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UNITED STATES DISTRICT COURT
WESTERN DISTRICT OF WASHINGTON
AT TACOMA

w.C04 5884r

v. COMPLAINT

INTERLATES LIMITED and EKA
CHEMICALS (AC) LIMITED,

Plaintiffs,

KEMIRA CHEMICALS, INC. and
J.M. HUBER CORPORATION,

(JURY TRIAT. DEMANDED)

Defendants,

Plaintiffs, Interlaies Limited (“Interlates”) and Eka Chemicals (AC) Limited (“Eka™), by
and through their undersigned attorneys, for their complaint against Defendants, Kemira
Chemicals, Inc. (“Kemira Chemicals™) and .M, Huber Corporation (“I.M. Huber™), allege as
follows:

The Parties

1. Interlaics is a British company having a place of business at Charter Way,
Macclesficld, Cheshire, England SK10 2NK.

2. Fka is a British company having a place of business at 304 Worle Parkway,

Worle, Weston Super Mare, England BS22 6WA.
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3. Kemira Chemicals is a Georgia corporation having its prineipal place of business
at 2435 Town Park Drive, Suite 200, Kennesaw, Georgia 30144,

4. J.M. Huber is a New Jersey corporation having its principal place of business at
333 Thomall Street, Edison, New Jersey 08837,

Jurisdiction and Venue

5. This is & claim of patent infringement arising under the patent laws of the United
States.

6. This Court has proper, original and exclusive jurisdiction over the subject matter
of this action based on Titlc 28, United States Code, § 1338(a). Venue is proper in this Court
under the provisions of Title 28, United States Code, §§ 1391(d) and 1400(b). Lach of the
Defendants is doing and transacting business in thig distriet and committing acts of patent
infringement in this district including, but not limited to, performing and inducing the
performance of the patented process in Longview, Washington in violation of Plaintiffs’ rights.

The Patents in Suit

7. [1.5. Patent 4,954,220 (“the ‘220 patent”™) entitled “Polysilicate Microgels As
Retention/Drainage Aids In Papermaking” was duly and legally issued by the United States
Patent and ‘I'rademark Office on September 4, 1990. A copy of the “220 patent is attached hereto
as Exhibit A

8. The ‘220 patent is owned by Plaintiffs. On information and belict, the
Defendants have been aware of the ‘220 patent.

Patent Infringement

9, Upon information and belief, Kemira Chemicals and J.M. Huber are jointly and

severally liable for infringement of the ‘220 patent through their activities with others including,
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implementation and execution of processes and methods covered by one or more of the ¢laims of
the “220 patent in, at least, Longview, Washington. Upon information and belicf, Kemira
Chemicals and J.M. Huber have induced, aided and abetted others in the implementation and
execution of processes and methods covered by one or more of the claims of the ‘220 patent in,
at least, Longview Washington.

10.  Such infringement has caused and will continuc to cause immediate and
irreparable injury to Plaintiffs, which will continue unless and until this Court enters a
preliminary and permanent imjunction prohibiting such infrinpement.

11.  Upon information and belief, while Kermira Chemicals and J.M Huber have had
direct knowledge of the 220 patent, they have nonetbeless continued their unlawful conduct
without taking reasonable precautions to aveid such infringement and, therefore, such
infringement has been willful and deliberate. Plaintiffs are entitled to recover damages for their
injury and Defendants’ willful infringement.

Prayer for Relief

WHEREFORE, Plamntiits pray for the following relief:

A, A preliminary injunction during the pendency of this action prohibiting the
continued infringement of the ‘220 patent by Defendants, their officers, direclors, agents,
servants, employees, attorneys, and all others acting in concert and participating with them;

B. A judgment that Defendants have infringed the “220 patent;

C. An award of damages adequate to compensate for the infringement that has

occurred, together with interests and costs, and an award of increased damages, as provided in 35

US.C. § 284
EISENHOWER & CARLSON, PLLC
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D. A finding thai this case is exceptional and an award to Plaintiffs of its reasonable
attorney fees as provided by 35 U.8.C. § 285;

E. A permanent injunction prohibiting the continued infringement of the ‘220 patent
by Defendants, their officers, directors, agents, servants, employees, attorneys, and all others
acting in concert and participating with them; and,

F. Such other and further relief as the Court deems appropriate.

Demand For Jury Trial

Plaintil¥s hereby request a trial by jury.

DATED this 7th day of December, 2004.
EISENHOWER & CARLSON, PLLC

Donald L. Anderson, WSBA # 8373
1201 Pacific Avenue, Suite 1200
Tacoma, Washington 98402

(253) 572-4500

LEYDIG, VOIT & MAYLR, LTD.

By:

Gordon R. Coons (not admiued in W.D. WA)
Eley O. Thompson (not admitted in W.D. WA)
Gregory C. Bays (not admitted in W.D. WA)

Two Pradential Plaza, Suite 4900
Chicago, Illinois 60601
(312) 616-5600

Attorneys for Plaintiffs

EISENHOWER & CARLSON, PLLC
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United States Patent [

(1] Patent Number: 4,954,220

Rushmare 451 Date of Patent: Sep. 4, 1990
[54] POLYSILICATE MICROGELS AS [56] References Cited
RETENTION/DRAINACE AIDS IN US. PATENT DOCUMENTS

, 4,750,074 61988 TORDSO oo 16271816
[73] lovenior:  Jobm D. Rushmere, Wilnyington, Del. 4705531 171989 Sofia et Al ...rvmimenn 16371816
[73] Assignee: E L Du P::r! de Nenml;):e:nd Primiary Examiner—Peter Chin
[21] Appl. No.: 388967 [57F ABSTRACT
[22] Filed: Aug. 7, 1989 The use of anionic polysilicate micmﬁ; u?:m an Mﬂ

ganic polymer to flocculate pulp and ines, suc
BT Lo g \62s178 WS Waler Temoval is essler and fines retention s
162/178: 162/181.6; 162/133  BIeateT

