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ABSTRACT

The objective of this study was to investigate the beating properties of two types of cotton pulps such as
“cotton lint mixed pulp” and “cotton linter pulp”. In order to improve refining characteristics, the effects
of carboxymethyl-cellulose (CMC) pre-treatment, mixing ratio changes of cotton lint mixed pulp and
cotton linter pulp, and refining load changes were analyzed. In mill application, it was possible to im-
prove the refining characteristics and maintained the strength properties of the paper by applying increas-
ing ratio of cotton linter pulp mixing and controlling the refining methods.

Keywords: Cotton linter pulp, cotton lint mixed pulp, CMC pre-treatment, mixing ratio change,

refining methods
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THA2E W HE 2 FS Akl HEA R YW
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2hA AR RE5 5 A3 7171 Aal FE Aol
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Z o] &3tE W B2 E CLMP(cotton lint mixed
pulp)E eI, A2 st AE AFE A RTH

H X E CLP(cotton linter pulp)2 3} % t}.

<
o

Table 1. Comparison of cotton linter pulps

cLmp" cLp?
Lint contents (%) 30 0
Bleaching process ECH” EH?
Digesting type Batch Continuous

CLMP" : Cotton lint 30% + Cotton linter 70%

CLP” : Cotton linter 100%

ECH” : E (alkali extraction), C (chlorination), H (sodium
hypochlorite)

EH : E (alkali extraction), H (sodium hypochlorite)

21,2 CMC
AA e s FAAZ A Sl A2
CMC(Kemira, powder)E £ ofitol AL-&351 911, EX

L Table 20| }E}W T}
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Table 2. Properties of CMC

Properties Specification
Appearance Milk white powder
Viscosity (cPs, 1% solution) 40-60
Molecular weight 120,000-160,000
Moisture (%) Below 12
pH 6.0-8.5
Degree of substitution 0.7-0.9
Purity (%) 98

K

£ e

)
jglo\:o rlo
b St
:oé

A ror > 1N

ymo) 3 &

2

Iﬂi i

& Valley beaterE ©]
% 5 1.5%, B3] 243
25 Aga9t &, 15 o152 9
?J’Q CLMP ‘:5_ I GEus) o) 955 55N,
e Aol CLP W Bxo] CMC AHg a9t
CLMP:CLP ¥ 8 I 33 73] 82 NO 2 5}6] TAPPI
standard T200 sp-969] o] A 3fstAct 13 &
TAPPI T227 om-940] 9] 3to] A% 3 g 223
of nHEE Yt

F_EL
i<d

H>

gGEA 72 =22 7] § A5k o] TAPPI Standard

2 23590 AA%F 120 B

2 AFANMA] =& A
B 25
= ZAAE AHESH] S48t ST 4= (WRV)
= YA EE7](H-103N, Kokunsan)E AM-&-3}% 0w
TAPPI Standard UM-256 &7 3} 50 g9 filtering
cruciblee] 4 go] Wx 2822 Y& F FUNSE
900 g 30&7F A4l 22 stoich A Ee 7t Ed
ZA = FA AL 105£3°C Az 7)o A
24 N A% & RAE A6

ox
of
S
=1
£

2 =
=

223 HRSH B4
223.1CED A& 4 AA3l e
H 3 3 9] CED(cupriethylenediamine) 7 &=+ TAPPI
standard T 230 om-94¢] o] 7 slo] ZA 3} A ASF
%0259 AIZE AA25mLY 255 2 Aok

l HPOM E*&*l?ﬂt} ﬂ?é}ﬁ%aéﬂoﬂ 25mL

A
H 87 075 WA AER 0 A Aol B
3| gol =5 kA z{ch. vhg-o] £ CED &9 &
glass filter2 o] 1}5} 11 of 7} 8- Ubbelohde A = A &
AHgte] 254100 FF& 4o 4 2N A S 85t
$81A7HE 245150 CED AL thg 4oz 7
sheiet.

V=Ce+ te d
V' = viscosity of cupriethylenediamine solution at
25.0°C, mPa-s (cP)
C = viscometer constant found by calibration (=
0.3193)
t = average efflux time, s

d = density of the pulp solution, g/cn (= 1.052)

A7) CEDL Y A 24 3 MER 9 A9 231
A AR T230 om 945 whgteh, o] uf o] &
Ape] kA £ oo} 2t

S} Temming

DP = —449.6+598.4 In(CED) +118.08 In?(CED)

W g o] AY 3t =742 X-ray Diffraction (XRD,
PANalytical AF¢] X'Pert Pro)< ¢]8-5}¢] Cl(crystallinity
index)5 S5tk 24271220 W9 5-40°, Xoray,
FAFE 1 °/min, Cu target, 40 kV, 30 mA, A HL H
B AW 7FRAZ 2 L5 mm 7] 2 3FaL A4 5]
A& L 1) 3 L2 0] H|(peak height ratio) S &85} =
Segal W 0 & L3} 4T},

22320159 A HREH

HEZAGY olSEM S AT G o whet
AbZepd i of A E 2 SR A 0k o] &5 3i T o] A Y
Y AER oA W 20y BhEA] S dhhel s W
0% AgH Yo, E AL 5 AR 459 4
SR04 ¥4 Aol 5 AR 4% W v)
44 wo AP o] g5ttt o % W 497 A
A3 G402 o dE) s A4 e 2 B e u] 4 (100
H)E o] §-stof skt

AEEA B4 L Kajaani FS 300(Metso)S A5}
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Table 3. Evaluation methods of the physical properties

Properties Method Instrument Unit

Tensile index . . N-m/g
. . KS MISO 1924-2  Frank F81502 tensile tester horizontal TS 5
Tensile Energy Absorption index J/m

