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ASSTRACT

It has been reccgnized in the past that certa:n means of dispersing
titanium dioxide in paper yielded better results. An optimum dispersion
is one that results in the best optical efficiency o7 the pigment in the
sheet,

I an attempt to pinpoint the optimum conditions the fcllowing facts
were revealed. Increased mechanical action on the stock slightly increases
the brightness and opacity. Pigment addition tc higher consistency stock
increases brightness and opacity considerably. The alum agglomerated
impurities of soft water slightly increase opacity and decrease bright-
ness in unpigmented papers; do not appreciatly change tne optical pro-
perties of pigmented sheets. Untreated water probatly would magnify the
effects. Excessive use of pigment dispersant, or alum is detrimental to
brightness and opacity. Neither the order of addition of alum and pig-
ment, nor extending the time of mixing measurably change the optical pro-
perties.

Certain factors affecting the dispersion of titanium dioxide in paper
were revealed, but certain other mysteries about the pigment-fiber relat-
ionship still remain. Other means must bte found to resolve them since
small deviations and variations in handsheet formation and analysis are

unavoidatle, and tend to obscure results.
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LITERATURE SURVEY

Brightness and opacity are the principle optical properties of paper
and indicate quality. Today, the market for papers with nigh brightness
and opacity is exceedingly large. Writing, envel:cpe, putlication, photo-
graphic, reproduction and waxed grades of all sorts have been improved in
this direction to meet the growing needs of the consumer.

Many pigments are marketed today'which ennhance the optical properties
of paper. Some, like clay, have been in use for more than a century while
others, such as Ti0O,, are comparatively recent. The rate of increase of
titanium pigment consumption has been greater than the zrowth of the paper
industry itself. An estimated 185 thousand tons of TiO2 will be used by
the industry this year, as compared with less than about 10 thousand tons
in 1941,(1) The tremendous increase in the use of an expensive material
such as TiOp by an industry as cost censcious as the paper industry can
be explained by the fact that it does something no other pigment can do.
The average refractive index of TiO, 1s the highest known of any color-
less substance. Ffor this reason titanium dioxide has more "opacifying,"
or light scattering power per unit weight or volume than any other pigment.

Although optical properties are cften of paramount importance, other
properties including pnysical properties such as weight, strength, thick-
ness, and finish, and chemical properties including water, ink or oll
resistance, wet strength, and so on are also desired. Some papers have
additional specific use properties such as printabvility woich must be in-
corporated into the design of the sheet. Sheet specifications are gener-
ally interdependent. For example, a ten percent filler loading used to

(1) W.R. ¥illets, "Titanium Dioxide in Paper," Pulp % Paper, V.23, (3/29/65),
23.



obtain the desired ogacity mav result in a more than *olarzile reduction in

strength properties of the sheet.(2) Thus, Ti%Ts =ny Lo ‘-cessz=ry to achieve
toth optical and ohysical proverties when little filler fer fiber substli-
tution is possibtle.

Cpacity is a function of the scattering coefficient znu irightness

according tc the tneory of Kutelka and Munk.{3} In order %to raise opacity

at high brightness, the scattering power wmust te incressedl, The scuttering
power of each materisl in the sheet is, in turn, dependsni upon ths refra-
ctive index of the wmaterial, its shipe, and its dispersion in the system.

Due to the unavcidable expense of manufacturing titaniuc dicxide, the
most that the paper industry can do ts minimize trhe cost ¢ the pilegment is
to maximize the results of its use. Much time and effcri has already teen
spent investigating TiC, and its use in papermakiny systems. The scope of
this report is to conduct a iundamentszl investigaticr of & system composed
only of pigment, fiter, 2lur, and water, with arnhzsis cn dispersion of the
pigment rather than retention, since it is essentially the maximizatiorn of
dispersion which effects a maximization of scattering power. Retention of
the pigment is important, especially in an open system or one in which fur-
nish changes are frecsuent, tut tigh retention does not necessarily result
in an optimum dispersicn or maximum elficiency.

As is well knowsn, light 1s scattered whea it passes threuph adjacent
materials of different refractive indices. For example, tleached cellulcse
(ReIl.- 1.53) surrounded by air (R.I.- 1.00) appears bright and opaque be-
cause c¢f the difference in refractive indices. When fivers are crushed
(2) D.A. Hughes, "Xethods of Obtaining the Optical Properties of Papers

Containing Ti0p and Mixtures of TiO; and Other Fillers," Tappi 45,2,

159A-151A.

