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The use of secondary fibers from waste paper itself is a major trend in the production of various types of paper
and cardboard, which has a very positive environmental effect; it saves water, electricity, steam and wood raw material.
On the other hand the regenerated fibers have reduced sheet-forming-properties and induce problems by the appearance
of so-called "stickies". These substances are undesirable components, since reduced and in some cases interfere with the
action of the cationic chemical additives (CCA) added for a specific purpose. To solve these issues papermakers use

CCA.

What is used primarily in the paper production processes are high-molecular weight hydrophilic synthetic
polymers (polyelectrolytes) with different chemical nature. As a result, the dewatering is accelerated, the retention of
the components in the paper sheet is improved and this provides a clarified white waters.

The purpose of this study was to investigate the effect of cationic synthetic polyelectrolytes with different
chemical nature and charge over the behavior during the dewatering of paper furnish from recycled fiber material from

waste paper.

The recycled fiber material is from waste newsprint paper and it mainly consists of chemical-thermo-
mechanical pulp. Six types of cationic chemical additives with different chemical nature and charge density are used.
The dewatering ability is measured and the turbidity and conductivity of the white waters is determined.

As a result of the studies carried out it is found out that for the improvement of the dewatering and for the
clarification of the white waters, the most advisable is the usage of chemical additive based on polyacrylamide.
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INTRODUCTION

Paper is one of the oldest and widespread
industrial products of the world. It is an irrevocable
part of everyday life in all its aspects. Fortunately,
paper is an ecological product. Its main components
are the renewable materials and used paper can be
unfenced in natural conditions if it’s not being used
again for the production of recycled paper or some
other method.

Modern paper technology is unimaginable
without the use of a great amount of subsidiary
materials and chemical additives (CA) as well.
Added to the renewable materials they above all
things form the necessary features of a paper sheet.
With their help a number of technological problems
are being solved and also they provide a possibility
for saving raw materials when at the same time
improving paper quality properties [1-3].

Nowadays the first place among raw materials
for paper production takes waste paper which has a
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very positive environmental effect; it saves water,
electricity, steam and wood raw material. On the
other hand the regenerated fibers have reduced
sheet-forming properties and induce problems by
the appearance of so-called "stickies". These
substances are undesirable components, since
reduced and in some cases interfere with the action
of the cationic chemical additives (CCA) added for
a specific purpose. To solve these issues
papermakers use CCA. One of the problems in
using secondary fiber material is its lower drainage
ability. This necessitates a specific selection of wet-
end chemical additives in the composition of
recycled papers [4-6].

What is used primarily in the paper production
processes are high-molecular weight hydrophilic
synthetic polymers (polyelectrolytes) with different
chemical nature. Their role is to cause colloid-
chemical changes at the barrier surface of the
system "fiber-to-water", and especially the values
of the electro-kinetic potential. The obtained larger
and smaller agglomerates are better retained onto
the web. As a result, the dewatering is accelerated,
the retention
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of the components in the paper sheet is improved

and this provides a clarified white waters.

Paper is definitely not a factor interfering with
the ecological balance of the world. On the contrary
- one of the reasons for that is because a basic
requirement towards CA for the paper industry is
their ecology — it is being put equally in the triangle
“functionality - cost — ecology” [6]. What does this
mean? The short answer is — to provide:

e Better utilization of resources — here comes into
play the recycling process of waste paper and
improved components retention;

e Greater economy of energy — this includes the
intensification of refining, dewatering and
drying;

e Purer waste waters, which include an improved
water circuit with maximum use of white
waters.

The behavior of paper furnish during
dewatering basically depends on the type of fiber
material and the degree of its beating (pulp,
chemical pulp, waste paper), fillers, sizing agents
and used chemical additives.

A fundamental goal in paper production has
always been: to get a greater possible quantity of
paper with the highest possible quality at the lowest
expense possible all the while acknowledging the
ecological requirements.

The purpose of this study was to investigate the
effect of cationic synthetic polyelectrolytes with
different chemical nature and cationic charge over
the behavior during the dewatering of paper furnish
from recycled fiber material.

EXPERIMENTAL

The investigations were carried out with
secondary fiber material from waste newspaper,
containing pulp and chemo-thermo-mechanical
pulp (CTPM). The slushing of the paper was made
in laboratory vertical pulper and the refining degree
was 70 °SR. The objective is to disintegrate fiber
slurry so that fibers are separated, wetted and are
flexible before entering the chemical additives.

