonate product produced-by-the-process of claim 1.

18. The calcium carbonate product produced-by-the-process of claim 4.

19. The calcium carbonate product produced-by-the-process of claim 9.

20. The calcium carbonate product produced-by-the-process of claim 12.
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