@) 4.B. Clark, "Ti0, in Papermaking," Paper Ind., V4§, hae.Ch, 394,

ol
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close together by calendering, or the air spaces Letwsszn the fibers are

filled by oil or wax, t.I. auceut 1.45, trhere is a loss of opacity and Yri-
ghtness because the difflerence in refractive indices is dimsinished.

Titaniur dioxide 1s produced in two forms, anatzse with a refractive
index of 2.55, and rutile with refractive index of .77, Ratile has a
more compact molecular structure. This fact is considered tc account for
its higher refractive index.(4) Theoretically then, rutile particles
have twenty or thirty percent more opacifying power thzn anatase particles,

In addition to the refractive index, the shape or geometiry of the
particle plays an important role in the development of scattering power
and consequently, opacity. Light scattering increases as the size of the
particle decreases to about half the wavelength < 1light, Retention of
the pigment alone is nct the final answer in tre maximization of the use
of TiOp for this reason. "Large clumps" of particles are not as effective
opacifiers as swall particles although they are more easily retained in
the fiber mat. Particle sizes below a half a wavelength are too small to
interfere with passing light rays, and so they are of 1little pigmentary
value. The maximum scattering efficlency is obtasined when the particles
are about 9.3 microns in diameter.(5)

The particles of titanium dioxide should be spaced about one wave-
length from each other in order to obtain maximum scattering and uniformity.
{(6) This would reguire each pigment particle in the sheet to be approx-
imately a half micron from the neighboring pigment particles.

However, a fiber mat is not such an orderly arrangement. Looking at
(4) Titanium Pigment Corporatien, Handbook, Copyright 19535, 13.

(5) Ibid., 18,

(6) H.B. Clark,"TiC, in Papermaking," Paper Ind., V.46, 294,
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one closely with 2 wmicroscove, one might compare 1t with Lne arraagement

in an amorphorous subtsiance with short range crder, tur certslaly nehb with

-

the orderly arrsnsesent cf atoms or mclecules of ¢ crvstalline substance,

The question of how pigrment carticles of any size are arranged ana heid
in the sheet is an imnortant one. Two principle thecries liave teen pro-
vosed.(?7) Mechanicsl filtration is one pooular thecry in which the 710,

2gglomerate particles are caught in the pores tetween bincen

by

ivers and
fibrils. Mechaniczl filtration dees nct involve the {crsstion 2f 3 chem-
ical wond betweern the pigment and fiber. rFactors atfectins the pore sizes
in the mat cr the particle agglomerate size will affect the retention.

An increase in the agglomerate size, reducing the pore size by bveating,

the use of gelatinuous materials such as aluminum nycrzte will improve the
retention. Reducing the drainage rate, snd increasing the basis weight

and consequently, mat thickness should also increase thelretention of pig-
ment particles,

The other theory of TiC, retentlon does invoive electrostatic attrac-
tion tetween pigment and fikter, and is frecuently refared tc as cofloccula-
tion. Etoth cellulose fibers and TiCO, particles have a negative charge in
water. Alum can neutralize the charge cf the pisment particles, and an
induced attractive force can develcp as the pigment contacts the surface
of a fiter. It has been obhserved that the coflocculation type forces be-
tween pigment and fitver is sufficlently great to withstand the flow of
water past it as the wet is formed. Coflocculation allows smaller partic-
les to e trapped in the mat than would be possible if mechanical filtra-
tion were the only mechanism. The drainage rate is the principle facter

(7) M.P. Boland and 2.J. DeWitt, "Evaluation of Cptical Properties,"
Paper Trade J., V.145, 2/13/61, 36-39.



affecting coflocculation of the pigment and fiber,

It is hoped that the factors affecting the light scattering power of
the pigment particles in the mat and the resultsnt sheet opacity as well
as the mechanisms of dispersion and retention of titanium dioxide in paper

will become more apparent as the experimental procedure is carried out.

n



CBJECTIVE & BXPERIMINTAL DESITY

The ctject of this study 1s to wmeasure the cpiical roperties of hand-

sheets, and relzte those croperties to the various c¢oueditions of nigment
13 h 3 N o

dispersion and stock prenaration.

The following list of materials, equipment, and methods cf analysis

pertain to all of the trials. Each trial involves the preparation of 2

5
beater of stock equivalent to 360 grams of COD fiber, and the formation of

four to seven sets of handsheets. About ten or twelve handsheets are in

each set, and represent a single set of experimental conditicns.

MATERIALS

Stock: The furnish for all trials was a mixture cf 75+ Thorso Hard-

wood Zleached Kraft and 255 Celgar Softwsod ileached Kraft.

