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The term "elastomer" applles to that group of substances

fthetlc rubbers.ﬂ Crude ruober is the producttor.the-bree,ﬂ
Hevea bra5111eus1s (8), believed Lo be a natural polymer17ation;f7
groduCu of 150prene.) Synthetlc rubbers are emu151f1ed polymersl
produced artlflclally and posse381ng the prooertles 51m11ar |
to those of~natural~rubber. The word “synthetlc" mlght be‘i_ﬂj
termed as a. mlsnomer here 'since an exact dupllcate h%s not‘”
'been formulated conformlng to the structure of natural rubber
Although natural rubber has a more versatlle use the synthetlc

rubbers can be formulated to meet the deflnlte demands of anwyy,

end product, An agueous d1spers1on of»these polymers is

referred to as a "latex"

‘The synthetlc rubbers of commercial and experlmental

P

value as use in beater addltlves of pulp are as followsf(lo)

l;. Chloroprene - a chloro butadlene polymer soldat_i
mer01ally as Neoprene, GR-M and others.ﬁ,fff%*l” R

2 Styrene-Pucadleﬂe - a copolymer sold commerc1ally
as Buna S, GR—S and Chemigum, Dow 512-K and others. R

3. Butadlene-Acrylonltrlle —;a copolymer sold as

Buna N, Hycar, Chemlgum W, &tc..
{

4; Isobutylene Isoprene - a copolymer sold as Butyl,

GR-I, Flexon, etc.."

A number of previous. 1nvest1gat10ns have shown that
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. very small partlcle size, we are confronted w1th the factors
i governing the retentlon-of these addlthGS;pQ producelavh;ghen;hf?

1 quallty paper at an econoM1ca1 ccst.

é wh1ch the latex should be'added to the beater and 1n what A‘ff
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: ance of the paper. Slnce latices are added 1n dispers1ons of

elastomers 1ncorporated 1n the pulp glves 1mproved strength

characterlstlcs w1thout any notlceable effect on thewaopear-

Tra01ng through the factors in the order of sequence 1n'

usual mill operatlons, our first problem 1s the condltlon 1n,:

sequence of - beater furnishing it should be added R )

As early as 1925, Hopklnson and Rose (5) took out a pabent f
on rubberizing paper in the following matter.' An alkall treated
latex is added to a hydrated pulp which has been alkallne
treated and beatlng is continued unt11 the latey has beenT
thoroughly mlxed-ln the pulp., A coagulatlng agent hav1ng an
acid reactlon is then added in a dllute solutlon,,two thlrds f
of which is added at flrst followed by thorough m1x1ng)and 4
then the remalnder of the pre01p1tating agent is added.; Add-
ition by th1s method tends to prevent: excess1ve locallzed
action of the acid on the latex whlch would thus form an agglom;
erated mass of latex with poor depos1t10n on the flber, where

as, if added in. portlons as descrlbed the pre01p1tat1ng actlon

1
would be more unlformly d1str1buted 1n the beater and tne
portlon added 1ast ‘would act as a stab111z1ng agent, produc1ng
a better f1ber latex bond, Most alJ authors agree that the best

distribution and most effective results are obtalned when lateX‘




. one per cent, up to flve per cent (4)

a spec1a1 anionic dlspers1ng agent can be added and depos1tion f;;i

Process.

The Neoprene Frocess con31sts of addlng a stablllzlng_

as alum, controlllng

maximum deposition. 1In the Snyder Process the latex 1s added

to the pulp followed by a spec1al phenollc re31ngandfa01d1f1ed

alum, The Bardac Process is more of a compllcated process Whlch’

requlres more tlme and attentlon than the ones prev1ous1

mentloned Pulp is pretreated Nlth a melamlne res1n and-allowed

to age a short tlme, ter which emu151ons of a latex contulnlng

of the latex  on the fiber takes plece 1mmed1ate1y.