[58] Fiell of Sexech ... 162/1816, 175, 178,

162/168.3, 1335

7 Claims, No Drawings
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4,954,220

1

POLYSILICATE MICHOGELS AS
RETENTION/DRAINAGE ATDS IN
PAPERMARTNG

FIELD OF INVENTIGN

This invention relates to papermaking, particularly to
a method whereby a suspension of pulp and morganic
filler in water is spread over a wire of net snd the wajer
i removed to form a fiber web or sheet. More particu-
larly, the invention relates to the addition of anionic
poiysilicate microgels togsther with an orgaoie poly-
mar o floceulate the pulp and filler fines, such that,
during the water removal step, water remowal is easisr
and fines reténrion is greater, thereby mcreasing both
the productivity and yield of the papermaking process.

BACKGROUND AND SUMMARY OF
INVENTION

Many additive systems for improving. wet-cnd Jrain-
age and fines retention have been disclosed in the prior
art. The systems include employing polymears, combina.
tions of palymers and poiymers combined with colloi-
dal silica. The latter systems are among the most effi-
cient oow tn use, but there is 2 cantinuing need to pro-
vide additives with reduced cost and improved perfor-
AT,

This invention employs, as a rctcntion and drainage
aid, polysilicate microgels formed by the partial gela-
tion of an alkali meki silicate or a palysilicats such as
sodium polysilicate, having in its most common form
ong part MaaO to 3.3 parts Si02 by weight. The micro-
gels. which are referred Lo as “actve” silica in contrast
to commercial colloidal silica, consist of aggragates of
vary small, e.g, 1 am, particles artanged nto three
chmensional networks and chains, They typically have a
very igh surface area, nsually greater than 1000 sqnare
meters pet pram (m?/p) aod are t5ed in the papermak-
ing process in conjunction with cationic polymers de-
rived from nataral or synthetic soarces.

Polysilicate microgels can be formed most readily by
the: addition of an initizior o & solution of sodium
polysilicate. The icitiator starts the process of geolation
which, if aflowed to proceed to completion, would
resnlt in the total solidification of the solation. The gel
solidification time, that 1s the length of time for total
solidification to oceur once initiated, the can runge from
seconds to manths and depends on a variety of factors
including pH, silica concentration, temperature und the
presence of neutral salts. For commercial applications,
short gel solidification times are prefermod. Onee indti-
ated, gelation is allowed to proceed for about 5% to
9%5% of the gel solidification time before being stopped
by diluting the polysilicate sohrion, preferably to about
1 weaght percent (wi%h) Si0; or less.

The solution of polysidicate micragels sa formed has
been Found to constitate an excallsst cstention amd
drainage aid when combined with a water sgluble cati-
onic polymer, preferably cationie starch, cationis guar
or cationic polyacrylamide,

Prior At

5

0

a5

0.5. Pat. No. 2,217,458 describes the eary wse of

polysilicic acid or active silica a5 a coagulant aid i the
treatment of raw water. The article “Activated Silica, a
New Engineering Tool™ by Merrill and Bolton, Ches,

a5

Eng. Progress |, [1947), 27 saggests the use of active |

zilica a8 a coagulant for paper mill white water and asa

2
rerention aid for fiber and filler fines when added to the
head box of a paper machine, No mention is made of the
co-nge of anionic active sfica together with cationic
polymers.

.S Pat. Nos. 3,224,927 and 3,253,978 discloss the
cp-nse of colloidal gilica and cationic starch as a binding
agent for inorganic fibers in refractory fAber bonding
applicatione. The quantities of colloidal silica used are
considerably larger than in papermakig applications,
that 13 10-20 wi% of the product for fiber bonding
applications verans sbout | wi%h for papermaking appli-
cations. In fiber bonding, conditions Jeading to Roccula-
ticn are to be avoldesd, whereas, in papsmaking, floccu-
lation i8 3 desired result of the additions.

U.5. Pat. No. 4.388,130 discloses a binder composi-
tiom eomprifing gollaidal silica and cationic starch for
addition to pepormaking stock 10 improve retention of
stock eomponents or for addition ) white water to
rechuce pollution problems and ro recover stock compo-
nent vatwes. U3, Tat. No, 4,338,150 tesches thar the
colfoidat silica may take varioas forms including that of
polysilicic acid but that best results are obtained
through tha use of silica in colloidal form. The patent
teaches that polysilicic acid itself is undesirable and
without stabilization deteriorates on storage.

Tt has now been found that somae storage or aging of
polysilicic acid is desirable. Complete gelation nf ague-
ons solutions of polysilicic acid i 1o be avoided since
omits gelled the golations have little benefit for vze as a
retention and dramage aid Storage or aging of polysil-
wic scld leads to the formation of silica microgels
which, when combined with various cationie polymers,
provide retention and dyainage aid systems which are ar
Least the cquivatent and, in many cases, superior of those
provided by the collnidal silica/cationic starch combi-
nations of the prior art.

DETAILED DESCRIPTION OF THE
INVENTION

TIu his book “The Chemistry of Silica'™ published by
John Wiley & Sons, M.Y.. 1979, K. K. Ler describes on
pages 174-176 and pages 225-234 the polymerization of
polyeilicic acid and the formation of microgels com-
prised of three-dimensional apgpregates of very small
particles of polysilicic acid, Such micragels heve also
beem terrmed “active gilicn'' andd are diztinet from the
pareat uncrosslinked polysilicic acid and from colloidal
gilica or colloidal silicte acid selutions commonly cn-
poantered in commerce Mioropels in a sol canaol be
readily detected by techniques normally used to detect
colloids in a sol, as for example by light scattering.
Likewise, microgels cannot be readily separated from
the sol by cenrrifuging. According to E. K. Iler, in the
above cited text on page 231, the concemtration of silica
pacticles in the three-dimensional nerwark of the micro-
gel, the refractive index of the microgel and the density
of the microgel are the same as in the surrounding sol.

