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SUMMARY

An ECF-bleached softwood pulp was treat-
ed with carboxymethyl cellulose (CMC).
The CMC sorptions were carried out under
specified conditions (60°C, pH 12.5, CMC
addition 1%, pulp consistency 5%) in order
to introduce more charged groups on the
surface of fibres. The beating of pulp, pH-
value, degree of substitution (DS) of CMC
and electrolyte concentration had a major
impact on the amount of CMC attached.
The increase in the water retention values
(WRYV) of the CMC-treated pulps was very
significant, and was associated with
improved internal (approximately 50%
increase) and tensile strengths of resultant
handsheets. These handsheets prepared
in water and in electrolyte solution were fur-
ther studied by electron microscopy
(ESEM). As the sorption conditions used
are similar to those in papermaking sys-
tems, this surface modification method
may be advantageous in practice, for
example, after the refining stage.
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upon exposure to water, which improvesesulting in increased strength properties
the flexibility of the cell wall, resulting in (25,26 and, disadvantageously, function-
a greater degree of consolidation anthg as a physical barrier for diffusion of
stronger paper. The charged groups algesidual lignin from the fibresl{,27).
have an important role in enhancing the Many authors have studied the sorp-
sorption of cationic paper chemicals andion of wood xylans on cellulosic fibres
metal cations. More recently, Laine et al(16,17,28-3) or cellulose microfibrils
(5) showed that the role of the charged31). Mitikka et al. showed that the sorbed
groups on properties of paper is primarilycylan was not concentrated on the exter-
due to an increase in specific bonadal surface of fibres; in contrast, the sorp-
strength, whereas the role of swelling antlon was evident throughout the cell wall.
fibre flexibilisation is only of secondary Furthermore, the sorbed xylan was paral-
importance. Meanwhile, Torgnysdotterlel to cellulosic fibres and tended to adopt
and Wagberg found that the surfaceéhe same two-fold axis conformation with
charge of fibres is the most important faceellulose {6). Other investigators have
tor for the development of both bondstudied the surface properties of CTMP
strength and paper streng®).( fibres modified with xylans23). Yllner et
Different approaches to increase thal. studied the attachment of xylan on cel-
amount of charged groups into the cellulosic fibres during sulphate cooking
wall of fibres have been used, such as caf21,22. It was shown by Paananen et al.
boxymethylation T), sulfonation 8,9) or that the improvement of the strength
oxidation (LO). Barzyl et al. {1,12 car- properties for xylan modified pulps must
boxymethylated fibres under non-swellingoe due to the effect of xylan on fibre
conditions and showed that by introducindponds during drying of paper32).
carboxyl groups on the surface of fibresMloreover, Hannuksela and co-workers
the internal and tensile strengthsstudied the sorption of mannans on differ-
improved. They attributed this to anent pulps 83,39 and found that the sheet
increase in fibre-to-fibre specific bondstrength properties improved for the man-
strength. The beneficial role of the surfac@an modified pulps2g).
charge on the bonding properties of fibres Carboxymethyl cellulose (CMC), an
and further on the properties of paper havanionic polyelectrolyte derived from cel-
been investigated10,13,14. Previous lulose, is another useful polymer for
studies in this laboratory have shown thantroducing more charged groups on the
carboxymethyl celluloself) and wood surface of the fibres. In papermaking,
xylans (6,17 can be attached to cellu-CMC is used as a component of coating
losic fibres and thus introduce morecolour, as a wet end additive and for sur-

