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RESYCL F-Ne—O—M-NERAL—FHLLERS  FROMHE-RESLDUE-OF A .. —

PAPER DEI NKI NG PLANT Technical Field

This invention relates to the processing and 5 reuse of mneral pignent
fillers that are renoved from paper as part of the deinking process.
Such fillerswoosnsser € generally part of a conplex m xture OPCTESIGHISET
conprising m xed pignments (clays, calcium carbonates, titania, etc.),
water, cellulose fibers, inks, toners, 10 _ adhesives, etc. GCenerally,

t hese wastes are either burned for thé fuel content of the organi c
conponent s or buried in a landfill. This invention describes a
process for rendering these mneral fillers suitable for use as raw
materials and as a substrate in a 15 process to produce precipitated

cal ci um car bonate (PCQC) by the reaction of mlk of linme (Ca(OH)2) with
car bon di oxi de gas (CQ2). Background Art
Thé recycling of wastepaper generally 20 i nvol ves separation of a usable
pulp fiber fromthe ot her conponents of the paper, such as m neral
fillers, '

RECYCLING OF MINERAL FILLERS FROM THE RESIDUE OF A
PAPER DEINKING PLANT
Technical Field

This invention relates to the processing and
5 reuse of mineral pigment fillers that are removed from
paper as part of the deinking process. Such fillers
are generally part of a complex mixture of wastes
comprising mixed pigments (clays, calcium carbonates,
titania, etc.), water, cellulose fibers, inks, toners,
10 adhesgives, etc. Generally, these wastese are either
burned for the fuel content of the organic components
or buried in a landfill. This invention describes a
process for rendering these mineral fillers suitable
for use as raw materials and as a substrate in a
15 process to produce precipitated calcium carbonate (PCC)
by the reaction of milk of lime (Ca(on)z) with carbon
dioxide gas (CO,).
Background Art
The recycling of wastepaper generally
20 involves separation of a usable pulp fiber from the
other components of the paper, such as mineral fillers,
printing inks, laser toner particles, and adhesives,
through a series of steps that may be carried out in
any way that is suitable to the purpose of the deinking
25 plant and its customers. Regardless of the specific
recycling process, two materials are always procduced:
(1) pulp fiber, called "secondary" fiber, that can be
sold to a paper manufacturer for reuse as a raw
material in the production of paper and (2) a composite
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printing inks, |aser toner particles, and adhesives, t hrough a series
of steps that may be carried out in any way _that is suitable to the
pur pose of the deinking 25 plant and its custoners. Regardless of the

specific recycling process, two materials are al ways produced:

(1) pulp fiber, called "secondary"™ fiber, that can be sold to a paper

manuf act ur er se as a raw material in the product} aper
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and (2) a con%gé’ln{sg’u WD 96/ 28517 peRidssiadt

PCT/ US96/ 03547 -2 - 2- waste materi al

conprising a mxture of conponents that Tare renoved as part of the

dei nki ng processSgddie t,,mnmg?qs\li%éiﬁa%mgloé %céﬁg‘uvﬁgﬁtqimktresi due

(DR). The anount S, gener at ary- 5
dependi ng on t hAXfiFMIVes 8 Pantcof the deinking praqess. Thee type of
recycling processomposiited vaste matedinl is chbbed déiik reddiduen (DERPLR Wi | |

be 15 to 40 percent by '3? y\q! EQE: Of ot 0L+l Ol S fore

dei nki ng. Si nce the IS pr(‘):d&ge fl|zni:'lkag¢vven%34 g%’é’%%r‘?tﬁ%’{o
wast e | eaves® t hleRanddng qf Jhes suadifycaf \Bheringeming wastepsperi andenoved
to reduce handl itlge aiype of decyrddagt prbeessOSITypXaalANg! lon atGeyvaste is

pressed to : ol i.d T f.or e, f,or ,every 10 .tons
of wast epaper pr%;g§e}%qggr\%§e%e@t&°§0ognéxgo‘gfgfasb%ﬁslg" 4&5?%F¥ He¥t of
which is water, Whighty®fHtheerdging) wastepapex hefare| gadnkdognki ng pl ants
in North Anericagitidd the DIRCQXCpRodiideddsn G watb dtdtd,Obelfe?s Ehe

Lot eDane a0 vaate IV 1%, dlt b LR ot R e e b s 1
of a papernil| Zesaible s Femored \tohredeceihandling and DR is often
burned for its fuiainspotitaiticn codtsl | Geferally ViHe walsteOin’ BeaNfed
boiers. Howevery, eSS bercant solids. Therefore, for every 100
tons of wastepaper processed, between 30 and 80 tons of
15 wet DIR, half of which is water, will be produced. By
the end of 1996, deinking plants in North America will
recycle upwards of 3.5 million tons of wastepaper, and,
theraefore, will generate upwards of 1 million tons of
wet residue.
20 In deinking plants that operate on the gite
of a papermill and are integrated with the mill, the
DIR is often burned for ita fuel content in the mill’s
white liquor recovery boilers. However, because of its
high water content, DIR is a low-grade, inefficient
25 fuel. 1In non-integrated deinking plants, the most
commen fate of the residue is a landfill. Landfilling
is undesirable because it is both expensive and
environmentally unfriendly.  Thus, there has been a
need to reduce the volume of waste generated at a
3¢ deinking plant by reusing the mineral fillers and/or
other components present in the residue mixture.

Many grades of paper contain functionmal
mineral pigments, such as kaoclin clays, calcium
carbonate, titania, silicates, etc., which are

3s incorporated into the paper when it is made. There has
been no practical method of separating the mineral
pigments from the organic portion of the waste, soc that



hi gh wat er content, DIRis a |lowgrade, inefficient 25 fuel. 1In
noa—nt-egrated—detnking- pl ants, the-apst comnon fate of the residue is

a landfill. Landfilling i s undesirabl e because it is both expensive
and environmental |y unfriendly. Thus, there has been a need to
reduce the volunme of waste generated at a 30 deinking plant by reusing

t he m ner al wo ¢¢2843 and/ or ot her conponents present | pcriusssss7due

m xt ure. Many grades of paper contain functional m ner al
pi gnents, such as kaolin clays, calcium_ 3 carbonate, titania, silicates,
etc., which are 35 I ncorporated into the paper when it is nmade: There has

been no practi cahe mihegalf pSGHanes i dith T réuseddlin a prédWd®¥:s fromthe

organi c portion t t WO 96/ 28517
ooy Uso6] osbuy Frocedl 83 Saxidy'fier. -3- the m neral

pi gnents can be reused i nPrEepiouelY. dthe wastesofren papermaking saper .
Previously, the syt eaciremﬂh aaﬁwdﬁlm- (hrave beeﬁrpﬂuﬁw&é&g asast epaper

have been inRcin te resi i nci per at s been
deposi ted i nr}’ca thd rgg?ig PI1P%0 %ﬁf’ﬁfﬁ#ﬁ'&ﬂc? 535?5 B %P%ﬂ'e‘ﬁ Q‘Ps
typically for uéenﬂﬁibbngrr\aeedotp axsduse aggregihesmaterialesi dual ash

typically nmakesg 8‘913591'} éétzesﬂelﬁwn%cticnvﬁbﬁi‘ieﬂiéﬁﬁ Ofpipgignal
wei ght of DR

t t.d t d
col lected pr odu5 sidual, pHR E%ﬂg‘féiﬁ"né“‘%’gg?}% ﬂg?’éFyf%T;os pe"'c't,"\é\‘llg:l ng?cer ©
materi al (wood wedgbt|ofi| the ériginnl wedght of DIRsi due consisting

