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wo BAPER Jhis application claims the benefit under 35 U.S.C. ]?](%(e o(f} Jrior
U.S. Provisional Patent Application No. 60/538,622 filed Janu §§ SI02120

2004, which is incorporated in its entirety by reference herein. FIELD OF
THE INVENTIONFRBEES 2 bfekdHiiibiiadrAiRies to papermaking
pulps, papermaking processes employing the pulps, papermaking
apparatus and paper and paperboard products made from the pulps.
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incorporaeatéinisenticetpbytickésrandeotimeparticulate materials have been

added to papermaking pulps as process aids to improve retention and
other properties such as formation and drainage. For example, U.S.
FIELD OPakeiit NO/ENIIBN20 to Peats et at., incorporated herein by reference in
its entirety, describes a retention aid system comprising a cationic
polymer and an amorphous metal silicate material. One type of silicate

[0001] matefibepestienEidnnReatekitet ygapeisiaponitety s papbetitaking
Iayereq silicatt%. Acqordin to Pe:it(ts et at., the use of a retention, aid
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productspobaedr grotihdesu fevdiairadwatiages!yinttedingsemniovestiete ntidetes to
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system. component of the retention aid system is typically added to the .
papermaking pulp in the form of a low viscosity aqueous colloidal
dispersion, i.e. a sol. One problem with microparticle sols employed in

BACKGRapiNDARing HiuheVEMEtQINity. Because of the instability of sols used in
connection with 1

[0002] Retention aid systems containing microparticles and other particuiate
materials have been added to papermaking pulps as process aids to improve retention
and other properties such as formation and drainage. For example, U.S. Patent No.
5,194,120 to Peats et al,, incorporated herein by reference in its entirety, describes a
retention aid system comprising a cationic polymer and an amorphous metal silicate
material. One type of silicate material mentioned by Peats et al. systerm is Laponite®,

~ a synthetic layered silicate. According to Peats et al., the use of a retention aid system
comprising an amorphous metal silicate material and a cationic polymer provides
several advantages, including improved retention, drainage and formation while

minimizing the amount of polymer and amorphous metal silicate added to the pulp.

{0003] The microparticle component of the retention aid system is typically
added to the papermaking pulp in the form of a low viscosity aqueous colloidal
dispersion, i.e. asol. One problem with microparticle sols employed in papermaking

pulps is instability. Because of the instability of sols used in connection with
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papermaking pulps, the cols are often made on-site for immediate delivery
to a papermaking process. A need exists for a stable microparticle sot
retention aid for use in papermaking processes which can be formed
off-site, exhibits a long shelf life, and can be shipped to a papermaking
paRi@Mecinmediate: osdidtuie ustein apapeIakingpProaessiatOdetdy w a
__need, also exists for a papermaking that exhibits even better . :
PORSTTALGR BT ctenan P TBei T SABERIARTy BloCSLL B RS
paptDR6kinE hewissloswiactetatebetdotheed sefefig corhbinatidomgf Syaifridticand can
aysies sllicate migropayl iaeragaticast.one polymer 253
e B e RO £ e
layered silicate is preferably a synthetic hydrous sodium lithium

[oo®@agnesium silicate, apdds prefsrably Addagiio sNGRRREIM KNG PR better

the form of an aqueous colloidal dispersion which also contains the
dragyeies 28 TeHLSHIgIEIE SHRE CRBRTEBBITEBIO%E Honionic polymer, or an
amphoteric polymer used under cationic conditions. The polymer is

Sum%rﬁs?y a synthetic nitrogen-containing cationic polymer, for example,
¢ polyacrylamide. If nonionic, the polymer can be, for example, a
nonionic polyacrylamide or a polyethylene oxide. (0006] The peptizer is

resent in the microparticle dispersion for the purpose of maintaining the
O rion i YRR L] S 1 Sh s BB Be et
siligiia getfopatistedeteentinethpe kbbb of tmepdiNisgemairsttngidorahtioneof for a

papElAYEY. pancentated mictonaticle-salsaychicanbg fBFE@&Q%%f ynthetic

which exhibit a relatively long shelf life and can be shipped to the .
hydrage radiking HIEHE R BPe MR G duBETcrabo 74drRe invBatnaEgaking
pu%me%ﬁﬁhbmnﬂ}ﬁ@@&§@<§tﬁ41&iéﬂEﬁ%@@r%EHﬁ|ﬁrQ§§P§r§iQ!&§témi@ikbiP8ﬂiﬂQ@raThe
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eptizer also provide significant improvements over 2 micropartic

p
PORRISE B AY W SRR S} & PR B RARY 0T B AP g VReR Hased
unflevinddbaicthendedt a Tate pigmaidiinehdging B niciepiasticl aitispersiefaining
containing s r%thetic h ldrous sodium If'thiu ma&n??ium.silicag anda
Catb%né%iioeorpébﬁﬁ)i;l é)é neﬁ()?mg e, a cafionic polyacryiamide, 11 nonionic, e porymer ¢éan
“be, for example, a nonionic polyacrylamide or a polyethylene oxide.

[0006] The peptizer is present in the microparticle dispersion for the purpose of
maintaining the dispersion in the form of a sol and to prevent the dispersion from setting
to a gel for a predetermined period of time. This permits the formation of relatively
concentrated microparticle sofs which can be formed off-site, which exhibit a relatively

long shelf life and can be shipped to the papermaking plant for immediate or future use.

[60G7] The inventor has unexpectediy found that certain microparticie dispersions

which include a peptizer also provide significant improvements over



improves retention of fines, drainage and formation, thereby providing

enhancements in the papermaking process and in the paper product.

[0008] In one aspect, there is provided a method of making paper or

paperboard comprising: (a) forming a treated pulp by adding to a
mi&@}?&@'ﬁfﬂ@%@&bﬁkﬁ%@ @M;:Eﬁ@tiq&da[y_ﬁﬁﬁeﬁﬂigaée_;z_@;-ps&ti@ﬁﬁﬂe,E&ﬁ%aas@maﬁhas

qlymer, the synthetic layered silicate comprising a synthetic rous ., .

oGl AU Hadrs ST AL M e aP SR BE pRiHion containing
syremprisitigoon esodimardithiemberscatthengrdlipaconsistingpepdationignificantly

. ol\ymerfc, noni oIerers andafm h(%teric olymers under c%tionic .
Impro 85 refention dp r* s, dralnage afld ation,. thereby Oprowdmg enhancements n
conditions; an b)l orming the treated pulp’into said paper or

thepapenbesrd: poOE8ajid a secpmetagpdotithere is provided a method of
making paper or paperboard comprising: (a) adding to a papermaking
pulp, a synthetic layered silicate, a peptizer and at least one polymer, the
[008Bhthetic Idyereiasinestdheshipmsmidadsymustind Ay ardiasperghPritaasoard

coRANESIV 8icale heReRIIZaILOMRHEIRG ah inpiganiakRRIYRNESPRAMhetic
peptizer, and the at least one polymer comprising one or more members
laygfednal iidtp 2 RRALAAg BrcatidRft Bt S Monidtic B fEr Kegred sificate
coprshateric,polyraisdndendriionic condiignssiwherginthersynihaticeast one
]Ja ered silicate is added to thergéjlp inf% e form of a S(t)J and.wherein the
ORI GHERE LA et T & Sino i SUATEIRRE 18 AR I LR Sl mer
nosiablefdsméor abemBieiaystpdpoatsothdaysaanmde(bdiditoimy the (pulfprming
thefEPe e@ h@‘gol rﬁgl%pﬂg%e% ﬁgﬁ%mgg&g wherein the pulp comprises more
etic silic

synt ayere tet peptizer, and said, method further
comprising shearing the pulp in one or more shear stages including a

[odingl high shear stagaiinwhich figpulpdsprgsed Headahd %ﬁa?ﬁ% gfsgq;rer or

to entering a headbox of a papermaking apparatus, and either (i »
PapsERATEr GerBRIAR B0 I Psting HefoPaRtrEMAREIShRYIPs Aein dilife [y fdahaiticate, a
pesiiinelie dayeredsiligatersadded iaihe pulpalteiibadinahipghishearnthetic

g el et By e e o e blre e
posSheasgtageecdtizer, and the at least one polymer comprising one or more members of
the group consisting of cationic polymers, nonionic polymer and amphoteric polymers
under cationic conditions, wherein the synthetic layered silicate is added to the pulp in
the form of a sol and wherein the sol contains said peptizer in an amount sufficient to
maintain said sol in stable form for about 3 days to about 90 days; and (b) forming the
pulp from (a) into said paper or paperboard wherein the pulp comprises more synthetic
layered silicate than peptizer, and said, method further comprising shearing the pulp in
one or more shear stages inciuding a final high shear stage in which the pulp is passed
through a screen prior to entering a headbox of a papermaking apparatus, and either (i)
the polymer is added to the pulp before the final high shear stage and the synthetic
layered silicate is added to the pulp after the final high shear stage, or (1i) the synthetic
layered silicate is added to the pulp before the final high stage and the polymer is added

to the pulp after the final high shear stage.



100091 In one embodiment, there is provided a papermaking apparatus
comprising a supply of synthetic layered silicate, a supply of a
papermaking pulp, a device for feeding the synthetic layered silicate from
the supply of synthetic layered silicate to the supply of papermaling pulp,

[o0agUPPlY o:’hadﬁé?mmfm@%f@Ifﬁmviammm&@?@%pamgﬁ&m&&ing
system polymer. from the supply of retention system polymer to the = |

a Sﬁﬁéé/rrﬁfgﬁ?%égﬁﬁfp?@ﬁaeg SGRE Br $GPRNNG tHe RS THIE 4 g device for

feepapethoanmiiaiter idreaitngntadth shetsynthglic ldyeratsitidaterandithate to the
retention system polymer, wherejn said retention system polymer is a .
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thecationivconditiongotyreomiimatitns siyerigob andiwiiereinythen syoljietic to the
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silicate and is fed to the papermaking pulp in the form’o ous _
tregiaper st Wsichn hiedcitviaud sHisarorgariie pelgphes shgeepeqitiver, wherein
said ORIQLi 0 antber embedimgnt, theishis oNsed a,PapEhRIPRRRIRSATd: an

made _ from a drained paperweb, the paperweb comprising a treated pulp,

amplo A RPN YOGS CEMATLEHIE OB AR H) Bl 28 attirem the
syrithitn 13p: MO 200074 APCT/HG2R05/00213Q magnesiumsilicalgs@um

.. least one retention system palymer and an jnorganic polyphosphate .
SIUGHS ) L e bl S RIS B BoASiGeS CSET: oy ich
alsnamibnics polimeroe aolgrhpdpbtesipgpolyemer under cationic conditions, or

combinations thereof. BRIEF DESCRIPTION OF THE DRAWINGS
[00011] The invention will now be described, by way of example only, with

[0erence thy thectictonipadjirgydriiwings pravider: J000E2]FIGpetwarfionade
froﬁp%rtégﬂ%ngaﬁd?%ﬁf Mgk %Wé@%xﬁﬁﬁ@iﬁéng @e%demlﬂgdéﬂaeﬂgﬁgéhﬁulp

present invention; [00013] FIG. 2 is a flow chart showing a papermaking
COIBFB@é‘é%C&&:‘&?th s, synthetic hydrous sodium fithium
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another embodiment of the present invention; [00014] FIG. 3 is a flow

ing a papermaking process according to yet another
W : ) )
Oggntﬁ!%‘?lrgévnt of the present invention; [00015] FIG. 4 is a flo th&f$2005/002120

showing a papermaking process according to yet another embodiment of
magnesthm mifcete, iat Gusiroi@0eialiidG systeafipniphert showingarganic
- ermaki rocess according to yet another embodiment of the _
polyphog e BROLA o R AG0TTHAE Sy SLSTL P IASH SREIRHG G FAUIBIC Polymer,
a noniorachielerdninage ahasibtarief pdiyate frontepRan¥aRs dBAdRIGhYasious
xempjary apd comparative paperstock formulations; [00018] FIG. 7 is a

combmaglgpar 5 paring the turbidity of various exemplary and comparative
paperstock formulations; -4 WO 2005/071160 PCT/US2005/002120

i E?fQQ pwing the % total first pass retention
BRIEF %%%Eﬁ%%g@ E%Er%p ary@r&ﬁ:%gmparative paperstock formulations;
[00020] FIG. 9 is a plot of time vs. volume showing the drainage of various

exe ry.. and comparative paperstock formulations; [00021] Figure 10 is
- I000t ] e PR et Y RO SEoBH SR i
referencedm flzzativeopapangtogldfenviatationsytdon: [00022] Figure 11 is a bar
graph showing the retention for various exemplary and comparative
paperstock compositions. DETAILED DESCRIPTION OF PREFERRED
[00012] EmBOISME N ESDECTaY rskoyise st pansmoakio@ e tseaserding to an

embodirf@ﬁﬁgpfhéig@égﬁﬂmrﬂi&?permakmg pulp, the system comprising a
synthetic layered silicate, a peptizer and at least one polymer. More than

one type of microparticle, more than one type of peptizer and more than

[00013] one tyiGobpeolyMiencsbiesHendrn hpaseersskiidhftocess according to

another embodiment of the present invention;