‘Landes (5) also mentlons the use of polyester elastomers,“

which retain thelr flexure pronertles.;u‘;“w"

The effects of adding a 1atex at dlfferent phasesxln

the beaclng cycle, was proven by Yosé and Alken (lO) that the

best results Were obtalnable when the latex wes added after the

beating cycle, rollowed by coagulatlon w1th alum.; Experiments

were carried out in a standard 1aboratory beuter in the follow1ng




sequence: B |

(a) . Beat pglp; add 1atex,ié@d aium; J

(b) Add latex, beat oulp, ééd aiﬁm.”

(c) ada latex; add alum, beat pulp.

(d) Beat pulp, add alum, add latex.

When the latex was added to an unbeaten pulp and lelowedHU'

b& the addition of alum, the latex cdagulated.tdffofm 1argé |
lumps of rubber, When the same substéntial amount of latex
was added to a beaten pulp the coagulétioﬁ wés Uniform WithOUt
aﬁy undesirable lump formations. Tﬁis phehoména was-beiieved
to be due to the large:surface area of the beaten pulp,_ﬁhigh'

allowed the latex to be precipitatéd on the fiber. Agglomera-

tion of the latex also appeared when the alum precéded'tbé-latexi_

addition, This would thus be due to localized action of the
alum; precipitating the latex before it had the qhance to come
in contact with the fiber. o
This particular phase was given more thorough investigé- 
tion by Oliner and O'Neil (6), who studied the,fiberélaték bond .
during different stages of the beating éycle."Their work”

p01nted out that resin retention increases at. a hlgh Iate dur-A

ing the early stages of beating. As beatlng proceeds, the resin»

retention rate, and therefore, the number of- bonds due to res1n
become almost constant. As beating contlnues,bthe fiber- res1n-
fiber bonds, in the total number of bonds, decreases;’ As beatlng

still proceeds, the total number of bonds increases;and the\*'

amount of resin retained at the end of the cybleﬂis praqtigallyvu




constant

One mlght assume that the strength of thls bond is sub- 0
f_ stantlated by the addltlon of uhe floculatlng,’or "settlng"-s'h‘
agent, In choos1ng a floculatlng agent, con31derat10n must befdila':'
given to the charge of the exlstlng catlon. _A compound whose
charge of the cation and the anlon is. of max1mum magnltude
when ionized, provides the renulrements necessary tovpre01p1-,;
tate a filler, which we may cons1der here to be latex, onto
the fiber, to obtaln the maximum bondlng force, malntalnlng
better retention of the filler added in the final product; Tor
economical purposes, papermakers alum»can be'nsed most,advantath’“'
geously, since the Al ion nosessesia valence of positiverthree
and the sulphate ion of negeztive two, When 1on1Zat10n occurs.l
The aluminum ion now serves as a bonding media between'the
negatively charged cellulose and‘thedlatexafiller{ fAnother
,function of the alum is that it precipitates the soap film,
that most latices are stabilized.with; depositinghtheilatex
on the fiber. Sodium silicate also,aidstin filler retention;
if added early in the beating cycle. Three reactlons occurt:'
wnen silicate is introduced into. the beater‘- hydratlon 1s‘[13‘
aided - forms a precipitate with alum - affects dlspers1on and‘_
subsequent - retentlon due to the gelatinous nature of the
3111Ca.. For maximum pre01p1tat10n of 31llca the rHE must be =
Caxefully controlled by addition of alum to operate at a ps of 4 5
An anology show1ng the effect of sodlum 8111cate and alum 1n :
paper stock on the retention of the flller added is plotted on

the follow1ng graph from Witham' s,"Nodern Dulp and Paper Vak1ng"(®
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o Surndce actlve agents of anlonlc, catlonlc, and non-lonic

'j,nature are now obtaln%ble whlch.are very substantlve to cellulose;

f?fand funCulon effectlvely as dlsperslng end Wettlng agents whlch

“f‘ls OL 1mportunce 1n obtalning a’ unlform denos1t10n of latex on ;Tf

ffﬁjvthe flber. 

