Water-SolubIe Polymers as Retention Aid in Papermaking -

DR. AJAY RANKA*

The papermaking process involves three basic
operations. First, a wet web of fibers is formed from
a fiber — water slurry and drained on a coatinuously
moving wire. Second, additional water is removed
by pressing the web between felts. Third, the web
is dried on a series of steam—~heated drier drums. The
water systems surrounding this basic process will be
described in more detail below,‘ as will the complete
papermaking system.

Papermakers use water-soluble polymer flocculants
in papermaking for two main reasons : '

1 . To improve retention, within the sheet, of fiber
fines, inorganic fillers, and other small particulate
matter,

2. To improve liquid—water removal, or drainage,
during the papermaking operation.

Historically, improved retention of titanium dio-
x1de in the sheet has been the primary reason for using
filler retention aids (1,2). This is because of 'the high
cost of titanium dioxide, compared to other components
in the'system. The expanding use of other relatively
expensive pigments has increased  the need for use of
a filler retention aid. Also, recent increases in pollu-
tion control measures have made the pipermaker more
interested in imprbved retention of the cheaper mater-
ials’ such as clay and fiber fines. Papermakers also
have become more aware recently of the potention
economics in improved retention of fiber fines.

Even through most of the water drained from the
wire during papermaking is recirculated to the wire,

optimum operating standards require the “first pass” .

rerention to be as high as possible. When inadvertant
spills or leaks occur, or when the machine is shut down
and drained, the loss of expensive filler and fiber is
directly related to the concentration.of these materials
in rhe recirculating “white water® (so called because
the pigment build-up gives it a white colour). Typical
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papermaking practice calls for frequent change in the
grade of paper being produced. Often a grade of
paper which requires a high level of titanimum cioxide
is followed by a grade which does not require TiO,.
In such case, the TiO, buildup from the first grade
will be bled into the second grade until a new equi-
librium is built up. In this case the price obtained
for the TiO, being used in it, so the papermaker would
operate at a reduced profit. On the other hand, if the
grade without Ti02 was made first, the system would
have to be ‘‘slugged” with large amounts of Ti02 so
that the sheet followihg would conform to specifi-
cations  This would also cost the papermaker money.
Use of aretention aid would minimize Ti02 buildup
in the system and avoid these losses.

The use of flocculants to improve drainage, or
water removal, in the papermaking processis a rel-
atively new development compared with filler rete-
ntion. Papermaksrs are primarily interested in drain-
age aids because they 1mprove machine speeds.
Increased machine speed gives inoreased production
for a given amount of equipment which, in turn, makes
more money for the papermaker. It is common for a
papermaker to get a production increass of ten percent
or more. Ina typical case, a production increase of
ten percent resulted in a net profit inciease to the mill
of about 3250,000 per year. (3). o

Increased drainage rates also improve sheet for-
mation and increase sheet strength  The improved
formation (distribution of fibers throughout the sheet)
results from increase dilution of the fiber slurry going
to the papermaking process and from removal of
excess water by the improved drainage rate. The
strength improvement is obtained by increasing the
mechanical refining on the fiber itself, which improves
strength but decreases drainage. The loss in drainage
is compensated for by the increased’ drainage rate made
possible by the. polymer. Action of the polymer
does not reduce this strength improvement.
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THE PAPERMAKING SYSTEM

A typical papermaking system is shown in the atta-
ched Diagram. The stock input system is comprised of
the virgin fiber used and the broke (or ‘scrap)from the
papermaking operation. It also includes many other
ingredients such as fillers, chemical additives, dyes, etc.
which are used in the sheet, These materials are all run
through stock-proportioning device and stored in the
machine chest to be drawn on by the paper machine.

Paper Machine Wet End System
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Schematic Diagram of a Typical Papermaking System

POLYMERS USED FOR DRAINAGE AND
RETENTION IMPROVEMET

Many different types of polyelectrolytes are used by

the paper industry for drainage and retention improve--

ment. They are of both the anionic and cationic type.

Molecular weights range from intermediate to high.

Dry Products are sold, as well as liquid products ran-

ging from 5% solids to about 359% solids. The most
1 commonly used polymers may be classified into the
_ following types :

1. Polyacrylamides (anionic and cationic liquid and
dry products availab'e).

2 Polyamines (cetionic, liquid products).

Cationic Starches (dry products derived from vari-
ous sources, e, g. corn, potatoes, etc)

~ Addition of Drainage and Retention
Aids to Papermaking Systems

The main guidelines for adding flocculants to the
papermaking system are :

1. That they be added to the system after the thick
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Structures cf Water-Squble Polymers Used for
- Drainage & Retention Improvement .
stock has been added to the recxrculatmg tray
water.. The tray water containg a large part
of the fines and ﬁllers which have to be retained..

