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The present invention concerns precipitated - § -calciumcarbonate. More

specifically, it concerns a novel method of preparing discrete
particles of prismatic cal cium carbonate of varying particle size by
carbonating an aqueous line slurry in the presence of sacchari des or
pol.ysaccharides and optionally other 10 netal ions.

Background of the Invention Preci pitated cal ci um carbonate
(PCO) is commonl y prepared by carbonating an aqueous cal ci um
hydroxi de slurry with a carbon di oxi de containing gas 15 while
controlling tenperature to obtain cal cium carbonate particles of
about 0.5 micron to 10 mcron average particle size. Heat aging is

al so used as a t he S|ze and S|ze dlstrlbutlon of
the final product. Suct ¥ea -BREPARATION OF DI s e ES
fillers in paper, as plgnents for co&ﬁE@gLCIUMggggggNRmEplgnents for

pai nts and pol yner applications, Elefﬁ“$fﬂéﬁ%fiﬁwkﬁﬁkoﬁn t he

phar maceuti cal industry.

The present invention concerns precipitated
5 calcium carbonate. More specifically, it concerns a
novel method of preparing discrete particles of
prismatic calecium carbonate of varying particle size by
carbonating an aqueous lime slurry in the presence of
saccharides or polysaccharides and optionally other
10 metal ions.
Background of the Invention
Precipitated calcium carbonate (PCC) is
commonly prepared by carbonating an agqueous calcium
hydroxide slurry with a carbon dioxide containing gas
15 while controlling temperature to obtain calcium
carbonate particles of about 0.5 micron to 10 micron
average particle size. Heat aging is also used as a
mechanism to effect the size and size distribution of
the final product. Such calcium carbonate products are
20 useful as fillers in paper, as pigments for coated
paper, as pigments for paints and polymer applications,
and also find use in the pharmaceutical industry.
When attempting to produce precipitated
calcium carbonate much smaller than 0.5 micron average
25 particle size it is necessary to use low calcium
hydroxide concentrations, low temperatures, and
sometimes low levels of a size controlling agent.
'However, most processes still remain difficult to
control and the calcium carbonate particle size is not
30 very predictable,
What has been found to be novel and



Waen attenpting to produce precipitated cal ci um car bonate much
.smaller than 0.5 mcron average 25 particle size it is necessary to use
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sonetinmes low | evels of a size controlling agent. However, nost
processes still remain difficult to eoRt rol and the cal cium carbonate
particle size is not 30 very predictable. What has been

found to be novetnangicipated\dyothEopriior art is an improved process
PCT/ US96/ 18656 gor selectxvely producing dxscre@e calclumueagbbﬁhﬁéted by

the prior art is an i nproved pfocCes for selectivel %opro ucl ng
di screte cal ci unPREEREASLe oF fr%%q‘tq e %W‘*‘F’E)‘Pﬁ‘%b’é‘&ta BtPePdfs to
about 0.018 miBhrohens. 5 is therefore an object of the

Phe prepar atPon of cal ci unt¥att %&e&%o?ﬁ”ac% SFfect "ot “ehy RESRent. o
particle sizes. Anvbh@ioubﬁecpnﬂvﬂdﬁaa simple csprédicvableoprosess [fivavi de
cal ci um carbonat g, o1g,. P’ g‘ifo% Jled c%nﬁéﬂ?&%ﬁé(té’sﬁé%iéfaéh?ﬁpé' nt,

pl astics, pharnaceut paper industries
obj ects of the pwegenranmmfu panfiidlecaigas. Anothpnrebieat ¢frther

provided in the gdebaiehedinventi®@Sald Rid PrNidd ¢P1EPMR - cadBonate
Prior Rel at 564 |scjoses a géocess for

produci ng I‘ﬁgﬁbl PTEAuGs, &hatn 3¥&y Wcétﬁzér%f St reiPH2hui ckl i ne

in an aqueous supglassdbeti phatrmajceutical and paper industries. These
and other cbjects of the present invention will become
apparent as further provided in the detailed
description which follows.

15 Prior Related Art

U.8. 5,332,564 discloses a process for
producing rhombic or barrel shaped PCC comprising
slaking quickitme in an agqueous sugar solution to form
‘a slaked lime slurry carbonating said lime slurry at

20 40 - B80°F. with carbon dioxide containing gas until
about neutral (pH 7-8) to SSA 2-20 m /g.

U.S. 4,237,147 discloses a process for
preparing a dry carbonated beverage concentrate for
preparing a carbdnated beverage comprising (a.)

25 amorphous calcium carbonate and (b.) an anhydrous
nontoxic acid in an amount to completely evolve all the
carbon dioxide gas f£rom the amorphous calcium
carbonate. Sugar is employed in the precipitation of
the calcium carbonate and results in fines on the edges

30 of irregular agglomerated particles.

U.S. 4,018,877 describes an improved process
for producing calcium carbonate by introducing a
complexing agent into the calcium carbonate slurry
either during or after the "primary nucleation stage."

