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"ABSTRACT

‘In an effort to;redﬁce the intake of fresh water into a mill a
greater quan;ity~of white watef must be recycled to meet the demdnds
6f productipn. Unless some acﬁion is taken,fconfihued reusé'of the’
watér p:odﬁcés‘dvbadly.deteriofated papermaking'systém.

If i; bélieved that the build up of free acid and éulfate ions‘

frqm'the éddition bf_papermaker's alum causes the degradation. ,A

beﬁch trial using a Noblg and Wood handsheet maker capable of recircu-

lating white water was used to duplicate such a deteriorated system and

‘then to restoré it with the introduction of Ba(OH)Q. The hydroxides

would neuﬁralize the acidity while the barium would precipitate the sul-

fate, giving'a finé'white'pigment: a filler formed in situ.

An offset furniéh consisting of. equal aﬁounté Qf»bleaéhed héfd&ddd '

znd bleachad seftweed krz
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L% baaed o; Q.D; fiver content and alumfﬁasyadded at the raﬁe of
2%. Deionized water ‘was used;in.the Beater and as make up water in thg
sheet mold. No‘other water waé added to the clqsed system.‘ 5% Ba(OH) 7
wés introduced iﬁ?o thé system‘following its deterioratiqgf

White water tésts ébowedtimmediate red@gtion.in the ngal’acidi;y»énd
sulfate ion concentration. Handshéet testé.revéaied impro&emgntsiiﬁ opa- e

city, brightness and sizing with only moderate'decrease{id'tensilg,despite
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g.,,

‘the inq:eased QShkéontent.; A Slurfy solids check indicated virtually-

a complete ptegipifation‘of all baripm added. Reteﬁtion of - BaS0,
avéraged‘aboﬁt‘SBZ.“"

The theofetical'feasibility_of such a reaction is now a reality.

‘Results were favorable but the_ecbnomics ianlyed were not. So, other

 less qostly-aﬁd.léss.efficient means of controlling the‘papefmaking

syétem'will.be utilized for now. -
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INTRODUCTION

Influenced by popular support for pollutioﬁ abatement and spurredb
on by state and federal regulations regarding conservation, the pulp
and paper indﬁstry has found it necessary to incréase its efforts to
réduce the quantity and improving the quality of.emissioné to iand,
air, and water by increasing ﬁhe recycling and reusing of its raw ma-
terials. This effortzdemands a greater understanding of the numerous
variables involved; for to close a system and allow‘only limited‘flows
in or out is not an easy task.. In a closed system‘the conditioné :
affecting it are,dynamic; the concentration of chemicals involved4is
changing, temperature is changing, acidity is éhanginé, solids content
is chapging, etc.. These changes cantadversely affect the systeﬁkand'in .
turn the product(being made. Only through invesfigation can information
be collected which will aid in comprehénding the interrelationshipsfin—

volved and in devising means for control and improvement.




LITERATURE SURVEY

Water and Its Reuse

Comparative water requirements show that the puip and paper in-
dustry is among the top four industrial categoriés that require large
amounts of water. Based upon total water needs for all industry, paper
and allied products utilize 14.7% of the total. Being cognizant of the
value of good water and its conservation dictates that water can be re-
used as much as possible before being eliminated. Only thirty-five
years ago it was generally believed that water could notvbe reused with-
out sacrificing too much of the quality of paper. Currently the péper
and allied industry reuses 191% of its water intake (1l). Yet in the‘
interést of water conservation and in preparation for future needs'thié
may not be enbugh.

Reuse of water serves many purposes, amoﬁgAwhich are conservation
of water, reducﬁion Qf the amount of waste in compliance with state and
federal pollution regulationms, conservation of heat, and conservation of
fiber and other raw materials. In a closed system, the rich white water
can be used in phe beater and for stock dilution prior to its passage

to the headbox. When this water demand is satisfied the remaining white

water, together with any remaining lean water, is sent to a save-all. The

save-all effluent is used in the sprays and showers and when necessary
for make-up. Otherwise, it is sewered.

Theoretically, it would be possiblé‘to

x ek

completely close a mill or

machine system so that the required make up water would be used only to




repleniéh that which is retained by the finished papef and that which is

lost by evaporation.‘ However, this is difficult to achieve‘in practice,
because conditions may be created that favor the growth and accretion of
slime forming micro-organisms, drainage problems could become more acute
and sheet formationvmay Be adversely affected, odqr‘ﬁroblems may likely
déQelop or become moré troublesome, Sh0wer§‘woﬁld tend to plué more
frequently, color and grade changes prevent carry-over to another'ruh;
and most important, the quality‘of the‘paper\produced would most likely
deteriorate. So in practice, mills are‘discﬁérging'some of.theif used
water to avoid these problems.

Sizing, Hypothesis

Sizing is one area of paper éuality which.shows;mérked changéé with :,
increasing reuse of water. In fact, a briéf éurvey Qf resource matérial
indicates‘tha;-lOOZirecirculation of whit¢ water may'léad tb pa&ly'dé{i: .
teriorated ;izing“and sheet strength‘uﬁless.more and more Si;iﬁg éhgmicéls
afe added or some of the offending chémicéls'afé ﬁeufralized; dr; as_inT‘
normal practices; some of the accumulated éhemiééis_are purgéd‘from'the
system. As of this writing, two experi%éntél trials Based~9n 100% closé&
white water systems bear out the abovgfexpggtg;iéns_(g, 3). |

Since the filler and fines content of white water tends to level out

while sizing decrease continues, it is‘believéd that the-bdiid;ﬁP*waffee:ri'*'
acid and sulfate ion from the additio#\°f 5é§ermake£YSzé;um cause;££é“%é£i
harm. On production‘rﬁﬁs with partially;ciégéd“white”water<systemé{fﬁgq’
is added to neutrélizé the system, thus-pre&eﬁfiug;acid bgild—up. Buftﬁ

nothing is done about sulfate ion concentration}_,True,'in a partially




cloéed system the build-up may not be too great; however; in a fullybclosed.\
system the concentration may become sufficient when considered as part of‘
all the ions competing for positions duriné the.alﬁm-rosin interaction
to produce poor sizing. To test this hypothesis it woula Be necessary to
remove the sulfate ions from the systém and check the results of sized
sheets. Investigation of available chemicals‘for the remqval job yielded
3a(on)2 as a possibility. Barium would preciﬁitate the sulfate in the
white water system, forming BaSO4 in situﬂ This fine, white solid couid:
be retained as a filler or separated from the systém to bg used as a pig—'\
ment for coating. The anion portion of Bé(OH)z, namely.the hydroxides,
coﬁld effectively control the acidity and thus eliminate the need fof NaOH
addition. The overall reaction shoﬁld'look sométhing iike'this:

Alp(S04)3 + H30" + Ba(OH), + Rosin soap —

Al (Resinate)b+'BaSO¢L+ HZO |

Before formulation of any kind of experimeptal procedure can begin,
a better understanding of sizing; iférhisgory,‘mechanism/and limitations,
must be obtained Lhrough a thorough literature seérgh. In addition, re-
search must be done on the acceptabili;y of Ba(OH)9 as’an‘active ingredieﬁt
in the proposedkreaction. If Ba804 is to be uéed as a filler, a basic undérf
standing éf loading is needed and, in particulér,'the po£ential of BaS0y |
as a filler must be established. ther Qses might prove to be more feasibié;4i_
so uses in other areas shouid be consideréd.xlln order that this "shot gun"
approach to sizing improvemeﬁt be accepted, it m?st be économically plau-

sible, so a cost analysis must be included to investigate this. .
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Sizing, Surface-and Internal

Celiulose is a very hydrophilic substance and pulp fiBer surfaces
have a high specific‘sﬁrfacé energy. Thus, water readily wets these
surfaces.‘ The poroﬁs structure or paper makes it act like é sponge in
thé presence of liquids and hence it must be treated with various‘sizing
agents to impart repellency.

When an aqueous liquid is placed on the surface of papér, it must
first wet the fibers, after which it is drawn into the shget structure -
by the caﬁillary action of the pores or spaces between tﬁe fibers. In:
addition, the liquid tends to spread out on the surface 6f the sﬁeet.
Liduid can élso benetrate into thé paper and élong its surface by paths
through the fibers themselves by diffusion.

Regérdless of the strucfure of paper, a sizing agent should make
the fiber surfaces hydrbphdbic, so that the contacf angie betweenvthe
aqerus.liquid and the fiber wall is very high thus fesisfiﬁg penetration
and feathering. Thus, any effective sizing agent must either be hydro-
phqbic or contain a hydroﬁhobic subétituent group. vThese muét becomé'

oriented on the cellulose substrate so that the hydrophobic groups be-

‘come'the exposed surface. The sizing agent should be applied in such a

way as to become strongly attached to the fiber. Finally, the sizing ma-
terial should be well distributed over the fiber surface in something less

than complete monolayer coverage yet still sufficient to effect good sizing

and a high contact éngle;
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_Papermaking terminology calls paper which has no‘éizing.at all;
water leaf; increasing degrees of sizing are‘termed‘lightlyfsized or.
slack-sized; and well sized or hard-sized. .