"2, That they be added to the system ‘after poiats ~of

high shear, but for enough ahead of the - headbox
to give a good mlxmg

SHEAR EFF ECT

Since flocs formed by different polymers haVe dlﬁ'—
erent sensitivities to shear®, the common practice when
testing a flocculant on a paper machine is to try diffe-
rent points of addition and see which works best. ‘An
addition point in current favour is the outlet of ' the
centrifugal screens, In this case, however, it is necessary
to have sufficient mixing between the .screén and the
headbox If sflicient mixing is not allowed, ‘‘stratifica-
tion”, or localized over-concentrations will occur cau-
sing streaks in the sheet. The immediate inlet side of
the fan pumk also can be used as an addition point.
Here the fan pump is the in-line mixer. The flocs pro-

- bably do not form until the stock and polymer have

passed through the pump When a fan pump addition
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point is used, however, flocculants should be ‘used
which give flocs less susceptible to breakdown - by the
shear forces in the cleaners and screens. When two or
more polymers are used in combination, the last poly-
mer is added as described above, The preceding poly-
mers (s) is added at a point further back in the system,
The first polymer- ‘often is  added to- the’ thiek - stock®.
In such cases the first polymer often functions as a
conditioner for the'second polymer.

Generally, it has been observed that for any given
polymer larger amounts need to be added for drainage
improvement than are necessary for improved retention,
With the" synthetlc polyelectrolytes, addition levels for
retention are usually in the range of 0 019 to 0.06%,
based on dry paper solids and dry polymer solids.

Flocculants are often used at the saveall“When
improved retention is the objective. When used in this
manner, the flocculants are normally mixed with the
incorhing water as-it enteres the saveall. Often, ihow-

ever, the use of a flocculant on the paper machine; itself

grves a sufﬁ"lently 1mproved saveall operatron ln some
casks] & small “f'ractlon of the polyrner sed ‘On the
machine’i§ ‘Added’ lmmedlately before’ the saveall and is
in addition to that used on the machine. A polymer of
épp‘o%sitéi \ harge to that’ used of the ‘paper “machine also
"ﬂay bekused on the saveall There is o ‘set rule on how
&' Bést'asé'a flbccularit at the saveall. Hach “mil{’has its
-.own -point of view, Unfortunately, the saveall op,eratron
i sti ‘goyerneo largely by fguesswork Furthermore it
“of atten-

“often receives a dlsproportronately low shar
tion from the machine technical crews '
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cher Factors Qlfectrng Performanee of _
lf}ramagera‘n,i Reténtlon Acld,s T
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) structure

: corfelates well withrobserved:mill results.,..
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In many cases, ‘the aniohic charge ofr the  ‘fibers dan
.- be diminished jor even; reversed by,.the effect of. prece-
; ding chemicals®’f. The best drainage. and ,_refention. per-
form?ﬂce gerwrally or:curs« ;pear ,the pomt of _zero net
a;e at aminimum. Thls maxrmwes the mherent ﬂocqu-
¢ lation - tendency -It-. algo- minimizes the. effect of ionic
..repulsion forces: relnforcmg the shear forces:which. tend
to break-down the:flocs that have -already formad.
addition, a low surface charge . will result ina lOWer
tendency for repeptization of the fines and fillers which
are detached from t ¢ fibers by the shear forces: .

ren

When the charge on the fiber-fines system i - sbffi-
crently diminisned, but still anionic, a weaker cationic
" charge on the polymer is desirable, since more polymer
can be absorbed on the system fiber—fines system.is used
and little neutralivation has occurred a strongly  Cationic
polymer is more desirable. If the charge has bezn comple-
tely reversed, an anionic will probably work Dbest.
Unfortunately, because of the complexity of the”'system
it is usually difficult to predrct whether the surface cha-
rge on the system Wwill be_anionic or cationic on any
given papermaking machine A’ practical approach
"16°déciding Which® polymers(s) shotiild be-tested” on*~the
machine is,to evaluate asample of headbox stock in
the laboratory for drainage and retentron values using
a series of different type of polymers, ' '

- “ Machrne dynamrcs is another factof affectrng the

performance of a drarnage and’ retentitn ard Shéar

h f’orces in the drluted s‘tock system precedmg the* wrre
and shear forces in “thé stock on the wire 1tselt’ can both