Bulk and surface charges have a majqfharged groups on the surface of fibres. face sizing 85,39. The cellulosic surface

impact on paper processing and the prop- pyring kraft pulping, hemicelluloses is negatively charged and therefore anion-
erties of the final paperl(2). The most \yhich partially dissolve as individual ic polyelectrolytes do not generally
important functional groups in papermakyolymers are sorbed back onto cellulosiadsorb on it 37,38 but previous studies
ing are charged carboxyl groups but phe;hres (18-20. Significant sorption takes in our laboratory have shown that CMC
nolic, hydroxyl and sulphonic groups aréyjace only at high temperatures and thean be permanently attached on the exter-
present as well3). The total acidic or 5mount of xylan deposited stronglynal surface of ECF-bleached softwood
anionic groups can be determined by itragepends on the nature of the cellulosipulp (L5). The strength and topology of
tion, sorption, chromatographic or spectinres (17,21-23. Factors affecting the the sorption of CMC on cellulose can be
trometric methods 4). By introducing resorption of xylans are structuralcontrolled by the degree of substitution
charged groups, the fibres swell morgpanges in xylans, changes in the chem{PS) and polymerisation (DP) of the
cal composition of the fibresl® and CMC. Moreover, the charge of fibres,
changes in the alkalinity of the cookingdegree of beating of the pulp, pH and
liquor (24). The resorbed hemicellulosesionic strength of the sorption medium and
have both positive and negative effects omolecular weight of CMC affected the
the properties of the pulp, such as increagmount of CMC attached on pulp. When
ing bonding within or between the fibresthe aim is to modify the fibre surfaces, the
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CMC should have a sufficiently highabieg kraft pulp. The pulp was obtainedsorptions were carried out in glass
molecular weight in order to be attachedrom a mill in the form of dry pulp sheets.beakers (DS 0.31 and 0.43) or in an 8 L
only on the external surface of the fibreShe pulps were soaked in water and disintgetating autoclave (DS 0.2). The tempera-
and to prevent penetration into the cell walgrated prior to use (ISO 5263-1). The pulpure was raised to 60°C over 10 minutes.
(8). Because CMC may adopt a similawas refined at 1000, 2000, 4000 or 700@fter 60 minutes, the pulp suspensions
chain conformation as crystalline cellu-revolutions with a PFI mill ISO 5264-2). were cooled, filtered and washed with
lose, the sorption of CMC with low DS is deionised water.
probably enabled by this conformationalCarboxymethyl cellulose Samples of the liquid phase were with-
change, as in the case of wood xylang commercial CMC sample, Nymcel zZsB-drawn (50 mL) after the sorption, filtered
(16,1%. It is this similarity in the chain 1q (DS 0.2, DPV 750), was obtained fronvith 0.2 mm membranes and then anal-
conformations which enables associatiogyiant. Increased DS samples were prcysed for dissolved carbohydrates by the
with cellulose microfibrils (CMFs). It has §,ced with the following treatment.%): phenol-sulphuric acid tes#%). The refer-
been shown by Mitikka et al. that microfib-cp\ic (20 g) was mixed with 2-propanol €Nce pulps were treated under similar
rillation of the external fibre surface is the(520 mL) in a beaker. After 15 minutes,conditions but without CMC. Thus, the
most important factor in the formation of4q04 sodium hydroxide (45 mL) was'esults of the phenol-sulphuric acid test