predom nat gy of plastic $,Le§es. patentChd. akeﬂsirmwtﬁ@%@atﬂi—b r to
recycling are 15 recoyer ed, separat el y The ected product _is dried
to a residual wiPEeEHN %eﬂf‘"ﬁ‘?" (?fﬁtﬂ"éutdﬁaPES %rﬂ“‘f naFel¥i ght of
t he product, andetbulosiwusatyexialerbodo and celluloae fibers) and a
residue consisting predominately of plastic pieces
separated from waste paper prior to recycling are
15 recovered separately. The collected product is dried
to a residual water conteant of no more than 25 percent
by weight of the product, and continuously layered to
form a continuously advancing layer. A layer of the
residue is deposited on the product layer to form a
20 continuocusly advancing two layer bed, which is burned
while bottom blowing the two layer bed with a gas
containing air. In this process, the product and
residue are destroyed, a combustion gas is produced,
and a slag is recovered. Fly ash produced in the
25 process can be added to the slag to prevent its release
into the environment, and the slag is either deposited
in a landfill, or used in a structural material. The
heat from the combustion gas can also be used ae a heat
source, especially for steam generation.
30 U.S. Patent No. 5,018,459 discloses a method
and apparatus for the recycling of paper pulp sludge
produced as a waste material in the manufacture of
paper, cardboard, and related materials. The paper
pulp sludge is continuously fed into a rotary kiln at a
35 temperature of between 800° and 3500°F. If the
temperature is maintained above 2400°F, hazardous
materials such as dioxins, formed in the incineration
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forma continuously advancing |ayer. A |layer of the residue is
deposited an.the product |layer to forma 20 conti nuously advanci ng two
| ayer bed, which is burned whi |l e bottom bl owing the two |ayer bed with
a gas containing air. In this process, the product and resi due
are destroyed, a conbustion gas is produced, and a slag is recovered.
FIl'y ash prodyspskrssst he 25  process can be added to the sl grindsopbaNeNnt
its rel ease Into the environnent, and the slag is either deposited
inalandfill, or used in a structural mategial. The heat fromthe
conbustion gas can al so be used as a heat source, especially for steam

generation. 30 process, ark SestRdyed 'Wkiﬁidglgcﬂagyg£§C|éFﬁ?%ii thod
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tenperature s mai ntai ned gbove 2 45* é: Véi terials such
as dioxins, PornEl8® Reha® nﬁ?n%r’%i'ﬁ 1'f111er B9/ 3880t in the
PCT/U896/03547 manufacture of asphalt, asphalt codtings anﬁw::x!untsare

destroyed. M xi naeemaust éonam&audm: ﬁﬂ.sea Rap'p AAnd wood
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wei ght of the preodtardshtthsteriahdahit ds aisefaper cpover and sedludge i s
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U.S. Patent No. 4,769,149 discloses a method

15 for the recovery of energy from waste and residues
comprising bacterial digestion of the waste followed by
incineration, wherein the methane gas produced during
the bacterial digestion is used to heat the furnace.
The heat released in the combustion process can then

20 used in an industrial process where it is regquired.

European Patent Application No. 0 604 095

discloses a process for treating a dilute aqueous
suspension of particulate waste material, such as the
material found in paper mill effluent. Kaolin clays

25 are exemplified as typical waste materials. The
process comprises precipitating an alkaline earth metal
carbonate, e.g., calcium carbonate, in the aqueous
suspension of particulate material, such that the
particulate material present at the start of the

30 process becomes entrained in the alkaline earth metal
carbonate precipitate. Pigure 1 of EPA 0604 055 shows
a sc#nning electron micrograph of flat ®"platy"
kaolinite particles entrained in aggregations of
precipitated calcium carbonate particles. The

35 ° resulting agglomeration of calcium carbonate and
entrained clay particles can be used as a paper filler
or pigment.



riet ardant material that is used to coVer and seal | andfills.
U. S— Pat ept—No—4,-769. 149 di scloses—a-nethod 15 for the recovery of

energy fromwaste and residues conprising bacterial digestion of the
waste foll owed by i ncineration, wherein the nmethane gas produced
during the bacterial digestion is used to heat the furnace. The
heat rel easeggdghéy® conbustion process can then 20 used ipgraRedgdgyyst ri al
process where it is required. Eur opean Patent Application
No. 0 604 095 discloses a process for greating a dilute aqueous
suspensi on of particul ate waste material, such as the mat eri al found
In paper mll| effluent. Kawhaﬁeciayﬁﬁi a mdexam;* fdﬂ%ﬁ."ih ste

materials. The rogess comm pre i né earth
net al car boft&t gIR Qﬁ n@@'}r &%F&qﬁﬂ? cts
suspensi on of paﬂ@&?a?b%%&rlmdf@kmﬂ-lﬂ-he The prmwenitcul ate materi al

present at the s1a%neioah9=30ueaorwae%sdaeeemasateéuﬁﬁf&I doien?! kal i ne
eart h netal carbonate precipi tate o PA 0604 095 shows
a scanni ng ePectron micr ograph &= : " —exavl inite particles

entrained in aggregations The Preﬂqmed-mp'mﬂ-ed pabviden capiromesss Fart i cl es.
The 35 resulti Eﬂeaﬁﬂha{i@{-ﬁtiﬁm z@cus“eab‘i' %h%éifoﬁw from tRal rained

gg?gggi;t icles Cansggugsggo uced w a%r Jasltlepapepd,l ,;pd V\D
-5- procéhsgsed istgisddondaxycgulpofitber, This pryelesag of
DIR in a megper bBabrises heating'tile! rediAdUCis an. %;q; 1Qon 1123 §
landfill nmaterial, The present i nvention E gv* €s one suc sofution to
this problem 53t®osphere to a temperature. putfic

completely oxidize all of the hydrocarbon materials in
the deink residue to yield heat, carbon dioxide, and
water, in addition to an ash formed from the non-

15° combustible mineral pigments present in the wastepaper.
In the present invention, the mineral ash from the
combustion is mixed with calcium oxide and water to
form a slurry of calcium hydroxide and ash. A gas
containing carbon dioxide, which may be filtered and

20 cooled flue gas, is bubbled into the mixture, and, as
the calcium carbonate precipitates, it completely
covers the available surface of the ash particles,
which act as a substrate and provide nucleation sites
for precipitation and growth to occur. The core of

25 mineral ash below the PCC surface has little or no
effect on the optical and physical properties typically
exhibited by a so-called "virgin" PCC, so that the
"recycled® PCC produced can be used as a substitute for
virgin PCC in most processes or products where PCC is

30 required with little or no adverse effect on product
quality. Heat, water, and carbon dioxide produced by
the combustion can be captured and reeycled for use, as
required, in the general process. In this manner, the
waste of a typical deinking plant is substdntially'

35 reduced,

Description of the Drawing
Figure 1 is a flow chart of the process of



The present invention provides a process for the recovery and reuse of.
m neral pigaents fromthe _— residue_produced_when wastepaper is dei nked
and processed into secondary pulp fiber. This process 10 conpri ses
heati ng the residue in an oxygen-contai ni ng at nosphere to a
tenperature, sufficiently high to conpletely oxidize all of the
hydrocarbon Rpbeésais I N the deink residue to yield heaﬁ gshg&.,

di oxi de, and water, in addition to an ash formed fromthe non-

conbusti bl e mneral pignents present in the wastepaper. In the pr esent
i nvention, the mneral ash fromthe conmpustion is mxed with cal cium
oxi de and water tgpe p,,;&gfnﬁ,wj_% of cal ci um hydroxi de and ash. A gas
cont ai ni ng carbon di oXxi de, be |Itered a d 20 cooled flue gas,

i s bubbled into the mxtur, : = SATETT T
precipitates, it corrpl et el ya prefmudr mbbainutlablﬁmummh e ash
particles, e 4ost Rl i%agqsgaggl ggémagatirnorlnm tes

for preci pltatlon an ?'(}growt to occur e core of m neral ash bel ow

the PCC surfate hRYFPRTeBtpining atmosphers tA & tempAnatyre, that s ca
properti es typi cabdngicienelghrﬂirglﬁd tlypiaai&yc&bb&dtd vizaped. ,P@Ec, thatt hat

t he "recycl egl g;‘% l@%&g&hgﬁ sUs std!ﬂr
virgin PCC in nost proc sses pro uct ere reéw re&

little or no adv ggdnerated.  ,Th ?t?‘ 58d
car bon di oxi de prﬂii:l.wecb:h)yustion are wUs&aahoﬁmdiﬂmpwm and recycl ed

I/vg;t gsgf Zstlypl cal del ngld‘n'gﬂgl :[51 &gﬂguggfg% é@' uyrhz uce%g'g"rst the
Description of ttailiedi apd then an agueocug g&vw is premazadc vt of the
process of mixip €ioé diiinleral ash with an agueous slurry of
PCT/ US96/ 03547 calcium hydroxide (Ca(OH),), whigﬁ is formed by adding
an excess of water to lime {(Ca0). Calcium hydroxide
15 slurry is also known as milk-of-lime, slaked lime or
simply slake. A gaseous mixture containing carbon
dioxide is bubbled through the slurry, where the
caleium hydroxide and carbon dioxide react to form PCC.

