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ABSTRACT

The effect of pH on tne efficlency of the.cationic agents,
Kymene 557 (Epichlorohydrin) and Tydex (2olyethylenimine),
was studled, axd the efflclencles of the two cutionic agents
were compared.

The pil at whicn cationic agents are most effective,
conslidering perceat retention of titanium dioxide, is pH 5.7
at the time of titanium diovxlde slurry addition. The pH for
optimum opacity in a sheet is pH 6.0. |

A pH that 1s controlled by =zlum, rather than ihdegendently
of =@lum, wroduces nlgher titanium dioxlide retentlons and |
ovacities. Maxlimum efficlency 1s not controlled by pH alone.
An ulum loading of about 3.57% snould be present at+the time
of tltunium dioxide addlitlion.

Although the pH 5.7 produces the best results at the
point just before the titanium dloxide-cutionlc agent slurry
is added, 1f one retains this pH, by adjusting pH of dilution
water, right up to the point of sneet formation, tue
efficlency of the cationlc agent decreuses,

Comparinz Kymene and Tydex as catlonlc ugeats, Kymene
produced the best retention of titanium dioxide and opuclity
in the sheet, whe: the catlonlc agent wus added to the
titanluiz dioxide slurry before addition to tae pulp slurry.
The superlority of Kymene can be predicted by tne algher
magnitude of positive zeta jotentizl it oroduces on the
titanium dioxzide zarticles. At pH 7.0 Kymeae produced a zeta
potential of +2.54mV on the titanium dioxide, and Tydex only

produced +0.99mV,
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LITBRATURE SURVIY

In recent years the use of retention alds for
titanium dioxide has increased substantially with
the introduction of synthetic organic retention alds
such as catlonic, non-lonic, and anionic polymers,
These retention alds have great possibllities for
increased retention, They are specifically designed,
and present no BOD problems. (1)

The theory motivating the development of cate-
lonic retention aids was based on the well knoén
physical property that if the electrokinetic poten-
tlals of the two materlals have the saue siign iney
repel each other. Tnode and Htoo (2) determined that
when cellulose fibers are dispersed in water they
have a highly negative potential, the sign of which
i1s extremely difficult to reverse. Most Ilbers are
also anionic although their potential is not con-
sidered to be as strong. Therefore, 1f one disperses

some cations, in a filfer solution, which will ad-

here to the surface of the filler and change the surface

charge, then o "cnemical bridge" (3) can be formed
between tnhe fiiler and cellulose fiber of like

charge to lmprove the retention,
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The cutionlc retention alds cuch us dalco
652-T1523 loox ver, yromising as retention alds
that bo-4 tarouch electrokizetic attravtion. (+)
But, ti-re sre still xzany uncertain ascects wbout
these cids, such ss: Dvest point of additlon; 1ldeal pH;
effect of varlous amounts of rosin size; idesl alum-
inumr loa concentration; and best heﬁdbox terserztures. (4)

Lahoratory work with polyacrylamide in péper rach-
ine fur:ishes shows the performance of.this pol mer Co
to be zreatly affected by the alux louding uand the pH. 1
Witain alum loadiug of 2-3% on the fiber, a pY around
€ 1s desirable. Wit hizher alum loadings tne maximum
effect takxes place at a hizn pH. (5) Tiere is a max-
imum amount of slum beyond which any further lacrease,
regardless of the pH, ls detrimeantal. (6) Also, any
pH adjustment of the furnish containing the filler
must be done before the dilute polymer solution 1is
added. (7)

The volymer and alum appear to attach the-pigment

p=rtlcles to tae flber surface by a chemlcul linkage.




The nature of this linkzge has not been described but
it probably involves a coordination with aluminum and
olation in a manner similar to that of rosin sizing.(5)

The following discussion concérning the etfects
of pH on retention were not observed in the presence
of a cationic retention aid, but possibly similar
events will occur when a cationic aid s present,

Alum 1s most generally used in papger mills to
control pH. The amount ot alum used by papermakers has
been consldered an important factor regarding riller
retention. In terms of dry alum based on weight.of
tiber, Willets (8) reported 3% to be optimum for ti-
tanium dioxide, and Haslam and 3Steele (9) reported
the same amount for highest zinc sulfide retention,
Brill (10), however, found 1 to 2 % alum gave max=-
imum titanium dioxlide retention,

9ince pH of the papermaking system has been con=-
sldered a factor in filler retention, the possibility
that discrepancles between reported optimum alum
concentrations may have been assoclated with the pH
at the time of filler addition. Differences in the
water used by the various investigators possibly
could have resulted in the same optimum pH but at

different alum concentrations. (6)

