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Lhe chief reason for tnls work was to 1n§ stlgate
'fhe effect of a high velocity shear anarted to a.
NoKarb clay by a. Cowles DlSSOlV°r at 5600 rpm.
}After a,lZ,hour shearing period drawdpwnsfwere made
o of-both the sheared and-unsheared elaye;  Compar{sens_
vere then made w1th respect to brwghtness, opacuty,'dloss
Bekk omootﬁness, Dennison Wax pjck and K ﬂnd N Ink Hold-

out us ing a starch and a styrene butadlene adhes -ve.




Delaminated Clays Prepared by High Veiooity Shear

As o basis re‘do experdmentatien in the new field‘of‘deiamipated
olays:a.1iterature'researoh was madevin the following areaz’Stardard
clays with empha J§ on knolin, delamlna;ed clays from an artiole pre;
‘sented &t the May 10 13, 1965 Tappeooatlng eonferenoe in Portland Ore-

gon, oomparison of propertles imported to paper by standard clays versus

delaminated clays, and a working knowledge in the field of‘olay adhesives,

“dispersants~and olay visoosiﬁies.

| In the paper industry today elays.areuused_both as.a~filler and a

eoating‘aéeﬁt. Clay will be oonsidered as a eoating in this case.

Koolln clay is one of the most common clays in use in the paper 1ndustry
as a coating material. It is a form of hydrated alumlnum sillcete (A2
05;.25i02'2H20) (1); Clays in general 1nvolve twolgnlts or layers. One
layer is centered around the ooﬁions of AI;VFe;.or Mg. which have an
_actahedral coordination. ‘The 0<0 bond is 2.6OA for.tﬁis layer.,
The seqond‘layer is oenteredvaround giliocone. When'fhesevunits orrlayers'
are combined the overall thickmess is about 7.15&0‘(i);f |

é The layer buildaupafdrms'platelets whioh in turd.eombine to form
larger partiolesaor stoeks of plates:ealled vermicules. Through the use_
of the eleotron mlorosoope and various experlmentatlon methods it is -
thought that there is a oritioal particle- dlameter at which the clay
partlole itself presents a rad1oa1 ohanve in shape; Partlole coarses
than 2.0 mioron are found to be cemented stacks of plates, vermrouler\
in seape while partleles less than 2,0 m1cron average dlameter are
mostly flat hexqgonal plates W1th a thlokness to dlameter ratlonof

about L/lO. (1 2 6,11). Partioles of’ diameter less ‘than 2 0 mloron o




‘have been found te nrovide a highen‘brightness, opacity, and gloss‘than
the same olay with coarser dlmenslons. (l 2, 5,6) 'Partioles'ef'the |
thin plate nature tend to align themselves parellet to the sheet surfaoe
and because they are of relatively unlform thiockness, prov1de a smeoth
surface. Consequently‘brlghtnees and gloss are'incredsed by the epeoular
" rather then‘diffuse:refelotion of the surface. Opacity or‘hiding pover=-
ies. also increasedbbeoeuee with theAsmall nartiole size andvalignment |
.,of platelets there are a greater number of particles present per glVen
solids oonoentratlon. A lower limit on the partlole size of 0. 2h micron
. aleo exists. Beloﬁ'thls dimension tne_optieal pr0porties’ment1oned again
decrease (5).

_Using the above oriterion as a’teol'for lmnroting their prodeot,
the paper indnstry has been inolined‘to'use coeting-clays with 70-90 ner
"oont of their partiolesb loss than 2.0 micron to obtain the platelet

shape.s Netufally-a'olay of this nature-is expensive but eeenomioalvin

that it.improvee the produot;. Partiole size has become, therefore;’an-' o

index for clay purohaswng.
At the Tappi coatlng conference of May 10-13, 1965 a8 new exoitlng
breakthrough 1n_tho clay ooetlng field was announoed. L?hls announce-
ment was the concept of delaminatedaolays.