Reaction parameters such as temperature, gas

20 concentration and addition rate, slake concentration,
etc. are controlled in such manner to produce the
desired PCC crystal size and moxrphology. In the
current invention, the PCC has been found to
precipitate and grow upon the surface of the mineral

25 ash that is present in the slake. Advantageously, the
combustion products f£rom the heating process are
recycled, with the water used to form the slurry, the
carbon dioxide used to precipitate PCC, and the heat
used to dry additional DIR prior to incineration. TUpon

30 completion of the reaction, the surface of the mineral
ash has been coated with PCC to form composite
particles with essentially the same optical and
physical properties posseased by virgin PCC of similar
size. .

35 In another embodiment of the invention,
mineral ash produced by the combustion of DIR is added
to dry, unslaked lime (Ca0). An exceas of water is



the prlesent inventi on. Det ai | ed description of the Invention
A pref erred—enbodi ment of the i-pventies—ts——shoun in Eigure 1 Deink. ..
residue is heated in an 5 oxygen-cont ai ni ng at nosphere to a tenperature

that is sufficiently high, typically 800[err] to 1200[err]C., so that
al | organi c hydrocarbons are oxidized, and conpletely and efficiently
I nci ner at ed. wdvgegsy mary products of t hi s conbusti on aper/ioswiozsaar bon
di oxi de, water and 10 m neral ash. |If required, the mneral ash is first
mlled, and then an aqueous slurry is prepgred by m xi ng the m neral
ash with an aqueous slurry of cal ci um hydroxide (Ca(OH) 2), which is

fornmed by addi ngchen am@w&:aeoinﬂmes €8 tor (GanryCekcwﬂhbxﬁrOXI de
15 slurry is al o known a | i,ne,

k-.0
sl ake. A gaseous™ e %l'c k’?’ﬁﬁ"ﬁt?ﬁbn Séaﬁ‘?il"&fgeag“%%uﬁﬂ?ﬁgr?‘%r ough
the .slurry, V\/nerbﬂtﬁeﬂn carmecpum mppddenexitbed dbavwehon di oxi de react to

form PtCC. . Rgaczjijon p%@@%ﬁ&%ﬁsliﬁboéﬁn&&fﬂ&; e’ anﬂﬁ%ﬁ.&ﬂ
concentratio an | r sl ake co ration, T are
control | ed i m'f#e Pfﬁﬁ&dﬁ&gﬁ'ﬁ% 1s onfR A8 é’d"ﬁcefc gt al size and
nor phol ogy. In tmcinatm peocessy dnt wbich t Iimé@onead sheonvevted to

preci pitate and pisgu umst 1% $Uabi5Ee0beliied I Yengiracash hal i

present in the sl ake nt a ous conmbu on pr cts fromthe
heating process Zf@ire éé'cﬁgfeﬂ‘ éﬂ‘ﬁtfm %tM@B‘t &8¢ Bm}ﬁﬁ SPurry,
t he car bon theagxixesmised forpeéfiplent ccdMstiot blictheaDIR. Wetsed to

dry additioppl [k FHAd)rliHls'tBﬁlanﬁi-ﬂt ee&iﬂmw £edC9.HEBe£' Qﬂn&fllgl{ L -

reaction, the surface of the been _coat ed

form conposite With fhe 7 Wt F@%En‘?? aﬂ%f* tﬁﬁ’é‘“géﬁé B0t Fhar thy
physi cal proper tfmscthorse ofetibpralrgsh & bimesiim the produstzef €he

corbust i on of DI LSy wre PEERED or aLARAR Sha PRERARERE, Cbss o
water is It also will be recognized that the heat and
15 carbon dioxide that are produced by the combustion of
the hydrocarbon fraction of the DIR and are normally
vented out the flue can be captured and recycled oxr

redirected to earlier or later parts of the general
process. Heat, for example, can be recycled back to

20 the kiln to aid in the drying of the residue that is
required before combustion can occur. Carbon dioxide,
generated as the hydrocarbon fraction of the residue is
incinerated, can be captured and used to carbonate
calcium hydroxide to PCC.

25 The fact that mineral ashes can be coated or
plated with precipitated calcium carbonate is
unexpected. In the current invention, this is possible
because the mineral ash that results from the
combustion of DIR is formed by a more complex chemical

30 reaction than simple calcination. PFor example, when
kaoclin clay (H2A1251208~820) or calcium carbonate is
heated in a kiln to high temperatures, the calcined
mineral phase is produced; i.s., calcined clay or
calcium oxide. 1In the current invention, it has been

35 found that mixed mineral pigments react at high
temperatures to form new, stable mineral phases. When
calcium carbonate, kaclin clay and ‘titanium dioxide are
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-7- then added to_the mxture_to forma slurry of_m neral ash
and cal ci um hydroxi de, and the carbonation reaction is then carried
out as described above. In a third enbodi nent of the

i nvention, 5 conbustion of the residue is done as part of the

cal cination 21N which linestone is converted to PCTidR9603847S | S
possi bl e because the tenperature required for the calcination of
limestone is simlar to that required Jor ef ficient conbustion of the

DR Wt 10 D R and I|rrestone are conbined and fed into aline kiln

with the relativ ﬁﬂdb?ﬁ@nﬁo 3 gaG, ons of
m neral ash and rrg |n the roduct =h ait”lfm na |or§ic are%’correct f or
sl aki ng and car b&R38T%n tYP cally 1000°C., fwo, three,ox MR t hat t he

hﬁat hagd 15 ] caghanesh:hx }cbry%lng ﬂmudeﬁimmwm .
t he hydrocar bon Eﬂ&ﬁkoc é}d?)ar}glﬁ 595 ¥, cmveé”{t out the
y’c recred 1 & )

flue can be capture and rec eard | at er
parts of the3gen¥tih some Rarguakite [GaTifg) .y The Eelative,anqunrcpfd back
to 20 the kil neachopliase fdxmell ywmg. @fephha upon Ctife dhidunits of eachequi red

bef ore conbusti g i gmi as the

hydr ocar bon frac?ion o?#ﬁe resi ugﬁll s°%bqgllcﬁ%r’%ee c}(rilnoe captured
and used to car bEPEPUStion LeMRETARURMGr oXtdds: beliwyed That these newThe
fact that m ner aphasée provide mirleation sitespfod ccheviddrduteci pit at ed

possi ble - Y0 o Frbdipt el ¥ Uultsu chIBaBNES nddh B STUB )
of DIR is fornedotherwine depagited onte the sorfacexnf the tﬂmih si npl e
cal cination. For exarrpl e,zwwm be :dmhynsabﬁytﬁ&ew&é&@&m or

cal ci um carbonat in a kilkn to h| enper at ur.es, the
cal ci ned eh PEPS FORY ’la% prod'uced ll gl“ rﬁrén}
cal ci um oxi de. I‘FP‘F#EC ¢m39mlemﬁwt?t' nwhe&pbaun.f ddmvaniokmy ni xed

m neral pi gggnt Ssj.]?f’@énﬁtaﬂﬂ Q:chgen. t&menayure&n;s@:iaﬁra ey, stable
(Ti (r;)e({ Sle gpgses. c\':N] ustion C:fis %elirge%aér r:‘:atcghse t(:)hésne %a@/erq q. ; Ittoam um

react and rearrange to form thermodynamically stable
mineral phases. The presence of calcium atoms in the
crystal lattice of Gehlenite, Anorthite and Perovaskite