interfibre bonds X5). More recently simi- 5qded. The mixture was mixed for 30 minWere corrected for polysaccharides other
lar studies have been conducted by Laingies and then chloroacetic acid (2.2 or 5 than CMC.
et al. to show that CMC can be irreversibl)g) was added during another 15 minutes.
attached on the surface of cellulosic fibre§pe peaker was covered and kept at sgoWater retention value
at high temperatures and in the presence gy 4 h_After 4 h, the mixture was filteredWater retention values (WRV) of pulps
calcium @9). Laine et al. also studied the;, 5 Biichner funnel (filter paper Whatmarwere measured in accordance with stan-
effect on papermaking properties by the,; 1y and 70% methanol (150 mL) waslard SCAN-C 62:00 with a Jouan GR 4 22
CMC attachment on a softwood kraft pult,gged. The mixture was mixed and filteredcentrifuge. WRVs were also determined
(40). Moreover, Watanabe and co-workeriger cooling the filter cake, 90% aceticfor pulps immersed in aqueous solutions
have developed an advanced wet-end Syggiq (ahout 10 mL) was added (pH neutraljpf sodium chloride (2.5-10 mM NaCl).
tem with CMC &1). Studies with CMC g misture was filtered and washed with
modified pulp have also been. carrlgd O0UW0o, methanol (150 mL) and 90%Papermaking properties
by Blomstedt et al. who have investigatedy e ang| (250 mL). The CMC sample wasThe laboratory handsheets were prepared
the fractionation of CMC m9d|f|ed hard- subsequently dried at room temperature. by standard method ISO 5269-1 except
wood pulp §2) and the combined effect of A hortion of the modified CMC (3 g) for wet pressing at 490 kPa and drying in
CMC and surfactants on the properties %as mixed with 65% nitric acid in a drum at 60°C for 2 h. Handsheets were
softwood pulp 43). methanol (73 mL). After 3 h mixing, the prepared in water and in dilute solution of
Several authors have recently beefiyre was filtered in a Biichner funnelsodium  chloride (0.05 M NaCl).
exploring the ‘optimal conditions andanq washed with 70% methanol (~ 100Qaboratory sheets (Table 3) were pre-
properties of CMC modified pulps nyy ynijl pH was neutral. The samplepared with a laboratory handsheet mold
(15,39,40,42,4B In the work described a5 grieq at room temperature. A samplequipped with a white water circulating
here our objective was o develop & yhe cmc (500 mg) was weighed in asystem. Grammage of the sheets was
method_ o perm_anenFIy attach CMC Orheaker and mixed with 70% methanol (4letermined according to 1ISO 536, thick-
cellulosm.flbres in a simple and ',ndUStr"mL).After a few minutes, deionised watemess and density according to ISO 534,
a!ly practical manner. oThus sorption CON{50 mL) and 0.5 M sodium hydroxide The light scattering coefficient was mea-
ditions of pH 12.5, 60. .C’ pulp conS|sten-(12_5 mL) were added. The mixture wasured with an Elrepho reflectometer by
cy _50 g/L, CMC addition 0.5 g/L under mixed for 2 h. The residual hydroxide waghe standard method ISO 5631.
Wh!Ch.CMC can be gttache_d onto Ce"u’citrated with 0.1 M hydrochloric acid The tensile strength of the laboratory
losic fibres were studied. Laine at @3 qjng 5 phenolphthalein indicator. Thesheets was determined with a tensile testing
have also successfully attached CM onsumption of sodium hydroxide corre-machine (MTS 400M) using SCAN-P
onto .CeHU|OS|C. .flbres t.)m o.nly at eXtremesponded to a DS of 0.31 and 0.43 for thg8:80. The bonding ability (internal
sorption cqndmons with high electrolytetwo modified CMC samples produced. strength) was measured according to Tappi
concentration and temperature. Thus, the 833 pm-94. The tearing resistance (out-of-