Again beoause of its high gloes propefties,'excellent rheologioul
Behavior’at high solids, and‘IOW*cost;'koolin was used as the starting
,p01nt.‘ An expefinentalydevioe nae used on a fairly coarse koolin frao-.
t1on Wthh separated the vermlcules or stacks into platelets haV1ng a
thiokness of the order of 0 E.nioron.u thtle breakdown ooourred in ‘

other planes- s0 the resultant clay portloles was ,of lerge diameter




and Vny thin. It is supposed, théréfore, that.By'oontroling tﬁe foed
source a great vﬁfiety of different diameter flat éldtéleﬁs can be ob=- |
'tained. Tﬁe pﬁssibility exists that é feed olay of,large diameter éan
be chosen to yield high resistance t; oii penetratién; The large'dia-
meter will facilitate the desired penetration while éhe flat platelets
will'stili—maintain a'high;ﬁalue for the optiocal préﬁertiés, gloss,
brightness, and opacity. When a small diemeter clay is fed to thé de=-
"lﬁmination\davioe the vermicules that &o exiét-ére cleaved into plate
fo yms Qiso;'(é) Therefore delamination has possibilities in all types
of oiay fraootions. . |
- If delamination is plausible, it will éro%ide a difinite édvantage
over conventional olays with respéot to demeﬁsional‘oonfrol;; Usingithe
deiaminated.clay product, opticallpropeftiés aré contpplléd by the thick-
ness dimension which is relativély uniform £§r a gi#en’olay‘fraction.
The particle diamefdr can theﬁ be'varied‘.‘A_needly‘paftiole shape might
be choosen for a brush‘up effect or a.1arge diameter for improved'hold;
out properties. The possibility of the uses of ooérser clays qould al-
§0 mean lower oost for ooating olays of high quality.
| A GE brightness.of about 90 and a high whiteﬁess is obtained
through the use of delaﬁinated olays. Since ooafser olays-which géh-
erally ocontain a smaller percentage of disooléring impurities oan be
used effectively, delaminated clays yield a high brightness proéuot
that is ﬁell'snitqd fo? surface coating withiorganio material; such
as wax since yeilowihg ié considerably reduced. 'Both calendered and
_analondefed delaﬁinated clay odatings are of higher brightnéss than 1
concentrated clays. (6). '

Opacity is also inoreased or maximized with delamiation. To refleot




all wavelengths of llght partlcle th1ckness should be between 0.2 -
0.35 mioron (one half the wavelength of visible light). Delaminated
olays lie within this range while oonventional ciays are greater‘than
the desired range in thiokness in most instances. The thickness andldi-

ameter to thiockness ratio of deiaminated-olayt-are also of dimensions

‘which enable filters to.be'QSed'es spacers between the olay pletes. ;

Very high opaoity;is obtaihed when delaminated olays are used in con-

'Junotlon with T102.

A smooth surface prov1ded by the unlform thlokness platelets also
provide a mechanism for high aloss,propertles. Penetratmon qualities
are also'better thao those of oonventional,ooattngs because per,given
area’a'system of lerge plates proVidee fewer pethewafs-for penetretion
than does a smalier particie diametertsystem;.. |

Through experimentation it is hoped'that the‘above qualities of a

- delaminated claybcan be verified. Along with the optical and‘penetra4

tion tests prlntlng quality will be determined. .

One oroblem whloh is expected in working with delamlnated clays

prepared by hlgh veloolty shear is.a delatant system. Today 1n’the ooat-f

ing field concentration of sollds has 1ncreased from the 35-h0 per cent
range of the past to a 60-65 per oent and even & 70 per oent range. |
When th1s is oomblned with the large ‘diameter platelet of tho delaminated
clay, a dllatent system is 11kely.

It is neocessary, therefore, to have an adequate eletentar& under=-
standiné ofivisoosity in oley-water systems, olay-adhesive systehs; and
anlidoe of how dispersants'affeot viscosity.

