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Abstract The study on electrospinning of natural polysaccharide polymer to be nano-crystallized is still difficult in the
current time. Carboxymethyl cellulose sodium (CMC-Na) was successfully synthesized and acidized to obtain carboxymethyl
cellulose hydrogen (CMC-H), and new ionic cellulose ether CMC-Li was synthesized by alkalization, and then we analyzed
the difference of structure between the three products. By comparing the rheological measurement and analysis of CMC-Na
and CMC-Li, which have different mass fractions, it is found that they both show the characteristics of non-Newtonian fluid.
The non-Newtonian index of CMC-Li is lower than that of CMC-Na when the degree of substitution (DS) and viscosity of
both is similar. For the same material, the ionic cellulose ether solution of lower DS and higher concentration shows the
lower non-Newtonian index. For the structure and property characteristic of polymers, it was easy to combine them with wa-
ter-soluble hydroxyl terminated high molecular weight polyethylene oxide (PEO) to allocate the excellent electrospinning
solution. Processing conditions were adjusted to a flow rate of 4 mL/h, an applied voltage of 25 kV, the spinning distance of
12 cm, the better appearance of nanofibers whose average diameter is about 70 nm can be obtained. In the process of electro-
spinning, hydroxyl lithium ester enolates was obtained by reductive reaction of the ionized Li* with active hydroxyl, which
caused the molecular structure to be destroyed. CMC-Li showed the exceptional Non-Newtonian fluid properties and had the
better spinning performance than CMC-Na. When the surface tension of liquid was damaged by external electric force of
spinning voltage to balance each other, the obtained morphology of the fiber was better. Nano-aluminum powder is coated
with CMC-Li to form composite nanofibers, and carbonized at the high temperatures. AI/CNF/Li composite fiber was ob-
tained in which nano particles were uniformly distributed. We preliminarily studied the obtained composite material that
remained morphology and structure of fiber, which lays the foundation for the later research that the material is applied to
soluble membrane, tissue engineering scaffolds, biological medicine, lithium battery and super capacitor, efc. The satisfactory
effects have been achieved through analysis of IR, Rheology and SEM. The paper expands the type of polysaccharide poly-
mer that can be electrospun and filled the void of related research, and it also lays the foundation for the study on nano func-
tional materials of new ionic cellulose ether.

Keywords clectrospinning; cellulose and its derivatives; rheological properties; CMC-Li; functional materials

* E-mail: shaoziqiang@263.net
Received June 28, 2013; published August 14, 2013.
Supporting information for this article is available free of charge via the Internet at http://sioc-journal.cn.
Project supported by the the National Science-technology support plan projects (No. 201 1BAD23B04), special programs of graduate students' scientific and
technological innovative activities of Beijing institute of technology (No. 3090012241302) and Youth Science and Technology Innovation Projects of North
Chemical Industry CO., LTD (No. QKCZ-BIT-04).
5“7 EFRHEEHETRIUE (No. 2011BAD23B04), b5 HL L KSR AERHE AR 34 (No. 3090012241302)FIALT7 TAVAE AT AERHL01RT &
T5i%E 4 (No. QKCZ-BIT-04) %t .

Acta Chim. Sinica 2013, 71, 1521—1526 © 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 1521



W F F R

MR

1 318

L7 22 R — Rl OB S AR AR B, T
J A 2 WG A 1) v SR 4 s i A A S e e R R D 1)
TERE, TERA KA 4, A BAr AR e Mt AR i
KA ReATER LY 22, R IEFEARFIEZ —.
AT 22 BB ORI R SR S 1) L 975 B — Gl oK 7 4 12,
T LA B E A 9K A 4ERTRL, Bl Rshgi Y. =4
GierPO 22 X gy e SO RN, HEBh T %4
RIPOER . T gk eFge bR fe it Bk, 76
R e gl O A AT R S BB A TR IR
e 2100 e S A b R R 2% L 7
POV HAT ORI (e, ARimT, H AT REHEA T H
HL 45 22 (1) R B R RIE AT i b, FEERER L
HEEE(PVA) P2 G (PAN)24 I 20t s e i
(PVP)PO2155 i i} 22 B ) SR R AR 265 W 1) 5 L 7
SLRJF T L AT 1 o 208 B PR T R e g
2T — 0 R .

SR 4 2 AT AP B R RT S R —,
BA AR LB A SN, %Mk D& A i
LY 22 BT T 52 B2 38 (1 )2 3, al sk AN [ (s 51
RRWIGY, EEAERARRLTYE 2 (CA)P BN ILLT 4
F(HPC)P?, L HEL 4 R (BC)> Ve 4 s AN AR 128 1 Y
SRoE k. FATHBA — E B TR S, B
CTYE 2 L RN L L LT 4k 2 (HPMO)PY B4k £ 4 2 (NC)
DA AT AED PO L T MR 4T 4k % (CAB) K AT 2R
PCTVEEAS TR I ROR. B TR Rk T A
G ERREREM RN, —HEEHRE M EEN Y2
AR BT AT MR, RO« TR 7 PRl
CMC-Na 5% HAWA R T LB 55, & AR, 5
K B R TERS, TN T A Wk
bt BERPRE, B, BE2h. Wit R ARSI
B T ARG g7 2 FAY, el & CMC-Li I,
A WA AH SRS

AR T I T R AT 4 25k CMC-Li 117
7%, I H A CMC-Na 845 7 73 b -5 W im0 2
PERIEST, BE— BRI T R LY 2 T2
M. A CMC-Li 2E1T DhRe bt 78 i db e B 2 A A k)
WEFCHEAT T 9.

2 FERE5HE
21 BFEFHEZRMD FEHBSHR

B 1 Froml i 28 4 200 kA 2E e N AR K
CMC-Na, {H/& CMC-Li FIRFIERE RIS CMC-Na KR
W, SRS BE A BE IO AN ) T BT ZE A, TR
L 2F 4k 38 &0 (CMC-H) 1 RF AE 3 4 06 W 8 AN 6] T
CMC-Na, W15 i CMC-Na 2> 7454 &4 17 W
B, 1 H CMC-H ANETK; % CMC-H & T

ail

1522 http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

1700 C K 30 min, B KIYITIRE, UEHRIL
JE ) CMC-H JCNFR . B TR AL 4 32 SR b L [ml 45
PR ARG AL, 75 723 cm ' AL FR L 4T 4k 22 k2 1)
HRERWEMX A, BUFH T CMC-Li ¥ 8 24 /.,
CMC-H 1 CMC-Li 7 1757, 1602 11424 cm ' AbA 1R
KA, XA RBRIL R 748 Li 2 IS,
HAALE R R IE T L C=0 8 C—O itk

cellulose

CMC-Li
[0}
[$]
c
£ CMCiNa
£
2
g
|_

3423 2922

I R
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber/cm’

B ZP2s P s LA R ) W

Figure 1 The infrared structure analysis of cellulose and its products
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Figure 3 The SEM analysis of different solvent properties of ionic
cellulose ether
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Figure 4 Steady-state flow curve of CMC-Na and CMC-Li solution
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Figure 5 The SEM analysis of CMC-Na and CMC-Li by electrospin-
ning

Spinning distance is 12 cm, and flow rate is 4 mL/h and voltage is 25 kV.
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Figure 6 The SEM morphology of electrospun CMC-Li fiber at differ-
ent primary rate

The primary rate of A~D is: 2,4, 6, 8 mL/h
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Figure 7 The SEM analysis of regarding CMC-Li as a carrier to coat
metal particles (A, B before carbonization, C, D after carbonization)
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