S

T IR S S SRR

TR e



Fraik (6) checked this theory by 2roducing pg
conditions independent of those caused by alum,
3odium hydroxide or sulfuric acid was added to
Pplgmented furnishes containing zlum in a range of
0 to 5%. fne wzter used to dilute each turnish at
tnhe sheet mola was adjusted by the same means to the
same pH as the test furnish. dis results indicated
that p.. adjustment after alum and riller addition
does atfect retention sice the position of tie
retention curves shift up or down with changes in
pd. The maximum retention occured at a p:d between
5 and 6. (6)

To furtner evaluate the effect of pid at the
time of filler addition, sodium hydroxide or sulfuric
acld was introduced to aliquot parts cof beaten pulp
containing different amounts of alum prior to the
addition of filler to create pH conditions differing
from thnose caused by the alum. Again the pH of the
dilution water was adjusted to match the furnish
to be tested. B8y this method it was found that the
relationship between percent alum and retention no
longer exists. (6) However, a relation was found be-
tween retention and pH encountered at the time of thae

tiller addition to the system. It was again found that



T

maximul retention occured in the 5 to 6 i raage.
From thls observation 1t would appear tnat the effect
of zlum depends on the pH it produces. (6)

Considering possible changes of charge on
pulp or filler encountered with variation in pH, it
appears that differences 1n tne electroikinetic
properties of these two materials may be the most
significant in retention of titanium dloxide.

The electrokinetic properties of ceiiulose
have been studied by many peo>le. Thode znd Htoo (2)
indicated that both sized and unsized pulps orfg-
inalyy assume anegative charge 1n water. 4s Thode
ans Htoo added increasing avounts of alum to pulp
suspensi .ns, the strength of the cnarge was decreased
until an isoelectric point was reached at aporoximately
pH 4.7. Mysels (11) states thut the electrokinetic
charge on tne tiber 1s reversed when the pH decreases
below the 1soelectric polint,

Fraik (b6) completed a study in which a similar
change ot charge was observed on titanium dioxide by
determining the electrophoretic mobility of pigment
In suspensions, which were adjusted to a range of
pH values witn alum. However, the titanium dioxide

isoelectric point was found to occur at 5.2. In Fralik's

-5=-



retention experiments, maxinum retention was always
obtained when tne pH at the time of the flller addition
was near 5.2. (6) 3ince maximum flocculation of a rnat-
erial can be expected at its isoelectric polint, it
apyoears tnat a majJor part of the retentlion phenomena
is related to flocculatlon of tae filler used. (&)
Thus in Fraik's work, the sossible influence of
charge attraction seems to be negligatlie., Accordling
to the charge attraction theory, maximum-retention
would be expected at about pH 4.95, not at pH 5.2 as he
observed. Ihls value of 4,95 represeats tie pH at
which the maximum difference in charge would be en-
countered since the pigment would be jositively
charged in the presence of a negatively cuarged fiber.
However, both charges would be of small muznitude. (6)
Even trnough the the 1isoelectric point of tie
titanium dioxide, observed by Fraixk {6), occurs =t a
different pH than Thodes aad Htoo's (2) reported value
for wood pulp, the possibility of coflocculation can-
not be overlcoxed. [n the case of titanium diloxide
used throughout Fralk's work, flocculati.u was ovi-
served in the 5.5 to 5.5 pHd range. (6) since the
charge of tne plgument should be weak at the pH re-

sorted to be the lsoelectric polnt of pulp, the re-

6=




pelling force between tie two m.terials

sufficieutly weakx to o llow the foru=tioa
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EXPERIMENTAL DESIGN

In this paper there will be 2 compurison "of Tydex
(Polyethyleniiine) =2ud Krmene (Zplcaloronydrin) used as
catlonic uzeats for tue retentlon of titani: dioxide. The
followlns soluticias were made: 5% titunium dioaxide solution;
54 tltaunliun 2ioxide solution plus 2% Kymene (bused on welght
of titaniux dioxlide); and 5% titanium dioxide solution plus
24 Tydex (based on weight of titanlium dloxzide). The solutions
were checied for zéta potentlal by the electrophoresls method.
The values obtalned 1adicate the poteantiul +these catlonic
agents nave for changling the charge oa the titanlum dioxide
particles.

To test the efflclency of the cstionilc ugentg at varying

pH values, corditions were Xept as constant as possible. Ten 1

ST " - e

percent tltanium dioxide, based on the wel. at of pulp, con-

taining 2% cationic agent (catlonic agent/TlOQ) ~as used for

R E Y, e

experimental runs C taru I. Ten percent tit .zilum dloxide

a
»
'P'
i
4
Ly

was used becasuse 1t is a large enouith qusntlity that varlations

in t:e amount of titaniur dloxide retaiued at various pH values
can be easlly recognized. Two percent c=tlonic agent was

used because a previous tnesls by Nell Hartman on catlonic
agents snowed t.e best reteatlon witan 1.57 tsc 27 cutlonic

azent bused on tne welght of the titanium dioxide.