35 The complexing agent is selected from a group which
includes sucrose or glucose.

U.S. 3,443,890 describes a process for



a slaked line slurry carbonating said linme slurry at 20 40 - 80[err]F.
W th carbon dioxi contai ning gas until about neutral ( - t
SSA 2-20 nﬂ/‘gb%hg’e” U S. 4,237,147 discloses a proc';e)ésjg’z’ﬁg‘g"“g‘
preparing a dry carbonated beverage concentrate; for preparing a
canbonat ed beverage conprising (a.) 25 anor phous cal ci um car bonate and

(b.) an anhydrous produdiid técﬂﬁidatédaaaiﬁﬂu&l da&HBi{HfﬂéEWYc:ﬂBbM&tihb
t he car bon d| oxi de { he ﬁma g Qus tcsﬁ_l cium, £
Sugar is enpl oyed AP tFE* ‘?'é%l?)é‘)f]%ﬂ’%n PFEO* STER &’hrﬁ}tear%ﬁﬁ‘?ﬁcﬁnﬁ‘
results in fines omsddehaxipies £ aoéeccnégaban.vaggﬂcawwmachspbectteaefrom
UsS. .4,018,877 des&lrmﬂp%&gb|£%gy§gl1qéoggs§ctive sfx?f ﬁ% cal cium

carbonate by intro Xl ng ent inte& clum
carbonate sl ur sy eit heonﬁJrlfr-'\g46? f2cdipndoses maproneszafoon
stage.” 35 The copPd&idY &Nk by é&i-ssasdxhbomna g&&%-&ﬂ

443, 890 descri bes

I ncl udes sucrose of gl ucose.

process for Mﬁwlslurry in the presence of ‘sugar beet residue
PCT/ US96/ 18656 extract. - 3- pr odUCI ng

preci pitated cal ci um car bonat n n ueous ¢ | ci um

hydr oxi de slurry in the presvﬁ d??{gg eﬁ%a% arlg .y sec d active
conmpound seleé@ed'hannharideﬂkﬁﬂ@h@@hY%Umxlsalnghoﬂ astﬁmeagdiuﬁvé to an
conpounds. o410 4YaPER1 8L S61ASES Bl

produci ng chal k by c%l%onat‘%ng lan aqueous cal c?’u 7 B %.:?%g ?J?%?nl n
the presence of suf® fRe@ 3 Gkrium carbengkgcproduct. U S.

2,188,633 discloses the use ofn view of the above, there is nothing in the

patent literature which suggests that the use of

15 sucrose alone or in combination with aluminum sulfate
(alum) and temperature control of the calcium hydroxide
slurry during carbonation that would result in the
present invention.

Summary of the Invention

20 In the novel process for producing discrete
prismatic calcium carbonate particles having a specific
surface area of from about 10 to about 120 mz/g,
saccharides or polysaccharides are used either alone or
in combination with other metal ions tc effect the

25 particle size.

The calcium carbonate product is useful as
pigment in the paint and plastics industry, as pigment
in paper coating, and as filler in papermaking.

. Detailed Description of the Invention

30 We have now found that precipitation of

| calcium carbonate by carbonation of aqueous lime

slurries containing a saccharide or polysaccharide or a
saccharide or a polysaccharide and a metal ion at
temperatures of from about 8°C. to about 64°C.

35 consistently produces the desired calcite product with
specific surface areas (SSA) in the range of from about
10 m?/g to about 120 m /g.



10  saccharides and pol yvi nyl al cohol as an additive to an aqueous
. calcium hydroxide slurry prior to carbonation to forma cal cium

car bonat ewus g0t _ In view of the above, t pefradognggdshi ng
in the patent |iterature which suggests that the use of 15 sucrose

alone or in conbination with alum numsul fat® - (alum and tenperature
control of the cal ci um hydroxi de slurry during carbonation that
woul d result in the Agre¥dinglyse iy present invention entails a

Summary of the |15‘¥68&b9nf020the prepa.rat:.dh td¥e m&e@é 0§£§§15QEsprd'éC' ng
di screte ismatj ¢ calglumcar nate%rtl es hav]j ecifig

surface area of ?Ybﬁ?‘iﬁbﬁt CROCEY g?mprls a%ﬁﬁﬁ?ﬁ&é‘%ngr
pol ysacchari des ecaebasediexifler ialtonamaqueous islwnmpiofit £psmWabbuat her

metal ions tso ef‘% éh&hé?rﬁgnt R L.Eb%kﬁ: %'qu\relr?}%%gezécenrtlt c I]E] cal ci um

carbonate produc ment tics
i ndustry, as pi MOXJ@& cmtpapépgc@atamhmdieamr |9¢larsaqcbapedﬁahndg

Detail ed Descri %eﬂoﬁhweal R¥eall 3n .30 The preferre P@a@saoxmgﬂg
that precipitation of cal ci um car bagnat € by carbonati on aq ueous

li me sl ur r¥ae ‘éﬁﬁtafnifﬁﬁmaa?&é’é:hé’r'lldé’%g}ﬁoIm%r‘i‘aea%?“&
saccharide or aweiyghocpéscefie aadchardida dzorpoﬂllysacchafmaeiﬁaures of

f rom about %[err%ﬁ%%ﬁc)?fg??%r%[ Shol® o §5we:. 'Ste i ?1 %hg

desired calcite speci & areas
range of from abvedght per¢enhki aﬁﬁ:]!ﬂ-g M:amm rifhes r:qngroduct:.onV\@f

92/20771 carbon dioxide at a temperaturémggl#%ﬁujéggﬁ% 8°C. to
o about 64°C. and continuing the introduction until the
calcium carbonate precipitation is substantially
15 complete.

Preferably the calcium hydroxide slurry
concentration is from about 5 weight percent to about
25 weight percent. The amount of sucrose present in
the calcium hydroxide is more preferably about 0.5

20 weight percent or the amount of sucrose and alum
present in the calcium hydroxide is about 0.5 weight
percent and 4.0 weight percent respectively. Vigorous
agitation is used during the carbonation process, which
process should take no more than about 80 or %0 minutes

25 to complete.