Further methods for the production of active silica
and i3 use in water purification are discussed in the
book “Soluble Silicates” Vol 11, by James G. Vail, pub-
lishad by Reinhold Publishing Co., N.Y., 1960. This
source and a gencral reading of published literature
suggeats that palysilicate microgels may be produced as
follows:

(1). Aqucous soluetions of alkali metal silicates may be
acidified by acid exchange resins and inorganic and
arganic acids such as sulfuric and aceric acids. After
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acidification of the silicate o a pH of about 2-10.5,
some storage or aging of the solution is usually required
1o permit the formation of the polysilicic acid micre-
gels. The aging time depends primarily on the pH and
the concentrsticn of silica Afer the aging peried,
which may be very brief (a faw minutez or 20} for a
solution contaming 4-5 wi 2ilics ut & pH of 34, the
solution is dilufed to sbout 1 wi9p silica or less in order
to stabilize it hy retarding further growth of the micro-
geks.

(2). Aqueous solutions of alkali metal silicates may be
acidified by acid salts and gazes such ag sodivm onthobe-
rate (horax), sodivm bisuifite, potassium dichromate,
sodium bicarbonmte, sodivm dihydrogen phosphate,
carbon dioxide, sulfur dioxide and chlorine. Acid salts
of weak besez and strong =cids such as ammonium sul-
fatz, aluminum sulfate, ferric and ferrous chlorides and
the like may also be used,

(3). Alkali metal salts of amphoteric metal acids may
be added to aquenus solutions of alksli metal silicates.
Examples of such salts are sodinm aluminate, sodiom
stannate, sedium zingate, potassium chromate and po-
tassium vanadatz. These salts do not reduce the alkalin-
ity of the silicate soletions but nevertheless initiaie the
process of gelation and the formation of silica micro-

25

3. .
(4). Certain nrganic compounds may be added to -

agueous solutionz of aikali metal siiicates. The organic
compounds should be preferably, but not necessarily,
soluble in water and capable of «ffecting at lesst a par-
tial acidification of the silicale solution, wsually as the
result of the hydrolysis of the organic compaund. Ex-
amples of such compounds are organic anhydrides,
amides, esters, lactones, nitriles and sultones. More spe-
cifically, for exsmple, they are succinic anhydride, acet-
amide, ethyl acetate, butyrolactone, propionitrile and
propane sultone respectively. In the case of the more
stable organic compounds some warming of the mixture
may be required to effect hydrolvsis and resultant
polysilicate microgel formation.

All ¢f the above methods are, in principle, applicable
1o the formation of polysilicate mictogels useful in pa-
perinaking. A large oumber of them, however, have
little commercizl consequence when cost, safety and
environmental standards are considerad. For example,
vanadiom salts are costly and it i5 best 10 avoid che use
of hazardous chloring. Similarly the discharge of toxic
chromiwm salts into papermill white water is undesiz-
able,

From a commercial standpoint, the simplest and most
eqonomic methods for the preparation of the polysili-
cate microgels used according o this invention are the
acidification of sodium polysilicats solution with a com-
moen mineral acid or the sddition of a pel mitiator such
a8 alum, sadivra borgte or sodinm aluminats o 8 sodium
polysilteate solotion.

In practicing the invention, it is best ko employ com-
mercially available solutions of sodium polysilicate con-
taining a ratio of | Naz20:3.3 8i0;, by weight These are
commonly suppli=d contmining silica concentrations of
28-30 wi%%. For the prépamtion of the polysilicata
microgels, such commercial solutions generally must be
first diluted to a conceptration suitable for both the
particular method of preparation chosen to initiate mi-
cropel formation and the concentration of initintor em-
ployed. For example, for microgel formation by acidifi-
cation with a minéral aoid, silica concentrations of
about (.1-6 wt% have hzen found to be most usefuf

35

45

%

33

60

65

4 .

although R. K. Iler, on page 288 of the above cited text,
teaches that solutiong of :odium polysilicate contaiting
up to 12 wi% 5i07 can be successfully acidified using
suifuric acid, If, however, a non-acidic material such as
sodinm borate is to be used as the initiatar, any concan-
tration of slicate cen be cmploved provided the gel
solidification time of the mix is sufficiently long to aliow
for dilution and atabilizatiom of the polysilicnte microgel
before complete gol solidification ogowrs, Stabilization
of the poiysilicata microgels can be obtained by dilu-
tiom, preferably to about | wi%%h SiO1 or lass,

It is important to stress that in the preparation of the
polysilicate microgels, sufficient time be allowed for the
formation of particle chains and three-dimensional net-
works before the gel is stabilized by dilution, This time.
which will vary with the pacticular mode of operation,
shonld be sbout 3-95%, prefarably [0-90%, of the time
at which a rigid water-insoluble mass forms (gel solidifi-
cation time). An increased viscosity of the polysilicate
solution itself is not particularly limiting provided a
homogenous aquecns salution can be obtained on subsa.
quent dilution. In practice, the gel solidification time
shoutd he as short as possible. It is most convenient to
mix the silicate wolution aad an imitiator, which peefera-
bly is also a solution, and then to dilute the mixture in as
short a holding titne as is vequired for sufficient micro-
gel Formation.