[00014] FIG. 3 is a flow chart showing a papermaking process according to yet
another embodiment of the present invention:

f00015] - FIG. 4 is a flow chart showing a papermaking process according to vat
another embodiment of the present invention; |

[00&16} FIG. 5 is a flow chart showing a papermaking process according to yet
another embodiment of the present invention;

[00017] FIG. 6 is a bar graph showing the time to achieve drainage of 200 m! of
filtrate from paperwebs made of various exemplary and comparative paperstock
formuiations; |

[00018] FIG. 7 is a bar graph comparing the turbidity of various exemplary and
comparative paperstock formutations:



invention. Paper and paperboard products made according to the method
exhibit excellent opaqueness and/or other desirable physical
wo %?gz)&eg?t%és(. Sheets of pulp from which the paper and paperlgg Yaleed2o
are made preferably exhibit excellent drainage and/or excellent retention
[00019] of pulp findsisjeobanEh syraning theetetpsilidast pesierabdyntiomprisBR pof

varous Sant gm%;gﬁn%’n j@%@éﬁ%ﬁ%‘”%ﬁ@ﬁgﬁ%ﬁ%ﬁ%te% Il:():y §ockwood

Additives Limited of Widnes, Cheshire, United Kingdom. These synthetic
[00020] NYraUzsseriie HBR dHadhe URRIL-ABIAE 1RUUPSRZES B various
combining salts of sodium, magnesium and lithium with sodium silicate " at
exemplagagstdigocopacideraaneasiaak inserttaliessThis produces an amorphous
precipitate which is then partially crystallized under high temperature and
pressure. The resulting product is filtered, washed, dried and milled to

[00021] give &ivESvHdSRNAEAEPIVHQUBIIGRE FHBIPRIE TBSBEBNR 2 DYArioUS

exemplatPRORPLEATEIeRIE eritRiribdbetenmatisyathaile hydrous sodium lithium
magnesium silicate" and "hydrous sodium lithium magnesium silicate" as
used herein include silicates which are identified by CAS No.

[00022] 5333PW;86:8]drid haer thefibllshongnty flieatethatitnaoanalysiss(wika)$id2 and

9.5: MgQ 27.5; Li20 0.8:.Na20 2.8; loss on ignition 8.2. Such silicates

y&%%@%&%sééﬁgg 'Hg\r/]vslhg white powder having a bulk density of

1,000 kg/m3; surface area (BET) of 370 m2g; pH (2% suspension) of 9.8;

e ST R A o o

magnesium silicate” and "hydrous sodium lithium magnesium silicate" as

[00023] Used-figEsiiedamiahingiugs %tﬂé%tiﬁal?fi@[%%%ld%a%?emifé‘?&%ﬁ'ﬁéﬁxyfor a

TSCA name "hydrous sodium lithium magnesium fluorosilicate"

papermalting RigPe 4t SYEE AN OIS g 8Y BN CMALEE SilaRthempgatizer and

at least FRMASHIRE. Wikre @naRasie)y B0 O dNeRide, Ondi@ b a3y
. P205 3.3; F 5.0; loss on ignition 8.4.
peptizer and more than one type of polymer can be used in the process of the

compara

invention. Paper and paperboard products made according to the method preferably
exhibit excellent opaqueness and/or other desirable physical properties. Sheets of
pulp from which the paper and paperboard products are made preferably exhibit

excellent drainage and/or excellent retention of pulp fines.

[00024] The synthetic layered silicate preferably comprises a syhthetic hydrous
sodium lithium magnesium silicate which is manufactured and sold under the |
frademark Laponite® by Rockwood Additives Limited of Widnes, Cheshire, United
Kingdom. These synthetic hydrous sodium lithium magnesium silicates are
synthesized by combining salts of sodium, magnesium and lithium with sodium silicate
at carefully controlled rates and temperatures. This produces an amorphous
precipitate which is then partially crystallized under high temperature and pressure.

The resulting product is filtered, washed, dried and milled to give a fine white powder. .
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[00027] The synthetic layered silicate microparticles can be added in any
amount sufficient to improve the retention of fines or drainage or to

WO 20038 tfbidity when the pulp or stock is formed into a wet REEBLEHIGHH2120
Preferably, the microparticles are added in an amount of at least about

[00025] 0.05 lb&p%é%@? Ke/tanig) wlPaperstaghthasedyridne §8efsPligSum

\weight of both the microparticles and the paperstock. More preferably, the
magnesigii festr]andrd wdns inatHumbivior meanastimciitaienasossed herein

include SX4QRREUAERPERIOSKASLROE RD Ao 23k é@@%)@ﬁ&@@%%@og’mg

. for example, from about 0.2 Ib/ton (0.09 kg/tonne) to about 1.0 Ib/ton (
typical chgruiemicanblysisd(vi%}ie&iSal kel NdilgP ot THe, piuse Bk aEor Ddrposeson
ik thi t icati "fuenishy, = s " .
amition @ S S o T P B P, e
bulk dengifiersd SRSk Eddsthne theepulB i IHes B7H nofapbd@86us ) smioidah) of

. cian diSRErSI ivelyl ISCOSILY. 0j ' iofy having these
0.8; stev g e A MRS layere

silicate, the dispersion preferably also contains a peptizer in an amount

[00026] SUfficiest de-MaiRiaitihe HRBSEIRR NThRHON R)d S04 B&um lithium
predetermln%i&enod of time. The -6 WO 2005/071160

magnesipegiicsiR G0y Hroup SeHUr kR NesasRiLes slicain taplesentierain

do not infkAMSEYNES0aaR Y siRssied %Hmw%ém@m ﬁé}ﬁés%?%mﬁlhf

on the concentration of the synthetic layered silicate. This permits the

sodium I{RjpEdRRORSBETO e SHISRES PR SriaBI N dHtBiratbA and waieh have
the followlHBRGHiLAIBRAARS! E@K%ﬁi@ﬂtmmiﬁ&%ﬁuﬁi@@ﬁo;[ﬂﬁ’é)é%s.o;

) The peptizer is preferabrlg a water soluble salt which enhances dispersion
LioO 1.3 N@O5ifthBeR1ay éida Sficipesaoropiiaardefy a sodium salt selected

from the group comprising .sodium car_bonate,_sodium metapho_sphates,
oo27) S5 NS o e, R SHOT U ay amon
sufficienetobngineatthefrttentiesesftiinesntiodrdireagee plizerisiaodrongadiy when the
puip or s@ggfp gof%'?l%%%’in%) ge\ﬁé%fs%%%@/otie \t/(.%%o%lrjé?eor%ﬁw &Sépgn%?bparticies are
added in an amount of at least about 0.05 Ib/ton (0.02 kg/tonne) of paperstock, based
on the dried solids weight of both the microparticles and the paperstock. More
preferably, the microparticles are added in an amount of from about 0.1 ibfton (.05
kgftonne) of paperstock to about 5.0 Ib/ton (2.3 kg/tonne) of paperstock, for example,
from about 0.2 Ibfton (0.09 kg/tonne) to about 1.0 Ib/ton (0.5 kgftonne), based on dried
solids weight of the paperstock. For purposes of this patent application, the terms

“furnish”, "pulp”, "stock™, and "paperstock” are used interchangeably.

[00028] Preferably, the synthetic layered silicate is added to the pulp in the form
of an aqueous, colloidal dispersion of relatively low viscosity. A colloidal dispersion
having these characteristics is known as a “sol”. In addition to the synthetic layered
silicate, the dispersion preferably also contains a peptizer in an amount sufficient to

maintain the dispersion in the form of a sol for a predetermined period of time. The
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The preferred peptizer, tetrasodium pyrophosphate, is present in certain
w f%fo hydrous sodium lithium magnesium silicate available from _
0 %ggfvféood Additives Limited, including Laponite RDS, Lapg‘gﬁ%&ﬁgl}%ﬂgum
Laponite DS. One particularly preferred grade of Laponite is Laponite
peplizeRiBSenidly stabpiisestsgribbtx prelrens itfodimsdithigrioraageidsiumperiod of

. silicate (CAS NQq. 53320-86-8) in combination with about 5 wt% .
time v 0 S e R A e RIS S o AP SRy
silicate.cditte peatiie did axiisiaretstaklddamnaldavlf 3itays aReetfetatisiéhe sol
has a laponite concentration of up to about 6 wi% which is stable for at
conceniiZigh B 66 S AP PRE T AR T B R RS AR ture use.
range exhibit sufficiently long shelf to allow them to be formed off-site for

[00029 hipm%%%g%&&%ﬁ%?g%&%waa\%?&f 0apa %&RWR%HSE%%OAC%S

entione ove, the'inven as unexpectedly discovere that' cettain
dispersipicrdphetisinthsperkipasdisidicate|utew pepiizabiyso prdiite sighifdanted

from tn RN S1et SUBSREIRe sper SRR MINCY A0 0L ROV 8

lar, the inven as found tha sion
polyacrplaftia esdd it injchopddtcleodispe didorisignsicdintly frolypivespretdatiemofsodium
[ rainage ar rmation. thereby, providing enhancements in the.
Pyronh e B R BN . BT ¥l e
peplizehigseounargeatit godypteoR D Stewhichre redlomtie tetptzelidnMdrophosphate.
(07 PCT(US2 002120 tetrasodium pyrophasphate (TSPP)
T B s B B Al FAEATE U Braces o
hydrousubitiity) thhiveguieghessiamailits tf Bapbaiie RD{00834)Wdithadtiibiag
SRTRIPN o theary, i i ie TSPP | ded and ..
e e RS U B S My
preferrasegorde afdapatitevath ape pisiR2fy whichecbotyemeiaithapoierous
sodium FLRIPAANBGCHBAE PR yac bty IR TR EIRSHYEN about 5
increases the negative charge on the Laponite crystalSand causes them
wt% tettgsnaivn gieatdieaphationterandaiRDS sols containing about 10wt%

concentration of Laponite are stable for about 3 days. Preferably, the sol has a

laponite concentration of up to about 6 wi% which is stable for at least about 90 days.
Sols having a microparticle concentration in this range exhibit sufficiently long shelf to
allow them to be formed off-site for shipment and subsequent use in a papermaking
process.