TiCo: NJZ - AL10; characteristics: Type--m===-emeocccmcecaaea- AL
Refractive IndeXx-eee-av-a- 2.55
Specific Jravity---e--a—-- 3.9
Minimum Percent T102 ------ 98

Lbs Water/100Lts Pigment--30
Particle Size (microns)---0.30

Water: All water used in making furnishes and handsheets was soft
water, unless specified otherwise,
Alum: The stated welght in grams of granulated luminum sulfate

was disolved in water prior tc additicn to the stock or water system.

EQUIPMENT

Beater: The method described in TAPPI STANDARDS, T-200 was followed.
Sheetmcld: A Nobtle and Wood mold with proportioner, white water
storage and recirculation system was used.

Pressing: The handsheets were wet pressed and then removed from the
wires. & single stage pressing for 30 seconds at 50 psi in a Eritish

sheetmold press with plates faeing the felt sides of the handsheets

6



followed,

Drying: The handsheets were air dried at standard conditions in

in drying rings. They were tested at thowe ccnditions.

TESTI

NG

Sheet weight: In trials A, E, and C, rectanguiar srezs of 6.52

e DL

in.2 were cut from t:e handsheets and weigrhed ¢ an anslytical

balance. A punch press was used in trials D and

£y}

S to cut eir-

=

cular sheets =f 22,27 in.z area. They were welrhed on the same

balance as nad been used in the previous trialec, In the final

tabulation, all weights are orcporticnal to 22.27 in.2

Opacity: Eacli handsheet was tested twice on the wire side ard

o

twice on the felt side. Those readings were averaced., A Zausch

and Lomb cpacimeter with a digital read-out attachment was used.

grightness: 4n average of one felt side reading anc one wire side.

reading wss recorded. A G. E. Erightnes: tester was used.

Percent Ash: At the conclusion of the opticzl testing the hand-

sheets were ashed by subjecting them to 300 degrees Centigrade

for three hours.

1. Samples taken at time intervals show how much contact time be-

N

tween the pigment and fiters is necessary to obtain an optimum
dispersion.

Dry additicin of vigment in this trial will te compsred with sub-
sequeni, sliurry additions.

Low freeness will be compared with high [reeness in terme of op=-
r

tical efficiency and time reguired te attain it.

™
7
i



4. The order «f sddition of pigment and aiur will te reversed in
another trisl.

Trisl =~

1. To note the time for development of optical oroperties.

2. To determire the effect of the order of addition of :ilum and
pigment bty comparison with trizl A,

Myl o
Ld =

—
.

To note the time required for develcpment of cptieal proe-

perties,

2. To measure the effect of beating on opticasl properties.

Trial D-

1. To determine the effect of alum,

2. To eviluate slurry addition versus dry addition of pigment.

3. To note the effect 2f stock consistency as the pizment is
sdded, on the optical properties of the handsheets,

b, To note the effect of Calgon-T pigment dispersant.

Trial E-

1. To determine if the substitution of distilled water for tap
water ar{ects the optical properties of the handsheets.

2. To measure the affect of alum on optical properties.

3. To note the effect of using half as much pigment.



Beater Zonditions: '
Furnish----- - 360 grams 27 fiber

Aum-me-=-=-—- 30 zrans added at start

Tilp=m=mmm—== 35 grams added dry after Leatin
Sheet Mairing: Samples of 2.25 liters of stock were taken zt intervals;
tefore adding the pigment znd 10, 20, 35, and 7% =mirutes after adding it.
Bach sanple was diluted to 13.¢ liters und sets of handsreets were made
using spproximately 900 cc. of diluted stock per handsheet. Twelve liters
of fresi water were in the white water reservcir «t the Lezining of each
set. No alum or water was added tc the mold or system while making a set

Ky

cf handsheets. The sets were separately pressed and air dried at standard
conditions in drying rinrs.

The test results for each handsheet in trial A, labeled handsheet num-~
ver 1, 2, «.., are plctted sraphically in tables I throuyh IV, The hand-
sheet numbers alsc corresponc to the order of their Icrmation. This is also

true of triasls b through E,

g
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TRIAL b

Beater Conditious:
furnish--e--- 30 grams CD fiber

Algn=wsmm=e== 30 grams added 5 minutes after pigment

N

Consistency~- 1.85°

\

CiFmmmmmmmeme 260
Tilpw-==n~==== 35 ygrams added dry after besting to 260 CSF.,

Sheet Mzlkding: Samples of 2.25 liters were taken vefore the addition of
pigment and 10, 20, and 75 minutes ofter the addition. Each of these samples
were diluted tc 14 liters and a set of about ten handsheets were made from
each sample of stock. The water system was again closed, twelve liters of
fresh water was in the reservoir @t the start of each set, and the pH of the
white water was not controlled. This trial is the same as trial A, except

L

for the time of addition of alum to the beater,

The test results of the handsheets of trial Z are plotted graphically

T

in tablez V through VIII.