The polysilicate microgels so prodnced have been
found to be generally as active in retention/drainags
applications as the colloidal silicaz sow employed in
similar commercial applications. In many instances, the
polysilicate microgel combinations have been found to
providec appreciably improved performance at lower
loadings which is a desirable commercial objective, The
polysilicate microgels may also offer cost advantages
over commercial colloidal siHeas since they may be
easily manufactured at a paper mill site, thus minimizing
product shipping costs.

In the papermaking process, the polysilicate micio-
gels of the invention are used in conjunctior with cati-
onic polymers derived from natural or svathetic
sources. The most useful of these polymers are cationic
starches, cationic guars and cationie polyacrylamides,
the application of which to papermaking have all been
described in the prior art. Other cationic polymers may
alzo be uzed in combmation with the polysilicate micro-
geis, either alone or in addition to the cationic starches,
cationic guars and ¢ationic polyacrylamides, Examples
of such cationie polymers are polyethyleneimine, poly-
dialiyldimethylammonium chieride, copolymers of ag-
rvlamide with 2-methylacryloxyethyltrimethyl ammo-
nium chioride, amine-eipchlorohydrin condensution
products and cationic wet strenpth resing obtained by
condensing polyamines with dicarboxylic acids and
then further reacting the prepolymer with epichlorohy-
drin. Cationic starches are particularly useful in that
they have the advantages of low cost and of imparting
dry strength to the peper. Where paper sirength snota
primary requizement, wse of the other polymers may be
sdvantagedus.

The cationic etarch used may be derived fram any of
the common starch producing materials sich as com
starch, potato starch, wheat starch and tapioey starch
aithongh the potato siarches wsually yicld the most
desirable cationized products for the praetice of the
invention. Catipnization i ~ficcted by commercial man-
ufacturers using reapgents sueh us 3-chloro-2-hydroxy-
propylirimethylsmmonium chloride o obtain cationic
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statches with degrees of aitrogen substitution varying
batween about 0.001 and 0.2 (Le., about 0.01 to about
0.0296) by wt [wi% nitrogen/starch]). Any of these
cationie sterchcs may be used in combination with the
polysilicate microgels of the invention. A catonic
starch with a degree of nitrogen substitution of absout
003 (ie, 0.25 wt percent) has most freguently been
eimplayed.

In use, the polysilicate microgels are employed m
aimoutits ranging from about 0.001 to L? wi%h [Q.02 to

" 20 pounds per ton (1b/1)] of the dry weight of the paper
furnish together with cationic polymer in amounts rang-
ing from about 0.001 to 3.0 wi% (0.02 io 60 Ibst) of the
dry weight of the paper frnish. Higher amoumx of
either component may be employed but ususlly without
a beneficial effest and with the penalty of Increased
costs. Preferred addition rates are about 0.05 1o 0.9 wi%h
(1 to 8 Ib/t) for the polysilicate microgeds together with
abaut (.5 1o 1.0 wtss (1010 20 1b/t) of cationic starch or,
in the case of the cationic guars and eationic polyacryl-
amides, 0,001 to 1.0 wt% (0.02 to 20 b/t)

The polysilicate microgel/polymsr combinations
may be uzed in paper furnishes over a wide pH range of
about 4 to 10 although the more newtrzl and alkaline
furnishes are praferred for best resyits. The paper Fur-
nish may be comprised of a varisty of wood pulps and
inorganic fillers. Thus, bleached Kraft pulp, thermome-
chanical, chemicalthermomechanical and grouwndwaod
puips may alt be used together with clays and previpi-
tated or ground calcium carbonate and titanium dioxide
as inoeganic fllers. In the examples which fellow, vari-
ous methods for preparing end ntilizing the polysilicate
microgels of the invention are illustrated.

EXAMPLES

For the purpose of demonstrating the utility of the
polysilicate microgels in papermaking, the primary
messurement made has been that of drainage perfor-
mance it the Canadian S{andard Freeness Test. Mea-
surements of the turbidity of the white water from the
freeness test have provided an accompanying measare
of the degree of retontion of pulp and filler fines by the
system. Measuremeant of fines retention in the Britt Dy-
namic Dirainage Jar have also been made. In order o
demonstrate ntility compared to close prior art compar-
isons with 5 sample of a commercial colloidal silica
idensified as BMA-D haz been wsed. This product com-
prises onc component of the retention/deminage aid
system, Compozil, wsed in papermaking and marketed
in the U.S. by Procomp, Ioc., Marietta, Ga. Tha colloi-
dal silica has a particle diameter of about 5.5 nanometers
{nm} and a supface arca of $00-550 m?/g which iz dis-
closed in TS, Pat. No. 4,388,130 as being in an optimum
range for a ratention/drainage aid employing colloidal
silica.

In each example, the same conditions of mixing and
order of addition of components was maineained. The
preferred method was found to be addition of the eat-
onic polymer to the furnish first foillowed by the
polysilicate microgel. This order was found to give
generafly superior performance (o the reverse mode of
addition, although the reverse mode (polysilicate mi-
crogel added first) may be employed, or addition of
each material may be split as well. All mixing was done
in a Britt Jar with the agimtor ser at 300 pio and the
following time sequence:

(1). Furpish was added to the Britt Jar and stirred for
13 seconds,

a

—

pail

15

k1]

35

40

55

&0

LN

]

{2). Cationic polymear was than added and stirred For
15 seconds,

{3). Polysilicate microgel or colloidal silica then
added and stirred for 15 seconds, and

{4). The Brit Jar was then drained For fincs retenton
measurements or its contents ivansfered to the holding
cup of the Canadien Freeness Tester for drainage mea-
surements,

EXAMPLE L

This example compares the performanee of & smples
polysilicic acid with that of a polysilicic acid microgel,
A comparison with the performance of the commencial
colloidal silica, BMA-0, & also inoluded.