CMC sorption COﬂdItIOH.S.Studled here ar%orption of CMC on pulps plane tear, Elmendorf) was determined
much closer to the conditions encountere

in a papermill. These ConSiStency anéince the thre.e types Olf CMC (having D@CCOfdiﬂg to the standard method 1SO 1974.

temperature conditions would allow for< 0-5) were insoluble in water, a stong . I . |

the CMC to be added as an integral step ffMC solution (< 10 g/L) was prepared in nvironmental scanning electron

the papermaking process, for instanc@,'S_ M sodium hydroglde. D|§|ntegrated ormicroscopy

after the beating or refiningi4). refined pulp was mixed with water andEnvironmental  scanning  electron
stock CMC solution to obtain a final pulpmicroscopy (ESEM) images of the paper

MATERIALS AND METHODS  consistency of 5% (50 g/L) and an initialsheets were taken with an ElectroScan
CMC concentration of 0.5 g/L (1% onESEM 2020 instrumen#g). The images

Pulp pulp) @5). The pH of the mixture was were taken in the ESEM mode with

The experiments were carried out with ari2.5. In some cases the pH was adjust€8iSED (gaseous secondary electron detec-

industrial ECF-bleached sprucéi¢ea to 11 or 10 with hydrochloric acid. Thetor) at a temperature of about 23°C. Low-
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acceleration voltage (4.9 to 5.1 kV) was 9 100
used to prevent degradation of cellulose 8 Attached CMC ——
(47). The pressure in the chamber was 6 . 80 o
torr, the condenser lens setting 40% and 8 ;
magnification 500x. %ﬂ 2 0 2
mI 4 +—— CMC-treated 1 40 g
RESULTS AND DISCUSSION g . £
Sorption of CMC on pulp = 2 e _,:,::::e 20 O
The amount of CMC attached on pulp i S——— M 4T 0
was evaluated by estimating the content 0 1000 2000 3000 4000 5000 6000 7000
of CMC in the sorption liquid by phenol- Beating level, rev.
sulphuric acid test. Unbeaten pulps Fig. 1 Effect of beating on the attachment of CMC
sorbed 52% of high-molecular-weight (Nymcel ZSB- 10, DS 0.2, DPy, 750, pH 12.5) and the
CMC (DR, 750, DS 0.2) whereas beating WRYV of the pulp. Addition of CMC 1% on pulp.
of the pulp led to almost quantative wator and the dashed lines. the WRV-values n 001
: P H water an - .
sorption at 1% addition of CMC (Fig. 1). M NaCl. Key: filled square (m) CMC-treated, open
These results are comparable with results square () CMC-treated+0.01 M NaCl, open circle
achieved by other workers but the previ- (o) Reference, plus (+) Reference+0.01 M NaCl.

ous results were conducted with CMC . . . . .
(DS 0.5) at high temperature (120°C) andfolyte addition applied by Laine et al. to(Fig. 1). Although the amounts of CMC in

with the addition of an electrolyte (Caf! attach the CMC. Therefore, it is difficult the beaten pulps were comparable, a more
(39) whereas our conditions are mucH® directly compare these two CMC mod-extensive beating led to a considerable

closer to practical papermaking COndi_!ﬁcation methods_15,39. The rgsults also further increase in WRV. However, WRV
tions. Previous studies by ESCA'mply that two-dlfferent sorption mgcha-did not correlate with the amount of
(labelling with C&* ions) and polyelec- NISMS may exist. On'e suggestion is thagorbed CMC and the increase of WRV
trolyte titrations (zero ionic strength) haveCMc may adopt a similar chain confor-could not be accounted for solely by the
shown that the CMC is located mainly orfnation to crystalhlne ceIIqu§e, and theincrease in the total charge of fibres. At
the external fibre surfacd). The same SOrPtion of CMC with low DS is probably the same degree of beating, the highest
study showed that the porosity of the Ce|.13nabled by this conformational change, a@/RV was obtained with the CMC with
wall clearly controlled the sorption of N the case of wood xyland§,17. Itis DS 0.43 and pH 12.4 even though the
CMC. The CMC was bound strongly onthis similarity in the chain conformationsdegree of sorption was relatively low with
the pulp and the sorption was irreversible//hich enables association with cellulosehis CMC grade (Table 1).

unaffected by washing or extensive beafhicrofibrils (CMFs). However, further  WRVs of the pulps were quite sensitive

ing afterwards (Fig. 1). fundamental studies are needed to fullyo the ionic strength (Fig. 1 and Table 1).
The amount of sorbed CMC dependealnderstand the mechanism behind thghe difference in the WRV values of
strongly on the DS of the CMC (Table 1),CMC sorption. pulps in water and in NaCl solution illus-
decreasing when the DS of the CMC was trates how much the water retention is
increased. Earlier studies had shown th&tibre properties of pulp treated based on osmotic pressure which in turn
higher retention is obtained with moderWith CMC is affected by counter ions dissociating