The saccharmde or polysaccharide useful in
the present invention is selected from the group
consisting of sucrose, glucose, fructose, raw sugar,
molasses, gums, starches, and other organic compounds

30 similar in nature. Preferably the saccharide or
polysaccharide is sucrose. Various inorganic metal
oxides, especially gel forming metals such as SioO,,
MnO, ZnO, ZrO,, and Al,0, are useful in the process of

— the present invention. Preferably the metal ion is

35 A1203(Alum).

All percentages used herein are weight
percent, and when they describe the amount of additive



Acco}di ngly, the present invention entails a process for the
preparation | ete particles of a prismatic cal ciumcarbonate
whi ch conpri‘gze’sgq}izﬁﬁoducj ng carbon di oxide into an aqueoﬁgT‘g{Sa?’Fgﬁsﬁf
from about 1 5 weight percent to about 30.wgight percent cal cium

hydr oxi de contai ning a saccharide or polysaccharide and optionally a
metal ion. The prefueéddthepcase weighlts percent hass® o €nencabeytm?. 1
wei ght percent to ahqut 5, i ght rcent sacc i de, or
polysacchari de and%a(i%mn%g?i%ﬁ‘éﬂ'é&]’%&m"%ﬁe Gvf%%#ﬁ ®ent to about
5.0 wei ght percent net aTheonatutrer pifngheheaxnbon dixxbde otontaining
carbon di oxi de at r r ‘ out s8l.errd G .t about
64[err] C. and cont %r%%%t%ylﬁ??%é%%? %%gu%:riﬁ%lﬁ?eﬂ 4n &%%I%?ﬁﬁ 83FBSHat e
precipitation Bs sédaeide a5 cag becemployed or standard mixPuzésr alfl y
the cal ci um hydr oxiclasddddoxide i808§eRLEALIGN drS £ ABALOUT B1¥EL AN

percent to about 25 i ght percen The anount_ of” sucrose present
in the cal ci GRATRAR o‘i\f‘a’g"‘%ﬁ ﬁﬁr@eé}ef ERBHPE MFSF i3 meoprdaggpgiith

percent or the anokite giresmxisitnwadtibnm present in the cal cium
hydroxi de is about 0.5 wei ghtgp, s r d 4.0 weight pergcent
respectively. Vigorous %JI' Gt F§§ ggg%gg BIPSTE = %‘? c&%ﬁhﬁ?‘?%ﬁ to

process, which0 allpceneentratidnsaké hémepsduridesabduitclBlcan 9 _
mnutes 25 10 CeiRitinated, it is practizgilgaigﬁyﬂéq:éy A ySasfRaLLdg
useful in the present invention is selectéd fromthe group —

consi sting of sucr&?e,"’%d'icﬁ’ccfs*& ¢aleivrchydngxidgaconcentrafsion sef, thens,

s':}archesh ang ot hestgmm'glj mmhmlmj‘a gBfatesi Bhhil abbutalsihieighl elf,gi-@@,ig.
t he saccharide or ... :polysaccharide is.sugcrqse..Various inorganic neta
oxi des, especi al |y gor %r n@lerf:ga%rr’é? a?%e%h%ﬁéﬁgegi Pparife of th 5 Hed
ZrJerr], andlAl [ ePRrtisdd sdze (eaot Ubei neahibzpdousderothe predérmt present

i nvention. Pref er aBbypioa t¥RhAl e ¢ fondSwi th r initd
Al'l percentages used_herein argmpi ght " * Ig\e%g{el%%gegn%k%igéj{%%y’“nltul
descri be the ampunfadriygghyidrexide concentration of about 5 percent or

less even in the absence of the additives. Such low
concentrations, however, are not economical. For most

20 economical operation, the concentration of the calcium
hydroxide in the slurry to be carbonated is preferably
from about 10 to 20 percent by weight.

The carbonation of the lime slurry is

continued until calcite precipitation is substantially

25 complete, preferably being terminated when the pH of
the carbonated slurry is about 7. Such carbonation is
usually accomplished in a period of about one hour and
one half. Normal care is exercised to neutralize any
unreacted calcium hydroxide still present in the

30 carbonated slurry. Various techniques known to those
skilled in the art can be used to accomplish this
neutralization. These include, for example,
_moniporing the slurry pH with the introduction of

_.._. additional carbon dioxide gas as necessary as well as

35 treating the carbonated slurry with a sufficient amount
of an organic or inorganic polybasic acid such as
citric, maleic, malic, malonic, phthalic, tartaric,
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.used they are weight percent based on the cal cium car bonat e

equi val ent wxigdm-;ﬁval | able |ime. : The nat ure,,Qﬁ,l%g}gng@s%bon
di oxi de cont ai ni ng gas is not particularly critical in that pure

car bon 5 di oxi de gas can be enpl oyed or-s6andard m xtures of

carbon dioxide in either air or nitrogen. Liquid carbon di oxi de as
wel |, can be usedbPrigecphegpberniich sulfurquse qr esebfurhceacidn. The

Wil e the presentcgi@egas chtbaRRltieCak) echteo £ikh1 @i&rﬁfﬁﬁ&gt gnat hg&i&h

slurries which can be car bonat e It I s practicd te ose’
slurries |HaﬁhFEﬁh?h8rc§P¥i&m Qﬁytﬂﬁkﬁﬁuﬁ%@lﬁhléﬁdtﬁer use
starting slurry issgaedker pbaacahout 5 wei ght percent. This is

because precigpitated calcitg_of .t.h sired 15 article si can be
real i zed unde!:jrD t he present Prd Vidggr%g‘ RafiooT & ﬁ‘Eﬁls°€/i ?H%EF‘EFPP&S
havi ng an|lntleﬂpuritY.cahsipnoﬂyémoxedahniugyntamitﬁeq@rabesh bfpeheent