~ Visoosity is generally of three types. (5) A Neutonian sy=tem is

one in whloh the v150051ty remains oonstant as shear rate inoreases;
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ﬁ dilantant system shéws an ihcrea;q in viscosity with shear rate; aﬁd
a thixotropic system shows. a peorease'in viscosity wifh increasing
shear rates. | ;
- Partiole shape has a,odnsidérable affeot upon viscosity. (13,18,15,

L,5)s A system with‘particle strﬁctuteal ;rrangemant that préduoes the

1eés£ impediment to'pafticié;rotatibn_in a rélatifély;smgll volume dfv
liquid produces the lowest clay viscosity. (18) Thefgfore,iparticles
vwhiqh_are of the plate or ncedle form and'havé'é léng axis of rotation .
generdlly exhibiﬁ g‘highly dilatant visoosity witﬁ‘inofeased shear
rate; As these particles begin to rétate,‘they are obnstantiy'dolliding“"
and the resﬁlts is a high resistahcé to flow. Clays which prqduce’the
highest viscosities are the t'hinnestple;tes‘ of kaolinite. (18) At 16w
rates of shear a pgrticlpvpossessing a lérge surface Qrea per unit of
weight appeafstto.bé very visoous. This is caused by thé unsatisfied
valence foroes whioh é#ist on'the»surféce areas whiohrcause'small:pér- 
tiales to form azgrggaﬁes. However, at higher shear'rategvthe_syétem '
becomes fhixotropio aé tﬁe‘aggregates are brokéhAand ffee rofétipn';é-;"
turns. Therefore, smaller éaftiolés tend'iﬁ éome oasesvto be visdoﬁs,
at iéw shear rates and thixotroﬁic when shear is iﬁofeasqd'(b,12,15,,16)
As the solids ooncenﬁration of‘thélsuspension‘is inoreaséd,mﬁhe.system
naturally tends to become more dilatant because theiliéuid volumeifor
particle rotation is deoreased. - Consequent 1y there are more'oollisidns.
between particles and a grpater'resistance.to flow,;esuﬁls.f(lE) The
delaminated olays'present a’farticlo with a long’axis of rotation and =
aﬁ ﬁigh‘o;néentration of solids combihed with a hig£ shear‘voiooity‘
which will be ﬁsea, dilantdncyfmight be a.prdbleﬁ, .Therefore; an un@ér-

standing of diSpersants:ié necessary,




With the use of a dispersing agént a system containing both high
solids concentratiph and low viscosity is possible. (12) Through X?ray .
diffraction clay has been shovn to be of a crystalline nature. The most -

heherally aocepted orystalline struoture is as followqg'
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The kqdlinite cryétal.is built up of altérnating layers of Si and Al -
bonded fbgether‘ﬁy 0 and oH bonds. ‘Since.the Si;to OH bond iszpf thé
'seéondary nature, it is theUVeaKest.bond of‘the crystai. Consequently,
iﬁ is & naturai.olevgﬂe ﬁlaneg But cléy piatélets are hqkqggns and
therefore a fracture must also exist in fhé,vertical plane;(;Thiﬁ frao;
ture ruptures primary‘fglanée bonds and leaves dprBitive’active dharge‘,
_on the paxfticlév.k ’Qui'ck'ly OH trions are abzsorbled’ by the positive charges
and they bring water molecules of hyAratioﬁ dlong.‘ Iherefore, a watgr

huli surrounds the particles of olay. -The partigle now beafs a net

negative charge and will attract Qatfons from the solution media, to
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‘balance its charge. These catyon determine. the degree of dispersion of

the system (8,15,16,17).