20 renders the surfaces of these materials suitable as
substrates upon which calcium carbonate can nucleate
and grow. Calcium carbonate precipitates directly onto
the surface of the ash particle, and completely covers
or plates the particle with a layer of PCC that is

25 bound to the ash. The process of the present invention
does not merely trap, cage, or entrain the ash by
forming PCC particles that stick together to surround
particles of the ash, but, instead, actually
precipitates calcium carbonate directly onto the ash

30 surface to form a composite particle comprising an
inner portion of mineral ash and an outer porxtion of
PCC. The ash, in effect, acts as a "seed" and provides
nucleation sites for calcium carbonate precipitation.
Generally, the inner ash portion can comprise up to

1 about 50 percent of the weight of the particle. In a
typical particle, the ash portion will be in the range
of 5 to 30 percent, and preferably between 10 and 25
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- 8— -m xed in various propoftiehRs—and-heated.to 800[err] to
1200[err]C., typically 1000[err]C., two, three, or nore new phases in
varying proportion are produced, including Gehl enite (Ca2Al Si O7)

and/or Anorthite (CaAl[err]Si208) 5 with sone Perovskite (CaTi ). The

rel ative amwobesisty each phase forned wll depend upon sdwusvessas of
each mneral present in the original mxture and the conbusti on

tenperature. It is believed that these newg _ phases provi de nucl eation
sites for the direct 10 precipitation of cal ci um carbonate, which pl at es

or is ot herpéseeteP0VE sburiale) the ?ﬂéi@&@t Qimduift %%huh is

It can be readil hat t nera hases ont e sane
el erent s t hat éf q&ﬁ‘% g}’ |ﬁ§ﬂ‘mﬁ%r%°‘metg ﬁﬂg’? Cal ci um
Al umi num 15 S‘wmhd-ancl@&}g-onrogmé' hlgﬁﬂt&ﬂnmmﬂ-eiuin

conbustion is be&aﬂmw fﬂa%mhiseeaaifaéﬂé td be the' 8ptim@Rd rearrange
to formthegod;;g ltl.i}/ st abl e m neral phases. The presence of

cal ciumato nCrystal | attice of Gehlenite, Anorthite and
Perovskite 20 renders t e Aeinkcrosbdues csee washe yatesialabl thas

substrates upon gésdeural %ﬂ@lﬁ%@ﬁﬁa&ftféﬂs e 3asy. sedid, 9w Cal cium
car bonat e preci e surfacé of the as article,

p|tate |rectl on
and conpl etely WA ¥ %PEP%g‘?hEhb%‘r A mecmssaTy .| &?EF°B¥‘P¥’€£ t hat
s 25 bound t camdwnteslof elhgr ptédtasiapf caleiym eaxdionatecatri other does

not nerely ap apggp h cles
that stick itt{)getaher ri‘fg:'j%gﬂai 8;&51?.?0 deasedof‘:cJc %gl@a -Egcbgﬁlgr:lést ead,

actual |y Nea 8O GRFE S ARRFRTIALS FBHFB {PRASEs 30
surface to form@tﬁmms}tabhl.cl e conprising an I nner portion of

m neral ash and an outer &eret_,_.leog_so;.e‘son P&%eﬂ%eastﬂat' ghgf;ﬁ&gmt@cts as a

"seed" and prOV|des
of Gehlenite, Anorthite and Perovskite that can be

15 found in the recycled PCC of the current invention are
lower than can be accounted for by collection and
analysis of material losses throughout the process
described herein. If losses are cccurring that cannot
be otherwise explained, then it is likely that some or

20 all of these mineral phases are being converted to PCC
during the reaction. This may occur because of the
relatively high pH in an aqueous slurry of calcium
hydroxide, or because of other conditions that exist
during the carbonation process.

25 The “racycled" PCC of the current invention,
either alone or mixed with mo-called virgin PCC, can be
used in most applications where virgin PCC currently is
used. PCC is commonly used in the prbduction of
printing and writing grades of paper that require

30 higher levels of functional mineral pigments, and
recycled PCC can be used alone or in combination with
virgin PCC in most of these applications. In a typical
application, the amount of PCC would range from about 1
percent to about 50 percent of the mixture. Recycled

35 PCC can also be used where virgin PCC is now used in
paint and filled polymer applications. As other
applications for virgin PCC are discovered, it is



nucl eation sites for cal cium carbonate precipitation. Generally, the
I nner ash portion can conmprise up ta-35 about 50 percent of the weight of

the particle. 1In a typical particle, the ash portion will be in the

range of 5 to 30 percent, and preferably between 10 and 25

WO 96/ 28517 PCT/ US96/ 03547

-9- pPerngebdngsist course, the greatest anmount of ash is perusdd@sdss abl e,
so that the greatest amount of ash can be recycled. In this regard, a
50: 50 ash: cal ci um carbonate particle i, considered to be the optinum

5 formulation. As dei nk residues are waste rraterials t he

Fecogni zed That, g acosoany s oo Sy eddd b foufltEo b, i,
cal ci um car bonat &% 37“8‘?1?65 '38'5? a%ﬁ%*??a't’e gﬁé‘&oﬂ%o“% t he
wast e before resyditisga regycled Pcﬁmutﬂa e redp oizxdiaarynskill phmses

during conbusti ORhe art can ealilyTagi&dﬁzJ 'l ﬂ‘ihisxﬁ %@t\é{ﬁ?
anount s of Gehl e ite c?g ; d Perovs t at can ound
in the recycl%d FCEY od  BCC,APcfpit °°'I SfcFeeyaled RrGe

accounted for byaad wvdegionPatdcan beamdq/.snlsf cdesixiedr ozl nbosssesxry hrawighout

t he process C e I Go” Raki t cannot
be ot herw se explbg,t%%egﬁt @gﬁ@hﬂ-ﬁle J't'hf)y at some or &%BQ of these
mi neral phases aPE°FedAdngomscfrBat: tiv@s-i ng t he reactlon. Thi's

may occur because of the The uakﬂtcded:;uinq:ﬂtqﬂd irecgelagquand Svirgix y Of

| ci ohyd A t
Guring the &8 hoEey, Ba=tAE1S8 MR oBta il il e MIRBLROELL M o (|1

current inventioftowearbogafl, which epplave BEf ttﬁ"?GYCHXFBoP#W@QP PCC,
can be as the absorbing gas. The particle size was determined

by a sedimentation technigue, using a Micromeritics
Sedigraph Mcdel 5100 on an agqueous dispersion of the

15 product at about 3 percent, and using about 0.1 percent
carboxylated polyelectrolyte (Daxad 30) as a
dispersant. Dry brightness was measured using a Hunter
LabScan.

Handsheets of a 60 g/m? paper were prepared

20 with a Formax Sheet former (Noble and Wood type,
manufactured by Adirondack Machine Corporation) from a
furnish of 75 percent bleached hardwood and 25 percent
bleached softwood Kraft pulps beaten to 400 Canadian
Standaré Freeness (CSF) at pH 7 in distilled water.

25 Pulp consistency was 0.3125 percent. A synthetic
sizing agent {(alkyl ketene dimer)} was added to the pulp
at a level of 0.25 percent, equivalent to 5 lbs/ton of
paper. Filler was added to the pulp furnish to achieve
a target filler loading level. A retention aid (high

30 density cationic polyacrylamide) was added to the pulp
at a level of 0.05 percent, equivalent to 1 lb/ton of
paper. The sheets were conditioned at 50 percent
relative humidity and 23°C. for a minimum of 24 hours
prior to testing.