[00030] As mentioned above, the inventor has unexpectedly discovered that
certain microparticie dispersions which include a peptizer also provide significant
improvements over microparticle dispersions which do not employ a peptizer. In
particular, the inventor has found that the inclusion of a peptizer in the microparticle
dispersion significantly improves retention of fines, drainage and formation, thereby
providing enhancements in the papermaking process and in the paper product. For
example, the inventor has found that L.aponite RDS, which contains the peptizer



particles present in the papermaking process. [00032] The polymer is
preferably added to the papermaking pulp before addition of the

WO giE¥8pHMcles, though any order of addition can be used. PréYeFaboeHE02120
polymer can be any polymer which does not adversely affect the formation

I efer ri lant and/or a
tetrasod A A e R A R AR e gganc
retentiosywitfefiowaiyoreidfyr, @xamplyyisatatiomicoimdg e icataiterigipolymer

such as a cationic potyacrylamide or a copolymer thereof, or a cationic
diallyldimethylammonium chloride or a copolymer thereof. [00033] The

[00031]polyméfithanibbeingdemeintbiis fite By ainisHoRlisyed AmpMotendhendSPP is
. | faly A |
blendedPegtds peieral Mdiﬁﬁﬂéi'&ﬁ%é@fBH'SfCEEgl.’tjh‘ﬁ’:ef% (@%ﬁg@ﬁfg@ﬁ 5 5 ions

polymer of any kind can be used in addition t ove

becomesiskprjaednaity tbagresitiveliahpsstdadpes sbtsubspmittiprystaissetyaking

f r r ies, of ' ' t one
e o ey e EToTarA B be = Sl S SLl e o (DAKEgE e Charge
on the Lagighitsr qostaa]ansbqssiperiiaidmbivias grerieicaltiraiwighoinatienic
. f 25,000,000, and more preferably
P artlcleer%%'?r%%eg{otJr?g%%a"gggé[grga%@ﬁg ﬁgt%)é%oo though other molecular weights

are possible to achieve the intended effect. [00035] The polymer can

[oo032]preferahly hisnaduehsrpelgeiaswaiahi ine AheatNeRAMBIM Before addition

crosslinked polyethylene oxide. Exemplary high molecular weight linear

of the migraparagESOPPLEH BEY RS /e8I EaLRR pEgrididarmbindae

polymersiaacrrasgssbigrat italirfotbes WdhadidrseaapdrmathederhliRR'SABN or
invention are described in U.S. Patent Nos. 4,753,710 and 4,913,775 to
paper apd Ry RIEiR B MR PRCRRIN R ARHRRaTIRe it ereipsalply, the

polymerRieensgilRDRBRIgH e oRlxer wditeiesyphnaddesbeliere Rt leashpne, of
the significant
cationic ni(%rglggenrlilggrqtaining polymer such as a cationic polyacrylamide or a copolymer

thereof, or a cationic diallyldimethylammonium chloride or a copolymer thereof.

[00033] The polymer can be cationic, nonionic, or amphoteric. If amphoteric, the
polymer is preferably used under cationic conditions. At least one other polymer of any
kind can be used in addition to the polymers recited above so long as the at least one
other polymer does not substantially adversely affect the retention properties of the
present invention. The at least one other polymer can preferably be a |

polyamidoamineglycol (PAAG) polymer.

[00034] The polymer preferably has a molecular weight in the range of from
about 100,000 to about 25,000,000, and more preferably from about 500,000 to about
18,000,000, though other molecular weights are possible to achieve the intended
effect.

[00035] The polymer can preferably be a high molecular weight linear cationic

polymer or a crosslinked polyethylene oxide. Exemplary high molecular weight linear
-8- '



shear steps of the papermaking process and may be added in more than
one step. The microparticles can be added before or after the various

wo %’l‘b’ﬁ‘?ﬁ&%ﬁ% shear steps of the papermaking process. Accordifd #6>3eipe02120
embodiments of the present invention, the polymer can be added before

cationic JFEFORAIYERE AP SIBREF RIJEENIPRE MBI 1 the
papermaking process. Ifst%)(g polymer 'sga%glgjr%@?}esﬁﬁ%%ﬁ@pdaﬁtﬁgs,
methodstpé thecrspasitiwveniive agdeassaions dn A& R ateitdNoar 418537 tieand
4,913, 7789REf i0g oF e I it js.pref the polymer to,the.
D She T aa et & P R SIS DTG sibiEes bv
referencghe polymer can be added after the last shear point. [00037] The
microparticles preferably form bridges or networks between various

particles. The polymer is preferably partially attached (e.g., adsorbed)
[00038] onio tHee ahares i pafrieknadrad dsfosr ahltsahgpovfithsisigroficant

shear ste¥RENRRNYIAOFIZkMNGUSRIEREE |§H%Smé@8@mif%g ﬂgﬁ)‘%ﬁ%nspeep.
. treated by first adding the polymer to the pulp or stock, followed by
The micrgpgtaiRg o8 (per SR ReiaiyRT SRk BenvRtions sigllicanbshiar stcps of

the papeAKRR PrieSCIORAHERS &Y iQ{SFﬁé@ﬁ_%é‘?ﬁméﬂ?Qﬁfﬁ@éﬁ?@#&?ﬁ%wntion,

above, the polymer can be cationic, nonionic, or amp

the polyragiicai bsRfitGkPAIRIG iR aNcREPdIviRR coshbssoaedédeast one significant
shear st RO PRISRYMAKIARG RUUBETIF IAKEHRA PHICAIS JNSLORSLHSIESHD0039]

. Preferred cationic polyacrylamides for usé as the retention system
micropargigigmdhard geapabitles rrtdacdied brlaracabeiafbighshpamstensf the

pa permaﬂ&ﬁﬂrﬂ @’?H&s@@ﬂﬂ%@ﬁ'ﬁ@h@?@r‘é@f@@@? RQly %%%Wfﬂ@rcﬁ)ntﬁ@é% ermaking

ecular weight in excess of 100,000, and preferably has a molecular

mo >XCE C
pulp befofziia kst shERRBHY Gbe BRBSTB VPN FUOTERECHIRtIRAIDASFahde

added afRlymel=andikasypaipetic layered silicate -9 WO 2005/071160
PCT/US2005/002120 microparticles preferably provides a suitable

balance between freeness, dewatering, fines retention, good paper
[00037] formdthennutrevppiticied pesfetaidg forshdaidges or networks between various

particles. The polymer is preferably partially attached (e.g., adsorbed) onto the

surfa;:es of particles within the stock and can provide sites of attachment.

{00038] Agueous cellulosic papermaking pulp or stock can be treated by first
adding the polymer to the pulp or stock, followed by subjecting the paper stock to high
shear conditions, followed by the addition of the microparticles prior to sheet formation.
As discussed above, the polymer can be cationic, nonionic, or amphoteric under
cationic conditions. Alternatively, the polymer can be added simultaneously with the
synthetic layered silicate microparticles.

[00039] Preferred cationic polyacrylamides for use as the retention system
polymer are described in more detail below. If a cationic polyacrylamide is used as the
cationic polymer, the cationic polyacrylamide can have a molecular weight in excess of
100,000, and preferably has a molecular weight of from about 500,000 and

18,000,000. The combination of the polymer and the synthetic layered silicate
-9



[00040] The polymer composition of the retention system is added in an
amount effective to preferably improve the drainage or retention of the

WO giip'€dhtPared to the same pulp but having no polymer pre$€yUSR#5/002120
polymer is preferably added in an amount of at least about 0.01 pound of

m;cropazﬁbaggewé@Bigpﬁ%@&@étmiéwaaﬂﬁ@é%m%%%Q?m%%?;gy ftgring,

. dried solids of both the polymer and the paperstock. More pre
fines refRNivirdocd derar ormaiiomt fengthamnd ocsistitre (© 854a/tonne) of

paperstock to about 5 Ib/ton (2.3 kg/tonne) of paperstock, even more
ﬁreferably from about 0.2 Ib/ton (0.09 kg/tonne) to about 2 Ib/ton (1
100040} g ronAdFtRed¥EEH $REBREHISBIRIs R iGHEDT PR prsterisaddreugPBtReRouNnt

effectiv@TPpriferady i HreGkE IRR04HINEGe BP%ﬂ%ﬁ@QﬂgpﬁW&ﬂﬂﬂai&d to the

polymer or mixture thereof can be "used and preferably conventiona

same PHiRiBHI YIRS 41 BeMmBhR asetkidibe RalYrpapisrprataiginmddassiuan
amounttBe w@a%%émké.@ﬁtewa%g@/ﬁréw&ﬁmm@l%@k%%*; of

olymers include, but are not limited to, cationic starches onic

p
papersiggideayririietpelyraiciat eidsiashamlidscyopeifetibopalymenriditeswith
paperst@tﬁ@ti%?e@%%ﬁy%@?@ﬁﬁ%?%%@é@W%&m@%@%{@rﬁll‘n about 0.1

neutralized or quaternized form. Nitrogen-containing cationic polymers

Ib/ton (QRSdiekanes) komprisiadithrbeshbrikdieniRisrkaltgnpe) of paperstock,
even m6eDPREANGHERANI asfdd@@ié%ﬁJﬂme@%ﬁ&lﬁ%ﬁBiQMY@fdﬁo ful

according to the present invention, include amino alkyl esters of acrylic or
kg/tonngichrger o 4Bl dsied Gligmwmielti ﬁfehh%pﬁéﬁfﬁéﬁ@ﬁdtb@@m@ﬂm@munts
can be [pf8n Exemplary cationic monomers and cationic polyacrylamide
polymers are described in U.S. Patent No. 4,894,119 to Baron, Jr., et at.,
which is incorporated herein in its entirety by reference. [00042] The

[00041polymérihapcilaadeia quiyaicy amidafnme pigmaomentesshitdiof can be
L e T
papermiakiterdan 10 used in the pulps or stocks of the present invention. Examples of
cationic polymers include, but are not limited to, cationic starches and cationic
polyacrylamide polymers, for example, copolymers of an acrylamide with a cationic
monomer, wherein the cationic monomer may be in a neutralized or quaternized form.
Nitrogen-containing cationic polymers are preferred. Exemplary cationic monomers
which may be copolymerized with acrylamide to form preferred cationic polymers
useful according fo the present invention, include amino alkyl esters of acrylic or
methactrylic acid, and diallylamines in either neutralized or quaternized form.
Exemplary cationic monomers and cationic polyacrylamide polymers are described in
U.S. Patent No. 4,894,119 to Baron, Jr,, et al., which is incorporated herein in its
entirety by reference.

[00042] The polymer may also be a polyacrylamide formed from comonomers
that include, for example, 1-trimethylammonium-2-hydroxypropylmethacrylate
methosulphate. Other examples of cationic polymers, include, but are not limited to,

-10-



WO 2005/071160 PCT/11S2005/002120 homopolymers of diallylamine

WO mo_pomers, homopolymers of aminoalkylesters of acrylic acids, and
@8@%&"@%3, as described in U.S. Patent No. 4,894,119. Cot$ailrh&ies/6ep120
polymers, or higher forms of polymers may also be used. Further, for

homopojitiness e distydaprise nbinenEes, i@d@ié%ﬁ/ﬁféﬂ%%m?@é?@(géféfsn& Yerylic

. _[00043] | bqdi herein the pol t
2l e AR GHROHIL e EAIE i prAEhdety frdsermaiythors, er
polymersppolyghen fpt@f&&ﬁ%&ly&ﬁe@éﬁﬁé?@é@“&éﬂ%@@%%@9%%?&?5%8&}31“ the

present ene %II in an amount of no greater than 95 mol %. From a
0 abaut70 T S OhMSRITR BRiYaRSHS Msee Usemh a cationic

comonomer. [00044] The papermaking pulp or stock can be any

: conventi nd, for instance, can contain cellulose fibers in an
: [00{.)4?] aque%t‘l]%ﬂn{ll?ecgéﬁ)l{JF%rTS'?E:';ﬁ1t a COIEr iR %@rﬂ@i‘%@/‘% R&stiapdupshschylamide,
nomonic\ﬁérglﬁr@i:menétalmﬁegrew@m@pt@ﬁbmgzetgglgd%@%%; Ergégég%im; an
nt inyention can be added to many different types o

amount %%%{grgr%\gk%r?gg Lgﬁ%%?s %%%F‘E&HSM%E%@S*B%%W@%@ Bﬁ%&amme,.%
mol %. Fifgen pbiputraprcontpriseavitgin 2ol SQTIRG PPl ﬁ?e‘ﬂé%%ﬁluﬂg}% d
from a c%ﬂf Cb(gﬁ;h?oRglﬁ*tar hgrdwood kraft pulp, a sqftwopd kraft pulp, mixtures of

such pulps, an fe like. [00045] The retention aid system can be added

to the pulp or stock in advance of depositing the pulp or stock onto a

000441 papermaki j taining the retention aid system
_[ : has beenb%%wﬁ*ﬁ%}gﬁglgy g‘E)gé %gvgvgt%%ﬁ‘lg) uar%YgC%?H%Fb?f‘gf fifge. and, for
instance, canARRiFBFRbUARE Thersipan swokalsorsadimits dasirakia®ialn of
preferablieieniion abdibesh i ' eb products under

t Z%ér?ditions of high s%geg?ggégg{??n%%eeﬁ%ﬁ{r&?h“%%ﬂ%&P&LEJ‘?J!Z. ibHtsagplp or
stock. The,Taie iR Ry HeTa@Hn, RiBSSystiveniRhicar te danzeiwithibey different
types of pigeanbiNg MR BRHBRP | r ccording to the present

[ ?r?fention rga@)t( fu@rther cghtsgi?%@hee%%kip%ggoﬁ%%%pgft%;l%gq.(% SoPxARple, the

puip AV AR Ty HEE Braseenaery Hrerbpitiskechdaiiviegirdifidfienpisnmishske pulp,
& hardwosghkhetiplay e @ SEBISA kraft pulp, mixtures of such pulps, and the like.