Nearly all grades of paper are sizea to'éomé extenﬁ to meet de-
finite requirements.  This is done thréugh two principal processes:
surface sizing and internal sizing. External or tﬁb siziﬁg (as surface
siziﬁg is aiso called) is aé old, historicaliy, as paper itself. When
paper was invented in China, it was treated Qith sizing solutions of glue
or other adhesives to improve its writing chgragteristics. ABasically{
surface sizing involves the application of avéiZing~agent té.the surface.
of the partially dried web and is done iﬁha éize ﬁuB,ASiée'press orvon the
calender.» Surfaceisized papers generaily aléo contain ihtgrnal sizef

Internal sizing, also known as éngine or béa;er or wét-end §izing,
consists of mixipg a sizing agent witﬁ a fibro&s furﬁish and then formiﬁgv
the entire mass into a sheet containiﬁg-a.reiafiveiy uniform;distributibpv'r
of fibers and sizing agent. Treatment‘ofipéﬁeruﬁith intéfnal sizing ageﬂts
not only affects sizing, but it also has “a definite effect on the other pro;
perites of péper. Large amounts of some‘éizing égents ére detrimental to
both optigal and éhysicai proﬁérties. iRosih!éize_éﬁd paraffin wax afé the
principal materials used for internal sizing. dther'materialé-ﬁéed'include
asphalt and éynthetié'sizing agents like‘hyArécarEon resiﬁs,ZQariodé polymers 

and other chemically reactive materials.
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Rosin

Most internal sizing is done with rosin size becéuse it is rela-
tively cheap, reliable and reasonably effective. A 1960 survey of U.S.
paper mills feported that 162,000 tons of rosin and rosin size were used
for sizing. This>is about half of the total ﬁonnage of sizing materials
consumed that year (4).

In 1807 the rosin sizing process was introduced by Moritz Illig of
Germany. Illig démonstrated that resistance to the penetration of water

in paper could be accomplished by co-reacting rosin size with paper-

maker'é alum (aluminum sulfate) to produce rosin size precipitate in éitu
which becomes "fixed" to the pulp fibers. This precipitate becomes the
actual sizing agent in the dried sheet.

Rosin is a:brittle, yvellow or amber-colored natural fesin. The three
types of rosin are desighated as gum rosin, wood rosin and tall oil rosin.
tlodern refining processes have made them essentially equivalent from the

viewpoint of sizing efficiency. Gum rosin is obtained by tapping live

southern pines from early spring to late fall; the oleoresin that exudes

is collected and steam-distilled to yield rdsin‘and tdfpengine. Wood rosin
is obtained from stumps and roots which are chipped gnd then $o1vent-ex—
tracted to yield rosin and turpentine. Tall.oil rosin is obtained as a
by-product when pulp is made from southern pine by.the kraftlprocess.
Black, foaﬁy alkaline.tall 0il skimmings from.spent cooking liquOrkare

neutralized, washed and then vacuum-distilled to yield rosin and fhttyfééids.
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Chemically,.rosin is a glassy;“amdrphous material thét softens at
temperatureé between 75 and 95°C. It consists primarily of sevefal dif-
ferent monocarboxylic resin écids ofvalkylated'hydrophehanthrene structures
having the empiricél‘formula C19H(27 to 33)¢OOH.(M.W. 302.24). The resin
acids are‘divided-into two general structufél typeg; abietic and pimaric.
Thése acidé have Varying degrees of unéaturation and chemical reactivity.
Their carboxyl substituents ére sterically hindered so that they are cén—
siderably‘weaker than acetic acid. THe bulky hydro carbon portion of a
resinvacid provides considerable shiélding of the relatively smail polar
carboxyl group.:  Thus, when properly oriented,_these molecu}es serve as-
very effective hydrophoBic coating for surfaces. Resiﬁ acidé are soluble
in,ﬁost organic solvents, but ére eégentially insoluble in'wéter. ‘The
resin acid component of rosin accounts for about 90% pf the tptal material.
The remainder consists of neuﬁrals éuch as resinous alcohols, estefs,
ketones, fatty compounds and various h&drocarbons.

Rosin is converted into rosin size by cooking with alkali in either
an open or a pressure cooker to produce a product containing varying amounts
of "free" rosin depending on the degree of saponification of rosin by alkali;
either sodium carbonate or sodium hydroxide{may be'used;~ ;gportant char-
acteristics of rosin size are total solids content, free'rosin content and
alkaiiniﬁy.

Industriai suppliers have modified rosin and rosin siée to improVe such
properties as softening ﬁoint, resistéﬁce to okidation; color, stability,

handleability and sizing efficiency.’ SizingAeffiéiency“isvaccomplishéd with
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a better base rosin coupled with additives which yields a much smaller
particle size, is more effective against agglomeraﬁion‘and is eésier to
attaﬁh to the fibers.. |

Development of fortified rosin siZe\wés-done’by incorporatiné.a
certain amount of the maleic anhydride'or-fﬁmafic écid adduét of rosin
to the final product. The levopimarié acid in the size adds two caf4
boxyls making a total of three acid carboxyi groups per molecule. In-
creased reactivity increases efficiency, éspécially in hard;to—sizehsys—
tems. Commercial fortified sizes are sold under tﬁe names of'"Pexél“,'
'"Marsize", and "Cyfor".

Since high free rosin'produceé better sizing'and'gses leés‘alum
to set, a protected‘rosin size was intréduéed thch eﬁplo§s a;prot¢ctivé_

colloid to prepare highly stable size containing as high as 90% free ro-

sin. Advantages over ordinary rosin size include non-interference of cal-
cium or magnesium ions, better sizing at lower acidity and no special pre-
cautions necessary in diluting or handling. Commercial names of this type

of size are "Bewoid" and "Prosize'.

Choice between the various types of commercial'sizes availablé orxof.
mill made size (Delthirna process) depends largely on thehgﬁade of paper

being made, the requirements necessary,. and the local"conditionéﬂthat‘pre— "‘

vail. Commercial types may be supplied\dry”or'in:pASte‘fOrﬁwdébéﬁdihg‘Qﬁ“‘ 

e

the needs of the mill. For additional diséﬁssion‘dn‘the.typeéfb

consult Casey-(éj and Schwalbe (g).}“'” ¥7W“fuf' 77;‘ ‘  ‘4f5a;
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‘Alum (M.W. 666.41) is made from bauxite or high-alumina clay

which is digested for several hours with-sulﬁhuricAacid. The product

when dried is alumingm sulfate, A12(804)3,*wifh 14 to 18 molecules of

water of crystalization. Only 207 of the alum used foday is dried;
the rest is shipped in liquid form as a 50%r$olﬁpi;n. |

When dissoived in water, alum diséociateS‘inté sﬁlfate ions and
hexahydrated, trivalent aluminum ions thé# underéo chcessive‘stages

of hydrolysis as follows:

ALy (804)3.18 Hy0 + Hy0 —> 2 AL(Hy0)g "> + 3 50,72 + 6H,0

AL(Hy)g' + Hp0 —> AL(OH)5 "2 + H,0t

AL(OH) (Hy0) s % + HyO —> AL (0H) 5 (Hy0), 1 + H o'l

3

0 ﬁAl(OH)-:i(‘HzO)é +m,0tl -

Al(OH)z(H20)4+l + H 3

2

Increased acidity produced by these rgaptionsVlimits"the‘degree'offls,

hydrolysis. A 2.57 pulp slurry in distilled'@étéf,f&iuméd;ﬁo a.pH éf
4.5, represents a s&stem involving pe:haéé 26%:firét—gtepjh§A¥olyéis'(Z).
The acidic system buffers at a pH of aboutu4.0 bécaﬁserqf hyd}olysis
equilibrium and because of the in—agtivéfion 6f some- of thé trivalent
aluminum species by complexation with sulfate ions (§)}

An alumed system, therefore, contains ;'small émount,Qf,active acidi;y
(pH) and a large‘reserve of potential acidity;JEIhié acidity serves to

acidify the sodium resinate present in the siZe:and'to neutralize any alka-

line materials in the pulp and water suspensiOnQi Important points to con-

sider so far as the composition of an alum solution is concerned are total

solids content, pH value, total acidity éndfalumihé>contentt»\" .
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An aqueous dispersion of rosin size cqnéists 6f suspended particles
0.1 to 0.5 in diameter, soap micelles perhaps 50 A in diameter, and
individual resinate ions. The pH of this systeﬁ ranges from 8.0 to 9.5
depending on the concentration of the dispefsion with less than 1% hy-
drolisis of the resinate (7). Depending oﬁ the degree of saponification,
the suspended particles are composed of rosinlneut;als and free resin
acids. Since the usual sizing process is below the critical micelle con-
centration for resin acids, only suspended'particles and individual -ions

will be present.
Alum

To get desired results, the rosin size must bé precipitated éhto the
fibers. Unless this is done a good portion of the size will be washed ffom :
the sheet and little change in water holdout will be notiéed. Acids,”acid_3
salts or salts of alkalihe’eartﬁ metals can bé used but SiZin8 ié nOFjés
good nor as permanent as that obtained withyalﬁm. Geﬁérally, reports show
decreasing effectiveness in order of qlum salts, chromium, iron manganese
and nickel. |

Papermakers traditionally refer to aluminum sulfate as "alum" although

it is not true alum at all. Because it is similar in appearance and effect
to one of the true alums, aluminum potassium sulfate, which was originally

and commonly used to precipitate size, the name "stuck".
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Rosin and Alum Addition

The amount of rosin size used depends upon tﬁe functional require-
ments demanded of the paper as well as the éfficiency of the sizing
process. Amounts vary from 0% size in absorbenf papers to 5% size in-
some specialty grades. It has become ankestablished fact thét sizing
does not increase in direct proportion to the amount of sizing agent
added. Greatest change per increment of addi;ionalvsize is obtained in

a range of about 0.75 to 1.5% size based on pulp weight. Above this

'range efficiency decreases, but end use may demand that'greater amounts

be used.

Theoretically, approximately 0;3Apound of alum would be required»to’
ﬁrecipitate one pound of rosin size askaluminum,resinaté; However, in;~ 
practice, a ration of alum to rosin varies from 1 to 1 to 3 to l; _Thé
ratio depends upon the amount of size used, théMcﬁa%acter bf‘stock beiﬁg
used, the character of the water used’énd the amount of wafef’reused.