35 TAPPI brightness was measured using TAPPI
test method T452-om92. TAPPI opacity was measured
according to TAPPI test method T425-om%9l. Porosity was



used i'n nost appl i cations where virgin PCC currently is used. PCCis

comronly used in the production—of petntlngand witing grades of
paper that require 30 hi gher | evels of functional mneral pignments, and
recycl ed PCC can be used alone or in conbination with virgin PCCin
nost of these applications. In a typical application, the amount of
PCC woul d r owpehsstyn about 1 percent to about 50 per cercTO$96i0bSA7

m xture. Recycled 35 PCC can al so be used where virgin PCCis now used in
paint and filled polynmer applications. As $fher applications for virgin
"PCC are discovered, it is WO 96/ 28517

PCT/ US96/ 03547 measured on a Parker Print-Surf: JS?.'.ott Bond wakel y that

recycled PCC wi | LP&?FP e 'ggm npl es indicate

the qualities Of%ﬁ&@&QG‘QJ su nggr'gg%?e% an& one o? ordi nary skill
in . the art Bxgplelng iengsbe F’H’Pn’!‘?ﬂ\é’ﬁ%p!q’mtpo'ﬂ%ﬁich”'é recycl ed
PCC i s suitabl e.méklisd massemesl, recycled PCC and virgin PCC can be

used, if desired or neces % atiblg,wit egard to
handi i ng an %ocess?ﬁg agaf'ﬁncﬁf)ﬁa qé’goﬁfe %QB“& B14b'fd

surface area of (HET) & Meaguzadperetration m#ﬂiﬂi theoughsthet aj ned
using a M croneridrndsheats. Fhemﬂabtﬂéoﬁoawé&hﬁmhaastBE&'e{:bﬁﬂzYeW th

ni t rogen as_,t he absorbln arti s _determ

by a sedi nent at |S'%)hne 5, 8f gig?ﬁﬂ %’ f‘?t h@s ns)é’gnge&: ) °’Nbde|

5100 on an aquedthe cﬂe;qaemmpesfomedlqn prRenanles: siging Beptéu:ent and

usi ng about:uD 1 MsdeIeMA ox xccaaﬁexﬁate&@%mwhwsa(maﬁhm as a

di spersant. ri asured using a Hunter LabScan.
Handsheet s of aWﬁBﬂWé prepared 20 with a Fornmax Sheet forner
(Nobl e and Wbod type, EXAMPLES

The following non-limiting examples are
merely illustrative of the preferred embodiments of the
15 present invention, and are not to be construed as
limiting the invention, the scope of which is defined
by the appended claims.
Recycled PCC was produced from two samples of
wet deink residue, received from a commercial deinking
20 plant. The samples, as received, contained
approximately 50 percent by weight water. The samples
were dried in an oven at 100°C., and the composition of
each sample of dry solids was analyzed with X-ray
diffraction. The results of the analysis are given in
25 Table 1. All values are given as percent by weight of

dry solids.
TABLE 1
I II
Organic Hydrocarbons 57-59 <50
30 Calcite (Caco3) 11-12 30-~40
Kaolinite (H,Al,Si,0g°H,0) 14-15 10-15
Anatase (TiOj) 2-4 2-4
Amorphous Phases <5 Not Detected
~ Tale 0.5-1 0.5-1
35 Rutile (Ti0,) 0.5-1 0.5-1

a-Quartz 0.5-1 Not Detected



manuf act ured by Adi rondack Machi ne Corporation) froma furnish of 75
percent bleached hardwood.and 25 percent bl eached softwood. Kraft pul ps
beaten to 400 Canadi an St andard Freeness (CSF) at pH 7 in distilled
water. 25 Pul p consi stency was 0.3125 percent. . A synthetic si zi ng
agent (al kyl ketene dinmer) was added to the pulp ~ at a level of 0.25

percent, equiw@ddigéat 0 5 | bs/ton of paper. Filler was anttnassoémnsihe
pul p furnish to achieve a target filler loading level. Aretention aid

(high 30 density cationic pol yacryl am d_e)ﬁ/\@s added to the pulp at a
| evel of 0.05 percent, equivalent to 1 |b/ton of paper. The sheets
were conditioned at 50 percent rel g ugidity and 23C. for a

m ni nrum of 24 hours prJjor, to testin APPI bright ness
was -neasur ed using TAPPI d“iflggt Lm*%gtmj(ﬁﬂ?‘rfﬁPﬁl Bpadristies

measur ed ac dnohace tforT2PRpburesat 200t TAie ash reBovesed yfxams

WO 96/ 28517 the furnace was deagglomerated usitlg'aUB3Gn@2°4111, and

- 11 - asurasgr o% Pa&kgrm'Pé%El;-SurI. Scot f* Bond was neasur ed
accor di ng t o rapdmalyzed, vigs, X-fpy pitiraction g | Fegults & yr ed
according to TAPRhe ERD analysdshatde [giviernniS. Talle 2. The valGedi awe \\as

tested by the Her, inla%e : JBAS ragi
| i quid through th‘?ﬂz%& ha%dtszﬁggt‘ss.gﬂééryigsrg téfe*test %?&ggﬁﬁﬁ% %gtﬁ

det er mi ne tl?ébdegr ee of sizing of paper in the instant invention.
The test was perforned on a Hercul es si zCABLEe2ter 10 Model KA or KC, and

the test metfipd enplo A hod T-530 PM 8§e.
The fol | ow nlg non-|I-i m@%wgg%gngﬁggué?seiw B5-90

Anorthite (cmzsizoa) ) <5
Perovskite (c;rio3) 5-10

To form a calcium hydroxide slurry, 1607.2
grams of water were added to 229.6 grams of Cal, while

15 vigorously stirring the mixture in a 4 liter stainless
steel reactor equipped with a variable speed agitator.
The calcium hydroxide slurry was passed over a 60-mesh
screen before continuing the process. To the sglurry
were added 57.4 grams of the mineral ash of Table 2,

20 and the temperature of the slurry was adjusted to
35.2°C. A carbon dioxide containing gas (15 percent in
air) was bubbled through this mixture with vigorous
agitation until the reaction was complete at the end
of 115 minutes at a pH of 8.0. The resulting product

25 was passed over a 325-mesh screen to remove grit, and
the recovered +325-mesh residue was weighed and found
to be only 10.661 grams. Scanning electron microscopy
(SEM) and physical characterization of the recycled PCC
were performed. The physical characteristics of the

30 dry recycled PCC product, prepared by plating the
mineral ash of Table 2 with PCC, are shown in Table 3.



nerely illustrative of the preferred enbodi nents of the 15 pr esent

I nvention, and are not to be constexumed . as.  limiting the inventjion, the
scope of which is defined by the appended cl ai ns.
Recycl ed PCC was produced fromtwo sanpl es of wet dei nk residue,

received froma comrercial deinking 20 plant. The sanples, as received,
contai ned wosospssioxi mately 50 percent by wei ght water. Thecressehssaz

were dried in an oven at 100C., and the conposition of each sanpl e of
dry solids was analyzed with X-ray dif§4raction. The results of the
anal ysis are given in 25 Table 1. Al values are given as percent by

wei ght of dry solids. TABLE 3 TABLE 1

I |1 O ' S . 57-59 <50 30

Cal cite (CaCB) gﬁﬂ&‘wﬂ%@%ﬂ via §U9WPZ' Kaol i ni t e

(H err] A12Si 208 H20) 51002 14- 15 10- 15 Anat ase (Ti Q2)

2-4 2-4 Anor plugss gilal3ey than <%.89 um Not Detect ed
Tal € 0..5-1 0.5-1 35 Rutile (Ti Q)

0.5-.1 0°5-1 a- it z"“"‘ﬁ‘"’ than d‘.'él-ll Not

Det ect ed WD 96/2085 maller than 1.17

PCT/ US96/ 03547 10% smaller than - 12 - 9,79

EXAMPLE | esi,que Qanple I_was incinergted pn a nuffle
furnace for 2 hours a%(%dc% 3?%'%?580%?%'8 from 8.5 thgfur nace was
deaggl oner at ed usi ng Bunkernfolexl Compadents anal yzed via X-Ray Diffraction
(XRD). The g@sults of (pigment)@ XRD anal ysis are given in Table 2. The

val ues are appr oxi maE.e (B_r&g%%egi’yen as percent b)és\fgi ght of total

a 0.2
b 1.8
Morphology via SEM: Scalenochedral

15 The recycled PCC produced in Example I was
tested for its performance .in paper in a handsheet
study using a Kraft fiber furnish. The results of the
handsheet study are given in Table 7, and show that the
recycled PCC of the present invention can be used

20 effectively in papermaking in the same manner as virgin
PCC.