[00045) The retention aid system can be added to the pulp or stock in advance of
depositing the pulp or stock onto a papermaking wire. The pulp or stock containing the
~retention aid system has been found to exhibit good dewatering during formation of the
paperweb on the wire. The pulp or stock also exhibits a desirable high retention of
fiber fines and fillers in the paperweb products under conditions of high shear stress
imposed upon the pulp or stock.

[00046] In additior: to the retention aid system used in accordance with the
present invention, the papermaking pulp or stock according fo the present invention
may further contain other types of microparticles. One or more different types of
secondary microparticle additives, different from the synthetic layered silicate
microparticles, may be added to the pulp at any time during the process. The

secondary microparticle additive can be a natural or synthetic hectorite, bentonite
-11-



microparticles, may be added to the pulp at any time during the process.

WO W;Jhg g,econdary microparticle additive can be a natural or synthetic
HERbt&  bentonite, -11 WO 2005/071160 PCT/us2005/002 P20 zexskite102120
non-acidic alumina sol, or any conventional particulate additives as are

zeolite, nkneawidio asinskiled dp Hrey arbrmeempY SYRIREHESTHSPRAECISS A nown
to those %eg?cr bed,in U. .#atent Nos. 5,571,379 and 5,015,334, which are
HUSED IR e i TR R Y EFOIRsE Rocumry s cimsbin . S.
Patent Nére SBTheTdayeies 61l5aB4NiorsAHReR (IR I EHER ﬁ'l%‘?rdiﬂtire‘{ies
accordance with the present invention, the papermaking pulps or stocks

Q‘&%ording to the present invention may further contain a
coagulant/flocculant retention system having a different composition than

the retention system of th esent invention. [00048] The papermaking
1000471 o SR R b SR Ry i B i tpamisssitsles retention aid
system ugaﬂ)éurm:ldmgiautpatveiaﬁimlgeepﬁa!mthﬂwﬂﬁcﬁe,lMﬁ@ﬁé%ﬁkﬂ?fﬁﬁﬁﬂy@r
tocks a Ct(tjoer uelpjz%y{g comﬁoositi n also exhibits hemicellulytic activity. Suitable
s yies ANy BREYHY-LBfRAHRRY eanpEiRnsIRkke fRAG RRY pRe ANt

enzym

retention ByStelPateatiNgs: difs@806cmddsilbh IBARoHaqERsMGNdJatermadianal
resent i %uplgfation No. WO 99/43780, all incorporated herein in their entireties by
P e, Other exemplary papermaking pulp-treating enzymes are
BUZYMETM 2523 and BUZYMETM 2524, both available from Buckman
00048] Laberatoriesdn Hﬂﬁﬂg o his, T.enn. A.preferred cellulytic .
L ] enzyme &)h@upo}gtlon @éégb?; %@%ﬁﬁﬁ%ﬁ”&’%&&%@w’é‘ﬁ‘y Sgiean a

conventi%m@kim@@hﬁh@ﬁm Finzpredciired hasmmmi’qmﬁiﬂﬁy. ®eferably,
the enzyrh¥l %@&gﬁf&%@%&tgx Bﬁsq{é?ﬂlcgﬁéwggaglﬁ/i&é gr?l\l?gfﬁ%lr? I%)ngé)ﬁ]nghd

tetrahydrofuryl alcohol, glycerine, water,”an
enzyme-Gaiaibiisopratinsitenadiciusieathpise diesarifieetim U.S. PatenttNos.

5,356,800 airp §3oTHeER7 YA TaY ?@HH{I A0y copventional
_ amount, such as in a%@mou’n%%?f?ﬂfn%aggﬁ .00 &%ﬁ%e@/ﬁt%&o%ﬁsma'
all mcorp@"_qt@@b/pggpm in their entireties by reference. Other exemplary papermaking
pulp-trealing enzymes are BUZYME™ 2523 and BUZYME ™ 2524, both available

from Buckman Laboratories International, Inc., Memphis, Tenn. A preferred celluiytic

by refere

enzyme composition preferably contains from about 5% by weight to about 20% by
weight enzyme. The preferred enzyme composition can further contain polyethylene
glycol, hexylene glycol, polyvinylpyrrolidone, tetrahydrofuryl alcohal, glycerine, water,
and other conventional enzyme composition additives, as for example, described in
U.S. Patent No. 5,356,800. The enzyme may be added to the pulp in any conventional
amount, such as in an amount of from about 0.001% by weight to about 0.100% by

weight enzyme based on the dry weight of the pulp, for example, from about 0.005%
by weight to about 0.05% by weight.

[00049] In one preferred embodiment of the present invention, an enzyme
composition is included in the pulp or stock and contains at least one polyamide

oligomer and at least one enzyme. The polyamide is present in an effective amount fo

-12.



weight enzyme based on the dry weight of the pulp, for example, from
about 0.005% by weight to about 0.05% by weight. [00049] In one

WO HiE¥@idE%mbodiment of the present invention, an enzyme REM PSRRI 20
included in the pulp or stock and contains at least one polyamide

. i d n ide, bID AR
stabilize B B e e

oligomersir@ sAyREN EXereiRgcERsiiB tolapueiimia Eoibshng poRlaatigs No. WO
oli E H ' nati lished
99Mﬁ?so}l\pp %l‘%h%%%%ﬁf%ﬁ%ﬁ%@ E%E)?ofg%?jgﬁg%n in its entirety

by reference. [00050] If an enzyme composition is included, it can include

[00050] @ CoBiRation RidwenfssaisHifarrntgsayieaniineleagim®mbination of two
composition can include, for example, a combination of a lipase and a

or more digRIREdCRRAMtIoHMNLERY TR GEE R SEBAR AR eI Her SXBRIRy @
combinatRIES B3y A%analvAraitie Rligoaiel apaesatliberanereindRaRbiPARy agent.

Pparticular additive for use according to the methods of the present
The stabiiizjegREASIAAISRE NALANEIR G SBREAR AP B RaddPtSithe pulp or

stock of the present invention to form a starch treated pulp. Starch may

be added at gne or more, points along the flow of papermakin
[00051] oo RS R AT E AEE BP0t 51 TG BIEDSHS L dicpresent
inventionforiostioak; satrohicsitimhicatdberandediie adddal fl thieoptitherssimek of the

.time that the acidic agueous aJumina solis added to the ., Preferabl
present iRESAD R TR RADUCAEN RS B B AR aR e f.gh Hrore
points aldhg thelflpviositpapsocizigthelpytinetigHayer eehsdicatkimicappartities o
; {ﬂg u}p. Th? .catiopic starch czln agernatj[}/c?l scosrtggc itiggr?l bedgdgid to |

sysiem o EEB pegﬁ@ e I%r\s fsiraatEFwith an ehzyme, a coaglﬂan Cor© @ PUP
at about thetkaPnef¢mes tbati dhic stideheas irstutea botinresobdidimdeebtty fatatalp.

tarches, corn starches, and other,wet-e ombinations , ..
Preferab & A B Sy B N e s e 6 T b EER ARG yatn the
pulp prioto exeonileiyg the synthetic layered silicate microparticles to the pulp. The
cationic starch can alternatively or additionally be added to the pulp after the pulp is
first treated with an enzyme, a coagulant, or both. Preferred cationic starches include,
but are not limited to, potato starches, corn starches, and other wet-end starches, or

combinations thereof.

[00052] Conventional amounts of starch can be added to the pulp. An exemplary
amount of starch that can be used according to the present invention is from about 5

to about 25 pounds per ton based on the dried solids weight of the pulp.

{00053} A biocide may be added to the pulp in accordance with conventional
uses of biocides in papermaking processes. For example, a biocide may be added to
the treated pulp in a blend chest after the pulp has been treated with the optional
enzyme and pcelymer. Biocides useful in the papermaking pulps according fo the

present invention include biocides well known to those skilled in the art, for example,

13-



amount of starch that can be used according to the present invention is
from about 5 to about 25 pounds per ton based on the dried solids weight

WO 28P3815¢hp. [00053] A biocide may be added to the pulp in decbidaigg002120
with conventional uses of biocides in papermaking processes. For

biocides &¥@NHPR fdiotdeimakhepdaae e dhattasiesmnme a tlenprRestenn

after the; nPuI_p has been treated with the optional enzyme and polymer.
such as BYsAME UBIFEIAYhe papermaking pulps according to the present

invention include biocides well known to those skilled in the art, for

example, -13 WO 2005/071160 PCT/US2005/Q02120 biqgides avajlable
[00054] o L RHER CRSPERS R BRG YR H A s o eated

with one SUSHETIhBIOSIRS AR AINDNSIMP B SI AteekSsabhasaesemiciaveRNtBA-ionic
may additionallﬁ%be treated with one or more other components, including

polymers glauserStEGEH IR Snilyise HIMBAL HETBBNRE sPEI A4 SN filerds such as
alum, mic¥BREGSRCHR RfRABERYPH AN P HI-ATRIN G USRS calERg additives.

microbiocides, and other conventional papermaking or processin

i€ . : g .
These adgifiygResanrheH4edit A Bad WENGH dUAHSBIBIAAHAECB L Alp Synthetic
layered si%&éumi@mgbmléxnmgrm,reﬁéwﬁméﬂ@Izgdpéfaglgﬁio%tefﬁf@b ahecles

synthetic Iasfe_red silicate microparticles are added after most, if not a

ar |
are added@iipLmaRict BREFb RS ESIEINES ARG FOMRINGRS Araadred to the pulp.
Thus, theS¥pieladavsiad giifrisensisepisRiesrodiensddadda thamapapaakiaming

pulp after the addition of enzymes, coagulants, flocculants, fillers, and
0

pulp aftersie AR5 SRRMER oRRSH BB NLPRSHER SIINE SaaRd&h@o0ss]
conventioH# additemaidhedetiontopsysienlimredrdrnes with the present

invention can be practiced on most, if not all, conventional papermaking
machines. [00056] A flow chart of a papermaking system for carrying out
[00055] one dfttkeaddéibods tichreipresamtsysEtion st e issent

nventon S U L L P o

nd 1SN Nno way Inten vention.
In the system of FIG. 1, an optional supply of

[00056] A flow chart of a papermaking system for carrying ouf one of the
methods of the present invention is set forth in FIG. 1. ltis to be understood that the
system shown is exemplary of the present invention and is in no way intended to
restrict the scope of the invention. In the system of FIG. 1, an optional supply of
enzyme composition at a desired concentration is combined with a flowing stream of
papermaking pulp to form a treated puip. The supply of pulp shown represents a flow
of pulp, as for exampie, supplied from a pulp holding tank or silo. The supply of pulp
shown in FIG, 1 can be a conduit, holding tank, or mixing tank, or other container,
passageway, or mixing zone for the flow of pulp. The supply of enzyme composition

can be, for example, a holding tank having an outlet in communication with an inlet of
a treated pulp tank.

