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Table 1 The molecular mass of NBC with different nitrogen
contents

nitrogen content/% M, /g + mol™ M, /g + mol™

11.97 0.953x10° 1.159%10°

12.88 3.578x10° 5.450x10°

13.16 2.094x10° 3.585x10°

Note: M, is the number-average molecular mass; M, is the weight-average

molecular mass.
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Fig. 1 ~ Rheological curves of NBC solutions with different

concentrations
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nitrogen contents
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Table 2 Parameters of Newtonian fluid of NBC solutions with

different nitrogen contents

nitrogen contents/% n /mPa - s 7/mPa

11.97 35.63 35.63y
12.88 105.50 105.50y
13.16 58.31 58.31y

Note: 7 = gy, and 7 is the shear stress; x is the viscosity of NBC solutions;

v is the shear rate.

3.3 MAOR#ESW

VS VB 2R 5 A8 0 ORGSR P LA B B I, ] S
ok B B WA FR G5 H X A S A ) B e AR
BE RS A R R R o S TP R i e T AR Y
XFAN A A i NBC W AE AN ) R AT il AT T
5T, 458 T NBC 3 Wl i v Sy 4 1B, a5 R &l 5
i B 5a Al AEARR T R (<1% ), = Fh & Al i
NBC WA R M ERER B ( G") FRFERL AL ( G") HE A
B A, R ILET NBC ¥ WA R BA 8o I 25
B, b T2 PR RG H X, PR G i NC A LY, FEZ PR o
X#7E, biE NBC & A B M N, Wk R G
MG RET A, 2 NBC F A &N 12. 88% i,
NBC ik R 1 G'Fl G K, X 5 A H 4+ o o
KA K. 4 NBC #W AR R T 32 2 8y 1 18 i 3% B
Wit 5 VA YRR R 0L T ) 1, LA RE A B ORI T R,
HA RN 12.88% 1 13.16% i, NBC 1 i it fig i
OB R K, WA R PR R —
FRREMIREAR . X R, ERGE I T (KT 3% )
AR BT AR AR AL, P B 2 T4 ) 1 A2 R
AU R SR B AR . AE A — R R p G P, =
MRS RBEREMTG G M G¥EA BB M, £
NBC 7 DMF % il &, BA K msh 1t . XF
T NBC 75 Wk Y RS sk 5 B, & A B 12, 88% 11

A fe AR 2016 4 %24 % H 44 (374-379)



378

KRIF, BV, ks, XU, Bud, EHEE, &, BKA

NBC,H G'fl G"IHA R T EHARE 13.16% F 11.97%
) NBC By #H N 5% B, R & A il 12.88% ) NBC
R o, X 5 H A F R R KA K,

AR 7 (tand) & 1K R AEHLAE & 19 — > & i,
tand {E K K, 6 B 1A R FE LR J) bR , FL N FE Bl EE 2 )
BR . HH I 5 AT, 7R LR R R X A, NBC % 1A
RHAEN 7 5 2B " FEAR R AL s MR
SLIX A, SRE DR B A 7 ) 1R 386 0 T 1 A T AR 0K
n " HIBEE N ) R IR N R AR 11.97%
(9 NBC 451 #E P 46 s AR b, ax 38 WY A & R Pk
A1 A3 i R B b e 3 A i NBC W IR &R 0 R
FIRFER, X5 HaF 8RN L,
zxzmé:xxmumnmn

NBC G"
13.16% =
G 12.88% e
11.97% a
O o o

1] <G

G"/Pa

00000000000
0-1‘nﬂﬂnnunnuuu
AAAAAAAAAAA

G'/Pa

0.01 GRS

0.1 1 10
stress / %
a. curves of storage modulus, loss modulus vs stress

0.5

0.45-.'.'nonooooo--ol!o.. 410000
4 °

04122112

0354 nge

034 13.16% = o i

1288% e © 2

0254 1197% a4 4 . éég

AAAAAAAAAAAAAAAAA§@BQOO—>

0.21 a8AARARCQRaQoODBY

IIIIIIIIIIII... [}
AAAAAAAAAAL [

AAAAA | ]
n n A

¥ tans

—_

® 11000

A | P

7'l Pas
o

>
tan

4100

410

0.1 1 10
stress / %
b. curves of loss factor, complex viscosity vs stress

5 ORIA A A NBC IR I g 951 4 il 22
Fig.5 Stress sweep curves of NBC solutions with different ni-

trogen contents

3.4 SRERFSN

B 7 3 4 A1 A0 3R 4 4 g B i NBC i 1R &
ORGSR o ASBIFZE XA [F] 3 AU i NBC WA R 4T
TR, R E 6 Fis. HIEF6a LI
L BEE AR o AR, 51K R R IR [R) A 05 R
MR . FEE o 3G, G G35 M1 I, B &
R 38 Jin 238 AR — K0, VA VR AR R AT R 2 B DR R R R B AT
Ko BEARARE G'B/NTH G, TR R
TEE N, & &N 12.88% 1 NBC iE# , G' il G5