Measurements of the TAPPI brightness of
handsheets incorporating recycled PCC and virgin PCC
indicate that high paper brightness can be obtained

25 with recycled PCC. The TAPPI brightness of handsheets
incorporating recycled PCC from Example I is within
about 2 percentage points of handsheets incorporating
virgin PCC. Therefore, recycled PCC can be used
without incorporating virgin PCC in applications where

30 maximum brightness is not required. The requirements
of applications where maximum brightness is reguired or
where control of the paper brightness is deqired can be
met by using a mixture of virgin PCC and recycled PCC.
Preferred mixtures of virgin PCC and recycled PCC for

35 use in a high quality paper would be between 10 percent
and 50 percent.



ash. TABLE 2 10 Gehl enite (Ca2al 2Si O7)

85- 90 —— Anorthite(CaAllerr]SiJerr]Jerr]) Perovskite
(CaTi ) 5-10 To form a cal ci um hydroxi de
slurry, 1607.2 grans of water were added to 229.6 grans of CaQ, while
15 vigorously stirring the mxture in a 4 liter stainless st eel
reactor equi ppeYeydsi a vari abl e speed agitator. The capgppeshhyslsoxi de
slurry was passed over a 60-nesh screen before continuing the process.
To the slurry were added 57.4 grans of;ghe mineral ash of Table 2, 20
and the tenperature of the slurry was adjusted to 35.2C. A carbon

m xture with vigQro itation pyntil the re i on conpl ete at the
end © "of 115 Medsheess dgpfpolatiis wecyad HER 2Ba BRRRe 5 wos
passed over a 323nessporetivg virgénoRCC gris abwut 1 percestage opeimil
+325-nesh resi dugmih el GAeHIANEnE OHiKhe of tha REa®EkY1dRl OBl AP

Scanni ng el ectron gnegrascop HéSEI\/p h'g]d Si cag chgr acterization of
the recycl ed *PcC® arer & égpfﬁ’?‘ BT ?ﬁ%’(’al the . PREVERFRRIR O%f t he
30 dry recycl ed pRperpindorperatingr thie weqyciied FCrhof thenpresemt ash of

Table 2 with PCCq i ]
PCT/ US96/ 03547 in¥ett184"Ms! dqitvhfedt to papers {%Q?%Agééﬂs virgin

di oxi de contai ning gas (157REr A%Bteidnce betiidon W88 BPkodpdiapale thi s

TABLE 3 PCS+ze Distribution via Sediagraph 5100:
90% smal | er than TheSw8fepnregistance of han8B8keetml | er t han
1.91 10 incorporating recycled PCC, as measured in an HST test,

was equivalent to that of papers incorporating virgin
PCC as filler when comparing equivalent size fillers.
The strength of handsheets incorporating
recycled PCC is essentially eguivalent to or slightly
15 better than handsheets incorporating virgin PCC.
However, the thickness of these handsheets is slightly
greater than that of papers incorporating virgin PCC.
Finally, the porosity of recycled PCC papers
is slightly higher than for virgin PCC, but not so high
20 as to represent a significant disadvantage.
EXAMPLE II1
Three (3) parts of deink residue Sample II
(Table 1.) were combined with four (4) parts quarried
limestone and placed in a pilot rotary kiln. The
. 25 cylindrical kiln was gas fired, approximately 1.5
meters long and 16.5 cm in diameter. The kiln was set
to operate at 1150°C., and nominal time of combustion
was about 45 minutes. Following combustion, the
. lime/ash mixture was collected from the kiln and
30 analyzed via XRD. The results are shown in Table 4.
The results are given as the weight percent of the
total of the total weight of limestone and deink
residue.



20% smal | er t han 1.17 10% snal | er t han

0. - BET Specific Surface—-~Area: 8-/ merr]lg

Hunt er Col or Conponents 10 (pignment): ° L (Lightness)
95.9 a 0.2 b

1.8 Mor phol ogy via SEM Seal enohedr al 15

The recycl ed it$bgragsduced in Exanple | was tested for iscrnxogbagmnce
i n paper in a handsheet study using a Kraft fiber furnish. The
results of the handsheet study are g y&n.in Table 7, and show that the

recycl ed PCC of the present invention can be used 20 effectively in
papermaki ng in the sanme manner as Vvirgi NTABLE 4°CC.

Measur enments of the TAPPI hdN8gsy . of handsheets i ncaofpgfati ng
recycled PCC and virgin P ind" I ndi cate that high paper b(r)’irdg;h tjEl‘ess can be
obtained 25 with recycl e§ebteniteh(Caphin8iQ7)ght ness of haftrstReet s

i ncorpor?t ihngdrﬁcycl ed PCQﬁaeahﬁxanmmzs]&og)t hi n . ?bcm.tlo’z perf:egt age
points o ardsheets incor ' Iy qin PCC. Thereforge,, recycled PCC
can be used s wi t hout igggg%%g%ﬁncﬁ&rd@ign PCC in applica "lzons where 30
maxi mum bri ght ness is not ¥égueekine I%@J@q@sﬂerrent s ofl-&opl i cations
where nmaxi mum brightness | &-geatz ed or . where control qf.g-ae paper

bri ghtness is desired can be met by using a m xture of virgin PCC and
recycl ed PCC. Preferred m xtures of virgin PCC and recycled PCC for 35
use in a high quality papeFTouwtesm Hslwnraeef colpiumchydroxideyands0

percent . mine¥®1986R553009 grams of water were added to 287
PCT/U896/03§67 grams of the material of Table 4, while vigorously
stirring the mixture in a 4 liter stainless steel
reactor equipped with a variable bpeed agitator. The
resulting calcium hydroxide/mineral ash slurry was
passed over a §0-mesh screen before continuing the
15 reaction, and 0.05 grams of residue were collected from
the screen. The temperature of the slurry was adjusted
to 35.5°C., and a carbon dioxide containing gas (15
percent in air) was bubbled into the mixture under
vigorous agitation until the reaction was complete at
20 the end of 121 minutes when the pH of the slurry
reached 8. The recycled PCC slurry was passed over a
325-mesh screen to remove grit and other impurities,
and 24.7 grams of +325-mesh residue were collected.
Using XRD, the recycled PCC and the +325-mesh grit were
25 analyzed, and the results are given in Table 5. The
results are given as the weight percent of each

material.