It is‘desirable to add the size ahd the~aium at an éarly stage to
provide for their uniform distribution in the pulp’slurry, as well as

adequate time for size precipitate formation. Addition of both chemical

reactants prior to final pulp refining is not advisable. Usual procedure
has rosin size addition preceding alum addition; however, reversed order

may give better results in some systems, especially those with hard:water.
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Chemistry of Internal Sizing

Although the Illig sizing reaction has beenviﬁ use for some 150
years, it is nof completely understood. Originally, sodium or potassium
salts were reacted with rosin until neutral. The resulting rosin size
Qas added to the pulp in the beater and precipatéd with alum. This was
‘considered to be simple double decomposition where water-fepellent
aluminum resinate was precipitated and soluble alkali sﬁlfate would be
formed as a waste by-product.

Later on it was found that satisfactory sizing would also result

if some of the rosin was not fully saponified. To explain this, Wurster

in 1879 stated that sizing was due to the precipitation of free rosin

b and that alum was merely a rosin precipitant; the incidental aluminum

resinate that wés formed was beliéved to be inactive (2).

Price;s (lg) study df rosin pfééiﬁitates showed thatzéHemical comj
position varies o?er a wide range ﬁithéﬁt affectingJSizing efficiencf;
Aluminum diresinate, aluminum monoresinate, and free-rosin héVé beenlfound
i present in rosin size precipitates.

Since the initiation of the rosin sizing process, the literature on

- paper sizing has become voluminous. Most: of it'is'thé result of a con-"
troversy which has persisted between proponents of the colloidal theory
and the proponents of the ionic theory as: related to the role of disso-

ciated alum.
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‘Sieber (11), Osﬁwald and Lorenz (12) were among the first to ex-
plain the sizing reaction in terms of édlloid chémistry; Basically they
believed that sizing occurred because of the-reaétion bétween.the nega—' '
tively charged rosin particles, negativeiykcharged.fibers and the positively
chafged colloidal aluminum hydroxide; alumina,.fqrﬁed by thé hydrolysié of
aium. The alumina particles are attracted.to the negativeiy.charged pﬁip
fibers. When a sufficient amount has beeq attracted, the fibers take on
a positive charge and these attract apd hqld the,negatively éharged rosin
particles‘to form a water-repelling complex.

Ostwald and Lorenz (12) show tha; the bestaéizigg was'obtained at the
isoelectric poinﬁ; too little alumina left fhe fiBer and rosin size nega-
tively charged, while too much alumina‘made fhem positiVely gharged. Eacﬁ;,
condition yielded poor sizing. According-to theo¥y, a pH below 4:0,gives
unsatisfactory sizing because no alumina'is formed (}l)T‘VSome'aluﬁina is5
present at a pH of 10, but is ineffective as a fixing égent Eecaﬁse of,tﬁe‘
stabilizing action of hydroxyl ions on the rééin/size,r Martin_and Wiiléﬁs
(13) found that éll‘alum added to a pulp'furﬁishris ad§orbed_;s élumina up
to an addition up to about 4.0%; beyond this ambunF éfficienpy,decreaséd;
Increased beating, increased gtock_ailutioﬁténd:increased\;emperaturé aé;.
pear to favor the adsorbtion of alumina byﬂééiluléée (2);

In general, anions tend to lower the positive éharge on alumina,
making it less effective as a "fixer"'between rosin and cellulose. Although

some sulfate ion is necessary for the coagulation of rosin-alumina complex '
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on the fibers, the sizeable build-up in a white water system acéounts
for the lowered sizing value (14). ihus, glum produées aiumina and
supplies sulfate ions for its coagulation withrrgsin sizerand.cellulose.
Along with the others, Calkin (15) supports the colloidal theory
of rosin sizing first presented by Lorenz in 1923. It is his contention
that alumina binds rosin to the fiberé by electrbstétic fofqes as Wéil
as orienting it so that the hydrophobic énd protrodes outward away from
the fiber. |
It was Price (16) who said that éiumina; as, such, was not part of
the regular size precipitate. Alumina, she maintained, may be formed byri

the reaction of excess alkali in an alumed system and may be coprecipi- -

‘tated with rosin, but this alumina has no beneficial effect on sizing

and may when present in excessive amounts be detrimentél. The fact thaﬁ'
the greatest amount of alumina is formed at a pH of 6'whefegs the»beét
sizihg is obtained in a system where the pH is in a range of 4.5 to 5.5.
This éives further evidence that alumina is not the/active'fixing agent.

Consequently, another theory deveioped Lo:expiain the,bbnding.me—
chanism; the aluminum ion theory. Price (17), Davison (18) and others
believe that precipitation proceeds by‘thé simple interactiop of cationic
and anionic species. The hydroxyl groups on ﬁydrolyzed aluminum ions may
be replaced by anions, provided their coordihation ability isistronger than
that of hydroxyl ion or if their concentratidn is sufficien;ly higher.

Thus, in the presence of resin acid anion, various aluminum rosin salts
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may depending upon the molar ratios of the reactants. Ekwall and Bruun
(19) concluded from their studies that under‘ideal conditions the siziﬁg
“material is dibasic aluminum monoresinate. Guide's (20) work.on reaction
products showed that the size precipitateé were not stoichiometric com-
poundé but coprecipitates of several compounds dependent 6n fhe abietate—‘
ito—aluminum ratio and is independent of pH. It is not unreasoﬁable to
assume that polymeric products may also result from the alum precipitatidn
of rosin size since some Al-0-Al bonds would be expected to fulfill maxi;
mum coordination of the aluminum. Steric hindrance would beéome a factor

when considering the feasibility of a cross-linked strucfure @

Chemical analysis and solvent extraction have suggéstéd that size

precipitate is an equimolar mixture of free rosin acids and aluminum

diresinate (17). Davison's (18) infrared- and thermal—pyrolysishdata re-
vealed the presencé of 1.2 molecules of free resin écid, leaving 1.9 re-
sinate groups associated with each aluminum atom in the precipitate as
indicated by the following formula:

Al(Ab)l.g(OH)l,l(H20)1.7 +.1.2 Hab + 0.6n

Further chemical analysis demonstrates the absence of aluminum hydro-

|
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xide as an independent molecular species; further refuting the old alumina
theory (Z). Examination of rosin size precipated in water containing common
impurities such as hardness or alkalinity reflects the effect of environ-

mental influences and can easily be explained by the ionic mechanism (18).
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The two theories become fused at this point since propoﬁents of
the ionic theory lend support to the electrostatic theory of Ostwald
and Lorenz (12) to explain the mechanism for retention of the rosin .
size precipitate on the cellulose.

Since both aluminum diresenate and free resin acid are very in;
soluble in water, they aggregate to form precipitate particles. Néu—
trals are also precipitated and have resihaﬁe ions attached fo the
particle -surfaces. The aluminum salts on the precipitate particles
makes them positively charged in water.while cellulose pulp surfaces
possess a negative charge even in the presence of alum ggllygg). Rapid
growth of size precipitate particles is terminated by thé attraction énd
retention of cellulose. Thode and co-workers (23) Vere among the first
researchers to endorse‘this theory and regard alum as the agent creétipg v
a positively charged rosin size precipitate. :Based on his study,;Cuide~;'
(20) concludes that retention of size precipitate is:avéfrdng function;
of the electrokinetic potential of the precipitate particles which in tprn
depends upon the composition of thé precipitate,kthe pH of the slﬁrry; and
the presence of‘ions in the system.

Improved electrokinetic techniques have led investigators to revise
the siﬁple electrostatic concept to encompass recent  findings. Micro-
electrophoresis applied to a system of ceiluloég fines yieided Strazdins
(Zﬁ) results which he believes controls the rate of interaction of oppositely

charged colloids. The electrokinetic surface charge acts like a '"valve"
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that'regulates the sizing reaction. ‘Strazdins finds-that a low ievel
of counteriens can be beneficial because of the moderatiﬁg effect‘on
the positively charged hydrated aluminum. This moderating effect tends
to prevent excessive agglomeration of the_size particles allowing a
more uniform distribution on the'fibef surfaces. ;

Vandenberg and Spurlin (22) report that various wood pulps contain

. up to 0.57 anionic, water-soluble ployuronides that are readily absorbed

by the rosin size precipitate and cellulose. The action of these water
solubles is to moderate the positive charge of size precipitate patticles
while exerting a protective colloid ection that decreases agglomeration |
of these particles. Thus, a more even distribution of finer partieles
over the fiber surfaees is permitted.

. Attachment of the rosin size precipitate  -to cellulqse‘may depend on
simple physical adsorption or electroetatic ettractioe._ Permanent bonding
results from the role of the pulp's carboxyl content in cotalent bOnding'
or in the coordination of aluminum ions located on the surfaees of precipi-

tate particles. Aluminum may also coordinate to cellulose hydroxyl groups.

. Beyond this chemical bonding activity, some physical bonding may occur

since the tacky‘rosin derivatives readily stick to various surfaces.

Thus, the shortkrange Van der Waals forces are the most probablyA
source of ultimate bonding. Strazdins (24) postulates that the long range
eleetrostatic forces are superimposed on the Van der Waals forces. Van-
derberg and Spuriin (22) believe actual chemical binding is tﬁe result of

salt formation and chelation of uronic acid groups. : Thomas (25) suggested
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the inclusion of a hydroxyl group from the cellulose into the olated
dimer of aluminum monoresinate. The work of Yiannos (26) suppdrts the
idga that the aluminum resinate is chemically bound to the fiber surface
through acidic carboxyl groups or similar exchange sites. Cobb and Lowe
(27), similarly, believe that the aluminum-rosin complex is bound to the
fibers through the‘coordinate valences of the aluminum ion.