The effectiveness of the catlonlc agents 1s seasured by
the reteatlon of titanium dloxide, the opaclty of the sheet,
and the scattering coefficlent of the tituniun dloxide,
found by using tae Judd chart of thne Kubelkz-Munk equation.

In experimental runs C and D (C usiug Kyumene and D

-8-
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using Tydex) tae .4 w.s contreled exclusively, by z2lum, and
the H of tiue wuter used., [he results were z7udled in the
following w.ys: By plottian- sercext titanlun dioxlde retention

versus pi % tirxe of tltanlium additlon; by flottlag tltanium

[
(D]
«r

dicsdde teri:;; coefflclent versus pi; ac’ Jy :lotting

A2 Opee sLU VTS i8 Jile

—

Ter exn.:rineantsl runs E, F, G, and H, Kyunene was used
for all four runs, bec=use 1t seemed to be :ore effective
than Tydex. The pi was controlled indeyerdeatly from the
alum oy usiag scdlum nydroxide and sulfuric acld to control
pd. This way one can find out if the aluwx just affects
retention due ‘o the »H it nroduces. These results were
studied b~ the followin: graphs: 3Scetteri.: coef:icient of
titanium dioxlde versus pH held comstant *-rou-n production
of tne anairdsheet; percent opaclty versus 24; and retention
of titanium dioxide versus both pH and percent alum.
Bxperimests:l ruas I aznd J were exactl: like runs C and
D except tinzt tine H at tae tile ef suzet Torm-tion was
zdjusted to 5.9, wanlch seemed to pbe tae Jid walch was most
eficleat ut tne time of flller addlition., Theése runs were
eveluuat-d with srupas sleillar to thcse uszld for C aud D,
Exgerimezatzl runs A zad B (using Kymene aand Tydex
respgectively) were nulte diiferent from t:e other runs.
Iuns A =2nd B were a test to see if tne cztlonic agent could
cause s reversszl of charze o2n the pulp flvers befsre the
titanlus digwide 1s addeds Two percent catlonlc agent oased

on the welr .t of tue pulp was added to tae >ulp slurry after

Q=



the alum anu before the titanium dloxide. The runs were
evaluated Just like runs 2 and D.

The pulp used for all nardsneets was blescned softwood
sulfite. It was refined in a Valley beater to a CSF of 430.
H4a :dsneetz were made in the Noble and i/ood n:ndsheet mold
(TAP2I stund rd T-205 m=53).

The titaniwr dioxlde was disversed in =zn epipbach
mixer at 5% solids. The cationic agents were added dropwise,
at 10% solids, as tae mixer ran.

The aundsneets were conditioned and ~eil.;ned (TAPPI
T-404 m-42). Theyv were tested for: Opacity (TAPPI T=-452);
brizatness (TAPPI T-402 m=-49); scattering coefficlent of
fivber; scottering coeffliclent of titanium dioxldei 3X;

% asn (T-413); percent titanium dioxide; percent retertion
of titaaium dioxide; and basis welght.

See apcendix for graphical results mentioned above,

-10=-



I50USSION OF KESULTS

<!

l. Results with DH controlled by =zalum 2oacentration prior to
titanium dioxlde addition (Ruas 4,B,C,D,I,% J on pages
XIV thru XVII in the appendix):

At tne time of the titanium dioilde addition to the pulp
and alum slurry, the pH wihica averages out to be the most
effective for retention of titanium dioxide, for all cases
in which pH is controlled by alum, is about -: 5.7, or at
about 3.5% alum additlon.

The most effective pH for percent T.PXI opacity in these
runs was around pH 6.0. This higher pH for optimum percent
opaclty could be due to a little better dis.ersiloa of tiae
titanium dioxide at pH 6.0, whlch can be observed through
the optimum scattering coefficlent of the titanium dlioxide
bucuring at a nlgher pH than tne oH for ogtlmum titanluna
dioxide retention.