S 14 - The difference between the TAPPI opacity of

handsheets i ncorporating recycled FCC_and those___ I ncorporating virgin .
PCC was about 1 percentage point, which is within the range of the
statistical accuracy 5 of these measurenents Therefore, the

showt hr ough of paper incorporating the recycled PCC of the present
invention is q@bsMsas®nt to papers incorporating virgin FFePrusosin3se7
The wat er r-esistance of handsheets 10 i ncorporating recycled PCC, as
measured in an HST test, was equival enygt @ that of papers

I ncorporating virgin PCC as filler when conparing equival ent size
fillers. The strength of hpxBig@e®ets incorporating

recycled PCC is essentially equivalent to or sl by 15 ter .t han
handsheets incorporating virgin PCC. Hoﬁ'évagrg,%?he (HP43EmB of |t hese
handsheets is slightly greater than tha®C& papers Resbdumrating
virgin PCC Calcite (c&t03a} !y, the porogpstwqgof recygpgasl PCC papers
is stightly higheg tbhan_ t viZ' PGQC, but naqt .so high 2 as to
represent a ngmf’?EgﬁPa?égd\‘, %ké%’@qc <d.s .5 EXAVPLE
| Gaghlenite) (BasAl#X0dei nk r dsi7due Sanpl 20135 (Tabl e

1.) were conbi nedanbiEniee’ (C4A1 8 ayguar ri@ds-1 | i megippe and placed in
a pilot rotary kilLn. Th 5 C'ﬁf&‘)gd“cal ki l.Ln,was gas f] appr oxi mat el y
1.5 . neters I%ﬁﬁ%ﬂgiéﬁ. kca + di anet er T"fhe kil n V\gés‘gset to
operate at 1150[ exrR@artand noninal tine of ®edbdsti on 20-25as about 45

m nutes. Fol fgw ngiee8blshbofxaise 0g) |'i me/cps3lg m xturegygegs coll ected from
the kiln and 30 anal yzed vi a XRD ©'The results are shown in Table 4.

The results are given as the weight percent of the total of the total
wei ght of |inestone and dei The physiaml dharacteristics of the dry

"recycled" PCC product of Table 5 are shown in Table &.

TABLE 6
Size Distribution via Sedigraph
1s 5100:
90% smaller than : 2.73 pm
50% smaller than 1.3%
20% smaller than 0.96
10% smaller than 0.72
20 BET Specific Surface Area: 14.8 m?/g
Hunter Color Components
(pigment) :
. L (Lightness) 97.2
a 0.0
25 | b 1.1
Morphology via SEM: Scalenochedral

The recycled PCC produced in Example II was
also tested for its performance in paper in a handsheet
study using a Kraft fiber furnish. Again, the results

30 of the tests are given in Table 7, and show that the
recycled PCC of the present inyention can be used
effectively in papermaking in the same manner as virgin
PCC.

Ap in Example I, measurements of the TAPPI

35 brightness of handsheets incorporating recycled PCC and
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- - et ABLE 4 —linme (Ca0
70- 80 Gehlenite (Ca2Al[err]Si(err]) 10-15
Anorthite (CaAl[err]Si[err]Jerr]) 7-10 5
Perovskite (CaTi O3) 1-2 M crocline
(KALSI [ er r ] ON0 9628517 1-2 [err]-Quartz  PCTNS96/03547
0. 5- To forma slurry of cal ci um hydroxi de and

n1:neral ash, 2009 grans of water were addedqgta 287 10 grans of the
material of Table 4, while vigorously stirring the mxture in a 4

liter stainless stiggin PCC inditetecthapieghipaper beighthess pee kagitat or.
The resul ti g eadhelaUint BRArQX{-d£6d si&s 2! ﬂ%%vr@wr‘:ﬂe%l’l passed

over. a 60-nmesh scrien before _continuing the 1 eacti1on, and 0.05 grans
of residue were CFAEBLpeRs; pE handsheets Jdncorporaking reeyetes FCF ¢ he
slurry was adj ustfredm Example3TISwesr ¢quivalehta batbas &i sxigietypnt ai ni ng
gas - (15 er LN ga b [ €yl nder

Vi gorous agi tggt [ osﬁ'%ﬁt&i Filit"?igr\r/\&eiggﬂjbﬁfv\%s %%p%gt g%@l-%&&'t he end of 121
ni nutes when t he iPAoZPOrREiRg ¥iFgin PCQoached 8. The recycl ed PCC slurry
was passed over 325niRreRise; cele ITAPPINOpaAcityt ofilBamdditdetigPuri ti es,

a
o elen B g bR e R R e bt ane LEIORAO 11
given in Table 5 incppporating ceirgin R gibrtnagsat Atightyniignreaned of each
mat eri al . 10 £iller level. Therefore, the showthrough of the paper
incorporating the recycled PCC of the present invention
was essentlially equivalent to that of papers
incorporating wvirgin PCC.
The water resistance of handsheets
15° incorporating recycled PCC, as measured in an HST test,
was equivalent to that of papers incorporating virgin
PCC as filler when comparing equivalent size fillers.
The strength of handsheets incorporating
recycled PCC and virgin PCC was slightly lower than the
20 control, again likely due to the differences in filler
loading.
Finally, in Example II, the forosity of
recycled PCC papers was slightly lower than that of
virgin PCC paper, but well within an acceptable range.
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16 - —_— ——— TABLE 5 _

Recycl ed +325- nesh PCC Resi due
Calcite (CaCJerr]) 89-94 <0.5 5 Portlandite (Ca(OH)2)
<0.5 <0.5 Cehlenite (Ca[err]Al[err]Si O7) 4-7

20- 25 An ' (CaAl2Si 208) 0.5-1 5-10 QicakdA -
(CaTi ) W&Qhﬁa . 20-25 [err]-Quartz pCtfls 7}) 5-1
20-25 10 Mcrocline (KA Si 308) <Q. 3¢ - 20- 25

The physical characteristics of the dry "recycl ed" PCC product of
Table 5 are shown in Table 6. TABLE 6

Size Distribution via Sedig : 90% snal | er
t han . 2.73 pm ﬁggﬂl‘én ler tHK G;N vxrggénl. 39
20% smal | er than 0% t

0.71 20 RER TSNt | c%%eﬂrea"?m“ 3, & /i B
Col or Conponests pgreceENT  (PigiENt): 17.4 L1§Lg ght nesg)y

97. 2 FILBER 0.0 25

1.1 Mor phol ogy via SEM Scal enohedr al

The recycl ed PCC PPAGETEd i n 8Xabple || weB8.6 al so 8és8ed f BB.& S
performance in paper in _a handsheet study using a Kraft fiber furnish.

Again, the resul t SREGETNEES; nR4+3sts are §FSvén in Tabl 8873 and &hdv t hat
t he recycl _edB &ﬁ;he %%g ent | nveiriﬁ?hgn cagctc):e yfggl : 22e{zf ectively

i n paper maki B¢ i Ny, el as virg As in
Exanpl e |1, neasurenents of the TAPPI 35 bri ght ness of handsheets :

i ncorporating recgpresrEsC andigs 1 101 2
SIZING
SCOTT 53 46 52 51
BOND
i5 POROSITY 2293 1801 1958 2023

While it is apparent that the invention
herein disclosed is well calculated to fulfill the
objects above stated, it will be appreciated that
numerous modifications and embodiments.may be devised

20 by those skilled in the art. It is intended that the
appended claims cover all such modifications and
embodiments as fall within the true spirit and scope of
the present inventien.
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- 7 - virgin PCC indi cat e—+hat—high—paper—biight ness can _he

obtained with recycled PCC. However, the TAPPI bri ght ness of
handsheets i ncorporating recycled PCC from Exanple |1 was equival ent,
but at a slightly 5 hi gher filler level, than that of handsheets

| ncor por at i ngwebéiesiy PCC. Li kew se, the TAPPIpEiansébags0f
handsheet s i ncorporating recycled PCC was equi val ent to those

i ncorporating virgin PCC, but at a slightlygi pcreased 10 filler level.
Therefore, the show hrough of the paper I ncorporating the recycled PCC
of the present invention was essegtiahly yeqiivalent to that of papers

i ncor porating virgin PCC - e | f_.handsheets
15 . incorporati r}g' recycl eﬁ ﬁ&?°%%t°h&%r§;%§%&a{ﬁ'§i€%2%]?%%&'%3
equival ent to thae drngspepestionphrmiashy ofi agi hnorganiwaninersl| | er when

conparing equi vapaterial¢ ahdl &iSouter portion of cdieishcdtdhatle.
handsheet s i Rcor porating

| ower than tHe 20° contro?z,"aégﬁﬂfﬁge:;%&ggg%% %hlenlé%gfc’é]\f/\gqsﬁ}g’iqﬁt:‘?ll | er
| oadi ng. 1, whereinnthecalqiym aarbonnate ifcppesipitated onto
recycl ed PCC papehe wagzabdJbt! ¥hé Qiifer paRtibal off inorganid Gishead pPaper,
but well within ggtggggﬂ abl e range.