A review of the proposed chemical mechénisms of the rosin. sizing
process shows a good deal of overlap in certain'areas. As predicted by
Griffin and Little in 1894 the true theory may lie between the two ex-
tremes. Proponents of ionization must admit some effective colloidal

precipitation and colloidal proponents must admit some ionization 9).

Fiber Coverage By Size Precipitate

Size particles, after drying, are distributed in a discqntinuogs,
latticelike, stratified formation throughout the sheet partly covering
the fibers and partly filling the voids between the fibers (28). Barthel
(29) and other investigators corroborate this description through their
use of the electron microscope. Davison (18) and Hock (30) report that
the sized pulp fibers appear speckled with tiny (o.l diameter) roundish
particles, distributed singly and in clusters. ’Examinatiogﬂof samples
dried at elevated temperatures revealed a flatﬁening of the particles

as the precipitated material fused, flowed and spread over the fiber sur-

face losing a good deal of individual distinction (18). Thus, it wqdld'
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appear the degree of sizing depends on the number of particles inter-

mixed with fibers and their proximity to one another.

Factors Affecting Sizing

Nearly all components on the furnish affect the sizing value. | :, ;
Physical conditions to which the stoék is subjected, such as amount of
" beating, temperature of the stock, érder of'addition of-components,

andling of stock on the wire and conditions of pressing and drying all
influenge sizing results.
1. Pulps

There is a great difference between pulps in respect to their“ease'of
sizing. An approximate correlation exists betweén-puip sizeability and

pulp impurities content. Unbleached pulps, in genérél are easier to size

; - then bleached ones. Cotton linters, a relatively pure form of cellulose,
are extremely difficult to size. Wilson (31) believes that the ion ex-
change properties of pulp determine the number of bonds availéble for fix-

ing rosin size precipitate on the fibers and that the greater exchange

potential of the impure pulps explains their ease of sizing. Also, the

presence of natural resins in unbleached pulps improves sizing they are

i
{
i
;

basically sizing agents themselves.

2. Fresh and White Water

(Acidity and Alkalinity)
The pH of a pulp slurry has a profound effect on sizing development and

can cause premature precipitation of rosin size. Maximum sizing is achieved
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at a certain bH which varies slightly with environmental factors according
to Watkins (32). Casey (3) states fhe best and mosf efficient sizing is
obtaihed at a pH between 4.5 and 5.5 at the wire. Extremes in system pH
must be avoided since neither yield good sizing. Precipitaﬁion‘of rosin
size with acid alone gives only negligible sizing. Alkaline'consumption‘
of aluminum ions results in poor sizing when alkalinity becomes excessive.
Strazdins (24) found good éorrelation between sizing efficiency and pH.
Guide's ggg)bstudies showed that a high positive charge on size precipi-
tate was favored by a low pH (approximately 5.0).

Lewis and Bowman's work (2) with a 100% closed white water system led
them to believe that free acid, not sulfaﬁe ion concentration, was the
offender causing strength and sizingtdeterioration.A Britt (7) concurs with
this finding. Watkins (32) discussion of the adverse effect of high total "
acidity on sizing development lends further support. Total acidity, as de- |
termined by titration, depends on the amount of alum added in order to re-

duce the pH to the desired level. Continued water recycle may lead to .a

highly buffered system requiring larger amounts of alum to reduce the pH;
If such a system develops, the la;ge quantity of aluminum in various
stages of hydrolysis causes a high total aéidity‘and reduces éizing.

In order to reduce the undesirableveffects of an»impfoper pH either
an acid or alkali substance is added to the system. Addition of low cost
HZSO4 lowers the pH to the desired range‘with at times impréved sizing
results (17). To improve a pH that is téo*low, a smail amount of alkali,

usually NaOH, can be metered in. This has the desired result of raising




22

the pH for imérovéd siziﬁg as weil as reducing equipment corrbsion, ex—
tending wire life and improving sheeﬁ strengﬁh apd permanance; Sodium‘- - ‘:x;: f
éluminate, an alkaline'sdurce df alﬁmina, is used in combination with
alum for_precipitation of rosiﬁ'size'with good rgsuits over a wide range
of pH.

A total acidity of 50 to 200 ppm'is acéeétable for‘wﬁite water in
a recirculated system. ﬁigher values of 4004800\ppm canrcéﬁse poorer
sizing due to lower rdsin retention. W.M.U.'s polldtion study Q}) en-
countered poor sizing at highracidity.

(Calcium Salts) - :. : a 7 o A ) ‘ :“g

Excessively hard water is ijéctionabie'tb the:sizing'process. “Jayme |
and Arledter (§§) maintain that a small amountipf calcium is not bbject— o
ionable as it acts és an eleétrolyte promotiﬁg siéing. C;lcium resinate
is an ineffective siziﬁg agent and has a:floc size too small for good‘re;_
tention (gﬁ). Pfice (34) contends the effect of hard watér’on sizing‘ae%‘: '
pends somewhat on the pH of the system. If sofﬁening is not feasiblé;.
treatment with H250, or alum prior to size addition is helpful.

(Aluminum Content)

Excess alum should be avoided. A residue ofVS to 10-ppm aluminum at
a pH of 4.5 in white water is recommended (6).

(Sulfate Ion Concentration)

A high’coﬁceﬁtfation of sulfate ions reduces the éoordipatioﬁ of\fosiﬁ
with aiumiﬁum aﬁdrdepresseé tﬁe electric charge-(é). Cobb ahd Lowe (27)

maintain that the organic ions such as oxalate, citrate, tartrate and the
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inorganic ions, sulfate and phosphate may become detrimental at suffi-
cient concentrations. Guide (gg) favors a;low concentration of easily ab-

sorbed anions in the sizing suspension and emphasized the elimination

~

~of such species as sulfate. Casey (5) feels the circulation of too much

white water is harmful because excessrsnlfate/ion buiid—up;in the system.
Wilson (35) nresented evidence that large quantities of aulfate and other
inorganic anions are detrimental to sizing; 'Collins, Davis, and Rowland
(36) find that sulfate anion reduces4e1ectronhoretic mobility of,alnmina
flocs formed by aluminum chloride while_Thode and co;workersr(gi) hane_
shown that excessive sulfate ion decreasea net enrtacerpotential.‘ Van-
denberg and Spurlin (22) note similar findings. Strazdins ggﬁ) iS,Pf the
opinion that the reduction in electrokinetic charge of aluminnm ion_by
sulfate counteriona does not necessarily mean a loss inrits avaiiable?
positive charge and a commensurate loss in sizing. Aa noted earlier, he
feels rather that the sulfate ion controis tne.rate:ofdinteraction of the
Various species. Before a final judgment can be made about the Suifate |
ion's role, consideration of»environmentaljfactorsvare neceesary. Such
things as pH, concentrations of chemicals uaed, rate of nixing, colloidal
state of rosin, contact time and desired longevit& of paper produced muat
be taken into account (37). Strazdins (24) doesmfeel that-under condié

tions where the pulp furnish contains inorganic salts, highly negative

residual lignins, other coordinating'organic'acids'and fillers, most of

which heavily tax. the cationic nature of the addedualum, a build-up- in
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sulfate content could further aggravate the serious shortage of;the
positive charges‘and be detrimental to sizing.

Lewis and Bowman (g) found a continual increasg in sulfate ion
concentration over the course of their run, yet maintain that total

acidity was the real offender. The W.M.U. étudy (3) had sulfate ion

~concentrations. on the range of 500-1500 ppm and noticed some sizing

decrease.

To combat the effects of excessive sulfate ion conéentrations,
general.practice dictates the sewering of some white water. Some milis
replace some alum with sodium aluminate to lower ﬁhe'rate of sulfate
build-up. Schwalbe (6) mentions the use of calcium hydrOXidé‘td neu-
tralize sulfate ions.

3. Rosin Size

The type of roéin size used makeé a good deélkof difference in the
sizing results.. While regular size.eghibits good siéiﬁg under most con-
ditions, fortified size, with its higher anionic charge, lowers the
positive charge of the alumina to give a mére uniform distribution of
smaller size particles and, thus, Better sizing.. With varying mill con-
ditions and véryiﬁg pulp sizing réquirements,the right size must be se-
lected to meet these needs.

4, Additives and Modifiers

Many modifiers have been introduced into the pulp slurries in hopes

of improving sizing efficiency. They include carboxymethyl cellﬁlose;

urea-formaldehyde and other wet—stréhgth resins; starch and natural gums .,




Following the‘findings of Véndenberg‘and Spurlin (gg) such‘things as
gum arabic and ﬁectin were added. It is believed ﬁhese_addiﬁives im—
prove the degree of dispersion of the size ﬁreéipitate and iﬁproVe its
distribution bn the fibers.

5. Fillers

B Fillers have an adverse effect on sizing. .SOme arerrgactive'with'
alum. .Because to this it is generally best‘to ada them after the'tosin

size and alum.

6. Physical Treatment

As a general rule, more beéting gives higher sizing; This is due
pa#tly to the decrease in porosiﬁy of the paper énd partly to_thé in—>
creased expoéure of greater fiber surface. With extensive‘beatiné a
bit mdré rosin"size should be used’or the regular dosage wi;l be.ﬁrécif
pitated too sparsely to be‘fully‘efféctiVe.