14



TABLE V

TRIAL B; HANDSHEET WEIGHT

1.4
1.2
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3



\®)

OFACLTY

TAZLE VI

91
90 70 minute sample
89

88

87
92

9

90 ali : 20 minute sample

88

92

91 \

90 //\ \ \/\/ 10 minute sample
/\/ S | .

5 Y. |

88/
87
70

69

67 \ Before addition of Tioz

66 \ 3
) N\

1 2 3 4 5 6 72 8 9 10
ST HANDSHEET NUMEER
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TRIAL C

Beater Conditions:

Furnighee~--- 3450 zrams OD fiber
AUriem— e ————- 3¢ zrams added at start

e o
Consistency-- 1,654

COf e 550
TiCz --------- 35 grams added dry after beating to 750 CSF,

Sheet Making: Samples of 1.4 liters were taken before the addition
of pigment and 10, 20, and 70 minutes after the addition. Bach cf the
samples was diluted tn 5.5 liters and 2.5 gram handsheets were made in
the same way as in preceding trials. Trial C is the same as trial A, ex-
cept for freeness.

Tables I¥ through YII show the test results of trial C.

19
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TRIA

e
(SUIS D]

~ A 2 A
eztar Conditions:

tr

furnish----- ~ 500 grams CD

-

Ti0pmmmmmmmmee

Sheet !laking: 3ample Set 1

Peater Sample----
Final Volumge=w—-

Addition:l Alum--

O an e o s v o o e m e

Saumple Set 2

feater Sample----
~inal Volume—=—--

Additional Alume--

Sempls Set 3

Seater Sample----
Final Volume-=---

Additional Alum--

L —— Sess

24

fiber

»one aaded to bheater

2.5 liters
14.3 liters in the nroportioner
None (pH- £.9)

nwone

¢.7 (final white water)

2.5 liters
14.2 liters in the proportioner
Yone (pH- 6.9)

100 ¢cc of & 2. disversion without
dispersant, added at proportioner

¢.9 (final white wster)

2.5 liters
14.3 1liters in the proportioner

15.5 grams to proportioner (pH- 5.5)
15.6 grams to reservoir (pH- 5.5

93.7 cc of the 27 dispersion used in set
2 added to propertioner after alum and
two handsheets were made.

5.5 (final white water)



5ﬁp1e---- 2.5 liters
Maal Volume---== 14,3 liters 1+ the oropertioner
Additional Alume- 0 grams to vronortioner(pil- 5.0)
£0 zrams tc reserveir (gH- 5.1)
Tilpmmmmommoaean £6,5 ce of the 2 dispersion used

in set Z, gdiea to vproeporiioner
after 2w, and two nzidsheets
were uade.

.2 (final white wanter)

p;l_.--——————————-o-

Samolc Set 3
Zeater Sample---- 2.5 liters

in3l Velume----- 14,3 liters in the oroportiener

additicnsl Alum-- 5 nrovortioner (pF- 4.4)

o
o reservolr (pH- 4.73)

Ti0A===== m—====-= Q2 cc of 2 2. dispersion with dispersant,
xdded to properitloner after aium, ard

twe handsheetbts were wmade,

Dlimmmcmmm e s 2,95 (final white water)

Sanple Set £
Heater Sample---- 2.5 liters

N

Final Volume----- 14 3 1liters in the propsrtioner

Additional Alum~- 3Q grams to proporticner (pH- 4.0)
0

rams to reservoir (pH- 3,93)

Approximately twelve handsheets were made from each beater sample in
the same way as in previcus trials, Twelve liters of fresn water was again
in the reservoir a2t the begining of each set.

The amount of TiC, slurry used for each set is based on the weight of
fiber in the propcrtioner, and should be equivalent to 35 grams of pigment
per 360 grams of CD fiber, &s was used in previous trials. The ratio of
pigment to fiber is actually close to ten percent since several three gram

samples of stock were removed during the beating cvcle for freeness tests.

25



The pignent was added after the rinal freeness was reached irn a2ll trials.
Befcre making handsheets, the stoclk was mixed thcroungily for ten minutes
after adding the pigrmeni slurry.

