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1- Layer-by-Layer (LbL) nanoctechnology
2- Precipitated Calcium Carbonate (PCC)
3- Fiber disintegrator
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3- Siam Modified Starch Co. Ltd.
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Figure 1. Layer-by-layer techmque used in thus research.
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1- Condittoning

2- Analysis of variance (ANOVA)

3- Duncan multiple range test (DMET)
4- Significance level

5- Confidence level
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Table 2. Physical and mechanical properties of handsheet.
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Table 3. Physical and mechanical properties of handsheet with different percent of fller.
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Figure 2. SEM mucrographs (Mag X 300) prepared from untreated CMP fibers (A), treated CMP
fibers wath catiomec starch-nanostlica-cationic starch (B), treated CMP fibers wath cationic starch-

nanosilica- cationic starch, and contaiming 10% PCC filler (C).

Yy


http://www.sid.ir

olySed 5 (539, L jdras

IS (5 98 s

L edd Coyis CMP 1S o 4 PCC oSy G5l 26 oy s b il 2w

ot i 5 plodl e jlas L2 e 2 PCC 5 ealina] LG cla_, s sy w2,
S AZelel 5 glS anali — sl gl g0 — S palS anali 5l Nan LS o) LY
— S s G aVae Jlge GBSV L &S S ) ams cpl Olp e sdel s o
ol v BB 25 03 CMP S e o3y 2 Sl amalis = ] clS it
whea GUI Sl e S5 281 ol 53 Aol s 60U ane 5 BB Slacaslin (550
edalie Ll lladl Lacuglie anv g Sl o U o Jobes sl 0 JpslS el Gl
— kSl Ve b a2 les CMP 325 ot 4 PCC s oS 5 055 wilel b oo
L gl a8 Clew sd2ags JES aaglie gl arls (Gl w2 - ST el it
BkiS  deoya V0 Ol e S das e DL il il ol e Al e 2als U
Sl palie o s oAl Y 4 WY 25 b el jles CMP JES o 4 gy oS Sl S
LI ] g TP [ R PG PPV S S L P R O BT [ I E R
Sl sz p PCC adis  (g,B Ll 5 sdiinngs Sy 580 o gliad ol 0l sdalin (gl cme

.ﬂw&hﬁ|bn.ﬁ5#d¢;ﬁ|;j&]wbﬁ|~djn.L':)Lm._n;

&l

1. Agarwal, M., Xing, Q., Shum, B.S., Kotov, N., Varahramyan, K., and Lvov,
Y.M. 2009. Conductive paper from lignocellulose wood microfibers coated
with a nanocomposite of carbon nanotubes and conductive polymers.
Nanotechnology. 215602: 1-8.

2. Ashori, A. 2006. Pulp and paper from kenaf bast fibers. Fibers and Polymers. 7:
26-29.

3. Bown, R. 1985. Review of methods for increasing filler loadings. Paper
Technology and Industry. 26: 289-292.

4. Bown, R. 1997. Particle Size, Shape and Structure: Effects of Fillers on Paper.
Proceedings of Pira International conference on use of minerals in papermaking,
Pira publications, Manchester, UK, 6278.

5. Chauhan, V.S., Sharma, A., Chakrabarti, S.K., and Varadhan, R. 2015. Energy
savings through increased filler loading in paper. Journal of Indian pulp and
paper technical association, 23: 171-176.

6. Eriksson, M.G., Pettersson, G., and Wagberg, L. 2005. Nordic Pulp and Paper
Research Journal. 20: 270- 276.

IAA


http://www.sid.ir

1T (1) doling TT) als USa 5 09> (5)9U8 5 pole (gla iy 55 s puis

7. Fairchild, G.H. 1992. Papermakers Conference Proceedings, TAPPI PRESS,
Atlanta, Georgia, USA., 521p.

8. Gong, H., Garcia-Turiel, J., Vasilev, K., and Vinogradova, O. 2005. Interaction
and Adhesion Properties of Polyelectrolyte Multilayers. Langmmir. 21: 7545-
7550.

9. Laufmann, M. 1998. Fillers for paper: A global view. Proceedings from the
PTS-Seminar wet end operation- Vorgange in der Siebparie, 1-6. Retrieved
October. Munchen. Germany.

10.Liu, X.A., Whiting, P., Pande, H., and Roy, D.N. 2001. The contribution of
different fractions of fines to pulp drainage in mechanical pulps. Journal of pulp
and paper Science. 27: 139-143.

11.Lundstrom-Hamala, L., Johansson, E., and Wagberg, L. 2010. Polyelectrolyte
multilayers from cationic and anionic starch: Influence of charge density and
salt concentration on the properties of adsorbed layers. Starch. 62: 102-114.

12. Malton, S., Kuys, K., Parker, I, and Vanderhoek, N. 1998. Adsorption of
cationic starch on eucalypt pulp fibers and fines. Appita Journal. 51: 292-298.

13 . Maurer, H. 1998. Opportunities and challenges for Starch in the Paper industry.
Starch/Stiirke. 50: 396-402.

14 McKee, R.C. 1971. Effect of repulping on sheet properties and fiber
characteristics. Paper trade journal. 155: 34-40.

15 Navace-Ardeh, 5. 2007. A new model for maximizing the bending stiffness of a
symmetric three-ply paper or board. Pulp and Paper Canada. 108: 45-47.

16.Rudi, H., Hamzeh, Y., Ebralumi, G., Behrooz, R., Nazhad, M.M. 2012,
Influence of pH and conductivity on properties of paper made of polyelectrolyte
multilayered recycled fibers. Industrial and Engineering Chemistry Research.
51:11054-11058.

