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-2 PréZaling for vhis orovlem, ianterest ceatered on three
Se.wcaL topics. They were the structure of clay, its' flow

DO .es, 2.4 its' application to paper -with resultant improve-
menv .a tae nasel’s nroperties.

With resvect to structure, kaolinite clay 1is crystaliiine.

is composed of alternate layers of alumina and silica bound

HAi
c!

-

cgetaer with oxygzen and hyéroxyl valeace linkages (6)e. These
linlkwzes are tne weakest noints in the struciure. TIFracture at

the formatlon of pnlatelike narticles of clay.

4]

Tnegse 30invs cause
J.ay va-svicles with a cdliameter greatver tnan two microas are
gener. 1y Lsometric stacks. Particles witn a diameter less tran

TWS L.o.o0ons are zenerally hexazonal nlates. Delanminated clay

(U

220%L. 88 & e gencrally thin wnlatelets witan a narrow size

distrisutic. anc au average thickness of two-tentiis of a micron (1),

Iscre:lc ©.2CXs are absent 1ln tnese clafsf——ihese clays also
nev Larger suriace area vper welght of clay than do conventional

=
(@]

wosh resject vo vhe flow pronerties of clay tirnere are two

veew Sions that exist. These are dilatant and thixotropic systems.
Jilatanv systems are closely packed masses waicih expa.d in bulk

...ne wnen deformed because of rearrz..zaent of the component

articles (5). The free llquid in the system is sucked into t:.

volds created by the expansion and the system "sets up". Dilatancy

nas also been given the ge..eral definition as the resistance of a



system to increased distortion (4). Dilatancy is not related to
the rate of shear of a system (4). However, vartlcle size is a
factor in clays “settiang up" and the larger ciay narticles tend
to "set up" faster (4).

Jigh solids content also increases the possibility of the
system becoming dilatant. is the aumber of solids per unit volume
in the system 1luncreasces tiae volds in the system decrease in size
aand nw.oer, aad ~..&¢ sysoem vecomes more closely packed. Wit /stress
this sysvem will dilate as exnlained earlier.

-4 lontrast TS the undesirable (€ilataant system thereiexists
trne Tnlxovrosic Lystem. A talxotropic systen 1is a reversiﬁle sol-

el sys=ca. a this systen a gel is formec

-t

rita standlag, but
becozmcs JiuiG wWwith stivriang. Attractive forces must exist within
a sysvenm for it to be thlxotropic. The gel is formed due to the
attractlon oi Tiae particles of the dispersed system for each other.

Ty .

wnen thne gel structure is s..cared or distorted disruption of the

()

vonds Iforming Ttane structure taxes nlace (4). As the rate of shewax
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ow Jroverties oif clay-water systems also can be shown

to Zave & relation to the r spective quantities of the two main

tynes of narticles present, nlates aad ..c..etric stacks (&).
Coarse clays are very Jiuld at low solids content, and

en. 2oit low viscosity cven =t relatively high solids conteat if



the rate of shear is low (4). In high solids suspensions these

clays are subject to shear-rate thickening and sudden shear-rate
blockaze, i.e. "setting u»". These clays, deficient in fine
particles, exihlbit almost aone of the thixotropic breakdown

walch leads to low viscosity readings at high shear rates, and

to a satisfactory leveliny index (4). The removal of fine particle
sizes of the clay lowers tae viscosity and even more so the thixotropy
of a clay (4).

Clays with fine particle are more thixotropic due to their
platelike structures, which are likely to have more open linkages
for attractive forces. The smaller size also increases the number
of nrobable ccllisione nelr weilzht of clay, and thus gilves more
chances for t72e¢ atiractive Zorces ol the »articles to become

effeciive aszd Torm a

)

1 structure.

=
Mnalily there i1s tae coansideration of the preparatlion of the
clay. Wita respect to this saear rave aad tae disnersion are the key
factors. «iso important in thne apslication of the ciay to paper
are .2 clays Jequirements Zor binding to the paner and tne actual
resuivs the cl.ys achieve ia the final paner product,
constant sihear rate the rate of workx doane on a volume of
Tluid is prooortlonal to the viscosity. At high solids coateant
toe rate of viscosity lacrease 1s greater than the r:te of con-
coitration increase (2).
A large 1lancreese in the surface area of a clay under shear

str2ss shows that there ls a change in particle shawve rataer tazan

z .reakdown of agzlcmerates under these conditioans {2).

III



In dispersing clays pase exchange 1s tne controlling factor.
Clay particles have a negative charge 1n solution due to the
fracture of tae primary valence bonds of thne clays. These fractures
occur sernendicular to the niane of the -lates (6). Hydroxyl ions
are »nreferceontially absorbved at these points and water ol hydration
surrouads the aydroxyl ioms (6).

Deflocculated clays can be handled at seveaty-two ner cent
solids. A clay slip which Ls ot at tae maximum degree of dis-
persion mignt show taixotropsic characteristics. In clays with
oredomiiate renulsive forces there will be 1no coagulation. Also,
incomniete diswersion will ive the same effect as coarse particle
size . the clay (5..