Catlonlc latlces (2) are nov belng formulaoed Whlch havei‘

dlrect afflnlty for cel]ulose, certaln types of whlch are

:{{tisald to be 100 retalnable Latlces of thls type are attracted s

‘=lffto the negatlvely charged cellulose and Wlthln ten to flfteenvtf°"‘

'1?@,m1nutes complete dep051t10n takes place.,pf.w,?

Yost and Alken (10) found that 1t was not necessary to'“
;f reduce the cons1stency of the pulo 1f the amount of latex f*

i71ncorporated 1n the pulp was less than 33ﬂ.1 HOwever,~1f SO

”f*or more 1atex 1s furnlshed they adv1se dllutlon of Sp con51stency.,.g

The‘oype OL pulp used seem to be of some slgnlflcance 1n fﬁﬁ‘_ﬁf‘

Ziﬂﬁhe-retentlon~of the latex., Unbleacbed pulps appear to be
l11511€htly favored for the amount of 1atex that can be 1ncorpo-5~i"”“

13irated 1nto the pulp.” Perhaps thls would be due to one or more

‘"3compounds associated w1th the unbleached f ber,ﬂas was dlocovered




by Bursatyn (1) in nis work on the retention of. thermosetting:

urea res1ns 1
The same lactors governlng retentlov;w“”
,1ng-latex, us to an ordlnarJ furnlshed pulp;rln respect(to
'bas1s Welght, pH, and paper~mtch1ne operatlon.L | . e
, Retentlon is 1mproved with an: 1ncreased basls weieht up toﬁ;
& certa1n p01nt at whlch 1t start° decreas1ng (7) o | |
FaCoors ‘to be con51dered for proper retentlon in paper

machine operatlon are length of w1re, d651gn of 1nlet and 1ts

effect of depos1t1ng the first layer of flbers,esndke, vacuum
on suction boxes and rolls, and. the speed OL the machlne.¢"

In the-workfokaost and Alken‘(o):us1n A butadlene-f”‘_

acrylongtrile polymer, there wus’ no effect on the dralnage rateV“’"df

when latey was incorpordted into- the pulp. pH Was kept between

4.5 to ‘5, 5 to obtaln optlmum propertles. pH ebove 6 5 tended;

~ to produce a stlcky sheet To determwne whetber the pH or
amount of" alum affected the retentlon; a serles of experlmentsc
were run keep1ng the amount of elum constant and varylng the i
pH by adding sodium hydrox1de. H1ghest results were obtalnablef
at a pH value. between 5.3 and 6. rather than at 4 5 Follomlng
thls, a series of experlments were - conducted uc1no dlfferent’ZL

alum/sodium hydlox1de mlytures. A pH range of 5 5 to 6 5
gave the optlmum results in this serles, wnlch seemed to be?

superior to all the other serles.kﬁ

In summarlzlng 1t will be noted that retentlon mdy be based

upon thzee maln factors (1) cofloculatlon (2) mechenlcal’attach

ment and (5)_f11trat10n. Cofluculetlon results as’ the actr'nl




_1nto the 1mperfectlonu

flller 1n a gelatlnous

retalned on the flberiht

retalnlng of,partlcles
between the 1nd1v1dua1f’

formed on the w1re.f'

Beater addltlon of elastomers shoqu be of 1ncrea51ng

1mportance 1n the paper Jndustry 51nce 1t 1nvolves on the7

1nexpen51ve materlals belng used 1n paper m%nufacturlng. Very

few changes wou]d be requlred 1n the actual m111 practlce to

4 obtaln a hlgher qualltv saeet economlcally.;
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EXPRRIMENTATION

From the study‘of literature on the factors concerning
retention'of emulsified_qlastomers'the:following variables
were considered of\prtme imﬁortance.v | ‘