Consldering the four runs (C,D,I,J) in «+:ich the catlonic
agent wzs mixe. into tne titanium dloxlde slurry vefore
addition to the pulp, Kymene was superlor to Iydex in both
percent retention of titaanliu: dicxlilde aud sercent opaclty
in the handsheets. In runs C and D where tne pH vas not
ad justed just prior to sheet formation, the optimum retention
of titaniua was 6)%, and the opaclty was 89% with Kymene,
compared to 52% and 87#% respectively with Tydex added.to the
titanium dloxide slurry. Comparing runs I and J where the pH
was ad justed at sheet formation to pH 5.5, *the optimum

retention of tltualum dioxide was 55, and the opaclty was 87%

-11=



with Kymene, compared to 42% aad 8%+% respectively with Tydex
added., Tydex used in run J produced extremely poor results.
The results indicate that forming the sheet ut the »nH 5.5
possibly caused the zeta potential of the titanium diloxlde
slurry to revert back to a negative value.

This superiority of kymene 1is bésically due to the higher
positive zeta potentlal that Kymene produces con the titanium
dioxlde particles. Kymene in a tlitanium dioxide slurry
produces a zeta potential of +2.42mV, and Tydex only produces
a zeta potential of +0.99mV (page IV of appendix).

The only case iun which Tydex showed suyp=riority over

Kymene was waen 2% catlonic agent, based on the weight of
the pulp, was added to the pulp, rather taan to tﬁe titanium
dioxide slurry (runs A & B, page XIV of appendix). But this
metnod must be ruled out as an efficient way to retain
titaunium dioxide, because it did not retain any more titanlum
dioxlide than the {ymene added to the titanium slurry. Also
1t 1s a more expensive method because tne 2% Tydex is based
on the pulp welght rather than the titznlum dloxide welight
which 13 .auch less.
Results with pH controlled independently of alum, using
sodium hydroxide und sulfuric acid, and the pH 1s kept
constant throush the whole cycle of sheet formation (Runs E,F,
G, & H, pazes XVIII thru XXI of appendix):

This experiment indicated that one can obtain a percent

.

titanium dioxlde retention versus pH curve by controlling

pH independently of the percent alum, which 1ls very similar

-12-



to the perceant titznlum dioxlde reteantlion curve obtzined

when pH 1s controlled by percent alum osresent. The most
efficlent indeoendently ovtained pH was ¢.0 whicn 1s relatively
close to the optimum alum obtalaed pd of Z.7. But on the

other hand the hizhest titanium dloxide retentions were
ovtalned cu the 2% and 4% alum runs 6f the 1lnde jendently
obtained pH experiments, and the alum loading of 3.5% gave

tne optimum retention in the alum controlled pH experiments.
Tnerefore the proper amount of alum as well as the proper

pH produces the best tltanlum dloxlde retention.



CONSLUSIONS AND 3SUGGESTION3 FOR FURTHER WURK

TR IR 1

The pH at wnlch cationic agents uwre most effective,
conslidering percent retentlion of titanium dioxide, is pH 5.7
at the time of titenium dioxide slurry additioan. The pH for
optimum opacity in a sheet is pH 6.0. .

A JH that 1s controlled by alum, ratner than independent-
ly of alum produces higher titanium dloxide retentlons and
opacities. Maximum efficlency is not controlled »y pH alone.
An slunm loading of about 3.5% should be precsent at time of
titanium dioxide addition.

although the pH 5.7 produces the best results at the
Joint just before the titanium dloxide slurry is agdded, 1f
one retains tnls pH by adjusting the pH just before sheet
formation, the efficlency of the catlonic agent decreases.

Comparing Kymene (Epichlorohydrin) and Tydex {(Polyethylen=
imine), the catlonic agzent Kymene oroduced the best retention
of titanium dloxide and opacity in the saeet. This is easlly

understood Dby observing tne zeta potentizls which these agents

produce on titanium dioxide particles, by adhering to the
out®er perimeter of the particles. Bleached sodium sulfite

softwood pulp has a zeta potentlal of =5.2 mV, and a titanium

)

dloxide slurry with rnothing added has a zeta potentlal of

-2.67 mV. These will repell one another, so a cationic agent

e

1s added to the titznium dioxide slurry tc sroduce a positive
charge. Kymeune produces a zeta potential of +2.42 auV on the

titanium dioxide, but Tydex only produces +0.99 mV on the

-14= ‘ 3



titanium dloxide. Therefore 1t 1Is lodgical to:t tae
Kymene-titanium dloxide slurry would oce zttracted more to
the pulp.

Of course zeta jotentiuls do change somewaut as pH
varies, zni the charge attraction is not tane only talng that
causes titanlum dioxide reteation. As t.ie pid decreases,
one approacnes tne 1soelectric point of oboth the titanium
dioxide and the pulp, therefore flocculation increases. 30.
at the optimum pH of 5.7, the maximum re*ention is probably
created through tqe.right combination of chewmical bondlng
and coflocculation.