As a Chemical Additives (CA) for the
investigation of the drainage ability were used six

Tablel. Characteristics of chemical additives.

additives by four types of polymers -
Polyacrylamide (PAA), Poly Amine (PA), Poly
Ethylene Imine (PEI) and PolyDADMAC + PAA.
Its characteristics are shown in Table 1. The
consumption of the polymers is 0,025%, 0,05%,
0,075% and 0,1% from o.d.f.

During the process of production of CMP are
For straightening out the interactions, the Kinetics
of the drainage ability of the suspensions was
determined, by Schopper Riegler method. The
Dewatering time of paper furnishes were
determined for 300ml, 400ml, 500ml, 600ml and
700ml, s.

White waters are also being studied:
e Turbidity — NTU nephelometric acc. 1ISO 7020

(Turb 350 IR);

e Conductivity - uS acc. ISO 7888

(conductometer EC215).

Measuring the electric conductivity gives an
indication of the total concentration of electrolyte in
the liquid phase.

RESULTS & DISCUSSION

Influence of the quantity and type of chemical
additives, on the drainage ability of the
suspensions from recycled fiber material. The
accelerated dewatering and increased retention as a
result of flocculants effect usually means purer
waters in paper mill as well. We are going to
present experimental data on the behavior of some
CA with dewatering and flocculation effect in the
structure of various fiber suspensions. The studies
are conducted by products with different chemical
nature, molecular weight, conductivity and cationic
charge density (Table 1).

The above-mentioned CA are being added in
quantity of 0.025% to 0.1% from o.d.f. to water
suspensions of secondary fiber material.

The effect of the six examined CA on the
drainage ability of suspensions can be presented
with the change of dewatering time in seconds (Fig
1-6).

The CA in this case definitely improved the
dewatering time, even at 0,025% consumption of

Characteristics of chemical additives

Chemical substance Name Cationic Conductivity,

charge uS
1 Polyacryl amide (PAA) Percol 178 + 61
2 Polyacryl amide (PAA) Percol 57 ++ 117
3. Polyacryl amide (PAA) Retaminol PCE-304L + 73
4. Poly Amine (PA) Retaminol K +++ 343
5 Poly Ethylene Imine (PEI) Retaminol 2S +++ 410
6 PolyDATMAC 50% + PAA 50% Fenosil ES 128 ++ 174
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Fig. 1. Dewatering time of secondary fiber suspension at
different Percol 178 consumption.
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Fig. 2. Dewatering time of secondary fiber suspension at
different Percol 57 consumption.
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Fig. 3. Dewatering time of secondary fiber suspension at
different PAA-304 consumption

the polymers. The figures show that the PAA based
CA (Percol 57, Percol 178 and PAA-304) have
improved dewatering effect, compared to the other
types of polymers (Polyamin K, PEI -2S,
PolyDADMAC+PAA). The course of the curves is
more uniform with the CA, compared with those
without CA.

As it is well known, the cationic PAA are CA
with higher molecular weight and lower charge
density. They formed agglomerates “water-fibers-
cationic-polyacrylamide”, through the bridge-
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Fig. 4. Dewatering time of secondary fiber suspension at
different Polyamin K consumption.
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Fig. 6. Dewatering time of secondary fiber suspension at
different PolyDADMAC+PAA consumption
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Fig. 7. Dewatering time for 700ml of secondary fiber
suspension at different Polyelectrolytes consumption.

forming mechanism. As a result, in the web are
formed larger free spaces, without small particles
and fines, which results in better water flowing
ability. The so- formed flocks are larger with friable
structure (macro-flocculation) and the flocculation
advanced the dewatering. With increasing the
chemical additives, the flocculation capacity is
enhanced. With increasing the charge density of the
cationic CA, the dewatering is improved.
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Fig. 8. Dewatering effect of secondary fiber suspension at different Polyelectrolytes and different consumption.

The dewatering effect with the other three CA,
based on polyamine, poly ethylene imine and
PolyDADMAC, is different and the mechanism of
their effect is mainly by the mosaic bonding. They
have lower molecular weight and higher charge
density. The formed flocks are smaller in relatively
compact structure — micro-flocculation.