ately substituted CMC 3¢). Similar WRYV is generally used to determine thédrom the fibre 49). lonic strength had less
trends have been reported by Laine et awelling capacity of pulps. An increase ireffect on those pulps that were treated
(39), although the attachment of CMCswelling by introducing more chargedwith more extensively substituted CMC
(DS > 0.4) was only possible by addinggroups generally results in a higher WR\Wrades. Swelling was reduced to about
relatively large amounts of calcium and48,49. From our results, the sorption ofhalf in the presence of an electrolyte and
no attachment took place under elec€EMC on beaten pulps leads to a dramatitherefore decreased to the same level as
trolyte-free conditions39). In the present increase in their water retention valueshe reference pulp (Fig. 1). Collapse of
study we have managed to attach high
amounts of CMC (DS 0.2 to 0.43) on thepgple 1

fibre surface without adding calcium.The effect of DS of CMC (Nymcel ZSB-10) on the amount of sorbed CMC on a beaten (4000
Moreover, we found the sorption of alkalirev.) kraft pulp and the WRYV of the pulp. Addition of CMC was 1% and pH of the mixture 12.5,
soluble CMCs could be enhanced to som-4: 11 and 10.

extgnt .by_ lowering the pH (12,5 to 10)p|_I DS Sorbed CMC WRV (g/g) WRV (g/g) WRV (g/g)
which is in contrast to Laine et al. who (% on pulp) Water 25mMNaCl  10mM NaCl
observed a decrease in the attached amount
of CMC when the pH was decreased in theH=125 0.2 94 3.43 1.99 1.69
pH=12.4 0.31 69 3.84 2.48 1.91
same range (pH 13 to 139 . pH=124 043 38 4.16 3.13 2.09
At this point it should be emphasizedy=11.0 031 78 4.62 3.84 2.39
that the sorption mechanisms here and igH=11.0  0.43 48 4.47 3.91 2.33
the alternative study3@) are completely pH=10.0  0.31 81 4.98 391 2.46

different because of the substantial ele®"=10-0  0.43 50 4.84 3.88 2.57

July 2007 311



Appita Peer Reviewed

the hydrated structure by electrolytesl.able2

inqicates that the CMF'.Water p.hase IS Staheet properties of beaten and unbeaten softwood pulp with and without sorbed CMC (DS
bilised by electrostatic interactionsj. 0.2) . REF=no CMC added, CMC= 1% CMC added.

In the study by Mitikka-Eklund et al.,

fibres treated with CMC were examine amr_)le/ Grammage Thickness Density nght _Tear Ten5|le Internal
. . . Beating g/m? pm kg/m3  scattering index index strength
with the aid of confocal laser scanningg,q coefficient mNm2/g  Nm/g J/m?2

microscopy (CLSM) 15). It was shown rey, m2/kg
that the main effect of CMC was to disin-
tegrate external bundles of cellulos&EF

T o ) 60.8 126 483 32.7 215 317 79.2
microfibrils (CMF;) and stabilise these in; 652 117 559 274 232 442 156
a water suspension. The huge amount @fgo 65.1 107 606 23.6 20.2 61.0 239
water in the CMC-treated fibres is boundt000 62.6 96.6 648 20.6 17.3 73.5 411
into this external CMF-water gel. It is 7000 60.7 87.6 693 175 13.7 86.7 554
remarkable t?at the attachment of a sm 6.8 125 533 290 233 38.4 157
amount (< 1%) of water-insoluble CMC ;g9 67.3 110 611 24.2 163 727 339
(DS 0.2) may increase the water retentiopooo 64.7 101 639 20.9 11.3 89.1 510
by almost one thousand times its weight000 64.8 98.6 657 18.2 11.0 94.2 704
(Fig. 1). Comparable studies have showA090 65.4 94.3 694 156 8.6 105.1 965

that the water held by the CMC is present
at the fibre surface and can therefore eas

ily be removed by pressing)( It is only Table3 _ _

the water in the cell wall that is difficult to Sheet properties of beaten (2000 rev.) softwood pulp with and without sorbed CMC (DS 0.2,
. ) ” 0.31, 0.43) and the effect of electrolyte (0.05 M NaCl) added. REF=no CMC added, CMC= 1%

remove during pressing. Another imporcmc added, salt=preparing the sheets in 0.05 M NaCl.