[00057] The pulp treated with the enzyme composition is passed from the treated
pulp tank through a refiner and then through a blend chest where optional additives,

for example, a biocide, may be combined with the treated pulp. The refiner has an inlet
-14-



enzyme composition at a desired concentration is combined with a flowing

stream of papermaking pulp to form a treated pulp. The supply of pulp
WO 80 Febresents a flow of pulp, as for example, supplied ﬁsﬁ/{%wﬁfﬁﬂmﬂ
holding tank or silo. The supply of pulp shown in FIG. 1 can be a conduit,

in commineichtioiapkhasimixing HitkeorrotheHOMERIRATK, RARSABWHEL @F MiXing
zone for the flow of puIE. The su;gly of enzyme composition can be, for

communigliop ith a5 RiikeRlgRg Shé8kiet in communication with an inlet of
a treated pulp tank. [00057] The pulp treated with the enzyme composition

is pagsed from the treated pulp tank t refiner and then through a
1000581 1 R A s ReY PP arhireb T BeiEd Angron
chest is passbinfd witntbetietatethe Wierthehedhgirbag amiolehrdni¥&ion to an inlet

005/p7116Q PCT/11S2005/002120 in communication with an outlet of
of & machiie ek W TR 2 CUAVEEITIRS AERCaTeT WA P thel-
The blendlendsthesd. (A58 Aneatdiag tedhe ampeaimentiohkl Gpb KA R those
om an outlet of the blend chest

. ._treated in the blend chest is passed from a
siilld in o g b MACHIS AOR oATSHTGE O BVGLERRE AHBLwAGRISHROhBressure
on the treaddiliyegpmayshscrambingsbuitihth e swatacaappdiisrplame chostand

icul macrﬂg]e chest can be of any conventional type known to those skilled in
parucu arePfeaB %ﬂ@?ﬂé&%e chest ensures a level head, that is, a constant
pressure on the treated pulp or stock throughout the downstream portion

of th t icular X..[00059] From the machin
1000591 £ O A B R s S VR, ane
then to aTm petBpticrhsyestantioolayisicof thelpresent iheptieseist iprefatidlys
preferab!g]mﬂ‘% iiadelogef %%‘%‘ﬁﬁ@éﬂ%ﬁ&osﬁg%é%etf%“fgz‘%mB' e
upply of retention system polymer composition can be, for exa%pmé?a
supply ofielgingom iy e mpmeutsimpositionsration Witreadimelbetvbeil g tank

having ai'Blige m%&%ﬁm%%mﬁﬁmqéﬁmgﬁ%ﬁ%%ﬁﬂ@ DSV DHRR fan

screen, the synthetic layere cate

pump. As pulp passes from the fan pump to a screen, the synthetic layered silicate
micropatticles are preferably added. Conventional valving and pumps used in
connection with introducing conventional additives can be used. The screened pulp
passes to a head box where a wet papersheet is made on a wire and drained. In the
system of FIG. 1, drained pulp resulting from papermaking in the headbox is
recirculated to the white water silo.

[00060] In the embodiment shown in FIG. 2, the synthetic layered silicate
microparticles are added first fo the refined treated pulp between the white water silo
and the fan pump. The retention system polymer is added after the fan pump and
before the screen.

[00061] Another embodiment of the present invention is shown in FIG. 3. A pulp
optionally treated with a cationic starch is refined, passed to a blend chest, passed to a
machine chest, and then passed to a white water silo. Between the white water silo

and the fan pump the retention system polymer is preferably added to the pulp. The
-15-



microparticles are preferably added. Conventional valving and pumps
used in connection with introducing conventional additives can be used.
WO 2008 ¥%ened pulp passes to a head box where a wet pap@SHESR#§5/002120

made on a wire and drained. In the system of FIG. 1, drained pulp

synthetic ﬁeyemmﬁlmﬂt@aperﬁwﬁtwa trhnedbaxtBy uisylated thdhRIpiesses
water silo. %%83%{] In. th bod| ent shown in FIG. 2, the synthetic

through thg &ereed) iRy Ptl ?%ii' 5%@ﬁré?t@ﬁ15‘?@ﬂr%treated pulp

between the white water silo and the fan pump. The retention system

poly [ aft the fan before th scre 000
1000621 B B e B R SE AR bhs Mok gy
devices fanppmmdmgaa@exdahhh aaammtucaatanohf lmmfsﬂwdh@asite@eﬁ@@ Sierdshest,
ssed t ine chest d the ssed to a white water silo.

macropart%q?\avgerr? ﬂ%’\ﬁﬁ%ﬂ“ﬁaﬁé‘? ﬁ@aﬁﬂw tﬂgqu pump the retention system
polymer is preferably added to the pulp. The -15 WO 2005/071160

[00063] PCT}PE?@Q%P%F%% %%@ﬁ(ﬁ‘*fﬁ% "F@S%%Q%eéeﬁsa%n% e

preferably added afte ulp passes™ through the scr
disposed feeiweetfoen mﬁianﬁah@aefm IroRT 006 Eh scipparatcs@itihg tnfessrqnt)f the

embodlm%rﬁpﬁi@‘ algoa@&}éde metering devices for providing a suitable
concentration of the synthetlc layered silicate microparticles or other

additives to the flow of pulp. [00063] A cleaner, for example, a centrifugal

[00064] force—*rgaaé%ngm@%ré%b@cﬁl&l@@%ﬁas@ﬁmﬁ@rth@ﬁﬂﬁﬁ@?%n@%f@%pamcie

p and the screen, according to any of the embodiments of FIGS

addition %%Bw [@Wb%ﬂit%@%épi%?ﬁ{@%@f%%mtﬁleéﬁ%%&?@%W@@?@M It
will be apmmaﬂld@t aislitien siep%iin asBAIMcIyIRmie e mm?{@}?etsf&%

resent |nvent|on It will be apﬁremated that Figures 4 and 5 illustrate

pump, SCB?% ARSI AN RACHIRD BIRRS, WhisthARDREaaBRRY tndesgsiaerihe
polymer &idnaiofiphracenenassarstorierciiles@preferred processes, and that the

processes and apparatus illustrated in Figures 4 and 5 may preferably include 'some or
all of the optional additives, apparatus components and/or process steps shown in
Figures 1 to 3 and described above.

[00065] The pulp passes through the apparatus of Figures 4 and 5 in the
direction indicated by the arrows, passing through the fan pump and the screen on its
way to the headbox. The pulp is sheared by both the fan pump and the screen,
however the shear applied to the pulp by the screen is greater than that applied by the
fan pump, so that the screen is the final high shear stage in the papermaking process
prior o entry of the pulp into the headbox of the papermaking apparatus.

[00066] In both Figures 4 and 5, a coagulant polymer is preferably added before
the fan pump. The coagulant preferably comprises a relatively low molecular weight,
cationic, high charge density polymer to scavenge and collect colloidal particles,
primarily anionic fibers and fillers. T he colloidal particles are coagulated to form

macro-colloids which are larger in size and more easily retained in the sheet upon
-16-



polymer and microparticle addition steps in these preferred processes,

W and that the processes and apparatus illustrated in Figures 4 and 5 may
O 200EHBR include some or all of the optional additives, appHratlig§2005/002120
components and/or process steps shown in Figures 1 to 3 and described

drainage a0teecRRNAShTRe RiErapRsaS BRANe B ARRARHImetaURRchRRE 5
) @{%hq irection indicated by the arrows, passing through the fan pump
chioride i*(@&seﬂvwrusompmﬁé%am@&wmé\ PaRi I sHBLRSRTBY B th

coagulanterfaBd MR PR SEepcRaeVR th%xﬁ%%a& apRlisd e YAy 76

he screen is greater than that applied by the fan pump, so that the

t
available droau R ickashhPhRjR Khias Kigjoationahdpsmmking jsraceatiopisd fOMAC
having a 98 GHdRgeRym 4P A% BeRHROX AR NRNGREENakInG: 2RRALRIYS- 1H0066]

In both Figures 4 and 5, a coagulant poIP/mer is preferably added before

coagulantRodnelin prefseatbaqdldrtprtbanybomansenavetafégmosbout 0.05 to

about 1.0RGIESHR ¥SIANS oRalieniFHBigh Shasae sensity WmﬂréB&ﬁiﬁ £

collect collgﬁalhgarticlgs&primari% aniof%??iber%qgnd fillers. T e'e[:(ﬁio%% t0.5
kg/tonne gadislararacss Ryalatedr b 26kt Hatikadeonsig@s which are larger in size

and more easily retained in the sheet upon -16 WO 2005/071160

PCTAJ)S2005/002120. drainage, The lant is preferably a_polyamine
[00067] ¢ AN HAREASER M I SoPRE o RE B RO it fhere
micropartiokreninikipiigcelaryioreittregs aromtanpbiRsiHgei Rl ISACORSESN polymer

and & miesHRRRNaIe S RRATOHEE PRy Do Uh e Sferie oppmmierranly a

synthetichidngia 8o8fuehatbridensiyrrdnmsiediar avelghier ahsiel 50096 a

. The coaqulant mer is preferably agdded tq the pulp in.an amount of
synthetiog G e UL P 6 e UF ARy SR 2P oh B Wibrd Peptizer,
the most preferaddy feptizab bisifglitdrabodiind gygtiphespinatevarhmaiRreienakly

about 0.3 kg/tonne, [00067] The proce jgure nd 5 both

preferabl e AR Bk RS S bitarig AT ol et freferably
comprisesdmpnsitig A D& e nflon systepapityeniar preferably added in an amount of from
about 0.1 to about 1.0 kg/tonne of pulp on a dry basis, more preferably from about 0.2
to about 0.6 kg/tonne and even more preferably about 0.4 kg/tonne. '

[00068] The retention system polymer is preferably a flocculant and may
preferably comprise any of the synthetic nitrogen-containing cationic polymers
described above. A particularly preferred retention system polymer is BUFLOC ™
5511, available from Buckman Laboratories International, Inc., which is a cationic
polyacrylamide having a molecular weight of about 10,000,000. The retention system
polymer is preferably added to the puip in an amount of about 0.05 to 1.0 kg/tonne of
pulp on a dry basis, more preferably from about 0.05 to about 0.5 kg/tonne and even
more preferably from about 0.1 to about 0.2 kg/tonne.

160069} The flow charts of Figures 4 and 5 differ from one ancther in the order of
addition of the retention system polymer and the microparticle. In Figure 4, the

A7-



and a microparticle. The microparticle is a synthetic layered silicate, more

preferably a synthetic hydrous sodium lithium magnesium silicate, and _
WO HISH L preferably a synthetic hydrous sodium lithium mBgRaEidieH/002120

silicate in combination with a peptizer, the most preferred peptizer being

micropaf@iiasedidasayeriiasplaade rddie miceoprEielt NYEHIBRAAMPESEHORG and

or mare of Laponite RDS, XLS and DS, and more preferably comprises

the scregnpphite e seteRicnissTam RS st aggatiadsiinmsarremimBeiom
preferabfPBhibAabatide kolionaeehawe:en mdtyghRss, W%R{@Fe%%%%%iaon is

from about 0.2 to about 0.6 kg/tonne and even'more preferably a

reversedghihies pUveEheineRiden byknt beipekass pdeedpigemily iatyeen
the fan pRIGITAY ISTEEARLY, COMPHRE ARYBHRFCRY HRR! g&&%%eggféifﬁ%”é%en,

cationic polymers described above. A particularly preterred retention
more prefesaiy pelveenidBscresc rud §51 headitie fioe Sdekmdmddition in Figure
5is preféﬁlga_ratories International, Inc., which is a cationic polyacrylamide having
a molecular weight of about 10,000,000. The retention system polymer is
preferably added to the pulp in an amount of about 0.05 to 1.0 kg/tonne of

[00070] pulp aThe FREhESIS isTRIERICieERANEHOM aheYbRNvg akauifdska/tonne
and even more preferably from about 0.1 to about 0.2 kg/tonne. [00069]

The flow charts of Figures 4 and 5 differ from one another in the order of
EXAMPIldd@ition of the retention system polymer and the microparticle. In Figure 4,

the -17 WO 2005/071160 PCT(LUS2005/002120  micropartigle is adde
0007 o e S bR W R e e Srembles are

abbreviabetedn thendaahepieterttiercsygiene pislyobenifiaddesl "&@1 RSN “JS” are
: e pr t n th regn and the.head box., In Fiqure 5, th
Laponlte('ﬁﬁﬁe,r% pgc]éﬁi%bf%% o Lap%l%gﬁ]‘.%] respec 'V%&ha@é‘]@gﬁ&)&bﬁ?ﬁgiwom

ition Is” reversed, wi e palymer
Additives éissibg dndrapueiier &ily isetivgdrouthedatiyonithand thegoeatmrasitche;

Laponite O e B R P e
pyrophosphate; and Laponite JS is a hydrous sodium lithium magnesium fluorosilicate
with tetrasodium pyrophosphate. When followed by a numerical value, for example,
“RDS 0. 57, the numerical value represents the amount of pounds on a dry basis of the
Laponite microparticles per ton of paperstock based on the dried solids weight of the
paperstock.