Y

_ advér ,,l‘y affect the drstnbutron of partlcles i the web

3 These forces have’ been discussed ' to‘some
degree above. Britt* has’ dé\/eloped at labOratory téchpi-
que for measuring and retention undér: shéar whith
As-discussed

» -siub Papermaking fibers have an anidnic surface chatge.
¢ This:is' largety‘due to'the urohictacid (carboxylh - gréaps
5. 6f the hemicelliildsesi portibn of fiber;- These: Hemicella-

earlier, he has shown that combinations: of apiedic and
cationic polymers give flocs.. that .are less sensitive to
shear than flocs formed by smgle polymers “either ani-

ologes‘exist as a*csaving around-the celhifose fibrils wiiieh
= cotnprise thefibe: Therefore, . the fibéri suifaces’ which
_ the: flocculants - see are: thostly: hemicellulose i Aniotic
 polyelectrolytes - would “ act: as: dispeisants: rather than
+ flocculants for-the afionic fibers'if they were* ot “uséd
. in‘cohjunction with’ some multivalent ‘metation. - Ifi‘the
paper‘ making process thid-cdtionic- charge is- supphed hy
alum “In-the case of the cationic: polyelee’trolytes, L diréct

st

* interaction " with the‘anionic fibeisis’ posa’ihle oeaed
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. gnict orcationic: Single - polymer: ‘syst€ms-are - eurrently
being used shccessfilly; but frthet inceeasesin machine
speed will give approaches such as Brrtt s greater
importance. e Y

Prol)lems .and Side Effects. When Using: Drainage
and Retention Aids

Overflocculation is probably the brggest problem
“agsociated’ With the dse-of drainage and’ retention aids.
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When a retention aid is used to retain titanium dioxide,
for example, some loss in optical efficiency will result.
This is caused by the Ti02 particles being agglomerated
with a resultant loss in optlcal scattering surfaces. .Incre-
ased resention of Ti02 will: usuaﬂy offsét this: snght 188"
in optical efficiency. At higher levels of retention aid,
however, the loss of efficiency will surpass the incre-
mental increase in retention and the opacity . will dec-

—crease Different-polymers-or— polymer-—systems—ean beo

expected to have different ratios of retention to loss of
optical efﬁciency. Pummer? has given a good illustration
of the technique of Brecht and co-workers® for relating "
the various optical properties of paper. They plot scatte- .’
ring power, absorption power, opacity and brightness .
on a chart which they call the “plane of optical status™.
The scattering and absorption power of the sheet are
..determined _ using . the . well-known Kubelka~Monk .
theory. Becht’s techaique is an excelient one for show-
..ing the relevant opnpal propcrtres of a sheet of .pap¢r. on
a s1ngle graph Pummer evaluated diffe ent types of
polymers for their effect. on the optical properties of
the:sheet. He conctuded that; the :lowe <molecular-wei-
... ght polymers have less effect on optical_efficiency..of
. fillerssthando polymers of high molcular. weight ... How-
ever, lower-molecular-weight polymers uiuvally require
sizbstantially high adqunf levels: . to :.obtain gopd
reteqtlon. Y

Poliddeas

Some polyelectrolyte'e’ (pef}‘ém DU ftéxample)
have a deleterius effect-oti* Optiit HrightEhérs?, They
presufriably complex with -the -optical sbrighténers and
cause them to lose eﬂicrency m absorbmg and re-emlt-
tlng hght

b R es s

“SUMMARY AND CONCLUSIONS

Improveéd- retention is achreved by agglémeration
--of fines and fillers to‘the whole fibers, Redistribution of
. fines and-fillers andrcollapse of the hydration shell on
" the-fibers and fines givies better web permeability. This
«:can increase drainage-through improved water removal
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at the web end, and improve steam escape on the dry-
ers. Drainage and retention aids work best at the point
of zero net surface charge on the fibers. Combination
anionic and cationic polymer systems are less shear-
Ebnsmve thay- smglfé ‘polyiner systems. - E\/alua'\:;orzof
any ‘fetention aid_ system should” include an analysis of
optical properties.
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A key point to remember when conSIdermg floccu-
lants in papermakmg is that these water-soluble po]y-
mers are tools that the papermaker can use to give him
. morg flexibility in operating his system. He can achieve
many advantages by efficiently using these materials, but

- they generally involve:readjustment of his' operation- to

take full'advantage of them. This is'an aspect’ of ' the
“use of polymers that papermakers  often d0r not fully
realize, This implies a need on the part of the suppher
ifidustry for rather large amounts- of technical service to
_accompany introduction and proﬁtable use of water-
soluble polymer ﬂocculants;“ o LBl s
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