tant observation is that the treatment with

CMC increases the total anionic charge ofample Grarr/tmzage Thickness l?(er;sigy L:?ht_ .Tzar Ter;sile I;\tern;l‘

the fibres only by approximately 20% gim Hm G o n";ﬂfz’;g ',;'m‘j; e

(15). This change is significant for WRV m?2/kg

however, because it reflects changes in

the bulk anionic sites located mainly inEEE | gj-g iéi 22421 ;‘2‘-8 ig-g g?-; gij

+

the secondary cell wall. DS :Osgt ' ' ' '
Similar.WRV results have been reportcyc 66.3 103 642 213 12.9 84.2 499

ed by Laine et al.40) who reported a cmc+salt 66.3 127 521 26.4 17.5 71.7 310

marked increase in WRV when the carbs =0.31

boxyl groups on the CMC modified fibre €MC 68.0 121 563 24.1 - 59.0 255

. ) MC+salt 67.1 116 579 23.9 - 64.9 314

surface were in their Na-form (washedqyq ;45

with 0.001 M NaHCQ). It was also cmc 66.6 110 605 226 - 65.8 271

shown that the WRV-values were highlycMC+salt 66.5 112 593 23.3 - 72.8 352

dependent on the CMC attachment tem-
perature - higher temperatures leading tstant sheet density (Table 2). During beat- A trend in papermaking is towards

more firmly attached CMC indicated bying the tensile and internal strengths of thimcreased recycling of process waters, and
lower WRV of the pulp. Fundamental CMC-treated pulps developed faster thahence there is growing interest in knowing

research on CMC sorption, preferablftnose of the untreated (reference) pulps. what effects the higher electrolyte concen-
with a quartz crystal microbalance per-

formed on cellulose model surfaces, 1000
would considerably enhance our under-
standing of this phenomenon. ¢ 800
; CMC-treated

Handsheet properties of pulp % 600 .
treated with CMC g 400 .
A decrease in the carboxyl groups results “
reportedly in a reduction in WRV and fur- E 200 4
ther a decrease in the tensile strength ﬁ o
(48,49. An increase in swelling brings 0 : : : : -
about an improvement of the plasticity 450 500 550 600 650 700
and flexibility of the fibres and increases Density, kg/m3
their ability to bond extensively during Fig. 2 The effect of CMC treatment (1% ZSB-10 addition,
sheet formation. Thus, the high water DS 0.2, DP, 750, pH 12.5) of the unbeaten and
retention of the CMC-treated pulps led to beaten kraft pulps on internal strengths of paper
high tensile and internal strengths, also sheets rglatlve to their density. The solid and.

. dashed lines denote changes caused by beating
when the comparison was made at a con- (0, 1000, 2000, 4000 and 7000 revolutions).
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Fig. 3 ESEM images of sheets of a beaten (2000 revolu- Fig. 4 ESEM images of sheets prepared from a beaten
tions) and CMC-treated (78% Nymcel ZSB-10 on (2000 revolutions) and CMC-treated (78% Nymcel
pulp, pH 12.5, DS 0.2) pulp in water. ZSB-10 on pulp, pH 12.5, DS 0.2) pulp in 0.05 M
Microcompressions are visible in both images, the sodium chloride. Typical of the sheets is the low
left picture also shows ruptures in the bonded number of microcompressions, large intact bond-
areas during drying. ed areas and smaller bridges between fibres.