Folding endurance KS M ISO 5626 Shopper tester, Frank log N
Formation index - Formation tester, Techpap LT

Light-scatting coefficient KS M ISO 2470 Opacity tester, Technidyne m2/kg

AT ARZ10mLE AJF 100 mL ZF4 2 3] 4] 6‘]—01
mLO AR5 g3l oz Y7 346kt 57

=% 02 g, 3AATE 40-80 rpm, AH5=
8,000-12,000 7] 2 8} 32 v A 4] f 2w A& 9
2] k7] flsf Aok Al A, vAlE, 2, B4,
2743519t o, &= (coarseness)= fiber
tester(L&W)E AH831 21, 0.2 mm ©]3}9 A&
SAASE TR A S e 2H e

O’—EO
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224 £==X| X 2 S2|& EN

4~ % A|+= TAPPI Standard T205 sp-959] =7 3} ¢
agFAle s a7t ARG HE S E AU
Z]7]§-/\}-9-o]—oq HaF 60 g/m? Eixlﬂ'

CDAHS FHF A %(double fold)4=x] & Lpepd{ch.
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Table 4. Molecular weight and degree of polymerization, crystallinity approximated with the CED
viscosity at beating time 1,800 s and beating loads

Type (r:fg‘gsli) CED viscosity (cPs) pog fferrelezftfon Crystallinity (%)
CLMP blank 610 40 3,360 83.0
CLP blank 720 70 4,220 84.0
CLMP separated 300 43 3,470 79.0
CLP (CMC) pretreatment 190 45 3,540 81.7
CLP:CLMP mixed 250 50 3,700 80.9
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Table 5. Comparison of fiber length, coarseness, curl, kink, fiber width, fines content depending on

various refining conditions

Beating Fiber Kink Fiber Fines
Type time length Coarseness Courl index width content
© om0 gy

CLMP blank 1.10 160 19.2 1,035 19.2 6.90
CLP blank 0 1.42 156 23.6 934 20.7 7.03
CLMP separated 1.12 139 19.3 866 21.2 7.20
CLP (CMC) pre-treatment 1,800 0.99 125 17.9 762 21.6 9.11
CLP:CLMP mixed 1.09 133 18.9 881 20.9 7.46
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(beating time 1,800 s).
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Table 6. WRYV and drainage time depending on beating conditions

Type Beating load (N) WRYV (g water/ g fiber) Drainage time (s)
CLMP separated 55 2.05 34
CLP (CMC) pre-treatment 82 2.00 37
CLP:CLMP mixed 82 2.22 40
M= &7 UEs e CMCE A A 2ot s o 49 4 a2 A Aol grotA v A 2k Agte ol 5
8o A3 ato] o) AFA T oA = & EHA o] FoIA A 7|5 ARolof A Hl o] Abgho] Zra
A& depych 7 apuel o WA SE T ehel WA dehts Ao e,
=15)9F CMC A2 e v 5 420] 3 TS geste] Meja B A4E 24 AnE
Dol % b o oha A vehdth o] Figs. 6-80] UebyT X2 18] A17kel 1,800 % 5t
< EE AT A ZF At of whE #F s CLMP ©=313f, CLP9] CMC 7 #] 2] 31sf, CLMP:
7} @& 1.3 300 mL C.S.F., CMC A A 2] 23] 190 mL CLP &S] & A| 235 42X 9 =& v wst 21}
CSF, &8 250 mLC.S.F.2 27| 92 8}l o CMC A= s o] 7b8 -8k Al et 2
5 OMC A2 250 A 9% S A Ael B Folsl gL elstel gl %7}, wet pressing
110 52
l
>
a 1 ”‘é“ 50 A I
% 100 - | z I
< ¥ 48 4 1
£ 3 H
c 1
2 S 46 - I
g 90 = :
K § 44 - I
= 1
B | B
30 |I . 42 =| T
CLMP CLP CLMP: CLP CLMP CLP CLMP: CLP
separated pretreatment mixed separated pretreatment mixed

Fig. 4. Effect of beating methods on formation
index (beating time 1,800 s).

39.0 -
o 1
= 1
H 1
5 38.0 1 1
E 1
7] 1
9 1
= 37.0 1
£ :
.
£ 1
T 36.0 o 1
o I
- 1
= 1
S 35.0 1 :

CLMP CLP CLMP: CLP
separated pretreatment mixed

Fig. 5. Effect of beating methods on light scattering
coefficient (beating time 1,800 s).

Fig. 6. Effect of beating methods on tensile index
(beating time 1,800 s).
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Fig. 7. Effect of beating methods on TEAI (beating
time 1,800 s).
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Table 7. Effects of mixing ratio of CLMP:CLP on the refining conditions and fibers properties

Mixed ratio (%) Refining conditions Fiber quality analysis
Flow Load Time Freeness Drainage Fiber length

CLMP CLP (L/min) (kw) (min) (°SR) time (s) (mm)
100 - 335 95 57 18 1.15
70 30 310 115 54 14 1.12
50 50 310 117 120 54 15 1.12
30 70 315 115 56 16 1.03
- 100 310 135 54 16 1.05
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Table 8. The changes of paper properties at the mixed refining mill trial

Mixed ratio (%) Bulk Breaking length Tear strength Folding endurance Smoothness
CLMP  CLP (cm?/g) (km) (mN) (double folds) (s)
100 - 1.220 6.83 1040 2,850 19
70 30 1.222 7.02 1053 2,860 20
50 50 1.220 6.91 1070 2,780 23
30 70 1.223 7.11 1134 2,980 20
- 100 1.207 6.98 1061 2,690 21
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