Free Water Medium

ICounter Chn;en [P S N O P -+
e m e ecae A el tmem———n————
hur.Nul} L — - — A LI
e {++:+: oot
ADSORBED O v

CLAY FARTIJWN

If the oatyon is sodium for exémple, the water hull becomes larger be=-= -

cause the hydratron of sodium is considerable. The stand off or equil=-

lbrium distance between the negative partiocle and the Ni is therefore

inoreased. The effeot ls an'inorease in the neggtive charge of the
particle with respeoct tovthe surrounding clay particle. A repulsion
therefore exists between bartioles; and dispefsionvresults; Littie
shear is necessary to sepafatetsuoh'a dispersqd §yst§m. If 'an oxcess
of sodium exists in the system more Na¥ enter. the water hull bé the
law of mass aofionJand a reduotion'in the.negative charge results.
Conéequently dispersion effects are.lessened by.aﬁ e¥oegs of oat}ép.
When'di-ﬁalent.and,tfi-valent catrons are employed, dispersion is less
because the equilibrigm separation disténoe for thesc oatfoﬁs»is less
and the negative‘oharge of thé oléy partiocle is-modified. It is also
important to have an adequafe nurber of OH ~ ions prgsént for maximum

desper51on. (16) .As the percentage of dispersant is .increased, the

fluldlty W111 rise to a maximum and then drop off as explalned above. |
The maximum p01nt for adhesive is usually at a,greater pproentage-than '

the .clay. Therefore, it is important to add,gdequate'améunﬁs of dis~ .

+



persant for both systems. (16) The various phosphate dispersants appear

to be about equalvin the end result. _HOWever a greater eoncentration is
requlred in some ocases to reach maximum fluldlty. .50d1um pyrophcdﬂAajéa
seems to reach the maxlmum fluldlty po1nt at the lowest oonoentratlon
(16). All phosphate onions are made up of phosphorus surrounded by a
tetrahedral arragngoment of oxygen atoms. Through the sharing of oxy-
gen atoms it is possible to polymorize those phOSphate,groups. The re-
sultant pelymer is very stable“and unaffected by'pH or concentration
charges as are many polymeric anions. Phesphates‘show no Tyndall\effeot
"also and this therofore lends to their disireabiiity. bﬁeamertnuk (14)
olaims that the formation of a complex of the’phosphate with the surface
siliocon and aluminum atoms on the cley partiocle causes dispersion;ihow- |
ever this is refuted in many several wuye and the cetionio Base exchange
theory SOems;to be more prevalente ,It should bevnoted here that as. the
ooneentration of the c1e§‘solids of a system is inCFeased, the proper\
additioﬁ of dispersants in regard to amount is very impertent to get

max imurm flﬁidity from a clay slip."The faot then seems-predomingte_
that flow-characteristiegnof oiay-water systems are infiuenced:by con-
centration of clay solids, particle size ahd.shape, and fhe abilityvef'
" the olay to undergo a mechanism of base exchange. (&;12) When adhesives
are added the‘system become more ooﬁplei &et,and it is necessary to use
a dispersant wisel&.

In their experlment on delaminated o[ays Morris and Sennet used

a latez adhe31Ve. (6 19) Therefore»an analysis of adhe51ves is necessary

to determine their choice. Latex adhe:zive+. dispersions of usually 30-

“éo péroent solids in water are generally water thin. Dispersed partielee

may vary in size from 0,05 mic¥¢n to 2 millimicron.' The most ocommon

’ .




~dimension is from 0.1 to 0.2 milliﬁiorbni‘ The latex possesses high
stability and may be used after long porlods of storage providing it
isn't. subjeoted to hlgh or low tomperatur9 extremes. Latices usually
have a negative oharge and consequéntly are precipitated by di-valent
and tri-valent catrons although mono vaienf'oatrons effeot them littie.;
The latex adhesive is used with a sodium pyrophosphate dlspersant al-
though it is affected by 1mpur1t1es in the olay sush as Ca**, Mg ’ Aﬂr*f
ions. Vhen unoovered a latex will skim over on- the top and ade=.
';quate covering must be used. In adhesive pOWer{ latex is vquivalent
to casein'and'ﬁpon agiﬁg it has superior quatlitps‘along_this line,
Watef'resiétanoe'of.the latex éolymer-also'incréases upon aging.. Be=--
cas; latex’is thermoplastio, a low Dennison wax tgst of‘é 0 or 3.0
nght be ob ained and yet the paper is sultable for printing. The ther=
moplastioc characteristic of latex presents some problems upon super--
calendering because it tends to stick to the heated ocalender rolls,
The best iesuitsvof a_latex adheqivé'aré‘obtaihéd with mixtures éf
| o . L