Further work could be done in thls urez of study.

e

More study should be done on thne effect of JH on zeta potential
produced by caticnlc agents. Also more worx could be done

on comparing other cationic agents with Kymece,

-15-
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SAMPLE CALCULATIONS

l, For experimental runs A and B:
17.5z ©Pulp (940ml of oHulp slurry at 1.26% consistency)
2.0z Titaznium Dioxtide (:0m1 of 5% [i0; solutlon)
O.4g Catlonic Agent (4.0ml of 10% active solution)

This produces 12% T10, and 2% cationic agzent in the
welght of a handsheet. ;

2. For all otner experimental ruas a titznium dioxide slurry
was nade before addlitlon to pulp slurry:
20.0g Titanium dloxide
376.0g Water
J.4g Catlonic agent (4.0ml of 10% actlve solution)

This produces: 5% T10, and 2% catlonlc agent/T10,.

3. Pulp:
8"x3" Handsheets, 6% molsture

Sheet welght = 2.88¢g
Baslis welgnt = 43,01bs./24x36-500 ream
Brightness = T4.5
Opacity = 79.5
Corrected
Opaclity (37#) = 75.3 (Using Judd Chart)
Corrected 3X = 1.81
S = .0489 =(1.81/37.0)
% Ash = J37% =(.0058¢g 0D ash/1.5652g 0D fiber)

4, Titanlum Dioxlde filled handsheet:
8"x8" Handsheets, 6% molsture

Sheet welght = 2.73¢g
Basls welght = 40.71bs./24x36-500 ream
Brightness = 79.1
Opaclty = 91.0
Corrected
Opaclty (37#) = 88.9 (Using Judd Chart)
% Ash = 7.52% =(.0996g 0D ash/1.3248g 0D filber)
% Ash (due to
5% Alum) = 0.65%
% Ash (due to
fiber) = 0.37%
% Titanlum Dioxlde= 6,508 =(7.52% =0.65% =0.37%)
Corrected 3X (37#)= 3.46
8 of T10, = 0.7T4 =(3.46 .0 =0, 0(,048
0.0650
% addition T10 10.0%

% retentlon T10, 65.0% =(6.,50%/10.0%)



5. Correcting Opaclty to

Initial Basis Wt.
Uncorrected Opacity
3rightaess
Uncorrected 3X
Corrected 3X
Corrected Opaclty

2 37.

I T T I T

-III-

0 lbs/24x36-500 rezms

40.7 lbs/24x36-500 ream

1.0
79-1
3.30
3.46
83.9

(Judd Caart)
=(37.0/42.7) x 3.80
(Judd Churt)



EFFECT OF CATIONIC AGENTS
ON ZETA 20TENTIAL

Solution Zeta Potential (at pd 7.0)

Run 1 Run 2 Run 3 Run 4 AVG.
1. 5% T105 -2.54 -2.55 -2.51 -3.20 -2.67mV

2. 5% T10, plus
2% Tydex on +0.83 +1.20 +2.94 +0,95 +0,99mV
welght of T10,
3. 5% T10, plus
2% Kymene on +2.39 +2.40 +2.26 +2,63 +2.42mV
welght of T10,
Sample Calculation: (Run 1 ot 5% T10, solutlion)
d = 4umy {f = zeta potential (mV)
HD
V = particle veloclty (m /sec.)
H = potentlal gradlent (volts/cm)
m = viscosity (poises)
D

= dlelectric coastunt
-2 -3 7
J =4(.as) 1 x0 1.16 x1072) x10! = -2.54 oV

[Glgn comes from
direction of move~
ment in cell.



% %
Sample Alum TiQe

O-a
l-A
2-A
3=-A
4<A

'DATA SHEETS

10% Ti0, and 2% Kymene based on pulp weight are =z2d:ed separately
to the pulp slurry, rather than 1in a T102-Kymene slurry. :

0
10
10
10
10
10
10
10

10

=~ O U, LS S B \V) + (&) o O

10

uncorr.,

uncorr.

Bright. _B.W.

Sample opaclty opaclty _ 35X

0=-A
1=-4

2-4A

79.5
80.4
8645
89.2
89.3
59.6
90.1
88.7
88.4
87.7

% pH after pH after pH at.siat.
Kymene alum zadd. TiOE add. formation
0 8.2 8.2 8.3
0 8.2 8.2 83
2 8.1 8.1 8.3
2 Tel Te3 . 8.1
2 6.6 6.8 7.9
2 6.0 6.1 79
2 5.2 5.4 7.8
2 4,8 4.9 7.8
2 4.6 4.7 7.7
2 4.5 4.7 Ta7
corr. uncorr. corr. % % % T10
_SX ash TI10, reteni.
75.3 2,10  1.81 ,37 == b
TT7.8 225 2,03 2,04 1.67 16.7
84,2 2,67 2.45 3,89 3.52 35,2
87.8 3.40 3,18 5.83 5.33 53.3
87.2 3.58 3.18 6.22 5.59 55.9
88.3 3.55 3.35 6.68 5,92 59,2
88.0 3.68 3,30 7.02 6.13 61.3
86.9 3.40 3.12 6.02 5,00 80.0
86.7 3.18 2.92 5.54 &.39 43,9
85.8 3.00 2.75 5.00 3.72 37.2