In considering tie bizdlag requiremernts of a clay the adhesive
and wacer removal requiremeudts of a clay will decrease as tiae per
ceatv sclids of tane clay inecreases »er volume of clay. Small
oariicle size will also dec.oease the adhnesive requirement (7). In
limiviiiy adnesions migration pigmeat pacticle »lugging is the most
importaut siigie facior. Tals nlugging elrect lncreas:s as the size

of tTae sarticle decreases, osut the effect nas its limits (7).

Diletent systvems preveant »article migration to plug the pores of
vae rawstock.

Jelaminated clays nave been sanown to imosrove certain properties
c.. soazted papers. h
~ delaminated clay will give improved ontical proverties due

10 & narrow thlckness distridbution. They give increaszd smoothness

Iv



because of tile absence of isometric particles in tneir comwnosition.
also theri platelike structures nave a tendency to orilent parallel
to the surface of the paper which also increases the bulkiness of
the coating (1).

These clays can ve exdected to give an increased sealing
erfect oer welgnt of clay because their particle size 1s larger

m

tnan conventional clays. <+hls sealing effect can be adjusted by
adding isometric particles such as calcium carbonate or titanium
dicxide to the clay (1).

2inally tuese clays can be exnected to give a greater
briziiiness than a coaventional clay. Tals i1s possible because
they have nore narticles per welgat of clay tien do coaventional
ciays, whici will increase tine »rovadility of covering itze impurities
prescat 1n tne clay. Also tae coarse clays from which delaminated
clays are »nrepared generally nave fewer imouritices per weilgnt of

clay than 4o coaventional clays.
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'‘alc 2oz covers tne exrfect of shear by a sijma viade
LLeZ el 0L voe Cptical soopervies of a given filler clay. The
LS50St Weass ¢0 produce a Gelamlnated clay wlth an aporopriate
sariecle size sistribution thnat would give improved ontical
sronerties over tae orlginai Cfiller clay and possibly .aother
suaventional coating clay at tne same particle size distribution
%3 Tre sneared clay.

~ae .asic suructure of clay 1s a tain hexazonal aiate,
coavesticzizl nrenerations of coatlag clays tend to destrcy these
slates.  J¢ is dossible to oreserve tuaese pilates by using shewr-
ing Zorece: moreso thnan grindlag forces. <These platelev. occul
naturally i sooklets. The interplaner forces are the weokes:

“o..f forecs in these oooklets. It 1s possible to breax

int.r laner bonds oy siearing forces within a dilatent
Ciny -ys3v... =% was noped the sigma blade kneader would 1ve
Prov. «e .. c.licelnt shearing Zorce on the givea dilatent clay
Sysuvel digcuusgd within this paner.

~neorevically the delaminated clays should give 1imnroved
optical propnerties over thre original clay due the favorable
change in the particle distribution toward particles with a
smailer efifectlive dilameter and smaller narticle size distribution.
~i. Liateiet: which are preserved by this technique should
impr.o7e t... .. ightness of the clay c.e to better covzrage of
imovsitie. oiw a more effectlive coverage of the paper due to
ve  resenic of more narticles per  =isht of clay than in the

orsi..al ..ler clay, and in a comparable conventional clay.



The opaclty should improve due to the formatioan of more
erfective »nlaner surfaces within a given thickxness of tae clay.
The umaliler szrticle silze and narcrower distribution should aliso
improve tae smoothiess and gloss by gliving a more uniform cozxt-
inz suriace. The ink holdout :hould improve since the large:
p-zi:lets wlll have a smzller edge to surface ratio and the
s00:.ets willl have been eliminated from the sheared clay.
riz’ly, .ccoraing to the theory of relative sediment volpme,
the ~dhesive demand of tne sheared clay should show a decreased
adhéesive demand from that of the original clay.

The -.osolute viscosity of the clay should also increase

as . resuly oI the formation of the finer particles by this

TESL2igue .

The clay was sheared for ten and twenty hours respectively.
The particle size distribution was determined for these clays
and for tne orizinal clay by TAPPI Standard TS 649 sm-54,.

Drawdowns oIf the original clay and the clay with twenty
oars shear were prepared. Three solid and adhesive levels
vre used with cach clay. The starch' levels were ten, tweniy,
<7 thirty nercezt by welght of dry plgment. The solids' levels
wzre thirty, Zorvy, and fifty perceat dry solids.

A sixty »ocund base stock was used for all the samples, ana

starch wae .:.d as the adhesive in all the samples,



Aporoximately an elghteen pound coat welght was applied
10 all tae samples. The samples were then calendered at forty
pow.as .ressurse for four nips.

Briguntacss, opaclity, sloss, K&N ink, smoothness, Dennisox
wzx, opacliyiag power, and vasls welght of the respective clay
samples and the onase stock were determined,

The absolute viscosity of the clay slips with and without
cinc.ive wre determiaed by use of the Hercule's viscometer.
orcuxkfiela viscosities of the same samples were also recorded.
The clay was sheared under dilatent conditions at aoprox-
imzcely sixty-five percent solids. Tetrasodiumpyrophosphate

was used as the dispersing agent in these clays.,

Results 2nd Uliscussion

The most significant results were the markxed increase L.