The beater sarples were tazken simultane:.sly. The bednlzte of the
beater was released while thie samples were taxen,

The folleowing taculation pertains to the pigment slurries used in

this trial:

Wt. TiC, Wt. Water Wt. Calgon-T Percent Solids
() (zn) (ow) Test 1 Test 2 Test 3
10 L30 one 2.1€ 209 o
10 430 J3.085 2.04 2.07 1.58

Handsheet test results are presented in tables <{III tihrough XVI.
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Beater Conditions:

TRIAL ©

Furnishe----- 360 grams CD fiber

Aumeeecaeee liore added to beater

Consistency-- 1.65.¢

CSFmmmmmmmman 250

Tiuz--------u Yione added tc beater

Hater--e-a---- Distilled

Sheet Making: Sample Set 1

Zeater Sample---- 2.5 liters
Final Volume----- 4.3 liters in the orovortioner
Aufieemrm————————— none
Nater-———c--—a-w-- Distilled
o) &,8

Sample Set 2
Beater Sample---- 2.5 liters

Finzl Volumee---- 14,3 liters

in the proportioner
) T P 30 grams to preportioner (pH- 4.0)

30 rrams to reservoir (pH- 4.1)

T30 —==c=ccc=c—=—= None

Water--eececccee-- Distilled

Sample Set 3

Seater Sample---- 2.5 liters

Final Volume-—--- 14,3 liters in the proportioner

J Y01 R —— 30 grams to proportioner (pH- 4,2)
30 grams to reservoir (p#- 4.3

Ti0, =mmmmm e e None

L
Natereeeecccaacaa- Soft water



Sample Set 4

Beater Sample---- 2.5 liters
Final Volume----- 14.3 liters in the proportioner

Alumeeccmamaeeeee 30 grams to proportioner (pH- 3.8)
30 grams to reservoir (pH- 3.8)

T10ymmsmemmennans 100 ce of a 17 slurry added after
the alum, and two handsheets had
been made.

Watereceeeacccaaa Distilled

Sanmple Set 5
Beater Sample---- 2.5 liters

Final Volume-==-- 14,3 liters in the proportioner
A= ————emmmmem 30 grams to proportioner (pH- 3.9)

30 grams to reservoir (pH- 4.0)
s 0. J N 10C cc of the 1Z slurry used in set 4
: was added after the alum, and two
handsheets had been made,
Water------------ Soft water
The 2.5 liter sample of stock for each sst of handsheets was taken
from the beater immediately after the final freeness was attained, as was
done in trial D. Handsheets were made in the same way as in all other
trials. The pigment slurry was again added to the diluted stock in the

proportioner. It was mixed ten minutes before the handsheets were made.

The follcwing is s tabulation ef the slurry data for this trial:

Wt. TiO, Wt. Water Wt. Calgon-T Percent Solids
(gm) = () (Zn) Test 1 Test 2 Test 3
10 950 0.085 1.02 1.01 1.00

Trial E testing results are presented in tables XYVII through XXI.
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TABLE XXII SUMMARY OF DATA

TRIAL SHEET WEIGHT AVERAGE OPACITY AVERAGE BRIGHTNESS AVERAGE PERCENT ASK REFERENCE
NO, {Gm/28,274lin?) () ) (9 NOTES
A

No TiO, 1.1628 1.9 7.1 1.6% 9.3 0.9% 1.82 4.25% 1

10 ning 1.1303 1.8% 89.6 1.0% 81.4 .65 7.92 €.1% 1

20 min. 11771 1.7% 88.7 0.8% 83.9 0.4% 7.58 9.0% 1

70 min. 1.2048 2.9% 91.2 0.94 82.6 0.4% 8.79 6.1% 1

b

No TiGp 0.9698 4,25 66.1 2.1% 72.4  0.9% 0.58 174 1

10 min. 1.1562 1.8¢ 90.0 9.9% 79.5 0.4% 8.23 5.2% 1, 4
20 min. 1.181C 6.8% 85.6 0.7k 80.5 0.9% .10 3.8% 1, 5
70 min. 1.3093 2.2% 90.3 t.1% 81.€ 0.4% 7.60 7.6% 1

C:

No TiO, 1.161C 1.6% 78.3 0.6% 76.8 0.3% 1.8 2.1 1, 2
1C wint 1.1077 4.8:% 89.0 1.0% 32,5 Q.65 5.33 L4.7% 1

20 wmin. 1.1397 3.1% 89.9 1.2% 84,5 0,3% 6.40 13% 1

70 win. 1.1472 1.6k 90.6 0.3% s, 4 0,28 6.55 b 1

D:

Set 1 1.2236 0.3» 74.2 0.3% 74,6 0.4% 1.63 72,15

Set 2 1.1916 0.74 33,0 0.7% 80.6 O.bx 4,E9 4.7k

Set 3 1.1850 2.4% 85.8 0.9% 3.7 O.hx 7.18 3.8%

Set 4 1.1827 2.8% 81.9 2.24 8C.4 0.3% 5.08 £,9%

et S 1.1750 2.1% 82.9 0.3% 33.1 0.8% 7.22 3.2 5
3et 6 1.1845 1.8 30.9 0.9% 81.1 0.5% L.06& 4,2 3

B:

Set 1 1.1546 0.1y 71,9 1.1 7€.0 N.he c.30 104

Set 2 1.1725 0.75 71.3 2.2/ 76.8 1,00 046 15y

set 3 1.1158  2.9% PH.l o L.0L 80.7 0.8 2,79 1k%

Set 4 1.1493  2.4% 77.6 0.5% %2.0 0.5% 2.4 3,7 3
Set & 1,273 4,25 79.3 0.5% 82.4 0.5% h,35 3,7k 3

Reference notes: 1. Average sheet weignt converted from 5.5213 in.2 basis to 28.2744 1n.2 busis.
2. Shneet number & ommitted.

3. Sheets #1 and #2 ommitted.

L, Ash sample from sheet #8 ommitted.

2

. Ash sample from sheet #1 ommitted.

The deviations are the average deviation of the sheets in each set from the mean value cf that set.



Cutline of Experimental Conditions:
P

The furnishes for 211 of the trizgls was a mizture of ?5: hardwood and

255 softwood bleached kraft pulps. Tap water was used throughout, except

where specified,

every case,

Trial A-
Trial 5
Trial C-

Trial D-

Trial E-

30 gm.

The alum was dissolved befcre addition tc the system in

alum to beater, beat to 260 C3F, 10 TiC, «ided dry.

Beat tc 260 C3F, 10% Ti0, added dry, then 30 gm. slum sdded.

30 am.

30 gm.

alum to beater, beat to 550 CSF, 10 TiC, adced dry.

alum to beater, beat to 230 CSF, sawples for six sets of

handsheets takern. T102 and additionsl «lum to be added in white

water system.

Set 1.

Set 2.

Set 3.

Set 4.

Set 5.

Set 6.

No Tilp, no additional alum, pH- 4.8.

¥o 2dditional alum, 104 TiO, added to proportioner in a

2: slurry. pH- £.G.

31 gm. sdditional alum, 10% TiC, added to proportioner in
a 2: slurry. pil- 5.5.

160 gm. additional alum, 10% TiC, added to proportioner in
a 2% slurry. bpH- 5.1.

3¢ grn. additional alum, 10% TiG, added to proportic:er in
3 27 slurry with Calgon-T dispersant. pH~ 4.35.

160 gn. additional alum, 105 TiC, added to proportioner in

@ 2. slurry with Calgon-T dispersant. pH- 4.0.

Fo alum, no TiCp, beat to 260 CSF, samples for five sets of hand-

sheets taken.

Set 1.

Set 2.

Distilled water, no 2lum, no TiOz.

Distilled water, 60 gm. alum, no TiC,, pH- 4,0.

39



.
M
—-
e o]
Cc.
-
[ )
fa
4
s -
— Sy
i} S
~
. . 4
vy n
N
N N
= a -
o
i o
= ) Cu
2 (&) o
] 3]

- F

o (4™
At -l
£ +

-

2 (=) :
o 3 A
“\‘

- 139 -
5 1)
=3 ik o

— e r4
% [
(&

)

4
] O
) )

Ma
-~ »s -
(& e
(63] 3 D
+ < -2
% -4 o
= — =

ort
4 + -+
() ) Ly
@) 94 <
tn WJ o0
. . .
o o U
4+ +> +>

() (04 (]
n W) [€p2

-~



TAELE XXIII. TABULATICN OF THE SCATTERING COEFFICIENT OF T10, IN THE HANDSHEETS

TRIAL EXPERINMENTAL CALCULATED % CONTRIBUTIONS TO ASH SX Ssheet
NO., PERCENT ASE FIBER TiCy OTHER

A:

No Tioz 1.82 .5 0 1.32 1.76 1.51
10 min,. 7092 05 6-1 1-32 3072 3-29
20 min. 7.58 .5 5.8 1.32 3.82 3.24
70 min, 8.79 5 7.0 1.32 3.95 3.28
ot

No Ti0; 0.58 05 ¢ 0 1.28 1.32
10 min. g.23 55 b.& 1.15 3.68 3.08
20 min. '3.10 QS 6'5 1'15 3.72 3.18
70 min, 7.6C 1 £.0 1.15 3.350 2.98
C:

yc TiG, 1.04 55 0 a2} 2.13 1.83
10 min. 5.33 .5 3.9 Sk 3.72 3.36
20 win. €.L0 .5 5.0 o4 4,03 3.49
70 min. 6.55 Ob 5-1 o;u [J..‘IO 3'57
W]