or | ess ev e of; 4t
concentrations, ﬁ§5252é9 %ﬁgaﬁggggc%ﬁoﬁﬁgng %ﬁﬁﬁgﬁﬂgg 8 E)oko) %6%?c3ﬁet
operation, the cdﬁ%%h??gtﬁaﬁcbf195§1ealéPEﬂPtecipﬂﬂﬁﬁanth¢numhe slurry
to be carbonatad¢éw$6ﬁieéablyhe prodﬁaQﬁugth&Yyiééljg)gﬁgff?g bynugi ght .
The carbonaéjon of the lIFE a é $ continued unti |

precipitation is RHRYMEFAPFT s§ el &SH'pPé't ré’f‘br%ﬁﬁ%/"?fél%a{lemgﬁ?ﬁat ed
when the pH of perceéhme calbdumt edrbbnake.is about 7. Such carbonation is

usual Iy acconplished in a 0 ur and . ong_ hal f .
Normal care is exercised to ned?rg ng g% GBe-l' a pigment 1

plastics and paint applicatlons. It is especially
useful as a pigment for paper coating and as a filler
15 or retention aid in papermaking.

The size of the discrete particles of
prismatic calcium carbonate being extremely small (0.5p
to 0.018p) is more accurately determined and expressed
by the specific surface area measurement. The specific

20 surface area (SSA) of the producte are determined using
a Micromeritics FLOWCARB II 2300 which employs BET
theory with nitrogen as the absorbing gas. By
prismatic calcium carbonate we mean that the particles
have a generally prismatic shape and the aspect ratio

25 {L/W) averages 2.0 or less as described in U.S.
3,320,026 to Waldeck and in Pigments for Paper (TAPPI
Press) edited by Robert W. Hagemeyer.

The following examples are merely
illustrative of the process of the present invention

30 and are not to be construed as limiting the invention,
the scope of which is defined by the appended claims.

Example 1

A 4-liter jacketed, baffled, cylindrical
stainless steel reactor;- having an internal diameter of

35 13.5 cm, a height of 38 cm and a hemispherical bottom,
equipped with a high-speed agitator having two 5 cm
diameter flat blade turbine impellers positioned about



unreacted cal ci um hydroxide still present in the 30 carbonated slurry.

-Various te i known to those skilled in the art chPps to
acconpl i sh%{}ﬁigg)ﬁﬁl neutralization. These include, for exanp e,sml%gss
monitoring the slurry pHw th the introductiongof addi tional carbon

di oxi de gas as necessary as well as 35 treating the carbonated slurry
with a sufficient y®umh and 505 em frganitheobottenyatid qrivansbg acidis
ggfgo";‘? L Cltriyg, JRLELE1e "BbbEa %k:ggl,can&gg;%gg&ni%g%{ég’diameterV\O
- 6- bori c, stwbphesscstealf tubescurved fumder ddiel cefifter of thel ci um
carbonate in the fj hal sl b tkld : may be
filtered, dried anﬂ m?’ﬁeydi§%?n§§g Ene khgé%gugrtn.o& gu%%r%n

Provi ded the rfeactdinxidetadr streawcWps used for prepanatphonand
resulting fromthadioeess 6f &€8%cium hylpdkidle |(BIAXd)ORd mbedficiently
pure to readily neet , ., th Usg specl fi atig\%nf%r c@reci pitated cal ci um
carbonate. The préﬁﬂ%?rﬂ}F?t?§p?§ FFgmaﬁﬁF 28atG dFCY0  using net hods
specified by USP, to greaterAthand9€eiight perpenten0 . d443 Wyasy bwgaecus

The product is use | [ l.ast] i .
applications. It iésauiécs%z%ia%fégggg&e Eiﬁ‘s“ém wg.g ?z‘peﬁ%nzge% x&gr{gp%f)%? %%gt I ng
and as a fillld Ibram®rof cgramubarandtivepdpmendixiony Specialty Mineralshe

size of the discreig parkiféfsadler refePibdMeb &sCAdamsMGHLONLiRE! 24
extremel y small (0O 5p, to,0,018p) .is more accurately defermned an
expressed available calcium i

weight percent as determined by ASTM procedure C-25-72,
to 1000 ml of water in the above described 4-liter

15 reactor at 25°C. and stirred at 1000 RPM for 10
minutes. The slurry was diluted to about 10.2 weight

de content of about %4 or more

percent (0.1080 g/cc), screened through a 60 mesh
screen to remove grit and cooled in the reactor to
25°C. The agitator was adjusted to 1250 RPM and 0.1

20 percent sucrose by weight, based on the calcium
carbonate equivalent of the available lime, was added
to the slurry. The calcium hydroxide slurry was
carbonated to precipitate calcium carbonate by
introducing a gas mixture of 28 volume percent carbon

25 dioxide in air at 4.4 standard liters per minute (SLM)
into the slurry. The carbonation continues until the
PH value was less than 7.4. The slurry was passed
through U.S. Standard No. 325 {44 microns) sieve to
remove grit.

30 The slurried product was shown by SEM to be
well dispersed and quite discrete. A portion was then
"vacuum filtered on a Buchner funnel, acetone washed,
and the subsequent filter cake dried at 120°C. for at
least one hour to give a PCC product having a specific

35 surface area (SSA) of 34.6 mzlg. This run is
identified ag Example 1 in Table 1.
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The particle size of PCC has been shown to be

The

level of sucrose, at a specific temperature determines

the particle size
as shown in Table
sucrose levels at
comparison of two

1.
two temperatures 25°C. and 35°C. and

{surface area) of the synthesized PCC

The table also shows effects of

limes - Adams and Germany Valley.

TABLE 1
S
Example Lime Carbonation Sucrose
Temperature
No. Type (°C) Level (%) /g)
Adams 25 0.1 34.6
2 Adams 25 0.5 42 .4
2A * Adams 25 2.0 53.2
3 G.V. 25 0.5 46.2
3a G.V. 35 0.5 36.4
3B c.V. 35 1.0 41.3 l
3C G.V. 35 4.5 61.1 "
e ———

an increase in temperature.