[00072] in the examples below, the abbreviations “B 594" and "594" represent
BUFLOC™ 594, available from Buckman Laboratories International, Inc., which is a
high molecular weight cationic polyacrylamide having an average molecular weight of
from about 5,000,000 to about 7,000,000 units and a 21% charge density. When
followed by a numerical value, for example, “594 0. 5", the numerical value répresents
the amount of pounds on a dry basis of the Bufloc 594 polymer per ton of paperstock
based on the dried solids weight of the paperstock.

[00073] The abbreviations “B 5511” and “5511” represent BUFLOC™ 5511,

available from Buckman Laboratories International, Inc., which is a cationic
18-



[00070] The invention is further described in the following examples.
EXAMPLES [00071] In the examples below, various components used in
WORHUEAMPles are abbreviated. In the examples, the compo&&di§is2005/002120
identified as "RD", "RDS" and "JS" are Laponite RD, Laponite RDS and

polyacriapfiiiediigsnerielyanvrilahiefremdreckyiod cditingrkiritted by a

. Laponite RD Is a hydrous sodium lithium magnesium silicate; Laponite
numericabgile, iRy GaIs R dd itHum HagTEsRaTisAL YR IIeREESRBE IR amount

of poun@y'aPBosRhAeiARCSRARILR 33 13 YGRS ROdiBm JithiLpy FRRHIESLERY on

_ fluorosilicate with tetrasodium pyrophosphate. When followed by a
the drieggelisscaPiaief fHedd@pRs¥ocRDS 0. 5", the numerical value represents
the amount of pounds on a dry basis of the Laponite microparticles per
ton of paperstock hased on the dried solids weight of the paperstock.

[000741100075) TR ABIELBEIHP A BERLATRICBRSIHE I GoBpRnent are
added, tiepergenbiBldblRR B Rdriavaileblediam Bleckmanteiaties 5511

Internatignal, Inc., which is a high molecular weight cationic

0.5/RD§,Bioa difighifcR thabing 2R ¥MGabemBRIGIM REgRr! fdhpgest to the furnish
before tRORLRYAIIAEAsNHRARA0: Al AR 1Yo TR ARBSIY PMRSaking

followed by a numerical value, for examR[e}?1 "594 0. 5", the numerical

process, g ity e AR TISS SRSdRARIuERE S Ak s EhermetEm Sy Bigally

before {REl¥BrEEMEAHENISE RABRIBINEKIDRSad Qatharsiatsalith WeRiSRHidhsiage
.. paperstock; QOOYS] The abbreviations "B 5511" and "5511" represent
(typicallgbiins

eriISsEIECRAIRHIE NERFBRRmRIM Y atbrabRieraliemaR DS
0.5/B 53n¢.0v8hipkiisateeatienit sl BolyR 008 PR PGTHISEE95 10QRRY 1o the
. lyacrylamide havijng a molecular weight of about 10,000,000. When
furnish S ETB SRR GarVBRNS T - BEaHKR RSt 1 U1S S HulAtRRGHcal
paperm¥RIbg pepcesemswhecBmeunticebpatticle @ addydoasis: ob e Bules 2hldhear
polymer per togjofé)ager toclé lgased ?n the dried solids weight of the
stage (twgéﬂgt%ggqre e screen) and the polymer is added after the final high shear

stage (typically between the screen and the headbox).

Example | — Drainage and Turbidity Tests
[00075] Tests were conducted at a paper mill. Drainage was performed using a
~ small screen through which 500 mi samples were drained using a modified Schopper

Riegler method. Mixing was carried out in a food blender.

{00076} Equipment used for the modified Shopper Riegler drainage test included
the following: a Modified Schopper Riegler (MSRY); a 1000 mi graduated cylinder: a
stopwatch; a B-gallon (18.9 1) plastic bucket; wires for MSR; a vacuum flask and funne!
(for retention); Whatman ashless filter papers (for ash retention); a turbidity meter; a

hemaocytometer; and a microscope.

[00077] Samples to be tested were taken from the headbox of the papermaking
apparatus. For each test, 1000 ml was required. Because temperature has an impact

on drainage, each test was run immediately after the sampie was taken. For lab
-19-



[00074] In samples where both a polymer and a microparticle component
are added, the order of addition is specified. For example, the

w0 20diemietion "B 5511 0.5/RDS 0.5" indicates that the polymercosjesent 2o
Bufloc 5511 is added to the furnish before the microparticle component
Laponite RDS. This simulates a papermaking process in which the

studies i {hdsieaicR @50 the fHéﬂﬂ%r“fﬁ&H‘?ﬁég&%é%éﬁwp%@BH@t% the

headbox g@m}@é}b@m@jhe microparticle is added after the final high shear stage
(typically between the screen and the headbox). Similarly, the
abbreviation "RDS 0.5/B 5511 0.5" indicates that the polymer component

[00078] Bufl¢tthe MIRadde¢tictheditineisaalides thashennd (ESFORRONG M Med up
._Lgpanite RDS. This simulates a, papermakin ss.in which the

by running SR EYE L IR S AR S Era Y LG B

avai!able,ﬂm@lml 8) wae U'“Eﬁ?ﬂol&(msi@@@@d@d ¢ hﬁﬁdgf)tl%@@ﬁ'ﬂﬁi@biéh@t}véﬁgﬁwasd

, . (typic een the screen and the headbox). Example | - Drainage an

mperativi {REEIP RESK 56479 SSLERLRL SONAREER A T 2ok PRIV e

backflusheasneripare befing testaall waeamthupimy sl £0Hh 8y, sananigs were
drained using a modified Schopper _Ri&ﬁ%ir method. Mixing was carried

distributiof,inde AR MRt 50887 RYahmiRt s tBrihe! wouindhsRuplet 1000
ml of the (Bﬂ@@iﬁwdéa&ﬁéﬁgdﬁfd ang?ualaﬁgw&gM%raamﬁi&eﬁe%C?%?ﬁé RACTHERhile
) MSR); a 1000 m| graduated cylinder; a stopwatch; a 5-gallon (18.9 |
holding t"pﬁa‘%‘ffz‘% BB RARtEs i e B ﬂr\ad&z’)m@tméqﬁ"he
plunger M@mm&@@éﬁ@&mmp «@t@tﬁ%{@ﬂ@mi@ﬂn}l@wé@g&tm@ﬁgh@time
, emocytometer; and a microscope. [00077] Sam to be tested were
required (R BFPIGHRAL HETRBIR I PR oo AT SresateRgred and
recorded 1906 mtaasragliiafs Becamsmiempesatvieeas s ippagiiriadBiiagample,
each test was, run immediately after the sample was taken, For lab -19
very Slow G BRI B8 PRTORIGSRBI I ARES Pk Db AN 200, m
drainage tiradarismetimbepialdhd ramevemnpatiterias Betermine the starting
volume tests. The different levels of polymers in the various samples were compared,
and for this purpose, furnish samples were obtained from the machine before addition
of the retention/drainage aid. Drainage and retention values were compared against
blank furnishes to determine improvement. To measure retention performance, the
MSR filirate was filtered through a pre-weighed filter paper, dried in an oven at frbm

1056°C. to 120°C and weighed again. The weight difference was recorded in mg/mi.

[00079] Drainage times were compared based on different levels of additives (i.e.
polymer and/or microparticle) in the furnish. Drainage times were recorded in saconds
for each volume level. The fotal suspended solids were estimated with a turbidity
meter. The filtrate could also have been filtered to defermine suspended solids. Solids
contents of MSR filtrate could be reported in mg/ml and used to indicate the retention

capabilities of different systems, with lower numbers indicating better retention.
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headbox temperature. [00078] If the MSR was cold and the sample was

hot, the MSR was warmed up by running hot water over the outside and
WOida 3t the MSR. If no hot water was available, cold water HZRUS&05/MIR120

tests were conducted in the same way. It was imperative that the MSR

[00080]Wire Wasrdeyaid ol anvdibREs QrfipRs wHRS VIS Was: ?ﬁ&@aﬁtbe[gi@é@ along the

water before the test was run. Uniform fiber, fines, and filler distribution in
papermgidnganysieval wasrasughiiatimpthemiseramporitine Mrkételstoe for the
t ' -cylinder ured into the.
R T A S TR et
original tepRieveie sispecthe plunger was then released and the stop watch
started at the same time. The time required for drainage of the sample in
incremental units of 100 ml was measured and recorded. The incremental

[00081]nits JitoliRIR MBS &R RISIEF ANy SopsiRATdResA M, Wabey tndeep
residualdBEHNE SIRBPURIMPIES WetRdnsitaad Wé&%@@hﬂé@(g)&ﬁ%ﬁ@ﬂli@ﬁ%m to

drainage times. Sometimes several tests were needed to determine

remove Epsiinetilidivim sk ushrdiriers i asrifhdniriernih Thea uliiesswere
checkePRMAKRIERR SRMPSF 83maRR HONIRAS RHROSR flh'é@ﬁ.hﬁﬂ?‘f'é@fs,s\/%‘?éec%nd ucted

) obtained from the machine before addition of the retention/drainage aid.
in the sanpg MAYNSR @RS ek i SR SARSIBIIAPared against blank furnishes to

determine improvement. To measure retention performance, the MSR

filtrate was filtered through a pre-weighed filter er, dried in an oven at
10008210 TR R SOl S s s T SheS Gt %
thermon&@mmeidlanp?mr(?mgdwp@ﬂ@]?n%i@ﬁﬁa&pgﬁe@@}ﬂ%@%@@%ﬁ@ﬁ headbox

iffer s of additives (i.e. polymer and/or microparticle).in the .
condc R SRS SR LR Dol SBAD T8t gplutor
and a carimsteatyusfedfed bolldsadbre gsitinatad withaadtobidita RS, Theditives

. filt I have.been, filtered to determine suspended solids. Solids

combin R R o SIS BREG T IR e bt 2 i

contents o iltrate ‘could be repor
based ohéhretbitidsotidp aisigiesa it prmesistdmsT vetbdiverdnstaberas present in

the DIP i@&jﬁggﬂgﬁgtter retention, -20

[00083] Polymer was added to the paperstock in varying amounts up to 0.75
Ib/fton (0.35 kg/tonne) of paperstock, based on the dried solids weight of both the
polymer and the paperstock.

[00084] The microparticle was added to the paperstock in varying amounts up to
1.0 Ib/ton (0.46 kgftonne). All microparticle dosages were calculated on dry basis.