Set 1 1.68 o3 C 1.2 1.75 1.43
Set 2 4,69 o5 3.0 1.2 2.72 2.28
Set 3 7.18 5 3.0 3.7 3.15 2.66
Set 4 5.08 ) 3.0 1.6 2.50 2.11
Set 3 5.22 o3 Sk S0 2.50 2,38
Set € 7.06 o5 2.0 1.6 2.40 2.03
JOF:

3at 1 0.30 o5 Q 0 1,5 1.2
Set 2 D.4E .5 0 o 1.60 1.13%
Set 3 3.7% 95 0 5 1.87 1.6%
Set & 2.41 55) 2.0 ) 2.13 1.25
Set 5 4.86 .5 1.1 2.3 2.38 1.57
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DISCU3SIOH

The actual data collected in each trial 1s creseanted goraphically for
easy compariscn. Trends in the data resulting from the recirculation of
the white water do not aprear ian them. The averzge value {or each set and

I

the average deviaticn are listed in tatle ¥¥II on paze 20 . an dutline of
the conditions in each trial is on pige 2%, The general concluasions were
drawn from tables ¥ZI1 and X¥XIII. The average deviation of the handsheet
weights was generally less than two percent, correspending to stout a pound
variation in a basis weight of 45 pounds per 25i40-500 ream size (1.17gm/
28.27 in.? equuls 451bs/25¢40-500). The variatien of the opacity and bri-
ghtness were both less than one percent in most cases., The greatest dev-
iations occurred in the percent ash tests, btut it was expected tecause of
the inherent uncertainties in the calculatioa of the percent ash, and because
swall changes in small numerical figures reflect larger percentage fluct-
uations than when dealing with larger figsures., The average deviation in
the ash percentage was in the crder of five percent in wmost cof the sets,

The opacity of paper is dependent upon the thickness of the sheet, and
conseguently, on the basis weight. It was concluded howevar that the range
of sheet weights in the trials were sutfficiently small that = correction
facter for opascity was unnecessary. Attempts tc correct the opacity for
sheet weight were unsuccessful; they appeared to increase the uncertainty
of the results.

The contrituticn of the ilmpurities in the water to the percent ash of
the handsheets was much greater than originally assumed. Softened water
was used vecause cf its availabllity and ample supply. Its purity was

checked visually Gty cowparing a ten centimeter cellumn of the softened



water with a tern cewntimeter colluinn o0 distilled wzter, totn were tacked

by a white sheet., Tha water wzs not used il s diirfsrencs in cclor was seen.
A1l water was checiked zefcre use. Revertheless, @ sisnifizent gquantity of
aium agglomerated waterials were present in the shests, and undoutvtedly
affected the optical properties. Distilled water should have Leen used

in all of the trials.

The beater, sheetmnold, white water system, snd 1] related eguipment
were scroupously cleaned witn hot detergent scluticn, end thoroughly rin-
sed before esch trial. The svstem was rinsed between each set of handsheets,
Hew wires and s wet press lelt were waintained and used solely for these
trials. Jteost care was taken to avoid introducing foreisn materials,
and some meaningful cenclusicns can te drawn frowm the dsts.,

Trial E, set 2 and set 3 show & three point opacity increase and a four
peint brightness increase ss a result of using distilled water rather than
scftened water in the white watér si'stem, o Tng was present. With
about two percent 7 T» 1n the handsheets there was practically no differ-
ence in the brightness =nd opacity by using distilled water. The small
difference in opucity is more likely due to sheet weight. These results
are shown by trial I, set 4 and set &.

Trial E, set 1 arnd set 2 show that alum has no effect on the optical
properties of vuper by itself when using distillied water and ac TiCs in
the system. The effect of alum when TiC, was present can Le seen in
trial D, sets 2, 3, and 4, Mo Jalgon-T dispersant was used. There was
a three point increas= in btrightness snd opacity with 31 grams of alum in
the system, and a slight decrease ia toth properties when 160 grams of alum

were used, Excessive use of alum is detrimental to tre optical properties.
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Calgon-T dispersant was added to the pigment slurry in *rial D, set 5 and
set 6., The ontical prcperties were agein higher {(twc o0ints) when 30 grams
of alum were used, than when 160 grams of sluz were initially in tre water
system, The retenticn of tne pigment was alsc higher in btoth cases,

The order of addition of the pigment anc alum to the system seems to
have had negligitle effect on the brightness or cpscity, as caix be seen
by comparing trizl A with trisl 3. The scattering power of the nigment
and the retention were also asout equal in the two trials.