If insufficien;‘time is éllowed for distribution of Size before
alum addition; uneven sizing will pesdlt. Contact;tiﬁe befween rosin
size and fibers éhould be sufficientlyriéng to alloﬁ‘mixing‘buprnot ex—
cessive for once alum is added ﬁﬁdue'dela& is bad.’ |

Good distribution‘is obtained at a conéistency of 4\§d:6% where in-
termolecular distances are of reasonabie 1eﬁgth. Foaming in‘thevsystéﬁ
tends to conéentfate size at the surfacerof the air bubles and therefore

inhibits distribution.
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7. ‘'emperature

Good results with rosin sizing areimore diffiqult to achieve in warm
water than in cold. Many mills have encountered severe reductions in
sizing efficiency when their wet ends operate at higher temperatures.
Price (38) studied temperature effects in a'range‘of 16° to 50°C and
fdund lowest temperatures gave best results. Whefe possible, tempera-
tures should be maintained below about 35°C (2). If this is not possible,
the time during which size and alum are both present in the heated stock

should be minimized.

8. Sheet Formation

Nearly all vafiables in‘the wet end operation éffegt thébformation of
the finished sheet and, therefore, sizing. Retentioh of fibep and-filler
fines has a considerable effect on results and their recircuiation from
save-alls canbbring noted sizing improvements;‘ Twofsidedness'is aAproblem_
with sizing too and differences in sizing are apparent.

Wet pressing can help sizing or hurt it. Variation in the treatment
of the two sides of tﬁe»sheet sometimes shows up as two-sidedness. Un-
even preséing across the sheet results in uneven sizing.

9. Drying

Elevated-temperature drying of sized paper improves-the degree of

sizing obtained. Davison (18) states that better mobility of the size
precipitate during high temperature drying explains improvement. At ele-
vated temperatures the size‘precipitatéﬂténds to 'spread and further pbly—

merize leading to better fiber coverage. A reorientation of polar substitutes
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oécursAmaking the sized surfaces more hydrophobic and immbbile, giving
a well-bonded, protective coating. This anchoré thé‘precipitate in a
position which gives a high, stable contact angle. Electronmicrographs
illustrate these changés (18,30).

Jayme and Arledter (33) investigated the gintéring temperatures of -
various rosin sizes. For a fully saponified rosin a temperature of 123°C
was requifed. A size with a free rosin content of 37% needed 117°C while
one with a free rosin content of 66% needed 112°C. All three sizes gave
about 507 higher sizing values when dried at lAOOC.instead of 100°C.
Davison (l§) found that a fully saponified rosiﬁ’size acidified with acid
and then with alum had a sintering‘teﬁperature‘bf 68° - 75°C‘and updn
analysis 797 free rosin acid.

The proper drying rate and temperature profile needed to promote

maximum sizing depends on production requirements, environmental conditions

and equipment limitations. If temperature is raised too rapidly, rosin size

precipitate attachment to the fibers;wili be disrupted by the action of
escaping vapor. Migration of the précipitate may occur:under sévere_condi—
tions. A graduate teﬁperature increase is :desirable as the weB proceeds
through tHe dryers with maximum temperafqre being reachedgyheﬁ the sheét
solids are in the 45 to 55% range.

Streaky sizing can be prevented‘by control of dryer felt dryness across

the machine width and by uniform paper felt“dréws‘(g).
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10. Caiendering;

Machine calendefing of a sized sheet wi;l_subétantiallyrlower the
degree of sizing. Loss varies with the degfee of éizing and the grade
and weight pf the paper. Sﬁpercalendered sheets pretreafed‘with steamb

often show improved sizing.

Sodium Aluminate

Sodium aluminate, Na2A1204, is an alkaline source of alumina con-
taihing about three times as much alumina as alum. This alumina is in

the form of a negatiﬁe radical., Used in conjunction with alum, sodium

-aluminate offers independent control of the pH and the amount of alumina

added to the sysfem. ~For an equivalenf amount of élﬁﬁina,fsqdium alumi-

nate ﬁlus alum_édds oﬁly 1/4 the amount of sg}fate ion as is;édded'by:‘ 

alum and sodium hydroxide, as shown' below. N ‘
A15(S0,), + 3 Na,Al,0, —= 4A12034-“+“3Na2'80.4

4A12(SO4)3 + 24 NaOH —= 4Al + 12 Na,SO0

2% * 4

Product bulletins (39) claim better, more uniform sizing‘because of
less acidity and a lower sulfate ionréoﬁcenfration; increased retention_dug
to its coagulating quélities; improved fofmatioﬁ with lesﬁ“two—si&édness;__,
a cleaner macﬁine‘system with less fines dé?osition; imerQed‘paper'strenéth
because of a higher‘résidual pH in the fiﬁiéhéd'papéfj loWe§~£oaming tendency1'

of the slurry; and reduced corrosion in the.waterisystém because of'higher pH.
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Improved sizing development at a higher pHrhasrbeenvreported by
Chene (40), and Coursault (41) when using an alumraluminate‘system.

Dohne and Libby (37), using a recirculated white water system, pro-
duced satisfactory sizing with 2.57% of a:lOOZ free rosin size, 0.5%
sodium aluminate and 17 alum at a pH’just underlé.; Another study Ob‘-‘
tained géod results by precipitation Qf 2% of 10% free rosin'size with
0.7% sodium alumihate and 1.87% alum at a pH just over 6. Without white
water recirculation sizing took place at a pH as ﬁigh as 8.

Addition may be made prior to réfining to aid pulp swelling. The
alum is added last after the rosin sizg.- Others recommend the reyerse"
order with sodium aluminate last to the fan pumb. Amounts‘rahge from
0.1 to 0.5 with anything over that being rare. Optiﬁum pH‘fof sd&ium
aluminate used in sizing is in the viéinity of 5.5 ~ 5.?. |

Sodium aluminate may be obtained in:granular form énd then‘dissolQed
on location in water to form a 5 to 15% solﬁtion:' It may’also be pur?;~
chased in liduid form with elimination df the solutién méke—up equipmenf.

The effectiveness of sodium aluminate depepds on the enviroﬂmental
conditions encountered; Excessive agitétion should be‘avﬁided when ﬁixing
or handling since carEon dioxide precipitéfes alumina. Since it is an
alkaliﬁe product,‘caré should be taken to prevent'contact,ﬁitﬁ eyes, skin f
or clothing. Bécauée'of its rather high cqst_only limited additiqn in

severe cases is sensible.
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Fillers and Loading

Formed in situ with the additipn of Ba(QH)2 tb the alum-rosin
system, BaSQ4 has the potential éf being a filler. It is good then
to consider fillers and loéding in general and then consider the possi-
ble usage of barium sulfate as such a filler.

Loading or filling means the incorporation of.inorganic materials
into the fibrous web to iﬁprove the quality of the paper by filling the
voids between the fiberé and making a smoother more even sheet surface.
Fillers are used in amounts varying from 2 to 40% of sheet weight with ‘
4 to 15% being a good average. They may be added dry to the’beater or
be slurried and the metered into the‘beater,or mixing‘chest. Calcium
carbonate andicalcium silicate can both be prépared’by in'situ_metﬁods
in the beater; thus, forming pigment directly in the stock (5). |

Suitable pigments impro&e brightness and opacity, Bgsis weight,‘

sheet density, softness, smoothness, finish, and ink receptivity and

printability. They also improve the appearance and absorbency of paper as -

well as increasing the density. Less pitch trouble is encountered in pa-
per stocks containing appreciable amounts of filler.
Use of a high percentage of filler results in certain undesirable

effects, chief of which are a decrease in internal strength dve to the

.reduction of fiber—to—fiber bohding'and a decrease in sizing,.especially

'~ above the 10 to 15% range. Bulk is decreased since pigment is heavier
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than fiber consequently increases weight more than thickness. A high

concentration of filler on the felt side and a low content on the wire:

side causes marked two-sidedness. Poor attachment of filler in the web

can cause dusting. Poor retention interferes with efficient machine

~operation and good paper quality.

Willets (42) states that the perfect filler should have the following

characteristics:

1.

8.

It should have a reflectance of 1002 in all wéve lengths
of light.

It should have a high refractive index.

It should be free of grit of extranedhs matter and
have a particle size distribution of élose to’0.3bL,
approximately half the wave 1engthrof‘visible lighf.
It should héve a low specific gravity-andlbe soft
and nonabrasive. |

It should be able to impart to paper a surface cap-
able of taking any finish from the lowest matte to .
the highest gloss. |

It should be chemically inert and insolﬁble.

It should be reasonable in price.

It should be completely retained.

High pigment retention is desirable from the standpoint of reducing

pigment loss, especially the expensive ones. With the use of an efficient

water system retentions as high as 85 - 957 are obtained with the average
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arouﬁd 60 to 70%. Many pigment properties affgct retention; among them -
are solubility, speéiﬁic gravity, particle shéperand éize and degree of
diépersion. Other additives in the system'dé'afféct rétention. Practi—
cal knowledge indicates that retention'iﬁéréasesgﬁitﬂ iﬁcreaéed sheet
weight?-increased stock refining, increaéed é;ziné, increaséd:fibéf
léngth.of stock, increased recirculatiéﬁ of white water and incréased
tempefature. Reténtion decreases with:iqcréased machine speed, incréaéed,
suction, increased dilution of stock, increésed éhake, increased size of
wire mesh‘aﬁd higher pH values. |
| Casey (5) includes a lisf of theories thcﬁ'explain retention. Aﬁongr
them are filtration of particles at tﬁérintérstices between fibersiﬁmeéhan—"
ical attachment of pigment to imperfecfions in:fiber:wall surfaces,‘ad—ii
sorptionkof pigment on the fiber surfacé,'capill;;j agtractibn of the pig-.
ment’ in:the pores of the fiber, diffﬁsiop'of’?;éﬁént'intbfthé}lumensvof
the fibers and coflocculation of pigmentrwichrQSin p;eéiéitateror fiber
debris. Haslém and Steele (43) found filler fé bé rétaine& by'fiitfation-_
(a small amount), coflocculation (a'laréefamount),'and ﬁééhéhicél ét;échj-
ment (about 30%). Martin and Willets (lé).eﬁpﬁaéize colloidal factors in-
volving élumina and eiectrostatic attraction. Hemstock and’Swansén gﬁﬁ)f
believe the theorieérof stability of ﬁéri§us_g§lloids are directly‘appli—'
cable to filler reteﬁtion; Johnson (ﬁé)'éonclﬁded f#om.his work that fhe’
electric charge of both fiber_and pigmént:afféét“réfehtién.

