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ABSTRACT

The cotton contains various impurities such as protein, wax, pectins, coloring matter, even though cotton
has been a major source of pure cellulose. The purification processes have been commonly applied to
obtain the pure cellulose. However the excessive purification treatments could lead to the damage in the
cellulose structure which could result in the degradation of cellulose and the limited application of cotton
cellulose. In this study, the changes in cellulose structural properties such as crystallinity and DP(degree
of polymerization) by the various conditions of the purification processes were investigated. The less tox-
ic agents such as hydrogen peroxide and sodium silicate were applied for the purification treatment in
this study. The increase in the process times, the temperature and the applied amount of chemical agents
resulted in the more purified cellulose. The DP of cotton cellulose was increased at the first weak con-
ditions by the reduction of small molecules such as pectin, wax, and so on. Especially the 2 % addition
amount of H,O, with Na,;Si0; resulted in the higher value in the DP and the brightness compared to the
1.5 % addition amount of H,O,. However, the 4 % addition amount of H,O, with Na,SiO3 showed the
decreased value because of excessive treatment. In case of the changes in the crystallinity (Gjk), the high-
est value of the crystallinity was obtained by the 2% addition amount of H>O, on the cotton cellulose,
which showed similar with the change in the DP.
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o 3tz FAL 7]4 Y (Korea Minting, Security Printing & ID Card Operation Corporation, Technology Research Institute, 54
Gwahang—no, Yuseong—gu, Daejeon 305—713 KOREA)

1 2ddistny A8 Ystst 374 424587 (Dept. of Biobased Materials, Chungnam National University, 220 Gung—dong,
Yuseong—Gu, Deajeon, 305—764, KOREA)

1 A1 A A} (Corresponding author) : E—mail : yosungl7@cnu, ac kr



60 s&d - 48+ -

AT AEME 8 TR
A LSx10PE A A &5 02 A
BA ol A7
ERCE LR LR
A AFALY 45 A, v
et A% L2 E 71A 1 97| uf

=

1z
G0
Hu
30 fo

re >

o= o
S~
>
1o
oo 1o oy o pu M

rr =
gr
>N
H =
N
o i
=k
[
;Y
L B 2l

E

l>‘ F{E
o 3

[
wE e

xo =
s
r]I.
> H

=2

"o ot =
U

B fut
ol
N
N
N
N,

e MUz g

=2

ki A

o
ol
i
~

e

=

rlo

0
il Mo
Am
oX,
o
N
B

fo & =
[ o
Mr oW &
Dy <O i

i

N

Oz 2
o M
b
o o
m_®|IZ_‘ l>’
il flo Mz K3
>
QL
=
o
[ W -
o 4y ek
o

ol
o (m &

o
ol

El

o
£
o
=

o &2 ofth
o MU oX
o hu

444 o
g, ol e 2%
Aol #1451 of
S (defecty o] ¢

e
oX,
o
s
i
o
44
BN
i
N
N
~
Kl

S
-
BN
=
m—g
it
fru
lo

o He
of N
iy

S

re e
k3
(R
4o &

e

H

e my |

ach

i
)

t

te
>

ofN
i
el
g)i_t‘
o
=
a2
1
>
o
il
1)
)
18 n H
o ¥0,
i)
™
i
Ll

= HU oz
m >

ox Ll to Hr P M 3O
ox 2 nZ [» o do lo fr f Hu o lo

12 gz
By T
ey fo mu -
o[>
o 1o to
12 |

1o

]
A B2 A=E duHH o2 Ao 2% 2] 4 (relative
crystallinity index(Crl))2 A #F3}s} o] YeElWl T} o] g
AR SAYR o met 2 A AFEE o A
AEReA AR} A A8t A7 = 5
olg]E U= YA Stk Ao = BFstar AA| 4
HAAA(Cr) G2 MEZ A9 Pt 24 3=
] 2 3A Ao ot A4 wst 55 Bt
st da AbgEo] stk A4 AAES Ftet
7] YAl Xeray, AR, FA 5ol Aot A F
X-rayo] |3t 3| A =5 B 716k W o] 7HE wol
AbgE 2 =g, 714 22 IR, FT-IR, Raman ¥
NMR #3459 MU EE 4497 Qek® 243
E:AE2eA0 33 SERELERE
AL B3| e AE e Az E