1. Type of pulp' |

2. pH of beater stock at time of addltlon

Se Ba31s welght of sheet formed

4. Freeness of pulp

\5..éequence of addition to pulp

6. Final PH adjustment ‘

7 Tlme of contact

8. Other beater addltlves (wettlnv agents, etec, )
9. Alumina concentratlon. ’ ‘ 7 i

In this experimentationvthe~variables were limited to
a-final pﬁ adjustment and speceialdadditivestl.Ereenessywas
- maintained a variable only in the initial series since
_ observatlons showed only slight effects on the treated ‘pulp,
| For the puppose of this experlment three commerc1a1
latlces avallable as beater addltlves was used.

1. 512K - a styrene-butadlene copolJmer

2. Geon - a polyvinyl chlorlde ~

S, Kralastlc 4109 - & spe01al emulslon of unknown
Jcomp031t10n. |

Initial samples were 100g. portipns of a West Coast
bleached sulphyte pulp in a 2% slurry;i.samplesfwere treated;
and agltated in 8 oz, wide mouth bottles. Gang stirrers with

stainless steel,paddles were used-forimild‘agitation.‘
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.Sodium hydroxide was added to thé slurfy.to provide
selected pH values after the additions of two per cent (2%)
alum based'on the fiber. The amount of sodium hydroxidé N
added was based on titration curves of the pulp - latex -
alum slurry. ILatex diluted to a 2%(disperéion was added
-tg supply 10% iatex solids based oﬁ the fiber. 2% alum was
added to precipitate the latex. This was followed by 15
minutes of agitation_on’the gang étirrers.

| ,Anofher series was madé using a cationic wetting agent,

In this series the amount of wetting agent was neld constant
and alum was added to adjust to a pH of 4.5, 5.5, and 6.5.

Microscopif slides were preparéd so &hat a visual:
comparisdn of the most efficient means of debositioh.of the
latex on the fiber cbuld be madeQ

Beater runs were then made following procedurés which
gave opfimum results as observgd‘under the microscope.

Pulp was beaten at a consisténcy of 1.96% td a freeness
of 300 10 ml. measured on a Canadian Standard Freeness tester.

Standard 2.5 g. sheets were made with the freated pulp

on the Noble and Wood sheet machine,

EXPERIMENTAL RESULTS
A bH véi&es ﬁefé'taken,and microscopic slides were'
pre@aréd on the initial samples to observe the following
conditions.
1. Precipetation of latex
2, Relative size of agglameréfea pafticles, if any

3. Amount of latex deposited on the fiber or fibrils




14,

Optlmum condltlons were considered to psev 1l when the.
maximum amount of latey of the smallest particles or agglamerate
size was denos1ted alon'7 the body or on the flbrlles of the

flber.

The 1n1t1al samples of 100g portlons of a 27 slurry were
run and de31gnated.by series A. B. C. D. Beater runs Iollowed
1dent1f1ed by serlesZE. F. G & H. | |

The sequence of operatlons after puln d1s1ntegraf10n Werei

1. NaOH addition |

2, five minutes agitation

3.,latex additien |

4. five minutes aglfationvv‘ |

5. alum addition. |

In series A Geon and 512K latex was added to alkaline‘~‘
treated pulp'saﬁples that,con%ained sufficient amounts of
’NaOH to provide pH values of-4 5, 5.5, and é 5 after the finalf
addltlon of alum was added to furnish 2% alum based on aig
drled fiber. o

-In series B'the:NaOH addition was -replaced by the additioh
of Nopcogen 14-L, = eationic wetting agent of a 1auric A
- derivative. The.wetting agent was held eonstantmlh this
series previding 1%1Nopeogen‘based on air dfied fiberf The
: latex‘additibnlwas followed by the wetting agent using the

same'latices as in series A. Alum was added in'suffieient

amounts to. adJust the pH Values to 4.5, 5.5, and 6.5 respectfully.i

Serles C & D was run 1dent1cal w1th series A & B

irespecfully us1ng Kralastlc latex 4109,

Mlcroscoplc obserVatlons of series A showed no substantlal
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‘bonding of the latex to the main body of the fiber but rather‘-
to the smaller flbrllated parts and the small flber segments