latex and protéin or latex anﬁ staréh. A latex-protein mixture such as
styrene-ﬁutadiene in combination with p?otain yieldsia lower viscosity
pfoduct théﬁbihe protein uééd alone. Iﬁ general a ;eplaoemenﬁ of'éOASO ‘“
percent of the adhesive with latex gives considerablé improvgment in Ui
paper‘properties. In mixing such a suspension it is impof%ﬁnt to add '
the proteih\before the latex or ﬁn,exqessi#ely thiok adhesiiq-clay
systemlrésu1£s. When added in fhe proper order,:allow vibqosity pro=.
dﬁot is,likgly,' Wwhen latex is used.in coﬁjunﬁtiﬁﬁ'w&th stgroh,'a hiéher
oonoentration of latex is required thhﬁ'witﬁ the protein,;io overéﬁme
the harder and less watér'resjstant film‘oharaotariétiovdf starches.

Starch latex mixures are also relatively unstablé and must be stabilized

with oosein or soya protein. o

-t

T T




T11

‘Casein is an adhesive whioh doesn't yipld.mﬁximum strength or adhe=-
sive power when blended. If is commonly used qloné; Casein possesses
good adhesive»strength, film fdfming properties,_and.hende go§d ink;:var~
nish, and grease resistance. ‘It aléoAbondélreadily to the stook, needs
little heat for solutidn, andlhas a good finﬁsh after supercalendering.

However, it also possessesa charaoteristic odor, has foaming tendancies

is brittle, and is limited to LO-L5 percent solids donceﬁtration‘beqauée

of visoosityAchnracteriétics.' (7)
It appears, therefore, that aside from éuperdalendering the pro=-
perties of the latex-protein mixures are generally.of‘fhé desirable .-

charaocter.




The Effect of High Veiocity Shear On Coating Properties
“rocedure: | | L L
I. Determination 6f the factors necessary for ‘a desi:able
shear, | |

A, Determination of possible solfdsréonceﬁtfat*on
 for optimum enearﬂng Lor NoKarb Clay. _ '

B, Clay using TSPP dlspersant at 62 .0 per cent solids
was sheared for 6.0 hours and sampled

1l.The shear was continued for a total of 12.0

: hours. |

2. Shearing was done inra'Cowles Dissolver at
5600: rom in a Tapni Disintegrator vessel.

C. Tappi sedimentation T6h9 sm 54 was use d to deter-
mine the particle size dlstrlbutlon.at 6.0 and
12,0 shear points.

1, The distribution at 12.0'hours shear was
found satisfactoryrfor‘analys{s.
II. A series of standard draWdowné was prepared with
unsheared NoKarb clay.

A. Drawdowns weve coated at an 18.0 pound cdat wéight
'for.a 25-38-500 ream size at holand SC per cent
solidsrwith 10 20 and 30 perrcent étayco M starch
adheéi#ebon the weight of'thé Digmént.

B, Brookfield. and Hercules v1scosaty meaourements wcere
made for each coatlng sllp.;"