The effect of the six examined CA on the
Dewatering Effect of the secondary fiber
suspensions can be presented with the change of
dewatering in percentage, calculated with the value
of dewatering time at 700 ml filtrate without (T%o)
and in the presence (Tz0) of certain quantity of
chemical additive:

Dewatering effect = (T07oo —T7oo) / T07oo .100, %

The obtained experimental results are shown in
Fig.8. It can be seen, that PAA-304, at 0,05%
consumption, has the highest dewatering effect —
76%. From the other types of CA, the PEI-2S at the
same consumption has 43,4% dewatering effect.
The CA in this case definitely improved the
drainage. According to their dewatering effects at
0,05% consumption, they are being sorted by the
nature of the polymers, i.e. the cationic PAA have a
better effect: PAA-304 > Percol 57 > Percol 178 >
Polyamine K > PEI-2S > PolyDADMAC+PAA.
Influence of the quantity and type of chemical
additives, on the properties of the white waters.
The investigated secondary fiber material mainly
consists of chemo-mechanical pulp, which is a
precondition for the appearance of stickies. By the
increased mechanical treatment they accumulate
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more. One of the ways to investigate this process is
by measuring the turbidity of the white waters,
shown on Fig.9. As it’s visible, chemical additives
based on cationic PAA, gives the clearest white
waters. The other three types are less effective for
the clarity of the white waters and with increasing
the CA consumption the clarity decreased.

The effect of the six examined CA on the
clarification ability of the secondary fiber
suspensions can be presented with the change of
clarification effect in percentage, calculated with
the value of clarity at 700 ml filtrate without
(NTU%q) and in the presence (NTU7q0) of certain
quantity of chemical additive:

Clarification EffeCt=(NTU07oo ~NTU700 )/NTUO700 .100, %
Fig.9
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Fig. 9. Turbidity of secondary fiber suspension white
waters at different Polyelectrolytes consumption.
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Fig. 10. Clarification effect of secondary fiber suspension at different Polyelectrolytes and different consumption.

Table 2. Conductivity of the white waters.

Conductivity, puS

Consumption, % Percol 178 Percol 75 PAA-304  Polyamin K PEI-2S PolyDADMAC+PAA
0 152 150 148 146 145 146
0,025 151 149 148 145 145 145
0,05 150 149 148 145 144 144
0,075 150 149 147 145 144 144
0,1 145 143

Fig.10 shows the clarification effect for the sixth
investigated polymers at the certain consumption.
The highest clarification effect - 84% has the Percol
57 at 0,05% consumption, while with PEI-2S, at the
same consumption the clarification effect is 53,4%.
The worse effect, at 0,05% consumption, gives the
Polyamin K — 41,8%.

The investigations carried out show that for the
waste newspaper recycled suspensions the PAA
based polymers are particulate, in spite of their low
cationic charge. The advisable consumption for the
PAA based polymers is from 0,025% to 0,05% from
o.d.f., but for the other three types is from 0,05% to
0,075% from o.d.f.

The results for the conductivity of the white
waters, shown in Tabl.2 present that with increasing
the Percol 178, Percol 57, PAA-304 and
PolyDADMAC+PAA consumption, the
conductivity parameter decreases. Measuring the
electric conductivity gives an indication of the total
concentration of electrolyte in the liquid phase. The
guantity of the fines in the white waters decreases,
because of the enhanced flocculation and retention.

CONCLUSIONS

The obtained experimental results show, that for
the acceleration of the dewatering ability of
secondary newspaper fiber material, it is appropriate
to use chemical additives, based on Polyacrylamide
at a consumption of 0,025 + 0,05% from o.d.f.

For enhancing the clarity of the white waters
from recycled fiber material it is necessary to use
Wet-End  chemical  additives  based on
Polyacrylamide.