3. The composite particulate material of claim

10 1, wherein said inorganic mineral material comprises an
ash obtained from the incineration of wastepaper deink
residue. _

4. The composite particulate material of claim 1’
or 2, wherein said inorganic mineral material comprises

15 Gehlenite, Anorthite, Peroveskite, or mixtures thereof.
5. A paper comprising cellulose fibers and the
composite particulate material of claim 1, 2 or 3.

6. The paper of claim 5, further comprising
virgin precipitated calcium carbonate, wherein the

20 ratio of virgin precipitated calcium carbonate to
composite particulate material is between about 99:1
and about 1:1.

7. A process for making precipitated calcium
carbonate which comprises:

25 forming a slurry of calcium hydroxide and ash
particies formed by incinerating a wastepaper deink
residue at high temperature;

carbonating the slurry to precipitate calcium
carbonate directly onto the ash particles; and

30 recovering the precipitated calcium carbonate
particles.

- 8. The process of claim 7, wherein the ash
particles has been formed by incinerating wastepaper
deink residue at a temperature of at least 800°C,

35 9. The ﬁrocess of claim 7, which further
comprises adding at least one calcium, aluminum, or
titanium compound or mixture thereof to the wastepaper
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- 18 - _— TABLE 7 RECYCLED
RECYCLED VI RG N VI RG N PCC PCC

PCC PCC Pl GVENT EXAMPLE | EXAMPLE | | 2.18 pm 1.23 pm

5 PERCENT 14. 4 17. 4 15. 8 14. 7 FI LLER

OPACI TY 8 88.6 86. 8 88.6 B?Egﬁ%uﬁﬁg" 84.3
86. 2 zv@‘?“" 86. 4 BREAKI NG 2425 1

2189 2242 10 LENGTH - HERCULES - 2§0§ 1 101
2 SI ZI NG SCOTT 53 52 51

BOND 15 PORCS| d¢ink 2&éfddue prior t¥8Q£cinezatim4958 2023

Wiile it is apparfgt that the i nvention é dlsclosed is well

calcul ated to ful the *7¢ R}§GQA% §b8§8i§t 1exqin, the gompound;; 4t ed
t hat. nuner ouds neel ¢ivetcartormmte cticandsnt 8 nhgy.b@zjamﬂmtezo by
those skilled in ther@bf. |t is intended that the appended cl ai ns
cover all such no |f|cat|ons and ﬁ&bﬁglnents as faII within the true
spirit and scope ot* ek e, RROSASS 8, 9 or 10, which

further campriaes forming a mixture of calcium
hydroxide and water, and adding the ash to the mixture
to form the slurry.
12. The process of claim 7, 8, 9 or 10, which

10 further comprises mixing the ash with lime, and then
adding water to the mixture of ash and lime to form the
slurry. '
13. The process of claim 7, 8, 9 or 10, which
further comprises forming said slurry by mixing

15 wastepaper deink residue with limestone, incinerating
the wastepaper deink residue by calcining the mixture
in a lime kiln to form ash and lime particles, and
adding water to the particles to form the slurry.
14. A method of making paper comprising forming

20 precipitated calcium particles according to the process
of claim 7, 8, 9 or 10 and incorporating the particles
in the paper as a functional additive.
15. The product produced according to the process
of claim 7, 8, 9 ox 10.
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- 19 - : CL Al MS. 1. A .
conposi te partlculate mat eri al conprising an inner portion of an ash
of an inorganic m neral material, and an outer portion of calcium
carbonate. 5 2. ‘The conp05|te particulate material of claim

1, wherein tRgo6edsgizum carbonate is precipitated onto teoaruseedssae of
the inner portion of inorganic m neral mat eri al . 3. The
conposite particulate material of claim 10 1, wherein said inorganic

m neral material conprises an ash obtagined fromthe incineration of
wast epaper dei nk resi due. _ 4. 11 The conposite particulate
material of claiml or 2, wherein said inorganic mneral materi al
conprises 15  Gehlenite, Anorthite, Perovskite, or mixtures t her eof .

5. A paper conprising cellulose fibers and the conposite
partlculate material of claim1l1, 2 or 3. 6. The paper of claim
5, further conprising g P T , Wherein
t he 20 ratio of virgin pregcipitated cal cium carbonate to conposite
particul ate material is between about 99:1 and about 1:1. 7.

A process for naking preqyad4t ed cal ci um carbonate whi ch conpri ses:
25 mn.g.a%_abn H (? -8 articles
formed by i nci% ﬁz[n nyea duéﬁa ih| gF!-It errtger at ure;

per d
carbonating the slur mmﬁrg i tate Pal Ci um' carjponate directly onto

the ash particles; and 30 ecoveriing the pgrecipitated cal ci um

car bonat e particles. rocess df claim?7, wherein
t he ash particles has beenot{ WEF by incinerating wastepaper

dei nk residue at a tenperature past 800[err]C. {35 9. The
process of claim?7, which further rconprises addi ng at | east one

cal cium alum num or tltan(ﬁa(eﬁﬁﬁhy m xturle thereof to the
wast epaper

Slurry
CO,

)
~

CaCO4+ H,0

Figure 1
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- 26 - ] ot 10. The
process of claim9, e’go i s cal cium carbonate,

titania, a clay, or thereof. ' 5 11 The o,f-.‘,:s;,- of
.claim7, 8 9 or 10, which further conprises formng a n@ e of

cal ci um hycP@'{I'de and \mmpmm%wﬂg@mmmqm the MNGEST € to

formthe slu . orocess of claim?7 or 10 whi ch
100§ i1 IEHERNATIONAL. APRLICATION RUBLISHED [nER i PA TN CQIQPERATION ZREATYARGTY o1
t 0 t he| & titawatongifPaters Mlasifaitidnibre t 0 f dr m @6 Internationf [PLliitaYion Number: 13. WO 96/283¢87 /

procesk ofcoot aiog) 00, D218 19467,100/38Whi gha further conprises formng said
slurry{ by mixing 15 wast epaper deijnk {@3 ntrpatiopp!Publicatiopater 12 Serfepper 1786 (2R0P-PR)

t he waste aper deink residue by calcini nc he m xture Inalime kilTn

to for i bserngtinyelAppligationNombert o "SF(HS95’°3547 b‘?ﬁ R M AV AR ﬁ% %ﬁﬁs

formt @)Ma&ammmgmm lmmfigg fxagcdnamk OO ILR 151G,

UJ

20° pfeci p| tated cal cium particle accordl ng SE sc s o @@«sso Nz PL, mk%:lnﬂupo
7, 8, d incorporating the partilcl es 5& %G 5 %‘
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{57) Abstract

A method of recycling mineral pigments contained in the waste produced from the deinking of wastepaper. The deink residue is
- heated in an oxygen-containing atmosphere to a temperature sufficient to completely oxidize all the organic hydrocarbons present. Heat,
water, and carbon dioxide also are generated and may be captured and reused in the process. Combustion causes a chemical reaction to
occur, so that the original pigments contained in the deink residue are converted to new, stable mineral forms. The ash from the combustion
is primarily a mixture of gehlenite (CazAl2.5i07), anorthite (CaAl,Si20s) and perovskite (CaTiOs). The ash containing the mixed mineral
phases is added to a reactor in which carbon dioxide gas is bubbled through an aqueous slurry of calcium hydroxide so that precipitated
calcium carbonate (PCC) is produced. Because the mineral phases in the ash contain calcium as pan of their crystal structure, the PCC
will precipitate and grow on the ash particles. This results in a "recycled” PCC pigment containing an ash "core". The properties of the
recycled PCC are similar to virgin PCC.