2
& HZ A o] gt 3} i 58
[e}

o
o

flu)

al

Ot
o HI

X
O - Y
rZ it olo ok

o

= ol

oS
o

ox,
rlo
o

A S AERe s ARE Wi B}
Bl AHg R Yy 53, BUEEO 29 59 4
SEPCER TP L TERS

397 - A Y I - ZFol7]& 45(3) 2013
BEOAS PSS oS B YR AER A AA 7}
EAHG S ABRO AN 5 FHEE A D
A7) ol A g Ao SRE= AetE Hast T
4 9l Ao o] T 40 gal4 BE AnE
g 5o gheh” AA) Holu B {2 R E $)A4
Hz o A 25 A= 4 95% o4 Lk a -
AMERLAE FE0to]of 5t=t] o] & §Isto] thget
B9 A7 A 4o gt B8l S A4 44 A
F Y29 AARE] FHojd Pa o] go] ARg
S AT 1980\ tff of] ¢ - 31} & ol Ee gt
thol $A13} R BeHE So| E4 Aol AZH WA
HEE AT 4= e A A HHEo] A= of
ek EAQ YO R Abh, 0 F FASp L, &
4 52 0|83 TCF(Total Chlorine Free) 92 5 4=
A=l ol 2ok & 2§ Al &S] FH o] A5ty
L 970] 90] AR 2= CI0s2 0] §3 ECF(Elemental

Chlorine Free) B X7} 2001 3, 0] =, 7 Lhchof A
AR Ty o oF 96% 0| A& A4 A 51 A 9Lk

TCF 29 % TS5 4 2 M2 04 70 HA4S
Abol A 718 d ] AR E AL Qe IS A 24 &
A9 sl 2o A A5 2 2 2 0f AL 2} 5K(degradation)
A SR S, HEOE BT 5 Yrkis %
We AT Qe kst pH B £ 57 57}
ol w2} perhydroxyl anion(HOO")o] go] /4 & o]
l2go] e Loiuh A Tujol o] 34 o]
0] F71e1 B0l 2ol 0|8 sS40 2
Z7 A A ofdf & 2 o] hydroxyl radicals(OHe) ] A 4
= ANz AER 020 A RASHE 7143
A7) S ol Urk. uebA ol A8k A F
AUEF, Av Y &, EDTA 52 4&3t= 7l1&
Sol a7pH gep. "

H,0, —HOO +H"
H,0, + Mn+ —M™Y" + OH + OHe
HOO +M™ " + OH- -M"+ H,0 + Os'®

(M = transition metal ion)

olel g FpAkap FUA HEE L w2 %
55 FAIEFE ¢ 2 U A
95 2 THtst
LEEEERE

ox MM
lo



Hol Hut G4, Hxoto] uhs-g Lol 2 3
L AEA G FA o S8 FHo] glo] w)
ATNE EoFL Ao HuELy, Y FAgE
Fo| pH 4Z A 2 A AL st o] G- ofgf vh-go]
o) A& o7 qzte 7t YA E 7] g ROR oA
9t} 15)

A .

2Na,Si03 + H,O —Na,Si,05 + 2NaOH
% Total Alkali =% NaOH + [0.115%x% Na,SiOs](as
applied as a 41°Be solution)

1

wEpA £ R AL §HY AEEO A ARE 9
SRl BAeke A 9 A ol 3 FARFER ) A6
Sol 4F MBEO 2 FE AT UAFES B71
S FUE ASE A28k T 5 gk 32 o
stol ehobu A sholth. E3 W A o 5%
= sl b2 2Rl WEHE ¥

o o MBE 0L EAUGE A

O
l
O

%’-X
2
bof 3

H A

FIF
I-’_L;
c

m{m
u
S
H o

382 o
2o

ol
b |
1=
oL

N

]_

_E
-
ofr
—

2. Mz H ¥

2.1 ZAIXZ

Holo] er HAER oA AR E AA A
%=+ Ak second cut linter(2011 AN E 2 &34 11 A
S W YR IR WA= 747F 1.3% (900, 4
A7b), 34.4%2 ek,

2.2 &g g
2,21 BH 2 N|H

F A o] gt AA 3t MBS Ha3}s}7] 98
UYEA Q] HHZ A 2 FA A o] R = T3 D &
W] 2 oA & T EA] ok ook -G FA o
AA s A g4 S A4st gl of o 4£ﬂ¢i4
EWAE HEl 10%((AY 9:)Z 3+, AAHS
10 g Al=Fsto] nlg] 2 c,%;kb"“’"90glﬂL }2of A
ot w24 FR4, BASHe 2, AL
UEZ@41°Be)S A2 295191, 2= pH7} 11
ol =& LAY EF o2 246t it Az o} ]
N2 £07 ZH3| Tsto] F Ao o] Am7tZ
AAE g oo, Eejodal A Y1 487 &

g
O —
RS
o I
of oot

QO\
(e}
Shs
o
hid
=3
il
N
=
9
=}
ofT
fijo
oo >
2 ol P
Elivio
=
o il
TR
[N =
ox, e,
ojN flo 32 & o