By its action on accelerating the drainage of the
secondary fiber material and the clarification of
white water, the studied out chemical additives,
used in amount 0.05% from o.d.f. are being sorted
by their dewatering and clarification ability, in the
following orders:

Dewatering ability:

PAA-304 > Percol 57 > Percol 178 > Poliamin
K > PEI-2S > PolyDADMAC+PAA
Clarification ability:

Percol 57 > PAA-304 > Percol 178 > PEI-2S >

PolyDADMAC+PAA > Poliamin K.
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N3CJIEABAHE BJIMAHUETO HA XUMUWYECKU CITOMATI'ATEJIHU BEIIIECTBA BbPXY
INOBEJAEHUETO HA CYCIIEH3UA OT PEHUKJIMPAH BJIAKHECT MATEPHUAJI OT
BECTHHULU

H.A. Tomoposa*, C.I1. beruera

Xumurxomexnonozuuen u memanypeusen ynusepcumem, Cogpus 1756, 6yn. Knumenm Oxpudcku Ne§
Mocrenuna Ha 30 roiu, 2014 r.; npuera Ha 13 despyapu, 2015 r.

(Pestome)

M3nmon3BaHeTo Ha BTOPMYHM BIAaKHA OT OTHAJbUHA XapTHs Ce Hajara KaTo OCHOBHA TEHIACHIMSA MpHU
MIPOM3BOJICTBOTO HA PA3JIMYHU BHJOBE XapTHU M KAPTOHHU, KOETO UMa W3KJIFOUUTENIEH MOJIOKHUTENICH EKOJIOTHYEH e(eKT,
CIecTsBa Pa3XxoJy Ha BOJA, Ha €JIEKTPUUYHA €HEprus, mapa U AbpBecHa cypoBuHAa. OT Apyra cTpaHa pereHepupaHuTe
BJIaKHA UMAT IOHMKECHH JINCTOOOpa3yBallll CBOMCTBA M Ch3AaBaT NMPOOJIEMH, IPUYMHEHH OT MOsIBaTa Ha T.H.”TIpeyely
BemiecTBa”. Te3u BellecTBa ca HEXeNAaTeTHH KOMIIOHEHTH, ThH KaTO pexylupar, a B HAKOM CIy4au CMyIaBaT
JIEWCTBUETO HAa KATHOHHHUTE XMMUYHH criomararesiHu Bemectsa /XCB/, nobaBenu ¢ onpeneneHa 1en. 3a pemaBaHeTo Ha
Te3U BbIIpocH ce u3nouaspar XCB.

OCHOBHO C€ H3IION3BAaT BHCOKOMOJIEKYJIHH XHAPO(MWIHH CHHTCTHYHH IIOJIUMEPH /TIOJIHMENEKTPOIUTH/ C
pa3nMyHa XMMHYHA TNpHUpojaa. B pesynrar Ha TIXHOTO NEHCTBHE c€ YCKOpsBa OTBOAHSABAHETO, IMOJ00psiBa ce
3abPXKAHETO HA KOMITOHEHTHTE B XapTHEHUsI JIUCT M CE OCUTYPSIBAT MO-OUCTPH ITOJCUTOBH BOJIH.

IlenTa Ha HACTOAIIOTO M3CJICABAHE € Jla C€ M3YYH BIMSHHETO HA KATHOHHM CHHTETHYHH IOJIHMEIEKTPOIIUTH C
pa3IuYHa XMMUYHA IPUPOAA U 3apsA] BbPXY MOBEIEHHETO NPH OTBOAHABAHE HA CYCICH3US OT PEUMKIHPAH BIAKHECT
MaTepHall OT OTIaAbuHa XapTHsl.

PerknupaHusaT BIaKHECT MaTepuan, C KOHTO ce OCBIIECTBABAT EKCIEPUMEHTUTE € OT OTNaAb4Ha
BECTHHMKapcKa xapTus. IIpu mpoBexXIaHEeTO Ha M3CIEABAHMATA Ca M3MOI3BAHH PA3IHMYHHU [0 CBOATA XMMHUYHA IPUpPOJA
KAaTHOHHHU CUHTETUYHH MOJIMEIEKTPOINTH, pa3INYaBally ce 0 MOJIEKYJIHA Maca U IUTBTHOCT Ha 3apsaja.

B pesynTar Ha mpoBeeHUTE U3CIEBAHMS C€ YCTaHOBH, Ue€ 3a IMOA0OpsABaHEe HAa OTBOAHABAHETO U 3a M3OUCTPSIHE Ha
MOJICHTOBUTE BOJAM, Hai-menecbo0pasHo e wm3moin3BaHeto Ha XCB Ha ocHOBaTa Ha  IOJHEKPHIAMUI.
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