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Table 1. Sequence parameters and properties of adding chemical in handsheet making.
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Figure 2. The Effect of sequence of additives on drainage during handsheet making.
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Figure 3. The Effect of sequence of additives on thickness of handsheet.

Ol asd e Ol ardls oS s jy 5 LS 4B

\A4

» CPAM 4 CS CNF i eslizwl JIg 3G
i s Sleat S 5 S LB il
Ol 53 a4l Ol 558 laslnn
a6 8 s Wl Ol 5 e e 53 5 Sl



WAV (F) 2)lond (Y0) ale JSRix 5 92 (g9U3 9 pole o sidgly s puld

el ol Cewsay Aals Wgad 4 Cond (§ i
s S S ekl Dde S O35 DL sa:
03538 s o JS5 slaas4lS (2SS )
S5 B S g g a5 sl
Jols adels wnils Gdasl s slye 0338
©bps @B L@l ol eyl gne
Gyod dle Olgea oyl Gl 50 K Cubes
Cols da S35l 5l eslindl ple o 4 Jals
awils (6 a8 Sl S b o cpl ol axdls (g i
om0 S e aul 1 Ol ot s WS il
g S bl Gaspl cap s Jls
Jol ol pme Ol andls Dl Ll
o 4 SNC 15 53 oy oo iy Lol ol 02
bd o (G s golear s bl 5 Ses
b s 4 ool O Cubis 5wl g3ae
Ssdowe (5,8 Wk )fu\:; S Cl ol S s
S IO NV Vo N PR T N PN

J\.SJJ\ é&ﬁ LgL&:C,.A}u.A 0328,

Lo M8 5l ) b s nSs o0
b (Ol s 3L5 S @ 5IS 51 (5,8 5l
Sl S & Llg e el )l S SS 05
L Ol s DS 5 OAS a5 4lS 51 B0 el
o e 3 2y (658 0L Lo &S s O,
E b S (YA) s 5 B s 5
wtle QB axsls 5 gyl slge JIg sl esliz
O dals gladels adls Aas e QLS 1 ol
S Sl sdal ez LIS 4y 51 zaS (o8l
Silelels (o5 3 bae i Bl ey Llg
A S Lol LSS e a8 L
el s 4l et 3 e (S adl)
dals LS s e LIS 4 sbows sl
g b e eslital o oS sl B e
3 Jeol LIS wxils (bl Lol S o
Iy ol woys 40 o 5> oSSIs el L s I
LS Oy o ol o3l 513 oglite 05 8 55 )3

adls b JIg aes 3 JSsgps slse 5 eslandd

800

700 X I I

600

Al |

500

 kg/m?,

400

300

200

2Ld NSC

NCS

CNS CSN SCN SNC

Slge o9 1 gt

Sz LS anils G350 slge g 51 IS
Figure 4. The Effect of sequence of chemical additives on density of handsheet.
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Figure 6. General scheme of bondage between fibers and additives in the pulp slurry when applying three additives of
cellulose nanofibers, cationic polyacrylamide and cationic starch respectively.
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Figure 7. General scheme of bondage between fibers and additives in the pulp slurry when applying three additives of
cationic polyacrylamide, cellulose nanofibers and cationic starch respectively.
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Figure 8. General scheme of bondage between fibers and additives in the pulp slurry when applying three additives of
cationic starch, cellulose nanofibers and cationic polyacrylamide respectively.
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Abstract

Background and objectives: Many additives are usually used in wet end papermaking in
different sections for specific goals. When using several additives, the sequence of adding
materials often influences differently on final paper properties. In this research, the sequence of
adding cellulose nanofibers, cationic starch and polyacrylamide to pulp and their impact on
drainage time, handsheet density and tensile strength were investigated.

Materials and methods: In this research, bagasse bleached pulp from Pars paper mill, supper
grinded cellulose nanofibers, cationic starch with 0.035 mol/mol substitution degree, and high
molecular weight and low electrical charge cationic polyacrylamide were used. Prior to make
papers, 3% cellulose nanofibers (with 0.3 % concentration), 1% cationic starch (with 0.5 %
concentration), and 0.3% cationic polyacrylamide (with 0.05 % concentration) were added in
different orders to bagasse pulp to make handsheets.

Results: The results showed that adding materials in every sequence increased density, tensile
strength, and drainage. The best sequence of two adding materials was for adding cationic
polymer firstly and cellulose nanofibers secondly to dilute pulp suspension through which it is
assumed that fibers and cationic polymers make large agglomerates which break to smaller
fractions afterwards with shear force. In the following, adding cellulose nanofibers and being
absorbed to cellulose fiber networks resulted in paper higher tensile strength and a limited
increase in drainage. Between the sequences of adding three materials, tensile index and density
of papers showed no significant differences. Nevertheless, adding three materials in every
sequence increased tensile strength significantly compared with two materials and control
specimen. In addition, when cationic starch is added firstly the least drainage time and when
cellulose nanofibers added firstly the highest drainage time were observed. Furthermore, in
specimen with three adding materials, the highest thickness was measured when cellulose
nanofibers had been added firstly.

Conclusion: Using cellulose nanofibers together with cationic starch and polyacrylamide, while
implementing shear forces, retains micro and nano fines and can increase paper density and pulp
drainage time. To sum up the influences of additive sequences on tensile, density and drainage,
it can be concluded that the sequence of adding two materials of cationic starch at first and
cellulose nanofibers at second, and the sequence of adding three materials in the order of
cationic starch, polyacrylamide, and cellulose nanofibers respectively were introduced as the
best orders for papermaking from bagasse pulp to be able to gain the highest tensile strength and
the least drainage time.

Keywords: Tensile strength, Cationic Starch, Cellulose Nanofibers, Cationic Polyacrylamide,
Papermaking
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