The simple polysilicie acid used in this example was
preparad by tha rapid beich defonization of a sodium
polysilicate solution {1 Nax0:3.3 S5i0;) containing 1
wt% Si); with an excess of Dowex 8 SOW-X8[H+]
polystyrene sulfonic acid resin. After the pH decreased
to 1.5, the resin was (ilbered off and the solution diluted
to 0.125 wt@e Si(l.

The polysilicic acid microgel nsed was prepared by
the partial acidification and aging of a sodium polysili-
cate solution contaunpg 4 wi%e 502, Thus, 19 mi. of
1.98 moilar sulfuric ackl was added owver a period of 15
scernds to 300 g of the sodium polysilicatr solution
under good agitation, The pH of the solution decreased
to 10,01, The solution was set aside and aliowad to age
for 1 hour afier which it was stabilized by diluting 1t to
0.125 Wt Si0h.

For the comparison tesis, Canadisn Standard Free-
ness measurements were made using an alkaline fine
paper furnish of 0.3 wt% consistency, The suspended
solids comprised 70 wit% bleached Kraft pulp (70%
hardwood /30% sofiwood) and 30 wi%h procoipitated
calcium carbonate. The pH was 8.0.

The tests of the various silica products were all made
in combination with & catiomic starch added ta the fur-
nish at a constant loading of 20 th/t, dry weight of
furnish basis. The cationic starch was BMB-5190, a
putato starch with a degres of ninogen substitution of
ahaut 0.03, sold by Procomp for use with its Compozil
gystem, See Table 1 for resulis.

TABLE 1
DRAINAGE MEASUREMENTS
F ml

aimple Polyilkic

bt SiCny Collgidal pelysilicic acid
Igadimg Sibea Reid Microgel

1 420 93 410

2 440 39F 430

1 485 400 M

B 530 400 530

10 00 400 EL

tt may be seen from Table 1 that the simple uncross-
linked polysilicic sacid showed Little actvity in improv-
ing drainage of the furnish. The microgelicd polysilicic
aeid, however, showed sn pverall setivity at least as
good as the eommercial eolloidal silica and even a
somewhat enhanced activity at the commervially desic-
abla low ysages of T o 4 Th/t Si0:.

EXAMPLE 2

This exsmyple dermonstrates the use of papermakers
alum =25 an initiator for polysilicate microgel formation.
Ta 300 g of sodinm polysilicate solution containing 4
wi¥. 8i0; and held under high agitation in 2 Waring
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blender wus added, from a pipette, 75 milliliters (mi) of
1} wi%. alum [aluminum sulfate, Al (SO43.14HZ0).
The mix was blendad for | minure to yield & milky
white solution having 2 pH 9.8 and contsining a fine
white precipitate. A portion was mmediatc]y diluted to 5
0.123 wi% SiC0; [Microgel 2A]. A further portion was
diluted to 0,123 wt% Si(); after standing for 20 minutes
[Microgal 2B]. The remainder of the stock solution
completely gelied after 30 minutes. The two dilute solu-
tions of polysilicate microgel were examined for drain-
age performance in 4 similar manner to that dezeribed in
Example 1. Results are listaxl in Table 2,

TABLE 2

DRAINAQE MEASUREMENTS
Freepezs ml
Eplyilicate
Microgel 24
450
320
a0
483

e/t 5ida Colloidal
loading Siikea

1 440
4 433
8 53D
10 500

Polysiticate
Mierogel 18
20
480
3&0
540

‘The freeness values in Table 2 show that the drainage
obtained with both microgels was at least as pood a3
with the commercial sample of colloidal silica, particn-
larly in A commeon usage range of 4-8 1b/t.

EXAMPLE 1

This example demonstrates the use of borax (sodium
orthoborate decahydrate, NagBaO7.10H20) a5 an initia-
ter for the formation of a polysilicate microgel.

To 60 g of 5 wt% borax solution nnder poad agitation
wis added 40 g of sodium polysilicate solution contain-
ing 3.75% wit%h Si0; Afeer mixing, the mixture wus set
aside to age. After 8 minuies, a portion was dilmted to
0.125 w9 §i0s, The gel solidification time of the re=
maining undiluted portion wae 23 minuten. Drminage
measurements wers made on the dilnted mierogel in an
alkaling farnish similar to that of Example 1. The catis
onic stareh used however was a =mample of cationic
potato starch, Stalok & 400, obtained from A. E. Sialgy
Mfg. Co., Decatur, ). The starch loading was agsin 20
Ib/t in all tests, the results of which are given in Table
3

23

33

TABLE 3 45

BRAINAGE MEASTTREMENTS
Ereetits, ik
Polyailicare
Microgel
453
9
345

330
465

Tort Sitd; Calloidsl
loud|ng Silica

1 433
H 435
4 470
8 545
i1l 330

30

55

At the commercially desirable low loadings of 1 to 4

Io/t 9i0s, the polygilicate microgel outperformed the

oolipidal silica sol. Opdmuimt pecfovmance for the

polysilicate mierogel was at a loading of 4 1b/t vorswg §
b/t for polleidal silica.

EXAMPLE 4

This example illusirates pwo procedures using sodium
stannate (Nap8n04) a2 the initiator for the preperation
of polysilicate microgeis.

Microgel 4A; 30 g of a solution containing 5.2 wi% of
sadinzn stannate was added over about 1% seconds with
good stirring to 50 g of sodium palysilicate containing 3

60

65

40

8
wt?% 5103 The mixture was set aside. After 4 hours, the
mixturc had become somewhat viscous and was then
diluted ta 0.125 wigs Si0; for evaluntion o a drainage
agenL

Micrngel 4B 46 g of a solution contdining 10 wiFe of
sodiu stannate was added over abowt 17 seconds with
good stirring o 64 g of zadium polysiticate solution
containing 5,5 wi%p 5i0z The mixture was set aside,
After about 3,5 hours, it had set to a very Ioose gel, This
Ioose el wae transferred to o Waring blender contain.
ing 330 2 of water and blended at high speed for about
2 minutes 1o give a clear solution. The wolution wag then
further diluted to 0.125 wi%h SO for gvaluation in
dtainage parformance.