<

12
lo

Ml
S
e

% 300 ym mesh 9] 2 2 7|
HE2 g7 oY
$2 A eo] 42 A9
2o A A xsto] T £ S}

[
éo?dr}i
0 })‘Jm]o_&
ol o —
wo o Y,
Eé—r‘::
I,
J}m—?lrllz
(OS]
S K xR
=

w4 ok (oS 4o kI oo Mm
N

=

o xR

o, i)

stk 94 B0 3 A0S Hes 1 g
of ] A% ek 230 W31 2508 2 3] 43 o]
25 mLE Z5}0] 250 mL Azt Z et A o] &7 3
NAF 8o 20mLE 745 3,001 N Hg7H4H2 5
(s EAS=1)02 AT Hetalo] F f7tx) 44
it} o] ) ¢oj7] 8o & 2 Eq[2]e] X §5to] 245
N

VX f<0.0017007

25
X
250

Residual contents of HyO, (%) = x 100

Eq.[1]

WA 26 AR ()
V:0.01 N I3z
£:0.01 N Z+g7hakzr

o
B
=
&
8

\w

mm
of
i
iy
&

N
N

A 2

-

=9
==

KS M ISO 2470(2006)°] 2|7 ISO W A
o|&3to] Hristqct WA E =42 9
o AZxE A& 5gS F74500mL
712 1527 &4 & Fad 27| &
ek A]?ﬂt} % NEZ 3.5kg/enr &
2FER e~ A7) 21, 40C
of A 547&%% Az f&i*ﬂwi‘c%é%ﬂ%}

N
Ir

B T

M oox 2= ‘o
HE mlm

fot 2> v
St ol
_&_qgé
RS
[ &
lmm
(98]
jo_i
offt 3
J;
>
_?£
'|"
£

1o oo ¢

N

¥ 1o @ © 1o o i

ofN
ot
H1
A
oxl
o
Ho
o
ox
o
[y
BN

HARE23+17,50



62 s&d - 48+ -

£2%9) A4 2447 24 A2 F BATS
&8 AT AR E Y75} 1, A == Tappi stand-
ard T230 om-949]] &] 7 CED(Cupriethylenediamine) &1
= ol &sto] BT A A R A EE ST &

th& Eq.[2]9] 98] DPE gHAkatgict.'”

DP =961.38xlog nr - 245.3 Eq.[2]
nr : the TAPPI T230 viscosity in cP
225 a-AEERA T =FH
Zr AR q -AEZ QA THEF2 KS M 70440] 9
Astel 2otk olEt o ABROA FHOR

¢ AEROAY $EE §EHGT.
226 B2¥3E: 5F
AASE Ao T
A-8-3tof o] Fol At o] Z]
HEE 3oz ZehA *liﬂ
A 5, HO] AXTe} H*
XRD(X-ray lefractometer)%
ERLA AAHEE &
PANalytical-X'pert PROE ©
24 Y 0~30°, 2704 = 1°/min,
mA, A A7+ 5 minZ O]-qu-
o7 AAsE L Segal‘—fg”)q Bz
o =&kt Segal o A4 3 = SWH 2 0021
ol Ao gty 20 =18°0] A o] ko= Eq.[3]

ety

Crystalline Peak

I .
L

Zo]7] % 45(3) 2013

ol
ol
2
i)
o

=
1o
o
|
et

H1
i
o
do
ol

ol

doh B
o H

2t e

M

[o

:12 fu

kU

I
=
|o

rE U
o b 1
B
mﬁf—“ﬁ

P>
1~1 ﬂi

es]
Ra)
=
o
~
re
o
fu
ell

E o] ‘PROFIT' &
ek 2ol vl 2ol 2 oo
o] 5] FWHM(Full-Width- at-Half- Max1um)4
% H]ﬁX%O?IOﬂ 3 <0]11] ﬁZ’]OﬂOﬂ oz k]
Abstiet. 1 3 Eq.[S]] 9 Asto] 2743t
SF4 T} Fig. 12 'PROFIT' =2 1WA 24
H| A4 o o peakS A A3} o] u| A & VERH A

ol
ok,
- HU & =
B3
i
__ ol

2 w
£|\/D%

o M o =
ﬁ.‘l.