C. The coatedvpaper was tested.

l.'Optical properties




. a. GE Brightness - five reed4ngs per
ecoating‘slip.
b; Tappi-Printing Opacity - five readihgs'
per coafing(slip.
c. Bausch and Lomb Gloss - five readings
B per coating slip. |
2, Other tests.
a. Dennison Wax Picl Test - three re*dwngs'
_,per'coatlng slip.
b, K and N ink tests, two minutes - five
’readings’per coating slip.
- c. Bekk Smoothness - three.raadings per
coating slip, measured in seconds per
10 mm.
d. A dominant wave determinatfon was made
cn the unsheared clay using the Tri- .
. Stimulus Method. |
III. A second 12. O'hour sheared clay was prepnred
A, The TaDpl Dlslntpgrator was replaced by a galvan- .
ized pail.
B, A k{rger semple was.used;
C. Dispersion was'done4with the'COWies Dissolver'at;
AS6OO rpm.
D.vA TaDpl T64S sm 54 pﬂrt1cle size dlstrlbutvon was«*
| run on the ]2 0 hour sheared clay. .
E. The pH was held at 8,0 w1th NaOH durwng the ulea Jng ’
e ~and 60. per cent oOlldS was kept. o

-1V, Drawdouns were made’ with the 12,0 hour sheared clay;
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A, Paper was coated at 40.0 and 50.0 per cent éqlids  '

using 10, 20, and 30 per‘cent‘Stayco M starch

adhesive on the weight of the pigment.

B. An 18.0 pound coat weight per 25-38-500 ream size

was used.
C..Brookfield and Hercules.vigcosify meésurements
~were made for each coating slip.
D. The COated paper was tesfed.
1. Optical properties.
a. GL Brightmess - 10 readings for eaci
coating weight.
b, Tap»i Printing Opacity - 10 readings for
each~cdating slip.
c. Bausch and iomb Gloss - 10 readings for
coating slip. | .
2. cher tests.
 a. Dennison Wax Pick - 3‘readings for ecach
coating slip.
b, X and N Ink tests - 5 testé ﬁer coat’ng:
slip.
é; Bekﬁ Smoothness ‘= 3 readings pér coating
élip.

d. A dominant wave length determination was

made using the Tri Stimulus method on the

12 hour sheared clay.

V. Drawdowns were prepared with the unsheared clay and the

12 hour sheared clay using styrene butadiene adhesive.




A, Paper was coated at an 18.inound cont weight
per 25-38-500 ream size using 40 ~nd 50 per
cent solids with 10; 26; ~nd 30 per cent
adhesive on the weight of the pigment.

' B, Testing was done as in section IV, D for
thé unsheapred and lé hour sheared clays.

VI.‘Conditiohing of coated papers. .

A. All coated sheets were supercalendered at
4 ﬁips, L4LO pli after a constant warm up of
3 hours to readh a.constanf temperatufe.

B. Samples were counditi ned at 70 ¥ and 50 per

cent’ RH before testing.




The Efifect of iigh Velocify Shear On Coating Propérties

In this experimental work a high velocity shear Qas impartéd ‘J
to a NoKarb clay using the Cowles Dissolver. ‘The aim of the
work was to see the effect a high velocity shear had upon the
optical aund physical propefties of the clay.

Previous work éad been done in tﬁe area of low velocity
sheér using a delaminating and fractionating cQﬁb<hafion by
idorton, Sennett, and Drexel (6)., The trio cléimed that th rough
shearing a greater nuﬁber of bhrticies could be obtgiﬁed.below '
a size of 2.0 microns. It is believed that in this size groupin
the clay particles exist as flat hexagonal platelets. The ratio
of thickness to diameter is believed to be abonut lrto 10.
With a greater ﬁpmber of such flathplatelets in the coating
it scems plausible that a number of changes could exist in the
final clay product. Firét of all if all of the clay particlies
were platelets and they couid be arranged on the'surface'of the
paper sheet paréllel to the Surface, an. increage in smoothness
should result. By shearing the clay vermicules then it seems
that the resultant coa%ed shget should héve a considerable in-
crease in smoothness. Provided that a smoother more uniform
surface is produced a correspoﬁding'increwse in-¢loss should
résult; because of thé approach to a miffOr like Surface.
Brightness and opqcity should also yield éomewhat of a change

from the following consideration. If the clay produced is in

the platelet form, there will be a greater number.of.particles
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maintains a smooth surface, the ink should penetLutc lesu.

or surface interfaces for a'giVen coating weight. As a result
more light should be réfracted, /reflected and abeorbed.' Less
would then be Dcrmi““ed to pcneerate ‘the sheet «ﬁd’brightness
and opacity should.show a.slighﬁ increase.