‘of the fiber that were broken off in the beatlng and agitation
process._ Dow 512K appeared to precipitate in laiger
agglomerateé in ali cases than did Geon,i Deposition appeared

t0 be the most substantial at a pH.valve'of 6.5. | |

-The latex in series B-Wasznof as Weli bonded,as’in

serieé A, however, the pH>range between é.and 8.5 seemed~to

| give thé most favorable iesults ﬁith fairly small agglamerétes
held 1oosely‘6n the fibrids. Largevaéglamerates resulted(x

in the'lower PH range with les; deposition. The“same,held
true when the bationic wetting agenfvwas addea to Kralastic
4109 in series D. ‘

,i Series C showed more favorable results than the bther
series with good depbsition of the’iatex on the fibrils énd
the small cut segments of the fiber: Maximum deposition
occured at a pH of 5.1 in which case no NaOH was added before
the latex addition, | |

The Xralestic treated pulp showed much Better deposition
of the 1a£ex on the fiber after ah aging period. This condition
appeared to exist independent of the pH values tﬁaf'were
tested; The white water above the‘settled éuspension?Of
fibers‘waé élear in‘all cases. This phenomenon was notwstudied'
further due to limitation of available time. - |

Assuﬁung that optimum conditions prevailed when the

depositibn of the latex occurred‘in small particle size along
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.the body of the flber subsequent beater runs were made. \» 
| The type of latlces were 11m1ted to the polyv1nyl chlorlde
and’ the spe01al emu131on of unknown comp081t10n which showed
promlslng results. The pH was adgusted to betweetn 6 5 and \
7.0. The-latex was added to supply 10% latex solids based‘
on the:fiber followed by runs furnishinézs% 1atex“basedtonh;
the fiber. - o o
The sequence of operations after the beatlng cycle were,
1. NaOH addition o 3 S
2. flve mlnutss_agitationf
3A~1atex'addition
4, five minutes agltatlon
5.{alum add1t10n. B .

Alum was added to furnlsh 2. 7/ SOlldS based on flber
compared to 2. 07 on the 100G Samples 1n se11es A and C
This was due to graphical 1nterperat10ns Whlch was carrled -
out on a small samples that were not characterlstlc of the/‘;
larger portlons of constltuents furnlshed and of the larger '
volume of Kalamazoo City Water vhlch 1s hlghly alkallne.  $

Four beater runs were made: de31gnated as serles B F G
&'H. In serles'E and F 10% Geon . and Kralastlc 4109 latex .
was added respectfully followed by G & H of 37 latex addltlon
of the two above latices.

Handsheets were made from the treated pulp and extracted,.
with xyllne‘ln Soxleth extractorshto,determlne pervcent |
retention of latex. B | - .

Due to 1mprooer selection of the solvent or to 1mprope1

"technlque in sheet formatlon the flgures obtalned from the E
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Aextractions produced nb‘conélusive evidence thaf I'feei
coulo be reproduczble. | B
| However from the mlcroscoplc observatlons of the- samples,

,'iu is ev1aent that maxlmum pr601p1tat10n of the latex on the.
bflber is obtalned at a pH range from 6. O to 7 0.

The Kralastlc latex showed the most favorable results
| and'furhher 1nvest1gat10n of the alumlna concentratlon in
) a_pulp-laﬁex systemlshould prove:to bery 1nterest1ng.,’
_From 1imited‘ob3ervaﬁions the aging effect also apﬁearg :
'té Be‘anvimpbrtant factor governigg ﬁhe precipitation{and'

retentionAof emulsified elastomera;
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