Opposing retentidn férces is the sgééfiﬁg strésé of,the watef.aé iﬁf

flows out of the forming mat.
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Alum aidé retention through simple flocculation. It acts to aggre-—
gate the finer pigmgnts into larger particles which can be more readily
filtered ouﬁ in the wet sheet. Béyond flocéulation, alum in its alumina

vfofm is adsorbed by the negative fibers, making positive sites wHich
attract and hold negatively charged fillers. Alum alone ié ﬁot as effec- .
1ti§e as alum and alkali as little alumina is formed. pH should bermain—
tained between 5 and:6 for maximum retention.

Fillers should be furnished to the beater before alum is added in
order to insure even distribution before flocculation is begun. Alum

should be added to the system at a point of maximum dilution and suffi-

cient time allowed for floc formation.

BaSO,, M.W. 233.43

‘Specific investigation of §a$04 is now in order. If evaiuétion of
its ﬁse as a filler prdves disérediting, other uses must be considered.
BaSO4 is available as the ground, naturgl mineral, barite, or as an
artificially precipitated material, blanc-fi#e. Thevprecipitatéd filler
is obtained by reacting sulfuriébaCid with barium carbonate or barites)
or it is‘the by-product in the manufacture 6f hydfogen peroxide. Blanc’
fixe is occasionally produced iﬁ the beater Ey reacting barium chloride
and sodium sulfate.
a It‘isione of the heaviest white pigments,’practically insoluble. in
water and not éttacked by acidkorlélkali. BaSo, has aifefraétiveiindex

of 1.64 while cellulose's is'l.53,»glay's is 1.56, and TiOz's;is 2.70.




The scattering coefficient of blanc fixe is no better than most clays.
Brightness or reflectance at 457 mu is pomparable to TiOz‘at about 95%.
Particle size is 0.5 or about twice.the optimum éf 0.25. Particle shape
is cylindrical or acicular. Abrasiveness is comparable to clay and
slightly less than TiOp. BaSO0,'s high specific gravity, 4.35, results
in poor retention and two-sidedness. It has the lowest specific volume
(0.22):of all fillers. Consequently, BaSO4 is rarely used as aAfiller
in North America and then only in specialty:printing_and art papersbthatv
are required to lay flat (46). None of its_proper;ies,‘including cost,
indicate any appreciable use as a filler beyond quite_limitéd and spec-
ializéd application (47). |

By far the largest use of purified blanc fixe is for coating photoﬁ
graphic papers. Because of its properties, it gives good oﬁacity, high
brightness and an improved surface at a reasonable price. "~BaS04 is also
used in x-ray photography for purposes of medical diagnosis. Its use as
an adulterant or filler for rubber, paint, oil cloth‘and linoleum requires .
little or no purification. Oil;well drilling make»use of its share of |

BaSO4. Artificial ivory is made in part of blanc fixe.

Ba(OH), 8H20 M.W. 315.50 .

Barium hydroxide is a white or transparent crystalline substance which
is moderately soluble in water (1 gram dissolves in 11.6 ml of water). It

forms a strong alkaline aqueous solution considered moderately basic when
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compared to sodiumvhydroxide. Care must be. taken when handling this

chemical for basic solutions are very caustic and the barium ions are

poisonous.

Cost Analysis

In order for this application of Ba(OH)2 to the white water systém
to be accepted if it does prove to be effective,.the cost of such an
application must be reasonable. To be reasbngble’it must‘be comparaﬁlé
to the_cﬁrrént price structure for a given~degree of sizing. |

~Calculations are made using a 1% rosin ZZnalum‘make—up and is based
on one ton of bone dry paper. The conventional rosin-alum process neu;

tralized with sodium hydroxide would have the following cost:

666.4 mw 302. 2 mw : .98 mw

4A12(804)3 18H20 + 16 Resinates ———9‘8A1(Res)2 + 12H SO4 + 48 HZO
40# 20# , 17.6#
40 mw -
12 H 804 + 24 NaOH — Na SO4 + 24 HZO
14, 3¢ ,
Alum 40# X $4.30/100# = $1.72 Total Cost $5.01/tbn of paper
Rosin 20# X $13. /1004 = $2.60 | |
NaOH14.3# X $4.80/100# = .69 o

Substitution of sodium aluminate for part of the alum added would

give tﬁese results. (0.5% of sodium aluminate and 1.0% of alum)

666.4 mw - 218.3 mw ©302.2 mw
4L, (so,) 3 18H20 + 3 Na A1204 -3H,0 + 16 Resinates —>
20 164 o 204 -

8 AL(R), + 15H,0 + 3 Na,S0,
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Alum 20# X $4.39/100# = $0.86
NaAluminate 10# X $8.50/100# =  $.85 Total Cost $4.31/ton of paper
Rosin 20# X $13/100# = $2.60

Addition of Ba(OH)Z to the rosin-alum system would give the cost

‘breakdown ‘below if all the BaSo0, couid be utilized. For a given basis

weight the filler retained would replace a certain amount of fiber thus
reducing the overall cost of the finished paper.

4 A1,(S04), .18 H,O + 16 Resinate —>8ALl (R), + 12 H,S0, + 48 H,0

4o# 2 204 7.64 2
4 315.5 mw 233.4 mw
12 sto4 + 12 Ba (OH), .8 H20~—ﬁ>12 Baso, + 120 H,0
' 56.2# 424
Alum 40# X $4.30/100# = $+1.72
Rosin 20# X $13/100# = +2.60 ~ Total Cost $7.82/ton of paper

Ba(OH), 56.2# X $12/100# +6.75
BaSO, 42# X $7.75/100# = -3.25
The cost does seem reasonable if 100% of the BasO, is retained in

the sheet and no further work needs to be done to separate it from the

white water system for some other use. To assume 100% retention of BaS0,

is a bit optimistic and therefore, further costs would be encountered in

the separating process.: . -
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'EXPERIMENTAL PROCEDURE -

Schedule

Control sheets will be made first using beateh pulp only‘and these’
will be used for comparison.withvall other wo;k;' Secoﬁdly, sheets made
with pulp and sizing materials willlbe made usigg recircﬁlated white
water for a éheck of strength and éizing decréaée with continued'recycl- _
ing. Thirdly, Ba(OH), will be added with pulp and sizing materials to

demonstrate its effect on the recirculated system.

Furnish

The pulp used will‘be a blend‘of 50% bléaéhed hard&oodvkraft‘and _
50% bleached sOf;wdod kraftf_ No broke will be used. A Canadian Standafa ;\ a
Freeness of 375 to 400 ml will:be achieved. ‘No‘filler; qther'thén’BaSOA,ji'x
will be used. Sizing materials consist of 1% Pexdi aﬁd.ZZ alum based oﬁ
the weight‘of fibers. Ba(OH)z‘will be'added‘in'varying'amouﬁts'(Q,to”SZ)

and will be added in different order with sizing materials.
Water o k - ' —

Deionized water will be used for the'beéter‘make—up. Deionized water
will be used initially for sheet formation and then it Will be recirculated

with no fresh water addition.
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Procedure

Pulp is to beaten in a Valley beater'followiﬁg;the spedifications
outlined in T 200ts-61 with 460 grams-of OD fiber used. This gives a
consistency of about:27Z. After a saﬁple of pglb is removed, rosin will‘
be added to the beafer and allowed tobmix. k

Enough stuff will be placed in the prbpbrtiqgér‘for.é sheets 6 -
8 grams OD fiber) and the alum will’Be addedfand mixed. Addition éf
alum and Ba(OH), will be varied duriﬁg thét paft of the experiment Sét
all additions will be made in the propQrtioner.vASheet‘fdrmétion wili'
be done with a ﬁoble and Wood Handsheet unit.capablé of fecirculating':
white water. o

The press and dryer drum will be utilized té more closelycapproxif
mate machine conditions. The dryer temperature should‘be'maintained ét'
150° - 180°F to effect good sizing. Probably two‘pésses of the sheet
will be necessary. Once made and dried the sheets will be éonditibned

in the. humidity room for 6 hours prior to testing.

Testing

While sheets are'being made, a check of temperature, pH, total acidity,
and sulfate ion concentration in white water will be made. Sulfaté ion con-
centration is checked with the Betz sulfate ion test.  Total acidity is de-

termined by titration with 0.02 N NaOH using phenolthalene"as an indicator.
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Water hardness will be checked with an EDTA titration.
Filtered solids in a given weight of slurry will be dried in an
oven at 105°C for determination of total soiids. The dried solids
will then be ashed to determine the amount of[bigmenf material in the
sblids. ‘
Conditioned sampie shgets are to be tested for brightness, (T 452m-

58), opacity (T 452m-60), sizing using the Hercules sizing test, tensile

using the Instron tensile tester, basis weight, and ash (T 413ts-66). --

ey

Data

All data will be recorded in tabular form for further study and
analysis. Any changes made in this tentative procedure>will be described.

Comments of particular interest will be noted.
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EXECUTED EXPERIMENTAL PROCEDURE

Stock Preparation

‘ Five hundred_grams of oven-dry fiber were furnished to the Valley
beater. This was an equal mixture of Q 90, a bieachedAséftﬁooa kraft,
and Allied hardwood, a bleached hardwood kraft. The Q 90 Had an A.D.
moisture content of 7.3% while the Allied hardwood had a 6.5% content.