T4.5
77.0
T2.7
779
79.8
79.1
79.6
79.7
T76.4
75.9

43,0
41.0
42.0
39.5
41,6
39,2
41,3
40, 4
50,4
40,3



Sample Alum Ii0,

DATA SHEETS

10% T10, and 2% Tydes Dbased on pulp wei ht =rs zdded separately

to the pulp slurry, rather than 1In a

%

%

Ti0_.-Tydex slurry.

COITr,

2-B

©-B

&-B

0]

1
2
3
4
5
6

10
10
10
10
10
1C
10

Sample Bright,

2-B
3-B
4-B
5-3
6-B
7-B
3-B

71.5
73.6
76.5
76.7
T4 2
T4.1
T4 7

88.0
88.3
89.1
88.2
38.0
87.0
85.3

S
T10-

«50
.52
<65

.57
«53

% pH after pH after pH at sht.uncorr.
Tydex alum add. T10po add. formetion opaclty opaclty

2 3.1 8.1 Se0 89,3

2 7.1l T.7 7.9 39.9

2 6.4 7.0 8.0 90.7

2 6.1 6.5 8.0 90.5

2 5.3 €.2 8,1 20.0

2 4,9 5.8 8.2 29.0

2 4,6 4,7 3.1 85.3
uncorr, Uuncorr. corr. % % % T10o
_B.W, SX SX ssh  Ii0, retent.
39.2 2.96 2.80 6.20 5.93 59.3
32.3 3417 2495 7.00 6.5 65.0
39.4 3450 3.28  T.46 6.83 58.3
40.7 3.51 3.19 T.26 €.50 £.0
0.4 3430 3,02 7.19 6.30 63.0
40.7 3.10 2.82 6.71 5.69 56.9
37.0 2.65 2.65 5.66 4,51 45,1

-VI-

.55



DATA SHEETS

Slurry of 10% T10, and 2% Kymene (Kymene/T10,) added to pulp slurry.

% % % pH after pH after pH zt sht. uncorr. corr,
Sample Alum Ti0, Kymene alum add. Ti0, add. formation opaclty opaclty
1-C 0 10 2 8.2 8.2 8.2 90.1 88.0
2-C 1 10 2 7.2 7.3 8.3 88.8  88.8
3-C 2 10 2 6.7 6.8 8.0 9l1l.5 89.1
4-Cc 3 10 2 6.2 6.3 8.0 91.5 89.3
5-C 4 10 2 5.2 5.3 T.7 90.7 89.0
6-C 5 10 2 4.7 4,8 Te7 91.0 88.9
7-c 6 10 2 4,6 4.7 7.7 89.6 87.9
uncorr. uncorr. Ccorr. % % % Ti0 S
Sample Bright. B.W. SX SX ash TiO2 reten I10o
1-C 77.7 41,0 3¢52 3,18 6.45 6,08 60.8 .66
2=C  79.3 37.0 3. 40 3,40 6,61 6.11 61.1 .75
3-C T7.0 41.7 3.T3 3.3 7.39 6.76 67.6 .65
4-C  79.9 41.6 4,00 3.55 T.68 6.92 69.2 T4
5-C 80.2 39.9 3.83 3.55 T7.69 6.80 68.0 .76
6-C  T79.1 40.7 3.80 3.46 7.52 6.50 65,0 oTh
7-C  T9.1 40,1 3.55 3.28 6.41 5,26 52.6 o002

-VII-



DATA 3EEEI3

Slurry of 10%Z Ti0p, and 2% Tydex (Tydex/Ti0p) added to pulp slurry.