[00085] The results of the tests are shown in Tables 1 and 2 below. (Table 1 will
contain the drainage/turbidity data and Table 2 will contain the retention data). In
Table 1, the column headings "100", "150 ", “200” and “250" represent the number of
milliliters of filtrate collected that drained through the wire. The corresponding numbers
underneath the column headings represent the number of seconds needed for the

respective number of millifiters (ml) of filtrate to drain through the wire and be
29~



WO 2005/071160 PCTIUS2005/002120 [00080] For repeated tests, the

sample was taken from the same place along the papermaking system. It
WO Ipdddhidred that the furnish composition was the same for tHeTfégr8dad2120

test. Repeated tests that did not agree within reason with a corresponding

OHg| e : SR was kept clean and...
coleoted e S e i oA T Ay
“Blank", mh@vm@esofh@rwadicWaemtiodiszyuajzeme)armq@edemmecreahiskfuﬂdlﬂ@,ml of
firate to SELASIGUCIEANNIN T doicroant, Thgulies were eheakealo s for

ure'be ge were no
150 m! othitraettslbin thbesaote arahreveti 80hessamechisiiency . dOH082E Thee

p il emplo eg. newsprint furnish comprising 70 wt % . .
collectedy i gbech et BN i ARaCaohA DS ReRRHIE ASMBYie e Bl aates
(NTU), isdisieatipotheraugiivityrof HopR2shiasbgiemensodecadinnit-damsad aha 15

millL.of 0.001 N solution, and a consistency, of 0.65. The headbox pH of the
reported [, Bhle S WA A8 T RRR R AR DA R B AT AE e
order of sddtingdislayasirdliartinanasopnt ekamidfte HaseshopidResided saHO81 1o 13

eijght of the paperstqck. The calcined clay was present in. the DIP
of Table o RN GUEB FEO B S R e PGl SR ER PRI as
" added firstnounts up to 0.75 Ib/ton (0.35 kg/tonne) of paperstock, based on the

dried solids weight of both the polymer and the paperstock. [00084] The

microparticle was added to the paperstock in varying amounts up to 1.0

Ib/ton (0.46 kg/tonne). All microparticle dosages were calculated on dry

basis.. - Its of the tests are shown in Tables 1 and 2 below.
TABLE | (éﬁé@@%%@gnﬁ?&rﬁ |.ék}drainage/turbidity data and Table 2 will contain

the retention data). In Table 1, the column headings "100", "150 ", "200"

Sample jgnéd through the wire Trllléuz:):r;; )"(I)I:I(;Tr:b :lekln:trc b::;;;?:z;:ﬁilhe
No. coﬁﬂﬁﬂﬂ*@&m%ymféﬁﬁééént 0 b et & s%to hé@@nfreﬂe 1 260the. | Turbidity
1 Blank 27 58 80 141 249
2 B 5511 0.25 25 55 87 129 193
3 B551105 22 46 76 12 211
4 B 5511 0.75 24 49 78 112 210
5 B 5511 0.5/RDS 0.5 17 38 64 93 114
6 B 5511 0.5/RDS 0.75 15 31 52 75 70
7 B 5511 0.5/RDS 1 13 29 48 72 91
8 RDS 0.5/8 5511 0.5 14 30 50 70 g7
9 RDS 0.75/B5511 0.6 |15 30 50 70 94
10 RDS 1/B 5511 0.7 13 28 46 64 101
11 B 5511 0.5/RD 0.5 15 45 74 102 150
12 B 5511 05RD0.75 |15 39 64 94 129
13 B 5511 0.5/RD 1 14 34 55 83 91
14 Blank 2 29 58 93 139 241

*

All sample compositions in 1b/ton
-20..




respective number of milliliters (ml) of filtrate to drain through the wire and
be -21 WO 2005/071160 PCT/US2005/002120 collected. For example, in
WO B Hirddehtry of Table 1, the paperstock identified as "BlanCTHERAMY A 120

microparticle retention system) required 27 seconds for 100 ml of filtrate

The data}fgWW%%EQU%@%EH%ﬂ&;‘%g@s@ﬁ@e@ﬁﬁ%‘@gwé%%"éﬁﬂ 58 seconds

or 150 ml of filtrate e collected, and required 90 seconds for 200 ml
of filtrate to be collected. In Table 1 the turbidity, measured n. units of

pl ' '%ity unites (NTU), is listed in the last column. For each
Exampieg th?\%%%ﬁsﬁ%é es tested and reported in Table 1 which include both

[00086] a midroithdticlteatidwive aredfarputyheadr 1168 Conpler tof adalitiate sesfrenifiaddnof
et For ex i | Zapd 11 to 13 of Table 1, the

the retent e e S R BB IRO T hes Bgp e neg

retentionfeed TikBeESed Oraimege ant Riditity. Santple Bidt Samiple Covigpositioder

. 100.ml. 150 ml. 200 ml. 250 mi. Turbidity_1 Blank 27 58 90 141 249 2 B
continuod iRyl S b it walls TRER an 1RE Y Bt digle o usly
through 1D 5vize ABES i Ri2AE: 18 S5Lk ArSdREST BATA8:6w A AIMing BrbHkL
0.5/RDS 0.75 15 31 52 75 70 7 B 5511 0.5/RDS 1 13 29 48 72 91 8 RDS
paper m%c.giﬁessll 0.5 14 30 50 70 97 9 RDS 0.75/B 5511 0.6 15 30 50 70 94 10

RDS 1/65511 0.7 13 28 46 64 101 11 B 5511 0.5/RD 0.5 15 45 74 102
1000871 190 The furnish used in the Britt Jar tests was identical fo the furnish used in
Example 1.

[00088] In the Britt Jar tests, the chemicals are applied in the correct sequence
and the furnish is mixed to a degree to simulate the treatment of the furnish by paper
machine equipment such as fan pumps and centri-screens. As it is sheared, the stock
spends a second (at the most) actually in the fan pump or the screens. Another way to
simulate the shear and to represent the actual short contact time is to carry out all
chemical mixing outside the Britt Jar Retention tester. Chemical additive mixing is

carried out using a common household food blender.

[00089] The mixing process is the same for the retention as well as drainage
work.

[00090] Ali high shear mixing is carried out outside the Britt Jar using a food
blender since this is more representative of the high shear points in the papermaking
process. This also avoids plugging the Britt Jar wire. Each chemical addition is
followed by a short two-second burst in the food blender. This simulates stock (

including coagulant, starch, high molecular weight polymer) going through the fan
pump. |
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12 B 5511 0.5/RD 0.75 15 39 64 94 129 13 B 5511 0.5/RD 1 14 34 55 83
WO ﬁ%_/%%ﬁgémk 2295893 139 241 All sample compositions in Ib/ton -22

WO 2005/071160 PCT/US2005/002120 The data shown in fabie 1% 02120

graphically represented in Figures 6 and 7. Example 2 - Retention Tests
[00091] [00086) St irictesessserepadidiine dhpopotapon micopadide component a
short ond2€50 f. i ' ceordin the inyention based.

on inéﬁg%%% |H§tq§§s?56%r%tt§%t%%]z}r%s inccr]aéai%ds flr@ft%gesg %R S%?ee?ﬁigﬁ.gmon
of polymetieBritapatiEithisiraatetistodostnuslasispueradrsteanyiingsmialliswed

o scon R BIRIET RSl TR SR e o

four timesnachine. [00087] The furnish used in the Britt Jar tests was identical to
the furnish used in Example 1. [00088] In the Britt Jar tests, the chemicals
are applied in the correct sequence and the furnish is mixed to a degree
[00092] 1o sirhDfafe'tinwindatsientuinhwasrbisecbip thpdbrithdehitesisquiittelar sesher;

T f i-screens, Asyit | e t k spend
e G o S SR ot g
# 41 or 4% dilvierhroiveshisamnpasostopkesantties(at teacs Roritans)atetiane dsito

. Qut all, &k i i : it 2fention tester. .
O_'_GO 1.g, b?ﬁéﬁical ata gi?i?ewml |%é|@%§1r¢%%%f§%§ﬁ gﬁé?é@%%héﬂb Bgae%’gl& fBkners
with lids; gines[o0bg8] @ Higg proce Hlasdes-saiantartheaesehtith fasdvele nder
with pulsé?é%@@ge work. [00090] All high shear mixing is carried out outside the

Britt Jar using a food blender since this is more representative of the high

shear points in the papermaki ng
[00093] Each of the stock and polymer samples were prepared as follows:

prepare stock and polymer sampiés; make sure the wire for the Britt Jar is wet; set the
Britt Jar speed at the required set point and turn it on; mix chemicals into stock; pour
treated stock into Britt Jar; wait 5 seconds; open clamp and start collecting filtrate;
collect first 100 ml. of filtrate; filter the filtrate through the pre-conditioned filter papers
and dry in the oven at 110°C; and calculate the % TFPR. If required ash the dried filter
papers to determine the %FPAR.

[00094] If required ash the dried filter papers to determine the %FPAR.

Calculations
1. Consistency = % solids in sample, and is represented by [ ]symbol

= 100 x (wt suspended solids) / (wt or vol. of the original sample)

2. FPR, First Past Retention = % of HB solids retained in shest
= ([HB] — [TW])[HB] x 100
Example: [HB} = 0.75%, [TW] = 0.18%
FPR =100 (0.75-0.18)/0.75 = 76%
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process. This also avoids plugging the Britt Jar wire. Each chemical
addition is followed by a short two-second burst in the food blender. This
WO N8TAEEY stock ( including coagulant, starch, high molecul&WERIPS/002120
polymer) going through the fan pump. -23 WO 2005/071160
3. F AR/ Big2(0a480R4 2R 406081 F ¢[SiBakiid prErge e )gdthtiashdkpdpmer
or microparticle component a short one-second burst in the food blender
is used. To simulate post-screen addition of polymer or microparticle the

[00085] treatﬁdBr@szK]Sam@termm@dreq e acciHinden follovvenipynadglitianaf dep

oly r rticl compo t and inversion of the Britt Jar four
value by BidER0 U FREY R RETURE AR HAG 0B W) KRB AP MG he %

ash valudBit fas [egilgr; wires- 80P for newsprint furnishes; pre-conditioned
ashless filter papers - Whatman # 41 or 43; diluted polymer samples;
stock sample (at least 20 liters); balance to 0.001g; buchner funnel;

[00096] dryinghevessitimat&foretshitetéesinatiorsphastioentdimdishiwih lids;
syringes - 1, 5, and 10 mL; and a blender-standard household food
blender with pulse feature. [00093] Each of the stock and polymer
samples were prepared as follows: prepare stock and polymer samples;

TABLE 2Makes\krthe wire for the Britt Jar is wet; set the Britt Jar speed at the
required set point and turn it on; mix chemicals into stock; pour_treated

SAMP&BINGhto Britt Jar; wa@@ﬁ@@ﬁﬂ@%en clamp niFdtatnpibedng filtrate;
coftectfirst 166 mto B’ ?111? fitter thefiltrate-thr = iti
filter papers _and dry!in the oven at 110C: and calculaie the %TFPR. If

1

2 required ash the dried$®&i0.papers to determine tHE8RBFPAR. [00094] If

3 |Uqui|cu ash-the-drie Lg determine-thg HAEPAR ~Caleulations
1. Consistency = % so%%ls in samg? and is reprasented by [ ] symbol

4 594 0.5/RD 1 63.26

5 594 0.5/RDS 0.5 65.66

6 - 594 0.5/RDS 1 71.71

The data shown in Table 2 is graphically illustrated in Figure 8.

Example 3 — Drainage Tests Comparing Laponite RD, RDS and JS
[00097] Drainage tests were conducted on an alkaline furnish following the
procedure described in Example 1.

[00098] All the samples containing a microparticle also contained a polymer,
Bufloc 5511. In most of these tests, Bufloc 5511 was added to the furnish before the

microparticle. For Laponite RDS, tests were also conducted with the reverse order of
addition.

[00099] The resulis of the drainage tests are illustrated in Figures 9 and 10. As
shown in these figures, the furnish containing Laponite RDS had better drainage
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=100 x (wt suspended solids) I (wt or vol. of the original sample) 2. FPR,
First Past Retention = % of HB solids retained in sheet = ([HB] -

WO 2085073A89B] x 100 Example: [HB] = 0.75%, [TW] = 0.18% FEREBQHNS/002120
(0.75-0.18)10.75 = 76% -24 WO 2005/071160 PCT/US2005/002120 3.

. Ek Ei ) A i = T . h .
poperies AT R S RRVART (800 MR
drainage rashl?sa!g'mgﬂﬁé [‘Herl]]e [Frlm‘/taswpisrt[ﬂtemhe%&gy(ahsﬁtmg 5[|5té m;ﬁffmedded

iplvin 0 S u results of the
before the@%&]@%ﬁetes ;% é{r%ea%hvg\e{v%nb?é%%ﬁ/ﬁﬂ?er&% &9 %%Aﬁ%g E-afé%étention

SAMPLE NO. COMPOSITION TFPR/percent | Blank 24.22 2 594 0.5

Example 42 PR AOTED 950304 394 05/ AD 116325, 32 0SRDS 05

.66 6594 0.5/RDS 1 71.71°The data shown in Table 2 is graphically
[000100] j|lustatedantesisirsgicerahasid B Prapiage Weses Eomasdysiagoriro us

e IRL.racubit e bR st 1 DML AT e
with an alicalinpl&s= oty rishiceopaptiseia $08nthmeivaqbmiet 0 Buskitvood,

. _ ' f
having a ;ﬁ%} ﬂ.@,"&Bﬁ’dgfgﬁﬁgfﬁ%‘gﬂitﬁérlg%‘s%?ﬁéﬁ’éaér?djgﬁﬂ E%H%gr%@d'ﬁvqiffe ore

e microparti S, tests were also conducte h the
precipitatadwaisaiardaripnate (PCC) added at the machine chest in the paper
process. The retention data, including both total first pass retention (TFPR) and first

pass ash retention (FPAR) is shown below in Table 3 and is also illustrated in Figure
11.