Once in the beater, enough deionized watér (pH-7.2) was added
to allow relatively unrestricted flow. Aftérksufficient time haa eiapged
for adequate fiber dispersion, weigﬁts in the amount of 6000.grams were
applied to the beater arm. One hour and twenty'minutes of beating time’
wére necessary to reduce the Canadian Standard’Freengss from 735 hl'go
395 ml; Slurry tempefature increased from 21°C to 24°C’a§ring that timel 3
A solids check showed the slurry to ha?e a éonsistency ofnl.9Z.’- |

Approximately 1600 grams of slurry (30 gramsfof 0.D.<fiber) were i
then removed from the beater for 1éter experimental use. ‘To the remainingl;'
stock (470 grams of 0.D. fiber) 4770 grams (17 based on the wéight of Q;D.{
fiber) of Pexol was édded and allowed to mik with the weight removed from
the beater arm. The pH of this mixture‘was 8.2. : No other additions were

made at this time. .

Sheet Formation and Sampling

Following a thorough rinsing of the Noble and Wood handsheet maker
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with deionized water; approximately 20 litéfé of it were placed in the
white water holding tank. This amount wés éufficiént for sampling with-
out endangering the supply necessary for sheétJformation tqﬁard the”
end of the sﬁéet making schedule. No other.watgr'Was added té\the system.:
Sulfuric acid (8.4 ml of concentréted acid) added'fo.the wafer:loweréd the_
pH from 7.2 to 5.1. ;

The sheet-making schédule was arranged as follows: Set O, pontrol_r
sheets with only stock being used; Set 1, étock with rosin present; Sets
2-27, stock with rosin present and alum (2% Based on 0.D. fiber) add;d in_
the proportioner; Sets 28-30, stock with’fosih'pfesent, alum‘ahd.then/"
Ba(OH)2 (5% based on 0.D. fiber) mixed in proportioner; Sets 31}33; stock‘, -
with rosin present, Ba(OH)2 and then alum‘added; Sgts 34-35, sﬁock'with'
rosin present, alum (1% based on 0.D. fiber) and éodidmréigminate (0.0SZ"j.
based on 0.D. fiber) mixed. In an effort to better_illqsfrate the effecfs
of a 100% closed white water system on paper quality}only every 5th set
was saved from Séts 2-27, i.e., Sets 2, 7; 12; 17, 22, 27. The discarded -
sets were made in similar fashion to those that were saved.

For each set ten grams of oven-dried fiber"<530'grams.df slurry) wé;e>
placed in the propdrtioner and allowed to disperée ih'a,total of 4 liters
of slurry. 10 grams’of fiber would give’B;é}Swéram héndsheets»for-testing
and a sample for a solids check. A 2.5_g;am.Ndbl¢ énd Wood handsﬁéet is,

equivalent to a 42# sheet 25 X 38-500.
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Chemical additions to the proportioner were made according to the
schedule and the stuff was mixed for 3-4 minutes prior to use. A pH-
check was made at this time. 27 alum Eased on 10 grams of 0.D. fiber'
weighed 0.2 grams and 5% Ba(OH)2 weighed 0.5 grams. - l%yalumjémountéd
to 0.1 gram while 0.1 ml of 68.5% sodiﬁm aluminaté liqﬁid gave the'dé?kl
sired 0.05% or 0.0005 gram.

Using the small Noble énd Wood measure  (about one litg:), a quantity .
of slurry was transferred to the sheet_mold whiéh had been previously
filled to the appropriate mark with white water. After good mixing, a* pH
check was made ahd then the sheet was formed on the screén_whilekthe water
returned to the white water tank.,  No external suction was;abpliedbduring 
the formation of any sheet. Once drained, the sheet thle spill-én thef
wire screen was pressed and then given two passes thrdugh tﬁ¢,dryer. .The
sheet was peeled from the wire, identified ap& tho;e so désignatéd‘ﬁefei
saved. After a wash in an acid cleaning solution theiséreen Was rinéed;
in deionized water and replaced in the sheet mold. The-proceés'was thén
repeated.. ‘

A sample of slurry was taken from the‘proportionerkfollowiﬁgAformatiqn .
of the third sheet and saved. The remaining slurry was drained on a wire
screen with the water returning to the white water tank. The stock was -
discarded and the screen replaced in the gﬁeet mold. A sample of the white
water was saved after the set was made. No siﬁrry‘éampie was taken ffom

Sets 29 or 32 and no white water samples were taken either. The entire




43

process was repeated with stock and chemicals being mixed in the pro-

portioner with recirculated white water puﬁped‘from the white water tank.
Whiterwater temperature ranged upward from 25°C to 27°C during the N

sheet forming. Dryer temperature varied from 10596 to 115°C. The

white water remaining in the holding tank was under constant agitation

to prevent settling. Otherwise, processing variables were unchanged.

Testing _ ‘ '

Handsheets wére conditioned for 125hours‘at'720F (ZOOC)‘and SZZ're_
lative humidity prior to testing. A standard éize sémple was cut from
each sheet for a basis weight check and other samples were cut to size
as prescribed by the several testing methods. A

Non-destructive tests were run first on the handsheeﬁisampleéf 'BrigH§; . ;
ness was tested according to Tappi Standard‘T‘452 m 58 while 6pacit§ QaS'VJ-
tested following T 425 m 60. Basis weight of the conditionéd samples Qés
measured as a 3-sample average weight.’ A moistufe content ‘- check waé ﬁade.

The destructive tests included :.the tensile test using the Instron -
Tensile Tester and fhe procedure outlined in its manual. .A full scale
load of 20 kg‘was used. The sizing'test was run on the Hercules Sizing
Tester because of its simplicity‘aﬁd‘debeﬁdability. Procedure waé carried
out as described by fhe manufacturer; bThe number two ink useﬁ héd a 0.99%
acidity and an opticél density of 0.43.° Ash was run according to Tappi

‘Standard T 413 ts 66.
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Where‘applicable a.check of both the wiré side aﬁd the felt side
of a sheet was made, i.e., sizing, brightness etc.  The value recorded
was an averége of both values.

Tests for hardness, total acidity, and sulfate_ion_concentration
were run on white water ‘samples saved.during sﬁeét making. Water hard-
ness of the deionized water was checked with an EDTA titratioq.- Total
acidity as determined by fitration ﬁith.0.0Z N NaOH and phenolthalene
as an indicator, was tested on each white water sample. Also on eéch.
sample a Betz Sulfate Ion Test was done to determine quénitatively the
sulfate ion concentration.

A total solids check was run using the slurry sample saved during
sheet‘making. A 300 gram sample of‘slurry.was filtered in a Buchner
funnel and dried to constant weight at 103°C. After Qeighing, the sam-
ples were ashed- at 9950C, desicated and weighed to determiné pigment

content.
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RESULTS AND DISCUSSION
TABLE I

Summary of Results

‘ OPACITY/# , TENSILE/#
GROUP. SHEET WT. BRIGHTNESS ASH,%  SHEET WT. SIZING SEC.
1-C 2.01 65.4  0.21  0.232 | 0.35
2-R 1.93 : 67.2 0.27 0.229 _ 0.55
3-R+ A 2.24 65.7 0.21 0.220 223.69
4-R+A+B 2.30 66.0 2.66 0.217 - 123.49
S-R+BHA 2.34 66.7 4. b4 0.213 . 102.29
6~A+NA+R 2.10 64.5 1.38 0.235' - 10‘6'.81.
c = Control, R = Rosin alone, R+A = Rosin + Alﬁm, RHAHB =
Rosin + Alum + Ba(OH)9, R+B+A = R;:)sin + Ba(OH)v2~‘+ Alum,
A+NA+R = Alum + Sodium Aluminate + Rosin.

Examination of the test results as summarized in the table above‘giQes
substance to the theoreticalvforma;ion of BaSO4 in tbe lOOZkglosea white
water system of a papermaking operation through the additzgn of Ba(Osz.'
Ash, which serves as_an indicator for the ambun£4of pigment'presént iﬁ a
sample, shows a ten fold increase above the natural ash content ofithe
control group (1) when Ba(OH), was_added.to‘tﬁe first_gfoupiﬁg (4) and
a 20-fold increase in- the second grbuping 3). Opaqity e#h£Sits:an ex-

pected overall improvement when BaSO, is present in the sample. Brightness,
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likewise, shows improvement over the unfilled samples. Tensile decreases
with the introductibn:of a filler into the wéb\sﬁructure. Sizing in
Groups . 4 and 5 where BaSOA is present is markediy Hiéhér.than the control
group with no sizing, yet consideraBly below the average for Grdup.3, the
rosin + alum group. . |

While'the average results of tﬁe rosin and ‘alum group. (3) appear
favoraBle in the summary tabie, a closer inspectioﬁ‘of‘the results frqm
which those averages came shoﬁ‘some unfavorableftrendé‘developing, ‘Graphé
1 and 2 of‘Sheet Samples portray the detériora£ion Sf Lhe paperm;kiﬁg’ ;

system as exhibited by the samples.
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.Opacity shows»an increase during the;résiﬁ'alum additions probably'
due to the flocculation of fines and éﬁbseddent:rgféntion of ‘them in
the sheet. Brightness exhibits an initial inbre;se and then rapid de;f
crease as recirculation continued. SiZing~alsé-showed improvementrto'a'
méximﬁm foilowed by. a decrease. Ténsile.becémé,ﬁoaerateiy ldwér as the
acidity and sulfate concentration of.;hé—systéﬁ_iﬁeFeased. Frém Grabh
#3 of the White Water Test Results tdtaiiaCid%ty‘and,sulfate ion conceﬁ—»
tration_increase constantly during the roSin ;,élum aadigidns; Wﬁilevpﬁ'
decreaseé rapidly to a minimum and then‘begins é,grédﬁg;rgige. The ash
content remained reiatively steady, dépictiﬁguthe naturél}ésh content of
the fiber. V . | |