Looking at trizls 4, 2, and C, it 1s apparent that the optical pro-
perties change very little with wmixing. The results after 70 minutes of
circulation in the beater were the same as thcse obtained 10 wminutes after
adding the pigment to the beater.

Trials A and T were the same except that the freeness of the stock
in C was 300 peints higher than in A, However, a2g2in there was not a sub-
stantial difference in the optical properties. The scattering power of
the pigment in the less refined stock wus considerably zreater, possibly
indicating a better distribution throughout the fibers. Almcst the same
amount of pigment was trupoed in the handsheets of the two trials. The
less refined stock caught slightly less pigment as expected. This result
tends to rule out mechanical filtration as the primary means of incorpor-
ating pigment in the mat. The fact that the properties did not change
with mixing also supports electrostatic attraction of coflocculation theory,
since wiring in the beater for 70 wminutes would inevitavly do sufficient
work on the fiters that an increase in the pigment concentration in the
sheets with mixing would result if sechanical filtration were the primary
mechanisn.

The effect of Calgon-T pigment dispersant can be seen by comparing



trial D, sets 3 versus 5, snd sets 4 versus . The optical ={ficiency of
the plgment was decrezsed by ihe diswersant. There was three points less
opacity in set 5, but the brichtness and asn were atcut the same as set 3.
The optical efficiency was about the same in the second csse, sets 4 ver-
sus 6, with 160 grams of alum in the system.

The consistency of the stock at the tiﬁe of addition of pigment made
a considerable difference in the optical properties of subtsequent hand-
sheets. The average opacity of all handsheets carresponding to pigment
addition in the beater, 1.67 percent consistency, was 8%9.5 percent, and
those corresponding to addition of pigment in the proporticner, 0.003
percent consistency, averaged 82.9 percent opscity. Thus, mixing TiO2
in higher consistency stocks resulted in greater optical efficiency and
retention. The particles were in more intimate contact with fibers at high-
er consistency. These results indicate that mocst ¢f the retention of TiQ»>
in the handsheets was due to coflocculation tefore sheet formation, rather
than mechanically trapping the particles as the mat formed. The bright-
ness results of both types of addition were about identical.

Judging the overall experimental results, it is felt that the basic
mechanisms of retention and dispersion of titanium dioxide particles in
paper were not adequately uncovered. The natural uncertainties in making
similer furnishes and handsheets may mask the effects of the changing var-
iables. In regards to subsequent testing, the reliability of the opacity
readings should be noted in trial E, which was rechecked. Both values
(each value is the average of four readings per handsheet.) are plotted,
ané are very similar. Dut, the significance of the macroscopiz measurements

of opacity and brigttress are of wore practical value than teools for basic

bs



theoretical enlightenment. It is felt that a means sther than handsneet
analysis should ®e used to gzain further insight into the TiT. purticle-

fiver relaticnsiip in the sheet.



APPENDIY

Calculation of the Scattering Power of TiCp (2)

Formulas:  Spi0, = Soaper - (1 - 2a) Syuys
a=b-c
1¢0
where, a = percent pigment in the paper,
b = percent ash in the paper,
¢ = percent ash in the pulp,
5 = specific scattering coefficient of the sheet tested,
5¥ = scattering power of the sheet of pzper,
;and Y = sheel weight

It was assumecd that the contribution of the pulp to the percent ash
was 0.5 percent in s1) of the trials. It was alsc assumed that the amount
of pigment and agglomerates resulting from the impurities i the water belng
flocculated by alum was the same for each set of a given trial as that cal-
culated frowm a single set of the trisil, provided the concentration of pig-
ment or alum wac nci changed, For exsnple, in trial 4, set 1, with no pig-
ment, it was corncluded that 1.32 nercent of the total as® was alum- water
impurity complexes since no plsmeni was present. It was concluded that the
1.32 percent was constant for the other tnree parts of trial &, so the
contributions of pigment in those parts ¢ould then be estimated. The 1.15
percent in trial E is the average of the calculoted values of trials A, C,
and D.

Admittedly, the uncertainty of the percentages is large. It is an
attempt te show trends only. The average btrightness, Ry, and average opacity,
30‘39. were used tc find S¥. The sheet weight, ¥, was in zrams per 23,27 in.2
so the scattering ccefficients are relative rather than specific,

(&) ¥M.P. Bolang % 3.3. DeWitt, "Evaluation of Cptical Properties," Paper
Trade J. 145, p.37,Feb, 13, 1961,
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