Canadian Staodard Froconess measurements were
madc using both microgels at varions loadings in in
alkaline furnish similar to that seed in Exampic 1. Al
tests were made using BMB 5-190 cationic potato
starch at a loading of 20 /.

TAHLE 4
DRAIMAGE MASUREMENT
Frogness. mi

la/t 85i0y  Coligidal Palysilicae Polyailicate
Yoading Elliea Micrope! 4. Microgel 47

I EE4] 430 420

4 481 340 515

§ 530 545 59D

o 500 535 £00

Both microgels may be seen to exhibit significantly
enhanced drainage performance

EXAMPLE 5

This example ntilizes sadium aluminate (NaAlO7) as
the initiator in polysilicate microgel formation.

7.5 g of a sadditen polysflicate salution containing 10
wit?% 310> was diluted to 30 g with watet. To this was
added slowly and with pood stirring, 20 g of 2 sodium
aluminate solution containing 1.0 wi% Al:O3 The so-
dinm aluminate nsed was a dijutiop of 2 commercial
liquid concentrate, VSA-15, obtained from Vinings
Industries, Atlanta, Ga. The mixture was aged for 5
minutes without stirsing and then sampled. The sample
was diluted w 0.125 wegh SiQ) for cvaluation. The
undituted portion gelled alter 14 minutes. An alkaline
furnish similar to that uged in Example 1 was used to
messure the freeness of several combinations of the
polysilicate microgel and 20 1/ BMB §-190 cationic
starch. Results are reeorded in Table 5.

TABLE 5
DRAINAGE MEASUREEMENTS
Freenss, ml

[LER:ip)] Callaidnl Polysilicans
losding giliea microgel

] &5 450

2 435 495

4 40 565

I 545 8¢

L0 330 -

The palysilicate microgel showed a significantly im-
proved performance over the coiloidal silica,
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EXAMPLE 6 TABLE 7-continued

This example illustrates the use of patassium dichto- _DRAINAGE MEASUREMENTS
mate {K2CrO7) a5 an initistor for polysilicate microgel Ereepess, ml :
formation. pH 4.9 Funizh pil 6.0 Furnish

Potassinm dichromate splution (71.6 g of 5 wtd% Ib/t §i0; Colloida  Polysilicate Coll?i.ﬂnl Falysilivate
K3Cr07) was added with good stirring to 25 g of so- “”*‘:'“‘ 5:;? “'::ﬂ' Si‘; M':;w

divrn polysilicate solotion comaining 10wtk S0z and
prediloted to 94.4 g. The mizture was set aside to age. It
gelled in 3.5 minutes. A second preparation wag same
pled 2.5 minutss afier mixing snd diluted to 0.125 wt%
5i02. Drainage tests were apain made under similar
conditions to those ouilined in BExample 1 and resuits
are reported in Table &,

TABLE 6
TRAINAGE MEASUREMENTS
Prezness, ml
L ] Challgidal Polysilicpm:
added Silica microgel
4 48S AT0
] . 530 340
1) 500 550

The polysilicate microgel showed comparable per-
formance to the cpllpidal silica.

EXAMPLE 7

This example demonstratas the nee of polysilicie acid
microgels in combination with cationic guar in acid
furnishes at pH 4.5 and pH 6.0

A & wit% solution of polysilicic was first prepared by
deionizing a solution of sodium polysilicata containing 6
wi% SiCh. The polysilicacc solmtion was passed
through a 1.5 inch dlamcter glass column flled with
about 14 mches of Dowex ® 0W-XS[H-] polysty-
rene sulfonic acd iwn-cxchange resin, The flow rate of
abount 30 mb/minute was adjusted 90 a8 10 maintain the
pH of the polysilicie acid effiuent at about pH 2.6. After
collccting about 300 ml of product, a portion was di-
luted to contain 1 wi9 8iDz and ser sgide. The remain-
der of the produst gelled in just over a day.

After sianding for 1 week, a portion of the | wit%®
5i0; solution was farther dilwted to 0.125 wi% SiCa for
evalustion of drainage performance in two acid fur-
nishes, one at pH 6 and the other ot pH 4.5, Surface area
of the aged polysilicic actd microgel was detarmined to
be 1078 mi/g using the titration procedurse of . W.
Srart, Anal. Chem. 28, {1956), p. 1981. For the drainage

tests, the furmish used way 0.3 with consistensy, mads 5

up of 70 wte bleached Kralt pulp (709% hardwood,
309 softwood) and 30 wi% Klondyke (B clay, adjusted
to tha approprate pH. Klondyke () clay is a product of
Engelhatrd Cotporation, Edison, N.J. The polysilicic
acid mierogel wag used in conjanction with Jaguar B
C13 cationic guar gum obtained from Stein, Haill and
Co. Ina., New York, NUY. ATl tests were conducted at 3
Juar loeding of 4 1b/t and results are recorded in Tablo
7.

At a loading of 8 th/t of 8i0;, a significant improve-
ment in dreinage for the polysilicie acid microgel/ca-
tichic guar combination can be seen versus the BMA-
O/cationic guat combination, The improvement occurs
in furnishes at both pH 4.5 and pH 6.0

EXAMFLE 8

This example reports froemcss and white water tur-
bidity measwrements wogether with fines ratention mea-
surcments wing & sample of polysilicic acid ticrogel.