Ink and oil penetration would be another property greatly

affected by the particie seze and shape.~;lf the ccated sheet

This scems log cal because the number of faths and crevices

the furface would be reduced.

L

Another aspect which was considered was adhesive demand.

With an increase in the number of narticlesof a smaller szizZe - e

P . . 3

the RSV for a given sample is ieés and consequently a lower
adhesive demand cén be e écted - ._' - X ”'V o .:f%
Viscosity fof a sheared elnyVWJth argreatér number of small
sertilcles should decreaSe becaﬁse‘the v01uﬁe.svept ont during
~ach rotation»of‘a particle would be less. The result would
anppear to be a clay with a low.viscosity,‘ﬁossibly with a
Newtonian character, ‘?‘ _Ifg‘ B | . eﬁ
The clay used in the ehperlmental work was a NoKarb clny
produced by the F1nerals and Chem:cqls Ph111pp Corporatlon.
The unsh\11ed clay contalned 15.0 per cent of the nart1cles
less than 2. O m1crons and after 12.0 hours of shear (see red
line flgure 1) ;w/ the percentage vas‘lncrepsed to 40.0 per :
cent_less than 2.0 microns.. Infthelfrialfehear funI, 45;0Tper
cent of the Dérticles:wefe'iese-thaﬁ‘2.0‘micrens; but this -

degrre of'delamination;wasn'tvobtained in Run II because a -




mixing container with smooth sides ~as used to accommodate a ‘¥ _'?
larger sample. he particle size distribution of the unsheafed . |
clay checks with the publicized data put out by the company.
Therefore it can be'aésumed that the sedimentatioﬁ method has
given a fairly accﬁrate particle size description in thé oﬁlér
cases. : |

The clay from RunII (Figufe‘l) was used-as the sheared clay
lthroughout the reéeargh. CQatings were prepared at 46.0 and,

50.0 per cent solids with 10; 20 and 30 per cent 3tayco M
starch on the weight of thelbigﬁént for both the sheared and
unsheafed clay sampleé. | .

Testing shoﬁed that the~sheéred clay produced a definite
incfewse in smoothness of_fhe sheet (Figure 2). It is also
inferesting to_note_that as the per cent starch incréased the
snoothness decreased. .This’smoothing effect is causad from ‘
a decrease in the number of bulky stacks of clay'platés at the
surface., | |

As expected K and N Ink results showed an increase in ink
holdout with the sheared clay. The smooth surface and more s
uniform overlap of the clay platelets seems evident ff&m the above
coﬁsiderations.‘(See figure 3) | A

The Denniéon‘Wax-Pick test’revealed a considerable incréase
in‘coating streﬁgth with‘the‘sheared clay for both the 10.0 and
206.0 per cent adhesive ranges., At 30.0 per cent adhesive t ere

was no change in the pick results. Therefore it scems that a

t




COmbination of two things can be considered. F'rst of all !
in the sheared clay éhere fsia higher degree of overlap and a
greater 5ﬁrface to Surfacé bonding, and secondly because af the'
decrease "in particle size there is a marled deérease in adhesive
demand, From (Figure 4) it can be seen that the same piclk |
number 1is obtained with the 50.0 per cént'éolids; 10.0 per cent
adhesive Sheared coating as with thé 50.0 per .cent solids, 20.0
per cent adhesive unsheared coétiné. The nick test is a combin-
ation of the strength of the base stoék,_the stock to. coating
bonding, and the coating strength. It aprears that shearing of
a ciay will produce a stronger fiber to coating bond and a stronger
coating‘itselft . )