% % % pH after pH after pH at sht. uncorr, corr.
szmple alum Ti0, Tydex alum add. T10p add. formatlon opacity opaclty
1-D 0 10 2 8.2 8.2 - 8.2 90.8 8T7.4
2=D 1 10 2 Te5 7.6 8.0 86.7 84.6
3=D 2 10 2 7.0 Te3 Te9 57.1 86.8
=D 3 10 2 6.3 6.4 7.9 86.5  86.8
5-D 4 10 2 5.2 5¢% 7.8 88.7 86.6
6-D 5 10 2 4,7 4,8 7.8 87.9 86.3
7-D 6 10 2 4.7 4.8 7.8 36.5 84.3

uncorr. uncorr. corr. % % % Ti0 S
Sample Bright. B.W. SX SX ash T1i05 reten T10,
1-D T76.5 43.4 3455 2,03 4.68 4,31 43,1 .82
2-D 77.8 40.7 2.98 2.7 4479  4.29 42,9 .62
3-D 77.8 39.6 3,22 3.01 4,97  4.34 43.4 .80
4=D 78.7 37.0 3.00 3,20 5.38  4.62 46.2 . .T5
5=D 80.3 41.0 3.48 3,14 6.05 5.16 51.6 )
6-D 79.1 41.5 3.41 3.04 5,08  %.06 40,6 .87
7=D 78.1 41.1 3,00 2.70 4.66 3.51 35.1 T4

-VIII-
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DATA SHEETS

Effect of Alum with pH controlled independently of the Alum.

% % pH after pH after pH at sht. uncorr. corr.
Sample Alum T10, Kymene alum add. Ti0, add. formation opacity opacity
2-E O lO 2 6.0 600 6.0 8607 85.6
3'E O lO 2 500 5.0 500 81.0 7907
uncorr. uncorr,corr. %. % % Ti0 S
Sample Bright. B.W. SX SX ash Ti10, reten Ti0o

1-E  78.7 42,3 3,18 2.78 5.08 4,71  47.1 .61
2-E  74.6  38.8  2.80 2.67 5.25 4.88 48,8 .53
3=E 73.0 39.3 2.35 2.22 3,64 3.27 32.7 « 39
L-E  T76.8  38.8  2.98 2.83 4.96 4.59  45.9 .44

% % % pH after pH after pH at sht. uncorr. corr.
Sample Alum Ti10, Kymene alum add. T10o add. formation opaclty opaclty
1-F 2 lO 2 700 700 7.0 8805 86-3
2=F 2 10 2 6.0 6.0 6.0 88.0 86,2
3-F 2 lO 2 500 5.0 5.0 86.1 86.3
4-F 2 10 2 4,0 4,0 4,0 84,0 84,2
uncorr. uncorr. Corr. A A % T10 S
sample Bright., B.W. S SR ash TiO2 reten T102

1-F  78.6 41,0 3.32 3.00 5.83 5.20 52,0 .67
2=F 80.6 40.7 3440 3.09 6.08 5.45 54.5 .68
3=F 31.8 36,6 3.15 3.19 5.97 5.34 53.4 .75
4=-F  8l.2 36.6 2.82 2,85 3,30 3.17 31.7 .93

f

-IX-
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DATA SHEETS

Zffect of Alum with pH controlled independently of the Alum.

oA %

pH after pH after pH at sht. uncorr. corr.
Jamyle Alum TiO2 Kymene alum add. T10, add. formation opacity opaclty
1-G 4 10 2 7.0 7.0 7.0 87.3 87.1
2=G 4 10 2 6.0 6.0 6.0 87.5 86.5
3=G 4 10 2 5.0 5.0 5.0 85.8 85.1
4=G 4 10 2 4,0 4,0 4,0 79.8 79.4
uncorr. uncorr. corr. % A % Ti0 S
Sample Bright, BoWe SX SX ash TiO2 reten Ti0,
1-G  80.2  37.4  3.25 3,21 6.14  5.25 52,5 77
2-G  80.3 38.5 3.26  3.14 5.82 4.93 49.3 .78
3-G 81.8 38.6 3.10 2.98 4.22 3¢33 33.3 1.00
4-G  80.5 3Te4 2.30 2.28 :z,26 1,37 13.7 .99
% % 95 pH after pH after pH at sht. uncorr. corr.
Sample Alum Ti0, Kymene alum add. I10p add. formation opacity opacity
1-H 6 10 2 7.0 7.0 7.0 36.8 85.7
2=-H 6 10 2 6.0 6.0 6.0 86.3 85.6
3-H 6 10 2 5.0 5.0 5.0 84.4 83.4
4=H 6 10 2 4,0 4.0 4,0 82.1 80.9
uncorr. uncorr. Corr. % % 4 T10 S
Sample Bright. B.W. SX SX ash Ti0, reten Ti0,
1-H 81.6 38.8 3.22 3.07 5.66 4451 45.1 .81
2-H 81.7 379 3.12 3,05 5.78 4,63 46,3 17
3-H  80.8 38.9 2.85 2.71 *4.42 3.27 32.7 .80
4-H 8l1l.3 39.1 Z.58  2.44 2,90 1.85 k35 .98