17.Shen, J., Song, Z., Qian, X., and Liu, W. 2009. Modification of papermaking
grade fillers: A brief review. BioResources. 4: 1190-12009.

18.Shen, I., Song, Z., Qian, X, Liu, W., and Yang, F. 2010. Filler engineering for
papermaking: Comparision with fiber engineering and some important research
topics. Bio Resources. 5: 510-513.

19. Wagberg, L., Forsberg, S., Johansson, A., and Juntti, P. 2002. Engineering of
fiber surface properties by application of the polyelectrolyte multilayer concept.
Part 1: Modification of paper strength. JPPS. 28: 222-228.

20.Xing, Q. 2007. Cellulose Fiber-Enzyme Composites Fabricated through Layer-
by-Layer Nanoassembly. Biomacromolecules. 8: 1987-1991.

21.Youn, HJ., Chin, SM., Ryu, T, and Kwon, H.S. 2007. Basic study on
electrochemical properties of multilayered pulp fibers with polyelectrolytes.
Journal of KTAPPL 40: 15-22.

22.Zhao, Y., Hu, Z., Ragauskas, A.J., and Deng, Y. 2005. Improvement of paper
properties using starch-modified precipitated caleium carbonate filler. Tappi
Journal. 4: 3-7.

vy


http://www.sid.ir

I of Wood & Forest Science and Technology, Tol. 23 (1), 2016
hitp - Awfst. gar ac. iy

Use of PCC mineral filler in CMP pulp reinforced with
cationic starch-nanosilica layering

*H.R. Rudi', M.R. Amiri-Margavi’ and J. Ibrahimp our-Kasmani’
! Assistant Prof, Dept., of Cellulose and Paper Technology, Faculty of New Technologies
and Energy Engineering, Shahid Beheshts University, Zirab, Mazandaran, Iran, M Sc
Graduated of Wood and Paper Science and Technology, *Assistant Prof , Dept., of Wood

and Paper Science and Technology, Islamic Azad University, Savadkuh Branch
Recived: 02/28/2016 ; Accepted: 16/17/2016

Abstract

Background and objectives: Addition of mineral fillers to the paper pulp results
i improvement of some important paper properties. But the paper mechanical
properties would decrease due to the impossibility of attachment between filler
particle and cellulosic fibers and inhibition of fiber-fiber bonds. One of the
substantial approaches to overcome such restriction is to modify cellulosic fiber
surface to improve their bonding-ability with other paper network fragments. Thus
filler can be added to the reinforced fibers network. Recent researches show that
nanotechnology layer-by-layer method is a good way for modifying the cellulose
fibers characteristics and improving its quality. In this technique, cellulosic fibers
and counter-ionic particles are placed in an interaction media. During the
interaction, ionic particles are absorbed by fibers surface mainly via electrostatic
absorption. Therefore the fibers network strength would improve considerably. In
current research, CMP fibers were firstly treated with three layers of cationic starch
- anionic nanosilica - cationic starch Then PCC filler was added to the treated pulp
in different levels. The extent of strengths improvement with layering treatment
and the strength loss due to the PCC addition was evaluated in order to calculate
the level of filler application in reinforced CMP pulp.

Materials and methods: The layering treatment of CMP fibers was successively
conducted using cationic starch polymer and anionic nanosilica For three
subsequent layers constitution, 500 ml pulp suspension with 0.53 consistency was
mixed for 10 minutes with solutions of cationic starch (1.5 %) - anionic nanosilica
(0.05 %) - cationic starch (1.5 %) applying laboratory mixer. Then PCC filler was
added to the 3-layer treated CMP pulp in three levels of 5, 10, and 15 %.

"Corresponding author: h_rudi@sbu.ac.ir
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Handsheets with 60+3 g/m” basis weight was prepared from untreated, treated, and
treated pulp contaimng PCC filler; and their physical properties (thickness,
apparent density, bulk) and mechanical characteristics (tensile index, burst index,
tear mndex) have been compared. Also, SEM micrographs were prepared from the
above samples to evaluate the wvariation of fiber surface structure and paper
network.

Results: The results indicated that by treatment of CMP fibers with layer-by-layer
method, there occurs no meaningful wvariation in paper physical properties.
Whereas this system had a considerable effect in paper strengths improvement.
Evaluation of strength properties showed that by 3-layer treatment of CMP fibers,
Tensile index of paper improved from 28.54 N.m/g (in untreated fibers) to 39.18
N.m/g, burst index from 1.36 kPa.m2/g to 2.68 kPa.m2/g, and tear index from 6.11
mN.m2/g to 11.12 mN.m2/g Also, in prepared SEM micrographs a different
appearance in 3-layer treated fibers surface compared to the untreated fibers; It
indicated an increase in gelatinization of treated fiber surface due to an increase in
cationic starch absorption, results to improve the bonded surface between fibers
and increase in paper strengths. By adding 10 % of PCC filler to this pulp, tensile
index, burst index and tear index was measured 26.40 N.m/g, 1.79 kPa.m}fg, and
8.07 mN.m™/g respectively. Furthermore, SEM micrographs confirmed PCC filler
retaining and its relative uniform distribution in the treated CMP fibers network.
Conclusions: Analysis of the results showed that by reinforcing CMP pulp with
layer-by-layer method used in current research, paper strength characteristics
mcreases considerably without significant increase in physical properties. From
statistical viewpoint, with increasing of the strength in the treated CMP pulp, 10 %
of PCC filler can be added to it.

Keywords: CMP Pulp, PCC, Cationic Starch, Anionic Nanosilica, Layer-by-Layer
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