~xzé ank noldout of the sneared clay over that of the original

- —-—=

, 2ad the wmarked increase of the opacifying power oI the
clay witia shear. These appear to indicate the formation of
platelet. as desired. A comparison of this clay's optical
;ooperties and surface provnerties with those of a clay of the
s.ue particle size distribution prepared by a conventional
vechnique would verify this.

The smoothness snowed a decrease winich was not expected.
This 1s believed to be the result of insufficlient screexing of

.xe sheared clay slips, and tne fact that the impurities tuow:



were inicialily present in vae fllier clay and released-by shear-
1.5 the clay were not removed to any large extent. This decrease
12 smoc.aness 1s believed to also be the cause of the decreased
&ioss 1n the sheared samples.

The orightness aund opaclty-showed only slight increases.
asaln the oresence of the above mentioned imHurities may have
bezn significant in the final results.

The aosolute viscosity of the samyles increased marked.y
with shear at forty percent solids. At fifty percent solids tz=
avsolute viscosity decreased. The increased viscosity with
saear would seem to indicate the formation of finer particles
07 clay. The decrease in viscosity I cannot account for.

The efficiency of the sigma blade with respect to sheariag
force placed effectively on the clay decreases markedly with
& decrease 1in the amount of large clay particles present in the
" ziven clay system.

Apparexnvly tne optical proserties of a delaminated clzy do
0T change significantly when the vercent of particles in tae
c.zy with effective dlameters of less than two microns is in-
creased froa sixteen to forty-one .

The increased ink holdout, the increase in the opacifying
osower of the clay with sheay and the increase in the opacity
and brightness of the clay with shear are indications that a

filler clay can be 1improved withian the mill by the use of the

sigzma blw..c .neader. The economics of the operatioa would

nave to be coasidered though.



It nas been indicated that del:minated clays are signifi-
cantly better than conventional clays at particle size distri-
buti.aus with greater than {fifty »ercent of the clay narticles
haviag ua elfective ulameter of less than two microns. Perhaps
sufiicleat amounts of a delaminated clay with greater than
eigaty percent of the particles less than two microns could
ve added to the sheared clay with the final clay mix having a
varvicle size distribution with fifty vercent of the narticles
having a dlameter of less than two microns. This procedure
coulid glve arn economical quality coating clay if the cost of the
vower Input in shearinzg the initial filler clay to the desired

sarsicle size distribution was sufficiently low, and the long

time of s.ear required was not a critical factor.



(6.)

Particle Size Distributions

Shea % less than %2 to5 %5 to 10 % greater
2 _microns * microns microns 10 microns
S . 16 30.5 ' 34.5 19
10 35 33 32 0
2C 41 21 38 0

/% Starch Hours of
sSnear

Ohrs.
0/
20
) 0
10%
20
4 0
20%
20
0
30%
20

Brookfield Viscosities
(centipoises)

Percent Solids

40% __50%

10 20 5% 100rpm. 10 20 5% 100rpm.

20 14 1 20 40 30 3 44

20 12 14 32 40 30 32 40
200 130 81 82 768 514 308 252

120 88 75 84 600 400 275 220
620 442 268 215 2288 1830 x X

280 210 154 162 3900 2600 1580 1250
1236 856 496 344 X X X X

960 408 748 x X b'd X X



Data:
Optical and Surface Tests
Test Hours of Percent Solids
Shear ) 407 50%
10 20 50 10 20 20 Percent
Starch
e Y 82.7 33.0 84.5  82.5 81.0 80.0
3rigatness
(G.5.) 20 82.3 83.2 85.0 86.0 84.5 p'e
e 0 55 50.3 36 62.5 4T o4 35.5
KX & N Iak
(% loss in 20 36.3 256.9 X 36.1 30 x
Brtness
2 min. tes:)
O 90 89.5 88.2 91 87.5 38.0
Opacity
(o) 20 93 93 90 92 90.5 x
s 0 39 24.5  17.5 37.5 25 16.
(% 20 30.5 22.5 14.5 33.5 19.0 15.0
(Bausch &
Lant )
Je.x 0 331 261 189 364 273 153
Smeothness
(seconds) 20 295 187 88 331 218 X
0 3 8 x 3 7 10
Ceoaison Wax
20 6 8 10 3 8 8
0 0.38 0.13 0.26 1.05 0,22 1.87
Opacifyin
Sty S S IEle 5.20  5.62 1.8  8.50  2.69 X
0 15.0  23.85 50.3 47.7  104.0 X initial
~as0lute 20 X 22.95 45.0 28.9 TT.7 X oequil.
viscosity 17.65 41.5 95.4 - 82.1 x
15.85 32.6 70,6 X 59.1 X
L L Y
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(12.)

qHEOGRAMS FROM HEXCULE'S VISCOMETER FOR

DETERMINATION OF ABSOLUTE VISCOSITY
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