Examples 3 and 3A show a decrease in SSA with
Examples 2 and 3 indicate

a small difference in SSA between products made with

different limes.

The increase in sucrose gives an



10 grans of granular active line from Specialty Mnerals I nc.,

‘hereinafter referred to as Adans |inme, having an avai |l abl e cal ci um
oxi de cont eMO ¥203Hout 94 or nore wei ght percent as dePEFHS?&/E865¢
ASTM procedure C- 25-72, to 1000 m of ter in the above descri bed

4-liter 15 reactor at 25[err]C. and sti rred a_t' 1000 RPM for 10
mnutes. The slurry,yag,Q 'g.gztc‘i%af]é% AP WAl O(FedELIBL in parB%‘i%msi(%)l.OSQ
nes ri ol’'ed in

g/ cc), screened through a screen to renove grit and co

the reactor to 25[ er r | @1thaughyithe PaXkicle) stfedcas Pesdetmymined

0.1 20 percent sggraaeting\ehtless &if OdudFes6 bEétwaen £romCALMRAWLE, 1
equi val ent of the avail abl e ld mi’ was_ added ., to the slurry. The

cal ci um hydr oxi de BRFFERt,28d about. p Rersents 0 BINY; FAPES  Atcifmore
carbonate by 5§ desireible tg magastaintarkowfsiérosé ubevekr eenaveddon
25 di oxide in ai 4 and diter r.Jl SL I nto the
slurry. The car bon%f‘.lg%ﬁucr:" n%%ﬁ%e?%rﬁ##' tﬁ:é}?@ pf@f‘é‘p%f.\;/él ﬁ%@ s°r€e§§‘°ﬁ?§ﬁ
7.4. The slurry wagspfsdedo 1.0 pencanth and ngrerprefierablg28best ®.& ons)

sieve to renpyec@hiel,. 30 The slurried product was shown
by SEM to be wel | dispersed and quite discrete. A portion was then
vacuum filtered on a Buchner funnel, acetoB¥2BRiged and the

subsequent fiiber cake driedret dealimutddte fithe adEfect of e@R&ngliaghour to
give a PCC pr oductthavi ng.a spe i.fliec aBilonaSéJ.rfaceta; &2, zsgélv\%fe Bﬁ. W%
This run is FOCRET P8 Cad B angie L h- b1 & 18 - haarlvgars
PCT/ US96/ 18656 rercent, a series of six experimsnts, Example 4 through
4E, were carried out from 10°C. to 55°C. by using the
process as described in Example 1 and the carbonation
1s temperatures are indicated for each respective
experiment. Germany Valley lime was used for Example
4E while Adams lime was used for the others. The
results are tabulated in Table 2.
Example 5
20 A 70-gallon modified mortar mixer was used to
prepare calcium hydroxide slurry (slake) for a scaled-
up carbonation. The carbonation was carried out in a
30-1liter jacketed, baffled cylindrical stainless steel
reactor having an internal diameter of 11.5 inches, a
25 height of 20 inches, and having a hemispherical bottom.
The reactor was equipped with a high-speed agitator
having two 4.5 inch diameter flat blade turbine
impellers positioned about 4 inches and 8 inches from
the bottom and driven by a 5 HP variable speed motor.
30 It was also equipped with an 0.25 inch inside diameter
stainless steel tube curved under the center of the
bottom of the blade for the introduction of a carbon
dioxide/air stream. A 20.1 weight percent (0.2257
g/cc) aqueous calcium hydroxide slurry was prepared by
35 adding 2000 g of granular active lime froﬁ"Specialty
Minerals Inc. having an available calcium oxide content
of about 94 or more weight percent as determimned by



'Exérrpl e 2 Two additional discrete precipitated cal cium

carbonate particles of varying surface areas were prepared by using
the proceggoops@si bed in Exanple 1 5 but having higher sperAfgehdyg! S as
designated in Exanples 2 and 2A in Table 1.

Exanpl e 3 Three nore experd rEnt-s were conducted by

using the sanme process but in these cages linme from 10 Ger many Val | ey'
(G V.) Linest oneASTNp prpossiiren @it to 100 Bifers] 6f waseradnofthe
25[err] C. Sucros ded 5 +0 110 &e,% ercenta.and_4.
percent as showng?on ag%e aat‘adol B?aanp]]Oesen%, ra%ﬁggg.' £€M50 @10 ata”

The particle siz8tdrrrdCior IfedimHefr t Fhe shurry svaacdédubed: se

addi tion of vari gueuteadent weighite percent el 1080 S§LEEFS, s@kednemeci fic
tenperature det e;:gl nes the particle size (sur acji areg) of the,
synt hesi zed PCC SRToughs a; 64, mesh gapeen to PP FFLF s3ndhBRRtEAf 4Bt s of

sucrose | evel s athewreaetper aiou e 25 Ahd Ggitubab|[wsis | 4dja88ed2@o 615
conpari son of t i - I
TABLE 1 "Relr 58 o MR BURe WY ight, Baged on the,

Tenper at ur e calmgdum carbppgse equivalient o the avatlable lime, was
(nferr]/g) added o the AdW . The’Talcium hydr&x%de slurr§4 Qs 2°
> Adays 25 5 4. 4 oA Adans
25 2 ocarbonated fo precipitate calqiwym carbonatecby 0.5
gg 2 cv 3£ntrodg@iﬂg a gas midture of 318 3&%3:@ perc%ﬁ&t4carb%nv

35 ' 4.5dioxi§e iglgfr at 31%7 standard[S&ﬁﬁﬁeiF%taﬁﬁrSﬂ;§Hﬁﬁ é
decrease in SSA 8FFM into the slursyse The emdraiatrion kasptestinaed 3

i ndi cate iRkl cflef bR 4AG° 16k sSERNLIMREN PHOIUCE Sr FPAGa Y blssea

15 through U.S. Standard No. 325 (44 microns) sieve to
remove grit. The slurried product was shown by SEM to
be well dispersed and quite digcrete. A portion was
then vacuum filtered on a Buchmner funnel, acetone
washed, and the subsequent filter cake dried at 120°C.