DATA SHEETS

Slurry of 10% TiO, and 2% Kymene (Kymene/T10,) added to pulp slurry,

and pH 1s adjusted to 5.5 at sheet formation.

z % % pH after pH after pH at sht. uncorr. corr,
Sample Alum Ti0p Kymene alum add. T105 add. formation opacity opaclty
1-I 0 10 2 8.0 8.0 5.5 87.3  85.4
2-I1 1 10 2 7.0 Tel 5.5 86.4 85.8
3-I 2 10 2 6.6 6.6 5.5 87.7 86.0
4-1 3 10 2 6.0 6.1 5.5 . 88.7 87.2
5-1 4 10 2 4,9 5.0 5.5 88.7  86.7
6-1 5 10 2 4.5 4,6 5.5 87.7 86.0
7-1 6 10 2 4.3 4oh4 5.5 85.5 82.5
uncorr. uncorr, corr. % % 4 T10, S
Sample Bright. _ B.d. SX S ash  I10, retent Ti0,

1-I 76.5 39.6 2.96 2.76 5.49 5.12 51,2 <54
2-I1 80.0 38.5 3,10 2,98 5.39 +.89 48.9 .69
3=1 30.9 39.9 3.32 3,08 5.92 5.29 52.9 .70
4-1 80.7 39.9 3.50 3.24 6,61 5.85 58.5 .71
5-1 83.4 41,0 3.70 3.24 6,51 5.62 56.2 .78
6-1 8l.2 42,0 3435 2.95 5.52 4,50 45,0 o T4
7=-1 8l.4 42,5 3,02 2.63 4,38 3,23 32.3 e

-XI=-



it i .

Slurry of 10% TioO
and pHd 1s adjuste

DisTA SHEETS

and 2% Tydex (Tydex/Ti0.)
7 to 5.5 at sheet formatisn.

7 A pA pH after pH after
JSample Alum T1icp Tydex
l-g @ 10 2 8.0 8.0
J=d 1 10 2 Tel Te2
3=d 2 10 2 6.6 6.7
4-g 3 10 2 5.8 5.9
5=d 4 10 2 4,8 4,9
6=J 5 10 2 4.5 4,6
T=d 6 10 2 4.3 4.4
uncorr. uncorr, COIT. %
Sample Bright. __B.i. SX _S®  ash
l-g 78.1 43,1 3.10 2.66 4,69
2=J 31.0 43,1 3¢17 242 4.48
3=dJ 80.0 44,5 .24 2.70 4e4l
4=J 82.2 41,6 3.20 2.85 4.41
5=dJ 81.9 43,4 3.16 270 4,17
6-J 80.8 +1.9 2.90 2.56 3.88
T-d  T79.4 43,4 2.94 2.51  3.85

-XII-

BRI S I L 43 M v culips

pH at sht. uncorr,

alum add. Ti0o add. formation

added to pulp slurry,

corr.,
opacity opaclty

3¢5
5.5
5.5
5¢5
5.5

5.5

% Tio

reten

4342
39.8
37.8
3645

\N
f\

.8
.6
.0

o
\] CD

37.2
86.7
37.4
86.2
86.1
84.9
85.7

2
t

079
.76
.76

33.8
83.4
83.6
83.8
32.9
82.0
82,0



EXPLAINATION OF GRAPH SYMBOLS

In the followlng graphs the experlmental runs are refer-

red to by letter, and the letters designate the followling:

A% =

B#*

C# =

D* =

Pulp + alum + 2% Kymene {Kymene/pulp) + separate
addition of 10% Ti0, (Thoe/pulp).

Pulp + alum + 2% Tydex (Tydex/pulp) + separate
addition of 10% T10, (T102/pulp).

Pulp + =lum + (10% T10, and 2% Kymene 1in a slurry)(Kymene/T10;)
Pulp + alum + (10% T10, and 2% Tydex in a slurry) (Tydex/TiOe)

# In runs 4, B, C, & D the pH 1s controlled by =lum addition,

E,F,G,&H = Pulp + alum + (10% T107 and 2% Kymene in a
T

slurry) (Kymene/T10,) and pH ls controlled
by NaOH and H,S04 independently from the
percent of Alum present.

E= 0% Alum, F= 2% aAlum, G= 4% Alum, and H= 67 Alum

I# =

J¥ =

Pulp + alum + (10% T10, and 2% Kymene 1ln a slurry)(Kymene/Ti0,)

Pulp + alum + (10% T10, and 2% Tydex in s slurry) (Tydex/TiO2)

# In runs I & J the alum controls pH until sheet formation where

all

sheets are adjusted independently of alum to pH 5.5.

-XIII-
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