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ABSTRACT

The crystallinity index is an important characteristic of cellulose. The crystallinity value is different de-
pending on the adopted instrument. In this study, we determined a crystallinity index of cotton and wood
celluloses using wide-angle X-ray scattering (WAXS), powder X-ray diffractometer (PXRD), and cross
polarization/magic angle spinning solid-state °C nuclear magnetic resonance spectroscopy (CP/MAS
solid-state "C NMR). The specimen was prepared in forms of powder, sheet and pallet. With the compar-
ison of the obtained crystallinity indices of the cellulose, the effects of the analysis instrument, the sample
preparation and analysis method were investigated. Among three instruments, the crystallinity indices
by PXRD and NMR had a good relationship and reproducibility, and WAXS gave the crystallinity index
with poor reproducibility. In the case of analysis methods of crystallinity indices, the Segal method
showed higher value than that of the Ruland-Vonk method. We expect that this study would be applicable
to evaluate the crystallinity index of various cellulose materials with accuracy and reproducibility.

Keywords: Cellulose, crystallinity index, WAXS, PXRD, NMR, specimen condition, analysis methods.
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Table 1. List of celluloses

Sample
CLP-1-P
LP-2-P
Cotton linter ¢
|
pup CLP-1-S
CLP-2-S
WP-1-P Powder
Wood pulp

WP-1-S Sheet
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2.2.3 CP/MAS solid—state °C NMR

CP/MAS (cross polarization/magic angle spinning)
solid-state °C NMR-L 1} & 718} 2} 7] % 0] 4] 274

Fig. 1. Automatic lab pallet press (left) and pallet
(right).
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Table 2. Preparation of test specimen for
measurement of NMR

Specimen ID Preparation condition

CLP-O Manually tearing the sheet
Manually tearing the sheet and

CLP-O-C  cutting the sheet into very small pieces
with scissors

CLP-C Quttlng the sh§et into very small
pieces with scissors

CLP-R Disintegrating and freezing drying
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2.3.1 Segal (Peak height ratiot)

e5d 7H 9o 2ol WAl Segaltl & AHE-St
ol WAXS, PXRD9| A4 3te 5 E&53ltth o]+ ¢
HhA 0 = A4 200 planeof A 2 o gh-2 UEFW = Tooo
T} 110 plane™} 200 plane Abo] A 7FS 2 w9 7,
ZHZ2AA EAWE VY= Iavm 32 0] &-5}¢ Eq.
uwa%&@ﬂﬂﬂ5~4}£mmqq9%@4
AL E o Hoe AHHE 228 Yeto] 44 2
o, 24 QIEIA B & o] §-8fo] AR S S =&l

(Fig. 2 (a)).
yA 1y,
zep(%) = 200[71] X 100 Eq. [1]
200
where,

Xcr : Crystallinity index of a specimen,

L0 : max intensity in 200 plane peak,

L4 : min intensity between the 200 plane and 110
plane peaks.
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Fig. 2. Spectrums of CLP-1-P obtained by WAXS (the Segal method) (a), PXRD (Ruland-Vonk) (b),

and NMR (c¢).

2.3.2 Ruland—VonkH
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T op(%) {/ Iop(s -sds//[ }><10()
S
Eq. [2]
where,

[CR(S) : The sum of the crystalline intensity,
I(s)

: The sum of the crystalline and amorphous

contribution.

2.3.3 C4 peak separationt
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o
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o (Fig. 2(c)).

xczz(%)

= {ASG - 02ppm/(A79 — 86ppm + ASG —92ppm )} > 100

Eq. [3]
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Table 3. Coefficient of variation of the

O ® crystallinity obtained from WAXS,
X 8 o 0 o PXRD, and NMR instruments
g | s O COV (Coefficient of
£ ° [ ) o Sample Variation), %
>
E 0 | @ WAXS PXRD NMR
E CLP-1-P 3.0 2.2 0.5
2w | owss  em  ewm Cotion  crpp 24 0.7 0.6
o linter
0 . . . pulp CLP-1-S 54 0.8 1.1
CLP-1-P ‘ CLP-1-S WP-1-P | WP-1-S CLP-2-S 6.8 0.8 0.3
o we Wood  WP-IP 11 2.9 0.6
Fig. 3. Crystallinity index of celluloses obtained pulp WP-1-S 8.2 0.7 0.5
from WAXS, PXRD and NMR.
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Fig. 4. The relationship between the results obtained from WAXS, PXRD and NMR instruments.

#e e Aog YA
| A& Z3}9] ¥F A 5 (coefficient
of variation, COV)Z Table 3o Y} ¢t} 5 A 4
© R HASAIE FHLE Uw %k&i, A7t 2
52O 2 RAY B BgE JRAL oulait &
AH 2 WAXSO| HEA 47} PXRDQ} NMRej H] s}
o AHOR 28 AL E L9t o|ZEE ZHAS
EeANRY A S EET| Jloj A WAXSHE
th= PXRDY NMR7| 7] & o] &5} l& o, o4 o=
Aol 5o ATE AL 4 9S Ao Wk,
SR AT ot 7] e & Aol
A REASRLAANRY AASEE o &5}
of AueA o] H =9l R’ZHS Fig. 40 Lebf 4tk R
FH2 00 A4 1.00 Abo] of gk vpetf iz, o] gho] 09f] 7}
TS AW BA S oA, 1o 7P A5
(150) E= & (1<0)] AT 7} Sobait. BAj o)
Z 3}, PXRD ¢ NMRE] 4 #7 0] 0.95 YeEF = 7H

H T
“ mlo

>~

f

{1l

i oo o o
Mo g

o o

=7 ko w WAX S PXRD, WAXS} NMR & A2
Aol uf g SA Utk ol= S A S A
© 4519 d PXRDS} NMRT 7)9 o] AbukA] o] 7}
=7 Wt WAXH B th= of = 71 o] § 5 4140l
Qcti g Avtel A4 o Hol

i} NMRS 27 A 7bo] @ e A2lths thdo] 9)
R R XRD7}%%H "ol o] tpa &

i

o

=
=
o]

% 2 o
ox

o

3.2 ZJ™3E =& HWHO
WAXS 2 PXRDZ Z%3
Segal'H 7} Ruland-Vonk¥ o2 =23 ZAAIw
Fig. 5o A A =] o] glch. &4 A7} Segalt] ©f 274 5}
7} Ruland-Vonk§ &] 24 sl vt AAAHCE ¢ &
&%k e 9l o] & Segal ¥ & £ A4S A ERO
29 v A% BEE 3143 715k6] Ruland-VonkH &
4 e AHHEGS UL Aow BerEc)
Ruland-Vonk 3 7} -2 Segal £4] ¥ of| 1] 3] W& 7to]

=k



48 A - F3lA -

100

@ The Segal method

[0 The Ruland-Vonk method
80
A h h h
40 t t

CLP-1-P | CLP-1-§ WP-1-p WP-1-5

Crystallinity Index (WAXS), %

CLp Wp
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