TABLE 3
SAMPLE NO. | COMPOSITION TFPR/percent FPAR/percent
1 Blank 50.97 18.14
2 5511 0.5 7872 69.16
3 5511 0.5/JS 0.5 78.93 71.49
4 5511 0.5/JS 0.75 82.80 73.05
5 5511 0.5/RD 0.5 81.44 73.15
8 5511 0.5/RD 0.75 84.99 76.46
7 RDS 0.5/5511 0.5 84.22 79.59
8 TRDS0.75/5511 0.5 86.63 80.58
9 5511 0.5/RDS 0.5 8721 81.02
10 5511 0.5/RDS 0.75 89.99 82.04

[660101] As shown in Tabte 3 and Figure 11, the retention results for Laponite
RDS were better than the results obtained for comparable concentrations of Laponite
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addition. [00099] The results of the drainage tests are illustrated in Figures
WO 290<3nd 10. As shown in these figures, the furnish containing Laponite RDS

P2d hefter drainage -25 WO 2005/071160 PCT/QS2005/00518E52005/002120

properties than the furnish containing either Laponite JS or Laponite RD.

JS and LalsordditRiD, died)ase results urtng RBSwaradicenwies 489 Peded by
Bufloc 5511) was added before the Laponite RDS than when Laponite

addition o S Pravided i keat 'REHiStion Tests Comparing Laponite
RD, RDS and JS [000100] Britt Jar tests as described in Example 2 were :

performed using variQus .combinafions ol r (Bufloc 5511) and ..
ro00102] P PR EER R BT Bt iR B figrtions
and variatfonsigmadrapniadd of 609aharddioeshendf46% seftweothvbaitgwitibaf

) .9, conductiyity of 670 microsiemens and ash content of, 20% precipitated

departing {8 (S AR b ARG ol 18 (RgResd that the
present inpeotiess cdber setentiomdaticatichsliagdoothiteiabir st pgassneeri®Nwithin the

TFPR) and first ,pass ash, retentian (FPAR) is shown below in Table 3
scope of U AP RRN AR AL IS AT TRBLE 5 SAMPLE NO.

COMPOSITION TFPR/percent FPAR/percent 1 Blank 50.97 18.14 2

5511 0.5 78.72 69.16 35511 0.5/JS 0.5 78.93 71.49 45511 0.5/JS 0.75

82.80 _ 73.05 55511 0.5/RD 0.5 81.44 73.15 6 5511 0.5/RD 0.75 84.99
76.46 7 RDS 0.5/5511 0.5 84.22 79.59 8 RDS 0.75/5511 0.5 86.63 80.58
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9 5511 0.5/RDS 0.5 87.21 81.02 10 5511 0.5/RDS 0.75 89.99 82.04
[000101] As shown in Table 3 and Figure 11, the retention results for

wbaRRNte FDS were better than the results obtained for compganabifspoaizo
concentrations of Laponite -26 WO 2005/071160 PCT/US2005/002120
~JS and Laponite RD. Also, the results show that addition of Bufloc 5511
What isglaifed % addition of Laponite RDS provided the best results. [000102]
It will be apparent to those skilled in the art that various modifications and

1. Xﬁa{m%Mg@r%gﬁépshsaedamfaedaﬁ@ﬁgmgpreseminvention

without departin the spirit or scope of the present invention, Thus, it

(@)interfaening:z freatprerul nasHiBe oorarprBRKidYRLIRB fLRatC

layered BRI Ydpindnpiiiansithioibe osanBe Bhihgapreedagerbaiaiioans
their equivalents. -27 CVO 2005/071160 PCT/USZO%% 02120 Whﬂgsst one

compriginghaeavithetia RYdiRBE PRI LD SIS EThBURG EoRngrEmE"
polymefp Haﬂﬁ;gri@,_%ﬁgai@@i SRy ﬁ@ﬂimftf)cﬁf ﬁ‘&pgrmal:mtgxsiurtfng sf/ntietic
ayered, silicate, a peptizer and at least gne polymer, the.syn ; €
polymeR AR R 8 BT RyCHG L U e S e
&@nid thécatrlzasthenieegiely map dotnsasippoas or paprstmartbers of the
group consisting of cationic polymers, nonionic polymers and amphoteric
polymers under cationic conditions; and (b) forming the treated pulp into
2. Shd pmtecdpbaisirbbardnezeTHbhmbas B4aTeY silikaleirame SRthetic
iaponi@yered silicate comprises laponite. 3. The method of claim 1, wherein the
_ synthetic layered silicate is added to the pulp in an amount of at least
about 0.05 pound on a dry basis, per ton of pulp based

3. The method of claim 1, wherein the synthstic layered silicate is added to the
pulp in an amount of at least about 0.05 pound on a dry basis, per fon of pulp based
on the dried solids weight of the puip.

4, The method of claim 1, wherein the synthetic layered silicate is added to the
oulp in an amount of from about 0.1 pounds to about 5.0 pounds on a dry basis, per
ton of pulp based on the dried solids weight of the pulp.

5. The method of claim 1, wherein the synthetic layered silicate is added o the
pulp in an amount of from about 0.2 pounds to about 1.0 pounds on a dry basis, per

ton of pulp based on the dried solids weight of the pulp.

g. The method of claim 1, wherein the peptizer comprises an inorganic
polyphosphate peptizer.

7. The method of claim 1, wherein the peptizer comprises tetrasodium
pyrophosphate.
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on the dried solids weight of the pulp. 4. The method of claim 1, wherein
the synthetic layered silicate is added to the pulp in an amount of from

ounds to about 5.0 pounds on a dry basis, per tQRafOUIR 602120
w@?@@@%ﬁt e dried solids weight of the pulp. 5. The method of claim 1,

wherein the synthetic layered silicate is added to the pulp in an amount of

8.  Tibenstbot @ cEemtiswbarbisut e Gyiihatie wyeremeiaals ipaddsd i g
pulp in ?vﬁg?&ﬁn%%de{%égg‘éﬁs SRR ARSVHER IR -t BigpekRRsh AcHiMs s aid

erein the peptizer comprises an inorganic polyphosphate peptizer. 7.

inorganiaeeheinrrpbrisRaPlizelie reme P RIErEstpsed ialRRajgidispersion in
the formYEpRNQIRhAtE e iRRATEAS46A R 1US2005/002120 8. The

method of claim 1, wherein the synthetic layered silicate is added to the
pulp in the form of an aqueous dispersion and wherein the dispersion
0. GoRIpR:AT Kasesivhelh esphalepepitepdnsivhamuainsséitispttbetic

maijntain said dispersiop in ,the form,af a sol for a predetermined period of
anere‘l’iﬁ?!é?@?m@'?rﬂ}gdﬁﬁo?aﬁﬁ? ?%H@@ & aqueous dispersion contains
said synthetic layered silicate in an amount of up to about 10 wt%. 10.

e method of claim 1, whereinthe cationi [ ;

10, R o L W e D A amprises 2
‘synthetietiivdgehetaintainingeesieningeiosic polymer is present and comprises
one or more members of the group consisting of cationic polyacrylamides
and copolymers thereof; and cationic diallyldimethylammonium chloride

11, SedopbipemetsiaiierborneseinibaraieRiOPeiXnea s Rresent AlF CafBRises
one oRYFEShSRISE R AB &8 arldeskietifrop elitithi valatiahRideasidabout

0.01 pound on a dry basis, per ton of pul . .
copotymerspthereof; and c%tionic d%l!yidimeti%tila%momum chioride and copolymaers

thereof.

12.  The method of claim 1, wherein the cationic polymer is present and is added to
the pulp in an amount of at least about 0.01 pound on a dry basis, per ton of pulp
based on the dried solids weight of the pulp.

13.  The method of claim 1, wherein the cationic polymer is present and is added o
the pulp in an amount of from about 0.1 pound to about 5 pounds on a dry basis, per
ton of pulp based on the dried solids weight of the pulp.

14, The method of claim 1, wherein the cationic polymer is present and is added fo
the pulp in an amount of from about 0.2 to about 2 pounds on a dry basis, per ton of
pulp based on the dried soiids weight of the pulp.

15.  The method of claim 1, further comprising shearing the pulp in one or more
shear stages including a final high shear stage in which the pulp is passed through a
. screen prior fo entering a headbex of a papermaking apparatus.
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based on the dried solids weight of the pulp. 13. The method of claim 1,
wherein the cationic polymer is present and is added to the pulp in an
amount of from about 0.1 pound to about 5 pounds on a dry basis, per

ton of pulp based on the qr{ie solids wei ,lht of the pulp, 14, The method
16, i B BB BT PeF S b AL SR [ e
finaimigh araustafdram abewtio. heosabtheti2 pyeneld Shcatey Basi] pettemulp
aﬁep}hgﬁtfapﬁgﬁ%f?@amgéed solids weight of the pulp. 15, The method of
claim 1, further comprising shearing the pulp in one or more shear stages
including a final high shear stage in which the pulp is passed through a
17.SCreermprigsfsoeniedrgha teadbexsiaf papathadkiy eppasiitizse -2%t6ed to
The method, of ¢claim 1 herein_the polymer is agdded t u
the tﬂ%ﬁ)f %Pﬁﬁ’g%‘%&\@g%&@g(\e% and \?\}ﬁ%‘?eﬁlgﬁz&?/ﬁﬁe%%l ?/&é%g Sl i(%Ec'g\?tgegiééoiré3 the
puladtiettie finaididih sifear #i@dnal high shear stage. 17. The method of
claim 15, wherein the synthetic layered silicate is added to the pulp
before the final high shear stage and wherein the polymer is added to the
pulp after the final high shear stage. 30 18. A method of making paper or
paperboard comprising: (a) adding to a papermaking pulp, a synthetic
layered silicate, a peptizer and at least one polymer, the synthetic layered
silicate comprising a synthetic hydrous sodium lithium magnesium
silicate, the peptizer comprising an inorganic polyphosphate peptizer, and
the at least one polymer comprising one or more members of the group
consisting of cationic polymers, nonionic polymer and amphoteric
polymers under cationic conditions, wherein the synthetic layered silicate
is added to the pulp in the form of a sol and wherein the sol contains said
peptizer in an amount sufficient to maintain said sol in
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stable form for about 3 days to about 90 days; and (b) forming the pulp
from (a) into said paper or paperboard wherein the pulp comprises more
synthetic layered silicate than peptizer, and said, method further

comprising shearing the pulp in one or mor shear stages including a
8. final ﬁ@?‘?gl?éja;& ‘gﬂ?%hofh%aﬁﬁfg% CLLH RHStigh a screen prior to
entenmj a heaaﬂdmgofoa @apm:rmaﬂahgmppématlas sandhelithday@rede silicate, a

peptlgé’ 'F‘l@&q%qgc}:c}@ﬁ@f" ipoeipredie foalliahishratstagriAgG Eirthetic

synthetic layered silicate is added to the pulp after the final high shear
hydr@#agesqﬁﬂem ﬂﬁél@%méaeq%eya’reﬂw?a@% &&BBEEfocmapﬂaﬁ%gba?b JRqfanic
polyﬁﬁh’ﬁdﬂﬂ@l‘é stage-end dhe ﬂﬂéymienmaddsad todhyenpulpafipriding fiome kighmore

ron 8! 295 RIS URR Ao SEHSIE IR o
ampigateric polymers under cat;omc condlttons
wherein the synthetic layered silicate is added to the pulp in the form of a sol and
wherein the sol contains said peptizer in an amount sufficient to maintain said sol in
stable form for about 3 days to about 80 days; and

(b) forming the pulp from (a) into said paper or paperboard
wherein the puip comprises more synthetic iayered silicate than pepitizer,
and said, method further comprising shearing the pulp in one or more shear stages
including a final high shear stage in which the pulp is passed through a screen prior o
entering a headbox of a papermaking apparatus, and either (i) the polymer is added to
the pulp before the final high shear stage and the synthetic layered silicate is added to
the pulp after the final high shear stage, or (ii) the synthetic layered silicate is added fo
the pulp before the final high stage and the polymer is added to the pulp after the final
high shear stage.

18. The method of claim 1, wherein the synthetic layered silicate comprises
59.5% Si0,; 27.5% MgQ; 0.8% LiO; and 2.8% NazO.
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