trations have on paper properties. The effestructure on the external surfaces. fibre network. The advantage of the

of an electrolyte on the sheet properties was To further explore the superior bondingmethod is in the simplified preparation
investigated by preparing the laboratonyproperties induced by the CMC additionconditions: no high temperatures or high
sheets in both water and in dilute solutionthe handsheets were investigated witklectrolyte additions are necessary to
of sodium chloride (0.05 M NaCl). environmental scanning electronobtain an irreversible sorption of CMC.
In the sheets prepared in water, thenicroscopy (ESEM). The sheets preparedow degree of substitution (0.2) in the
sorption of CMC on cellulosic fibres from CMC-treated pulp showed an extenCMC enables the attachment in 60°C and
clearly increased the density, internal angive formation of micro-compressions anc% pulp consistency. These conditions
tensile strength, compared to the propesome ruptures of bonded areas during dryotentially allow for an easy integration
ties of the reference pulp at identical beaing (Fig. 3). No ruptures and only fewof the CMC treatment in a paper mill, for
ing levels (Fig. 2, Table 2). Laine et al.microcompressions were visible in theinstance, after the refining stage.
also reported that CMC-treated pulp$SEM images of sheets prepared from a The CMC treatment significantly
increased the tensile index of fibre<CMC-treated pulp in 0.05 M sodium chlo-increased the WRYV of the pulp and, con-
markedly, whereas density and light scatide (Fig. 4). The microfibrils on the fibre sequently, the internal bond strength of
tering coefficient were unaffected by thesurface formed large bonded areas in titbe handsheets prepared from the CMC
CMC-modification @0). Thus, similar crossings and narrow bridges betweemodified pulp. In other words, the
trends were reported in both investigaﬁbfes- However, the amount of bridgesstrength properties improved remarkably:
tions, but the direct comparison of theséormed depended on the sheet forminthe increase in tensile index of the hand-
two studies is difficult because of the dif-medium and drying conditions in the samsheets was between 20 to 60% of the ref-
ferent DS of the CMC grades. One differple chamber. The surface of the fibregrence pulp. The formation of ideal inter-
ence was that in our study we obtained $€€ms to be smoother and cleaner when tfiere bonds appears to require shrinkage
slight increase in density. An explanatio-MC modified pulps were treated withof the CMC-water structure before sheet
of this could be that the CMC-treatmenglectrolyte before sheet forming (Fig. 4). formation because the preshrinkage pre-
disintegrates external bundles of CMF on These findings indicated that avents deformations during drying.
the fibre surface and therefore the cmcdlecreased shrinkage of the partially desta- The introduced surface modification
might be able to penetrate between thiilised CMF gel on the fibre surfaces was anethod is potentially beneficial for many
microfibrils leading to a denser sheet . major reason for the decrease in deformapplications in paper mills but its usage is
The laboratory sheets prepared in sodfions when sheets were formed in the elecot confined merely to the field of pulp
um chloride (0.05 M) led to exceptionallyrolyte solution. The low amount of defor-and paper; for example, textiles would
low density of the sheets (Table 3). “{natl(_)ns also led Fo |_mproved out-of-planaundoubtedly benefit from a sf[ronger fibre
spite of that, the bonding (indicated byand in-plane tear indices (data not_shown)network. Further_research is _sug_gestt_ed
internal and tensile strength) remained at To summarise, the ESEM imagesbefore the actual industrial applications if
a high level. clearly showed that different chemicalsonly because the behaviour of CMC-treat-
In summary, the selective modificationcreated different types of bonds betweerd fibre with other wet end chemicals in a
of the fibre surface with CMC greatlyﬁbres' The ad_dition of CMC created apaper machine has t_o be scrutinised.
increased the interfibre bonding in pape§mooth (chemical) “membrane” on top ofFundamental research is warranted to fur-
sheets, due to microfibrillation of thethe fibres, forming a net of long bridgesther elucidate the sorption mechanism
external fibre surfacelf). Meanwhile, between fibres. that is still subject to debate.

the charged groups on the surface of
: ) ACKNOWLEDGEMENTS
fibres have an important role to enhanc ONCLUSIONS

the development of the bond and pape This work was financed mainly by the
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