A paolysilicic acid microgel stock solution was pra-

pared by batch deionizing 300 g of ssdium polysilicate
sciution containing 4 wiFe Si02 to pH 3 wsing Do-
wex () 5S0W-XE[H+] icn exchange resin. The polysil-
icic acid was diluted to 1 Wt and set agide to age. Its
surface area, as piepared, was determined to be 1187
mi/g wsing the titration method of G. W. Sears refer-
enced above, After standing for about 18 hours, the
surface ares decreased slightly to 1151 mZ/g. The mi-
crogel was then examined for performance in both Ca-
nadian Standard freeness and Britt Jar fines retention
beELs.
For the tests, a furnish of similar composition to that
used in Example 1 was employed. Consistency of the
Furnish was 0.3 wi%h for freeness tests and 0.5 wi% for
fines retention tests. In the freeness tests, the turbidicy of
the drainage white watcr was alse measired as a addi.
tional indication of {ines retention. All tests were con-
ducted in the presénce of 2 b/t of BMB 5-190 catiottic
starch. Resnlts ar given in Tables B and BA.

TABLE 4

DRAINAGE/TUREBIDITY MEASUREMENTS
Frasacse, ml/ Turkidiy, =

MNTA units
b/t Bi)a Callodlal Polysilicic Acld

Yoading Silica Microgel
0 410,151 4104151

2 4507119 525/53

L) 300786 333041

] 531741 11088

12 515/ 500735

It =at be seen frot Table 8 that the polyeilicic acid
microgel matched the optimum performance of the
commercial eolloidal silica in both drainage and fines
retention as judged by low turbidity values. Addition-
ally, and most desirably from & commereial standpoing,
the micrope! reached this optimum at a lower loading of
4 1b/t, that is, only one-talf of the 8 Ib/t loading re-
quired by the commercial silica.

TABLE 7
DRAINAGE MEASUREMENTS TABLE EA
Frecnsss. ml FINES KETENTION MEASUREMENTS (BRITT JAR)
pH 4.3 Fumish pH 60 Purnish % Fines Retention
b/t Sy Collmidel . Dolysilicuts Collokial  Polysilicate Tb/t SiD; Collgidn) Polysilicic Acid
loading Silica Microgal Silica Microgsl Loarling Sife Mieroge]
0 445 445 475 475 n M 186
2 410 440 430 430 : 41§ ®.a
4 4 470 450 40 4 8.1 519
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TABLE 8A-continued

FIMNES RETENTION MEASUREMENTS (BRITT JAR)
%, Fines Retention

v/ 805 Corllovidkad Polysilicic Acid
Loading Filiea Mlerogel
B ' 319 513
12 5.8 44.8

It can be seen that the resulis in Table BA confirm the
resulty of Table 8; namely, that the optimum value of
fincs retention nsing the microgel is reached at a toading
of only one-half the loading required by the commercial
colloidal silica.

EXAMPLE 9

This example compares fines retention values ob-
tained using two additional polysilicats migrogels with
retention values obtained using colloidal silica.

The polysilicate microgels used were prepared as in
the stannate initiated Microgel 4A of Example 4 and the
aluminate initiated microgel of Exampie 5. The colloi-
dsl sitics comparison was BMA.-() and the polvmer gsed
it ul} cascs was BMB 5-100 caticmic starch at a loading
ef 20 Ib/t, All tests were conducted using a standard
Britt Jar apparatus and the procedurc outlined previ-
ously. The furnish used was alkaline at pH $.0 and of a
simtar make-up 1o that of Example 1.

TABLE &
FIMES RETENTION VALUER

b/t Sz Colloidal Polysilicats Bolysilicate
loading Slica [atanuie) {aluminnte)

0 3.4 338 EXN)

4 40LE 424 4.7

4 457 41 0.7

1 £+%) IO kA

12 fi25 69.4 459

An improved performance of the two polysilicate
wicrogels versus the colléidal silica can be readily see
from the above data

EXAMPLE 10

This example illustrates the imprevement obtaincd
from the combined use of a polysilicie acid microgel
together with a cationic polyacryiamide. A furnigh of
0% groondwood was employed.

A furpish of 0.5 wi% consistency was prepared from
100% stomeground wood (509 hardwood/50% soft-
wood). To this was added 0.66 grams per liter (g/1) of
anhydrous sodium sulfate to simnlate slectrolytes. The
pH was 5.7. Cunadian Standard Freeness measurements
were madea on portions of the furnish, fiest diluped to 0.3
wt% consistengy and after the addition of increasing
ameuntz of Hyperfloc (g CP-905H cationic polyscryi-
amide. This material wys obtained from Hychem Inc.,
Tamps, Fla. It ed a molecular weight average of 13
million and was 20-30 w8} catiapjc. At loadings of 0, 1,
2, 4, and 6 Ib/t of the caliomc polyacrylamide, freeness
values of 390, 420, 430, 430 and 485 m] respecavcly,
were meagured,

Far comparisons of the performance of a polysilicic
acid mierogel with colloidal silica, a eonstant loading of
4 b/t Hyperfloc () CP-305H was chasen. The polysil-
icie acid microgel was a 1 wt9% 5104 solution which had
been prepared six days earlier by the de-ionization to
pH 3.5 apd dilution of a solutton of sediuvm polysilicate

1]

15

15

0

12
containing 4 wi% Si0;. The colloidal slica was BMA-
{0, "Ihe results obinined are given in Table 10. They also
include turbidity measurements an the white water
drainage from the freeness tests.

TABLE 10

DRAINAGE/TURBIDITY MEASUREMENTS
Fresness, ml/ Tarbidity,

M Ta units

IbA Si2 Colloidai Polysibicic Acid
Loading Silica Migrogel

a 430713 430,13

2 20714 470,/9

4 450713 32078

E 435716 29078

12 W16 565,75

An improved performance in both freeness and fines
retention (reduced white water tordndrty) can be scco
for the polysilicic acid micropel/cationic pelyacryl-
amide combination,

EXAMPLE [l

This exomple illustrates the wse of several organic
compounds in polysilicata microgz] formation.