20 for at least one hour to give a PCC product having a
specific surface area (SSA) of 11.1 mz/g {(see Table 2,
Example 5).

The reaction temperature is proportional to
the reaction rate, meaning, the higher the temperature

25 the faster the reaction and it is also related to the
crystal size. Higher reaction temperatures produce
larger PCC crystals. By adding a reagent that
interacts with the Ca(OH), the crystal size is
modified. In Table 2 0.5 percent sucrose allows the

30 synthesis of a broad range of particles without
exhibiting the typical quantum change. In this case
50° change in temperature produced about 60 mzlg change
in specific surface areas. Example 5 indicates that
scale-up of the reaction gives results that agree with

35 the 4-liter laboratory trials.
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i ncrease i rwggl(z?ﬂécrease in particle size). g&&%ﬂpﬁﬁﬁe
particle size can be determ ned by settihRg the level of sucrose

bet ween from about 0.1 percent and about 5 percent, in many cases it
is nore 5 desirable to maintain a | ow suofser| gvel to avoid

br owni ng upon drying. The preferred range of sucrose is 0.1 to 1.0
percent and nore . .

Exanple 4 10 ExamplEo denResctivs the eChgdbonsftisimngi g SSa
tenperature whilejcarbonatingfat a sucrose | evPengpem tiire percent, a
series of six expérinmeMos Exdnpl eS#zehr oupgh (2€) were carri®d/eut
from10[err] C. tof55[err]C by u3|n the pro as desg¢rib

Exanple 1 and the sa{beégtieﬁ' 15 a;pnpc¢“%ur03~aﬁgﬁfrd cate g A

respective 5  @xperi4®nt. Ger mangLVal l ey |ine waseused for Exaqpla
4E whil e Adans |i ?mas4gsed or tthothers. The 3§EyaL§fg|E3 gs 4 "

tabul ated i n Tabl
A 70-gal |l on nodi f ted nmoggar nixer wag usedi to 3gpPrepare C#IC|g§12
hydroxi de slurry {stakey_tor Scal ea- Up_carponattom.
carbonation was c dgﬁ id a2 4 30 diter [a®®&ed baf Led25 2

cylindrical stain _rggctor jhaving amggenternal di angyer of
a highuspéea agi t at o62° hav
ne T

11.5 inches, a 2
The reactor d8s e ng 18014.5
Example 5
A discrete precipitated calcium carbonate was

i nch dianeter fla

prepared using a 12.4 weight percent (0.1325 g/cc)
aqueous calcium hydroxide slurry prepared by adding

15 150 g of granular active lime from Specialty Minerals
Inc., to 1200 ml of water in the 4-liter reactor
described in Example 1, at 65°C. and stirred at 1000
RPM for 10 minutes, the slurry was diluted to about 7.6
weight percent (0.0799 g/cc}, screened through a 60

20 mesh screen to remove grit, cooled in the reactor to
12.0°C. and the agitator was adjusted to 1250 RPM.
During the cooling process, 0.5 percent sucrose by
weight based on the theoretical PCC, was added to the
slurry in addition to 3.15 percent aluminum sulfate

25 based on theoretical PCC, solubilized to a 10 percent
by weight solution in water. The calcium hydroxide
slurry was carbonated to precipitated calcium carbonate
by introducing a gas mixture of 28 volume percent
carbon dioxide in air at 7.3 standard liters per minute

30 (sLM) into the slurry while holding the reaction
temperature close to isothermal conditions by running
chilled water through the vessel jacket.

The carbonation was continued until a pH

value of less than 7.4. The slurry was passed through



i npel l ers positioned about 4 inches and 8 inches from t he bottom and

driven by a 5 HP vari able speed notor. 30 It was al so equi pped with an
0. 25 i nclwonsheter di anet er stainl ess steel tube curvedpdffiSés/i
center of the bottom of the blade for the introduction of a car

di oxi de/air stream A 20.1 wei ght percent-(022257 g/ cc) aqueous

cal ci um hydroxi de slurry was prepared by 35 adding 2000 g of granul ar
active linme froW-Spefit@ndard No. \B325r 4#4 micromdyisdgven tay atemire gaiti um

oxi de cont ent 0 r t et b
oxide content  and fbctAén YT tHBACvRELAR fa%@%@ta 4 & %8 6&%&3&@9 y

- 10 - AEYRPSLsc ARREORe Mashed  (the G“PPF%% flditax igpkpcwas
above descri beddZ@edalaltorl20f arfor xesreathafi ar hbGr @ddgive a Ha¢red for