dptical tests showed no aﬁpagent change with shear ‘ng of ° R
the clay. Brightngss, opac{ty,?and‘gloss femained constant
within the accuragy.of'the data.. A possible ekplaination
is,apparéut»hoWeVer. The predominant waveiength for the two
~igments determined by the Tri-Stimulus Method showed that
the predominant wave length and purities of the unsheared and
shehﬁed~pigments were approximately the same at 574 milli- . \‘ﬁ
microns. The purity was found to be 2.0 pew cent in both
cagés; Horton, Sennetfl and Drexél (6) showed that at a wove-
length of 574 milli-microns tﬁeir dela minated and conventional |
clays had approximatel; the same bervcent reflectance. There-
fore if scems plausiblg that for this’élay, NQKarb, ant’ increase

in optical properties couldn't be expected., Further veri-

fication‘of this point would- be needed however. (See figure 10)




Coatings were mixed at i0.0, 20.0, and 30.0 nper cent
styrene bptadiene adhesive on the weight of the pilgment
for the sheared and ﬁhshééred clays to ;erify the ‘ncre-se in
ink holdout. The results agreed with the 5bove.
éptlcal properties showed no unagchntable chénge with
the ‘sheared and unsheared clay using st&rene butadiene adhesive.
It cgn be concludéd then that for -a.NoKarb élay sheared
té a distribution with 40;0 per cent of the particie; less
than 2.0 microﬁs.there exists a definite increase in ink
holdout and smoothness, adhesive demand is reducéd! and no
apparent chahges occur in brightness , opacity, and gioss.
Both_ﬂercules and Broolfield viscosity determinations
~were made on the clayss.at 50.0 per cent solids with starch.
adhesive. -Unsheared and 12 hour éhéared samples of pure clay
.at.7G.O per cent solids were run. From the data obtained the
sheared cl;y had a cbnéiderably iower viSCO$ity és csn be
scen form the Brookfield'viscosity data in table II and in
Figure 9  and the Hércules rheogramS'of Figure 6‘ However
when samples wifh otnyco M starch were tesLed the sheared
clay showed a ‘considerable inerease in viscosity over the
unsheared clay. (3ee Figures 7,8,11,12,13) From the rheograams .
of Figures of fidures 7 and 8 it is‘apnarént that no generally
undesirable v1scos1ty nrop~rt1es resulted from the ahear1nu.
Both the‘un§heared‘and4sheared clay sllps ;how a slight thrlxé
otropic character. Both the. rheograms and‘Broﬁkfield‘rgadings
-rseem to indicate that at highef shesr rates the sheared clay
hasfno undesirable viscosity increéée;' Both clays were run

on a labratory coater using a metering rod applicator without
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aly noticezble dnfforenco ’h‘appllcnt on qualwty.

At a time Jnterval between 2.0 to 3. O hours in both shewr
runs a decreaze 'in pH was found and the per cent SOlldS 1n-”:
creasqd slightly. It séemsypossible'thhf the heét and violent
ogifotfon used has some decaying effect hpon the T3PP dis-
persant. A possible break'dovn‘into phosphoric acid might
haverccurrsd. " During COating.slio preparation’tho sheared
clay had a .much greater tendency to‘floéculaté than the un- -

sheared clay. It is very oosslble that a d1spcr ant break-

down ‘had occurred during tne oheﬂrwn process. Addition of

- more dLSpersnat seemed to eliminate this tendency to flocculate.,

A practical application of deﬁlmlnat on 1n the coating.
industry could receive some beneflts. ,A %wlal'run was ‘made
on a Keegan coater and no prob]emu were encounuered at loz
solids usmng a metering rod appllcatlonf U1th an wncreace
in smoothness, a higher ink holdout, and a lower adhe51ve
demand this-type of’shear4ng could heléppliod.welllfor a_small

batch batch op~ration in a temperature controlled misxing

'unit,' After 6.0 hours of shearfﬁg,'runI 'showed a distri-

bution of 38.0 pcr cent of the part1cles less than 2,0 micrcns.

Therefore it s possible that V1th a very short 1nterval of

shearing, increases in ink holdout and smoothness could be

_obtained.
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