Micmgel 11A (Gamma-Butyrolactone as initiator)

Sizx mi (6.72 g) of gamma-butyrelecione was added to
300 g sodinm polysilicate containing 4 wit% Si0; was
added under stirring. The mixture was set aside and
tfound to form a solid el in about 70 minutes. The pH
was then 10.67. This preparation was next repeated and
sampied and diluted after 65 minutes standing when it
hed formed a very logse gel. The loose gel was rsadily
dissolved by stirring to provide s polysilicate microgel
containing 3,123 wi% Si0s.

Microgal 118 (Ethyl acetnacetate as initiator)

Ten ml (10.2 g) of cthyl scetoacetate was added to
200 g of sodium polysilicate containing 4 wrdh S$i0:2 was
added under stivring. The misture turned clowdy inis
tially but clarified in less than 1 minute. The pH de-
ercased from 1122 1o 10.6]1, The misture was set aside
and found to form u spliy gel in about 13 minutes. A
second similar preparation was allowed to stand for 12
minwics before dilution to 0.125 wtd 5D to provide a
polyyiticate microgel for cvaluation.

Microgel 11C (Succinic anhydride ss initiator)

Succinic anhydride (2.5 g} was added to 200 g of a
stirred sodium polysilicate solution containing 4 wt%
Si0h. The anhydride dissolved after about 5 minules
stirting and the pH decrrascd to 10.22. On further
standing, the mixture formed a solid gel in about 75
mnutes. A second preparation was diluted to 0,125
wt%% 5107 after 43 wminutes standing 1o provide u .
polysilicate microgel solution.

The solutions of Microgels 114, 11B and 11C were
avalupted for froencss and retention performance as
menstired by white water turbidity in an aikaline furnish
similar to that described in Example 1. All cvaluations
were conducted in the presence of 20 lb/t of BMB
$-190 cationic starch. The reference sample for puy-
poses of comparison with 8 gommercial product was the
collcidel silica, BMA-Q, idantified earlier.
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TABLE U1 TARBLE 12
SURFACE AREAS QF POLYSILICATE MICROGELS
ORGANIC INITIATED MICROCELS T T e e
£ ml/ Turbidity, NTA units 5 Uscd MNumber Surfare ureu. esg
I/ Si0;  Collodol  Microgel  Microgel  Microgel ?:;r::w i 13:3
Loading Silica LtA 1B ne Alumnat p 1123
¢ 4160 4007163 4007103 4007163 Dichramate 8 1063
2 410108 40,101 4307101 60790 10 }
4 525462 450753 500/67 S50/M4 I claim; . . . . .
PG o e o LADSGrimrovi ctonsd dinae
12 50/50  §0/40 550044 590/46 papelImaking p e 29

It may be seen from the results in Table 11 that the
polysilicate microgels gave generslly improved opti-

15

mum results to the colloidal silica as evidenced by |

higher freeness values (improved drainage) and lower
turbidity values of the drained white water (improved
retenticn of fines),

EXAMPLE 12

This example reports the surface areas of several of
the polysmlicate microgels illustrated in foregoing exam.
pley,

Several of the polysilicatc microgels described in the
foregoing examples were re-propared and determinn-
tions of their surfacs area made using a modification of
the Sears titration method referenced caclier. ARter
preparation, each polysilicate microgel was diluted to a
concentration eguivalent to about 0.75 wid% of 310z A
200 g portion was next batch de-ionized at room tem-
perature to pH 3.5, the excess of resin filtered off and
130 g of filtrate titrated for surface area following the
Sears procedure. In the case of polysilicate microgels
formed using initiators such as borates and chromates
which tkemsclves generate acids on de-ionization to pH
1.5, it was necessary o correct, for the agid genersted
from the initiator by running a blank determination on
the initiator alone,

Table L2 lists the surface arees obtained.

40

50

55

63

paper furnish containing pulp is formed and dried
which comprises adding to the pulp 4 water soluble
polysilicate microgel formed by partial gelation of an
alkalt metal smificate in combination with at leas: about
0.001 wt percent, based on the dry weight of the paper
furnish, ol a water saluble cadonic polymcr.

2. The meilod of claim 1 in which the water saluble
cationic polymer is selected from the group consisting
of cationic starch, cationic guar and eatiomic polyacryh-
mide.

A, The method of ¢laim 1 or elaim 2 in which the
water zoloble polysiicate microgel iz added fo the pulp
in an amount of from about 0.001 to 1.0 wit® based on
the dry weight of the paper furnish,

4. The method of clyim 3 in which the polysilicate
mnicroge] compriscs aggregates of particles in which
gach particle has a surface area of at least about 1000
meterst/ gram.

5. In a papermaking process of the type in which an
aguenus paper forpish containing pulp s formed and
dricd, the improvement comprising sequentially adding
o the pulp a water soluble polyslivate microgel in an
amcnnt of from about 0.001 to 1.0 wt%, based on the
dry weight of the paper furnish, and at l=ast about 0.001
Wi%h, based on the dry weight of the paper furnish, of a
water soluble cationic polymer to improve drainzge and
fines retention.

&. The tmprovement of claim 5 in which the palysili-
cate microgel is formed by partial gelation of an alkali
metal silicate and comprises aggregates of particles in
which each particle has a surface arca of at least about
1000 meters?/ gram.

7. The improvement of claim 5 or claim & m which
the water soluble cationic polymer is selected from the
Eroup consisting of caignic starch, catiohic guar and
cationic polyacrylimide.

4