(0. 1080 g1 c-’e)T“egM* X Mg W pddsgie mef BHb aep, Rel), S5 AT g

heated in Hg . reéﬁmrﬂmﬂ}feﬁr}m Tghdeadi.t at or was adjusted to 615
RPM and 0.5 percent sucrose by wei ght, Mg%étdhe cal ci um carbonate
equi val ent of the available Iinme, was to the slurry. The

cal ci um hydroxi de slurry e exper menbe avenet 5upr &8 pheatde lddtiest um

car bonat e by equiphileh®dd@ et idSed ﬁmﬁaﬂﬁl%svah&ﬁs BersC r&é’dt?on
di oxi de i at 1. .47 st §ar%cub| [ feetlper rr}: Minto the
“&6h uREFI

slurry. e caPBSﬁSfl oﬁ BIREPE “Pﬁ@gpﬁaﬁ?qaé‘s'@’% han
7.4. The slurrytempepatvees tFE 20‘hrand)iR%P SinSteadaot hd°c325 Tikkdri Crons)

sieve to ERBBK Il pHoRYd "D E0a0E 08 UGt eNA3pEROHE P LB d e
e wel |l disperse ute screte ortrof was
area values of 78.4 and 92.3 m“/g respectively, as
shown in Table 3, as Examples 6 and 6A respectively.
15 Example 7

An experiment was conducted in the 30-liter
équipment as described in Example 4 but using 0.5
percent sucrose and 3.15 percent alum rather than
sucrose alone as was described in Example S. 1In this

20 experiment 1700 grams of lime was used and was
carbonated at 38°C. at a rate of 16 SLM CO, to give a
specific surface area of 67.5 m2/g.

The four sucrose/alum experiments (Examples
5, 6, 6A, and 7) are compafed with Examples 4, 4A, 4B,

25 4C which were synthesized using only sucrose and
temperature selection (from Table 2).

By adding 3.15 percent alum to 0.5 percent
sucrose prior to carbonation, the particle size can be
further reduced over use of sucrose alone. The surface

30 area is increased about 35 m /g for the same reaction
temperature to about 113 m./g at 10°C. By using
sucrose and a combination of sucrose and alum, the
specific surface area is extended to a range of about
10 to 115 mzlgm(compare data from Tables 2 and 3).
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i 3.15% alum
6A 0.5% sucrose/ 25° 78.4
3.15% alum
7 0.5% sucrose/ 38° 67.5
3.15% alum
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Precipitated calcium carbonate finds many

applications in a variety of markets.

The breadth of

the range of particle sizes of the PCCs of this

invention allows even broader application.

The direct

synthesis approach which can minimize or eliminate the

need for aging will allow a more economical

substitution for standard fine products used in many

applications.

The elimination of chilling regquired for

some standard products will further reduce the cost of

these novel products.

of applications for these products.

Table 4 shows typical examples
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and a porti P ¥HP7Then vacuum filtered on a Buchner f unREF/USEEL865he

washed, the subsequent filter cake was é’ ed at 120[err]C for nor e

than 1 hour to give a PCC 5 product havi ng~a specifid W%T%ﬁﬁgBEEN
L.

(SSA) of 111.7 nferr]/g. See Exanpl ne Tgbke 3.

Exanpl e 6 Two experi nent ER A A gn t he_4- ||B§PLACED

equi prent as described in Exanprecesssifey Gle muyepanation ofdissreked

12%515 ptercgntfallg{naa%gma%ﬁs o3 PRI calc;txﬁxmeeéﬁsaﬁ@@eo%o {:‘QE&%’;
instead o err ese Reri rodug roducts w

specific surface PTrepazing g pidk 8¥( fﬁc}u@% %’F;lﬁ"@%b@d’%’?

as I shownsi n fabmeaBouts oEianpel &%W&Aﬂmldﬁla sadbharide or

Exanple 7

n_experi S condugcted in the 30-liter
equi pment as descr?‘B%HsPﬁcg?E e Eggﬁmﬂ’ SiFPHILY agitabindt sucrose and
3. 15 percent al um eatbenatiag the thsuscpospaxieshaenidsk w6 Miasersbedrynuntil
D S b S Sen@OcarBRRELEEN ! FOR LU 13 4By 5000 00 VaS

carbonated at 38[err|C. at arateo to'give a
specific surface afarbepation heigg started at a temparagire sofr§5emal um

experinments (fxanphesut 8°C.5tobabdiit wcﬂ) are conpared w th Exanpl es 4,
4A, 4B, 25 4C whi ch were %nt hesi zed usi ng ing/dsucr e, anﬂ

tenperature sel ectfon (from T4f BF2fess as claim Efi/of y Whegein in
percent alumto O.thgemiztkt lime slsurewosenmentratiaariznftommabdhe 5.0
particle size can r of v Pse alone. The
surface 30 areaafés |nc gggeh %outgg’%gﬁnfgrﬁel%i ?Jt %Ei'{sarre reaction

3. The process as claimed in claim 1 or 2,

15 wherein the saccharide or polysaccharide is present in
an amount of from about 0.1 weight percent to about 4.5
weight percent based on the calcium carbonate
equivalent of the available lime.

4. The process as claimed in claim 1, 2 or 3,

20 where said carbonation is terminated at a slurry pH of
about 7.0.

5. The process as claimed in claim 1, 2, 3, or
4, whefein, after the carbonation is substantially
complete, the carbonated slurry is treated with

25 sufficient polybasic acid to essentially neutralize any
unreacted calcium hydroxide in the carbonated slurry.
6. The process as claimed in claim 3, wherein
the saccharide or polysaccharide is sucrose.