o e
'rﬁmﬂ‘l,

o

[002 - [a,m

orl= x 100 Eq.[3]

oz
Crl : the relative degree of crystallinity
: the maximum intensity of the 002 lattice
diffraction
L @ the intensity of diffraction in the same units
at 20 =18°

Tooz

1/2 /1

c?
_ 0 2 1-1 _ 1 _ 2
Gy, Ly 1+ C[Jx/k] +(1—r) Hk7r1/2 exp| QI/k]

Eq.[4]

A,
%C= ACT x 100
%C : Crystallinity (%)
A : the areas under the crystalline peaks

Eq.[5]

A, : the amorphous halos

- :
T4 ",
|
Amorphous Peak |
d | '.
] f 1\
El 1
Background line ; ’ !
7] Z / L\\ e \'
2004 o B = = L h’\_t- = ——:\}hm__
1
5 I 1 28 ] ] k)

Fig. 1. The image of the peak and the background to set crystalline region and
amorphous region from XRD data of cotton cellulose.
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Table 1. The changes in the properties of cotton cellulose depending on the bleaching conditions
H -
P . /;r{)kt:lll TA/ H0,  NasSiOs “ngi‘:llt‘;se Brightness |
e ac 0, 0, 0
initial liquor %) H>O, (% on fiber) (% on fiber) (%) (%)
11.0 9.7 0.20 - 0 0 95.0 34.4 2,176
11.0 7.5 0.35 0.23 1.5 0 97.4 45.1 1,890
11.0 9.2 0.80 0.53 1.5 3 97.5 51.1 1,991
11.0 9.8 1.06 0.70 1.5 5 98.3 52.0 1,981
11.0 10.5 1.25 0.83 1.5 10 98.7 57.7 1,987
11.0 10.8 2.30 1.53 1.5 20 98.1 58.4 1,806
11.0 8.4 0.50 0.25 2.0 0 97.3 53.2 1,856
11.0 9.3 1.01 0.50 2.0 3 98.2 57.2 2,090
11.0 9.9 1.21 0.60 2.0 5 98.8 60.3 2,052
11.0 10.3 1.35 0.68 2.0 10 98.6 61.6 2,065
11.0 10.8 2.30 1.15 2.0 20 99.0 64.0 2,009
11.0 8.5 0.64 0.16 4.0 0 97.7 59.9 1,679
11.0 9.1 1.35 0.34 4.0 3 98.0 65.8 1,948
11.0 9.7 1.78 0.44 4.0 5 99.1 67.1 1,949
11.0 10.1 2.35 0.59 4.0 10 99.4 70.4 1,879
11.0 10.4 2.30 0.58 4.0 20 99.2 71.8 1,838
H,0 40] 0.6,09, 129 uf JpAkalp 0] Q03,33 HEHZAZO) 2 B MEZQA AM5}
2,1%7F S Ao A e S H e o Qe il B = 3|
Hoh A gz e Ao B AT A
A2 e ke ,E.‘;_O] A Ay o
Bol APolE MAEA A on s ARy Saoo o B SUT XA AAN L
_ B7Hst A= F LT Hl o B 2 H ¥ Segal 7} 2 7%
U AL o 4 U AER A SRS
; £ 27 2 5ol SAH ] 2 o] S A n
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W zk8.7]19]  perhydroxyl ion(OOH)Et} hydroxyl he o 2 Ao et Aol 7t a5 Lheh A uk
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7],/\ 0]'0:‘1_4' J_S]’H]‘ o) T;]— 12) ,_]_X] U]- 'H'/\]'L]'E = Segal o ] X‘] 1__-(\5_. o H— TE O Z7% :Q}-E(Crl)t
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Table 2. The differences in crystallinity of cotton cellulose depending on the Segal method and the
Pseudo-weight function

H,0, Na,Si03 DP Crystallinity
(% on fiber) (% on fiber) Cr Gik
0 0 2,176 80.9 64.9
1.5 0 1,890 84.9 88.3
2.0 0 1,856 84.3 80.1
4.0 0 1,679 83.5 82.0
1.5 3 1,991 84.0 88.7
2.0 3 2,090 84.6 89.8
4.0 3 1,948 83.0 75.6
1.5 5 1,981 83.8 78.7
2.0 5 2,052 84.0 88.7
4.0 5 1,949 83.7 73.1
1.5 10 1,987 82.7 73.5
2.0 10 2,065 83.9 80.3
4.0 10 1,879 82.6 75.4
1.5 20 1,806 83.5 72.7
2.0 20 2,009 83.4 83.6
4.0 20 1,838 83.6 81.1
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