These findings concur with thoée foﬁnd7in the.W;M;U.:Study; the
Lewis and Bowman Stﬁdy and general mili_ekpé;ignce; Recirdﬁiétiéh bf.all.
or a large part of the wﬁite water inlé_péﬁéf@ékiégrsystéﬂrresu;ts'in a . :
general deterioration of paper quality:uﬁiéssfééméthihétis?déne to te;’v
store good conditioné. | |

Introduction of‘Ba(OH)z into the papérmakihg systeﬁ'yielded immediate
results and broughtvaBout at least pgftial rééovéry of*ﬁhe—sfs;eﬁ; Be-
sides improving»the‘deterioratedAsys;em? tﬁe ?fédipitationvof Baéoa and
its inclusion in‘the‘sheet gave extra behéfifé;'_opapity showed;an’imprbve—‘
menﬁ\oVer the unfilled sheet, yet'took an.uﬁéxplaipaﬁlebdip when pigménél |
content was thé higﬁest. Possibly‘the.ﬁéthddhqf comparison;'diViding'the.

value obtained from the opacimeter by the sheet weight, was improper but
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because of the wide variation improvement, a dip, and then continued
improvement at a lesser rate. The rate of detefipration of -sizing
was halted by;the‘Ba(OH)z addition; An increase followéd and then a
slight decrease set in but this was during the time when maximum fil-
ler was present in the sheet. Tensile increased‘initially after inj'
trqduction of the Ba(OH)Z. Its graph then becéme an inversion of the‘
ash content curve decreasing as the pigment content increaséd and visa
versa. The pH curve on Graph #3 continued to rise, however, at é
slightly\faster rate. Both total acidity and sulfate ion concentration
began an immediate decline with the introduqtion of Ba(OH)z'aﬁd con;‘
tinued to fall with each addition. No doubt sheet improvements were the
result of a much improved white watervsystem brought about b& thé neu— 
tralizatidn of excessive acidity and precipitation of the sulfate ionéii'3
Stoicheiometrically,>O.50 gram Ba(OH)2 should'produce'0.37 grémkéf
BaSOA‘when reacted in an excess.of sulfate ions.- This BaSOA‘wéé formed;
in ‘a slurry containing 10 grams 0.D. fiber sd this would mean that_With‘ ,
complete precipitation and good mixing filler content would be 3.70%. -
From Table #3, the Slurry Solids Content, the averége.ash content of‘tﬁose."
sampleé where Ba(OH), was added was 3.892;_L8ubtfacting%5hé average natural
ash content of 0.22zlfrom the total ash_contenﬁ;_3.89z,:giﬁes 3.67% orkthek’
BaSO4 content. When the experimentai»éfrér-in_wéiéhing'and the_cérry-byer

of BaSO4 to the next two handsheet sets is_cdnsidered,,it can be assumed
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TABLE 3 -

SLURRY SOLIDS CONTENT

SAMPLE SET  FILTERED SOLIDS, gm

0 o 0.5673
1 0.8215
2 | 0.7978
7 o 0.8993
12 | 0.8823
17 o 0.8543
22 | 0.7163
27 0.7843
8 0.7743
30 S 0.7288
31 ) | 0.7413
33 | 0.7838
34 ©0.7388
35 o 0.9683

(no samples taken for sets 29 or 32)

- ASH, gm

" 0.0012

10.0023

0.0016
0.0017 5
6.0024 -
';6;0613
Bk d{ddz3é
' 0.0018
0.0257 .-
0.0284 l_;f’
0.0334
| b.qjoé

0.0065

0.0082

0.32
0.23

332

0.85

50

0.19

0.27

0.15

3.90

4,51
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TABLE 4

WHITE WATER TEST RESULTS

| SAMPLE pH TOTAL ACIDITY 50, ppm
Deionized H,0 7.2 1 drop | 4
pH corrected Hp0 5.1 0.4 ml ; | 12
After set 2 5.6 . 0.04ml 28
After set 7 4.8 _ o 1.02ml 48
After set 12 4.3 2.6 m o
After set 17 4.5 - Csim 8
After set 22 4.6 _ 3w | e 104
After set 27 4.7 . 4a2ml o 124
After set 28 4.7 4 3.8 ml IR 104‘
After set 29 | 4.8 3.7 ml | . -
After set 30 4.9 , 2.9 ml v _-k 68
After set 31 5.0 | ,12.4 ml }C, ".15 - ‘48
After set 32 5.2 . 2.2 mll‘ o ’ 0
After set 33 v 5.8 - ‘ ' 1.8 ml SR 48
After set 34 5.9 1.5 ml 7. .84
After set 35 5.9 13w 92

(Water hardness of deionized water 1.82 ppm (as CaC03)
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that virtuaily 100% of the barium was percipitated. . The range'hhwardl
of the barium sulfate content in these sampiea'cculd'be rhe result of
inadequate mixing in the proportioner or'pcssihlfrsome'cfithe barium:
did not precipitate until it reached the ﬁhicé;wa¢¢f holdingitahk aﬁd
'was'subsequently returned to the‘prchrtioner;'h

‘Retention of'BaSO4 is one cfithe major problems preventing’itsc
greater acceptance as a filler and test results here obtained support
this. An average of 3.487 ash was found in resr'sammles concaining
filLer; Again, subtracting the natdral’aéh;‘Orél%,ﬂfrom‘rhe total puts .
the BaSO, content at 3.277. If it is‘aSEumedurhatu3.70% would repref
snet lOOZ retention, then the actuai:average‘recehticn is 88.4%. 5The
vrange; however, is from 49.7% to 123.0%. «f. | =

When the samples are divided inro groupefas‘invche Summary Tébiéd;ﬂi
accordlng to chemlcals‘added and order of addltlon, Group 5 has a de—;:?
"finite edge over Group 4. In Group 5 Ba(OH)2 was added prlor to the alum =
addition while in'Croup 4 the addition was reversed ' If the Ba(OH)2 is
added first, BaSO% has a chance to precihltate and become m1xed in the_’
slurry before the alum is introduced. - The plgment may become attached.
to the size precipirate and hence have a higher retention. :This is in
accord with the writings of Casey. Grahred’rhe-build;cp‘or-BaSO4 from
earlier sets uhdoﬁbtedly had an effectdbdtift does seem feasible and the
reduction of ash in' Set 33 supports this‘cchCept:"éraphiA gives a sum—'f

‘mary of ash content.
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pH can play an important role in such thihgs és”reﬁention, sizing
and sheet strength. Retention of fines and fillers in an alumed system
is supposed to be greatest in a pH'range of 5 to 6 while sizing condi-
tions are optimum in a ranée of 4f3;to 5.0. Shget strength(impfoves
with increasing pH. Graph 5 depicts thevéhanging pH's qf slﬁrry sam-
‘ples taken from the proportioner (consistency: 0.25%) and the sheet
maker (consistgncy: 0.025%).

Not as yet mentioned is Group 3 on the Summary Table. Rosin was

the only chemical added and there was a slight inérease in the degree

of sizing; probably induced by the,acidified system. Opécity was sliéhtly~
less than the control set and tehsile was about the same. »Howevér; bri- .  “‘: 1 ;;%
ghtnéss and ash were quite high. A This may be the result of the'floccu—'
lation of fines and their retention in the shee£; |

Also not as yet mentioned is Group 6, the sets containing rosin plus ,;

alum and sodium aluminate. There is also some carry—ovef of'BaSO4‘fr6m

the previously made sets but the amount of it present was décreasing.{’fi’
Sizing made an improvement over the previous’sets de;pite the presence qf
fiiler. Brightness increased with decreasing BaSO4 loading.» Opacity was 
about equai to £he opacity value of tﬁe contrél group. 'Ténsile>shbwedf
improvement. - Total acidity continued to decliné but at a slower rate while
sulfate ion concentration began to climb. pH of the Whitg water ieVeled‘ofé;‘

pH of the stock slurry also began to level off.
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- CONCLUSIONS

Addition of Ba(OH)2 to a no purge white water system does seem to
be an effective means of controlling'totél acidiFy and sulfate ion con-
céntration while obtaining BaSO4 in'the process. Its iﬁtrodﬁction
1stopped the deterioration of the papermaking system and broughtbabout
its fecovery. |

Results demonstrate that there may weli be an'advantage in forming
the,Ban4 pigment prior to alum addition. Retention may well be incfeased._f
1007 recirculation of white water will’affect retention further b& return- f
ing the unretained filler to the>slurry where it can Ee retaiﬁed-during?
subsequent formation.

The iﬁprovement of sheet properties with the presence_of’BaSb4-hélﬁsl

to improve its acceptability. Better opacity, improvéd brightness and.J;

better printability all enhance its approval.
Further testing needs to be done as a follow-up to this feasibility
; study. Bench trials using various chemical combinations and quantities

could produce the optimum conditions necessary to obtain maximum benefit

from Ba(OH)2 addition. A pilot trial simulating actual-production con-
ditions would produce results which could further-demonstrate the appli-
cability of such a process. Safety studies muét be done to determine its

acceptance from a heélph standpoint.
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Public consciousness of and concern for strong conservation
practices has made it necessary for industry to make the most of the L

' raw materials it uses and to return them to nature in the best condi-

tion possible. This practice promotes invéstigation for new methods
! of maintaining raw materials in a useable state. Ba(OH), addition is. .

b the result of one such investigation.
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