7. A process for the preparation of discrete

30 particles of prismatic calcium carbonate as claimed in
any of claims 1, 2, 3, 4, 5 or 6, comprising preparing
a milk of lime slurry, adding to said slurry from about
0.1 weight percent to about 5.0 weight percent of a
saccharide or polysaccharide and from about 0.1 weight

35 percent to about 5.0 weight percent of a metal ion, and
while rapidly agitating, carbonating the thus prepared
milk of lime slurry until the carbonation is
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tenperature to about 113 nierr]/g at lomllllnﬂl mﬂlitﬂsun sucrose and
a conbi nati on of sucrose and alum the rface area i s

ext ended %37 @\,gge of about 10 t0*115 nfer't]/’g (conpaegasidkasdstom
Tables 2 and 3 WO 97/ 20771
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TABLE 3 Exanpl e Addi tive: Car bonati on RERLACED
Tenper at ure substantliially complehee| f24d carbonatidémrbéfhg started
(nferr]/g) 0.0 - 6.6 5
AA 0. 506 s3E, 35 teﬂperatgﬁﬁ 5¥yf¥&ﬁcgﬁbut G- 105 about 64 %B )

0. 5% sucr ose 8. 35 The Pr%% as CIaimed 1’14@1311“ 7, owbexreday ose

38[err] 29. ghe saccharidefir polydh SdhEHLAOSLE presentlgn an
112 o al.u %sgcr ose/

15
20[ err] S aggugt of :Erom aéout rB.l weiglét 1%@:%%% to 151)0 6A
0. 5% sucr ose/ we:.ghESbea:b]ent and the/Gneltal :.on is present in an 3. 15%

gl. l1”5n°/o al um ambunt of From %%(e%ﬁ 3t &P calf Cl um c%lr‘ﬁ%iﬁ%lt‘% ?Fﬁgéh%any
appl i cations i n basedi eny the cadicdin cRrbdnateitéqeipment in the
available lime.

10 9. The process as claimed in claim 8, wherein
the metal ion is aluminum sulfate (alum).

10. The process as claimed in c¢laim 7, wherein
said carbonation is terminated at a slurry pH of
about 7.0.

15 11. The prdcess as claimed in claim 7, wherein,
after the carbonation is substantially complete, the
‘carbonated slurry is treated with sufficient polybasic
acid to essenﬁiaily néutralize'any unreacted calcium
hydroxide in the carbonated slurry.

20 12. A process for preparation of discrete
particles of prismatic calcium carbonate substantially
as hereinbefore described in any of the Examples.

13. A product obtained by the process of any of
the preceding claims.
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mnimze or elimnate the need f% aglng Swifl al
substitution for standard fine products used in many égq tiong.
The elinmination of chilling required f6r~ 20 sone stin a 3%%6 |
further reduce the cost of t hese novel products. Le shoms
typi cal exanpl es of applications for these produ,ts. VO
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CLAIMS
1. A process for the preparation of discrete particles

of prismatic calcium carbonate comprising preparing a
first calcium hydroxide slurry from calcium oxide and
water, subsequently adding to said first slurry from
about 0.1 weight perceﬁt to 0.5 weight percent of a
saccharide or polysaccharide and from about 0.1 weight
percent to about 5.0 weight percent of a metal salt to
form a second calcium hydroxide slurry and while rapidly
agitating, carbonating the thus prepared second calcium
hydroxide slurry until the carbonation is substantially
complete so as to obtain said discrete particles of
prismatic calcium carbonate, said carbonation being

started at a temperature of from about 8°C to about 64°C.

2. The process as claimed in claim 1, wherein the milk
lime slurry concentration is from about 5.0 weight

percent to about 25 weight percent.

3. The process as claimed in claim 1 or 2, wherein the
saccharide or polysaccharide is present in an amount of
from about 0.1 weight percent to about 4.5 weight percent
based on the calcium carbonate equivalent of the

available lime.

4, The process as c¢laimed in claim 1, 2 or 3, where _
said carbonation is terminated at a slurry pH of about
7.0.




CLAIMS. 1. A process for the erW'umutWHU'gr ete particles of
prismatic cal cium carbonate conpr srigye first cal ci um hydroxi de
slurry from cal ci um oxi de and water, subsequently adding to said first
slurry fromabout 0.1 weight percent to 0.5 weight percent of a saccharide
or pol ysaccharide and from about 0.1'WHight percent to about 5.0 weight
percent of a netal salt to forma second cal ci um hydroxide slurry and while
rapi dly agitating, carbonating the thus prepared second cal ci um hydr oxi de
slprry untg | t epeg d Yk IS St alr}{'@ii ci)rrr% etje & to obtain said
discrete particles of prismatic cal ci um carbonat’e,”'sai’d carbonati on bei ng
started awhexednperadier dfe fcraxrhc&tamtors[m rqubdtarabioitl 644ampléte, 2. The

prpcess as.cl ai_ned i aim.1l wherel mJlk |i slurry concentration

i s| from a% r}g’ rkgq% SNt % J %erﬁ)tiﬁ é“sl%sd‘?#? 3. The
prbcess apolydiaEE idtitl aidNelssHnti alief eidutiNel ISAC Giay ltﬁﬁcé)icﬁlé& ysaccharide
i sf present iin an amount of from about 0.1 weight percent to about 4.5

we| ght percediyhdwdiraridee idn thumahastad Stk ent of the avail abl e

lifre. 4. The process as clainmed in claiml1, 2 or 3, where said
cafbonation is termnated at a slurry pH of about 7.0.
6. The process as claimed in claim 3, wherein the

}
saccharide or polysaccharide is sucrose.

7. The process as claimed in any of the preceding
claims, wherein the saccharide or polysaccharide is
present in an amount of from about 0.1 weight percent to
about 1.0 weight percent and the metal ion is present in
an amount of from about 0.1 to about 5.0 weight percent
based on the calcium carbonate equipment in the available

lime.

8. The process as claimed in claim 7, wherein the metal

ion is added as aluminum sulfate.
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(57) Abstract

A process for the precipitation of discrete prismatic calcium carbonate particles by carbonation of aqueous calcium hydroxide
containing a saccharide or polysaccharide or a saccharide or polysaccharide and a metal ion at temperatures of from about 8 “C to about
64 °C is disclosed. The resulting product has specific surface areas between about 10 m%/g and about 120 m%g and is useful in paints,
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