Chinese Journal of Energetic Materials, Vol.24, No.4, 2016 (374-379)

K, HR AR R 13.16% RS /SR R N
11.97% RS X R W H G R G'Hi & NBC 43 F i
SR | WTTR: - DN i e 0 = N O @B = e S o
fiio M 6b Haf A, S AR /NTF 1 rad - 5T B, 5L
R n " AR R A A, b F— A F G S8R KT
1rad - s7' )5, " BEE AR B INT F M 4R 50 R A
0.1 ~10 rad - 7', & & 4 12.88% () NBC i # 1Y
n " IR HYCE TR SN 13.16% 1, /N 2 & Al
H11.97% 1) NBC W . it NBC & A i, LH 25+
X GG R IR K

| §
101 g 2t
4 o)
© 1 2 R
= " | 1 8 A
= 2 B g a
0.1 e
© g A NBC G' G
= 001 g 82 1316% = o
© o 8 A 12.88% e o
€3] 3% 197% 4 &
0.1 1 10
olrad-s

a. storage modulus, loss modulus vs angular frequency

05{2 e © © o o
048] 5 2 & =R
0461  ° o & , . 100
044 NBC 7 tamm‘i0 24 °
« i n
£ %506 « 0 0 g 4,
= 0441588% o o o oA, o
s 0.38{1197% 4 4 N L
036{x 2 2 2 2 2 R oa " 0g
034 ~— S
0321 X o,
0.1 1, 10
olrads

b. loss factor, complex viscosity vs angular frequency
B 6 AIEEA R NBC B MR A th 4
Fig.6 The frequency sweep curves of NBC solutions with dif-

ferent nitrogen contents

Hi 18 6b i ] LI Y BEH o B985, NBC Y
BFE T tans BEAR, 2 WHZAR R 70w 0 T 1A &R FETCAE
EIRESIEES . &SRR N 11.97% 9 NBC i #E A
TR, T R 12.88% F113.16% U/, R W5
# £ DMF b7y 1 5k B iz gl ih i 7 A2 1 Y BE 456 )
B/ RV 2R B0 A o 7 AR X A /A0 i 54 g B 8 22
T AT 5 BB A W 7 AR 0 852 22 St o o A X 8520 i
NBC )& & o> 7 B 5C . 255 N 4546 23 A Al
PIBEH, S/ EN12.88% M 13.16% ) NBC 7 DMF
W RIR R P B R E , HORS SRPE 32 A0 5 Y R
M5 /N & Jm o 11.97% 19 NBC 7 DMF % ¥ 1k

»
=
(S

Mo www. energetic-materials. org. cn



TiE P 40 1 2T 4 33 A0 L A

379

AP A AR E MR BAIG, FORS 55 2 S S04 5 )
FHo XRWAA S &AL ST NBC, 78 DMF
TR Z B RS , X 1 G B 0 e 1 5

4 & it

(1) NBCIFWKWEH 0. 5% ~5.0% , W H
ARG A 1 I E RURG B AR OC &R il R
H 9=8.61x107"+5.72x10 " xe” <", 14 NBC ¥
WO PE B KB 5. 5% , NBC ¥ i 3 Bt 39 U1 22 i &%
IO7, ¥ U R AR 2R i A

(2) Fifids NBC & & (18, LV WA RG B2 Sa g R
M PR 72 NBC & %0 12.88% i), i fe K,
I I A VR ARG BE LA B B K, 2 105.5 mPa - s,

(3)NBC iy % Z it B, 70 1 bR, sk &
R 45 KE) ARG, R 70 S 1 ) B o 7 A0 55, B ) T
NBC T

S %Wk :

[1] SUN Dong-ping, MA Bo, ZHU Chun-lin, et al. Novel nitrocel-
lulose made from bacterial cellulose[ J]. Journal of Energetic Ma-
terials, 2010, 28(2): 85-97.

Wik, N, B, . ALANE g R A R ] Kk
YEZG2£4R , 2012, 35(3) : 88-90.

YANG Qiang, PENG Bi-hui, LIANG Gang, et al. Preparation
and Characterization of Nitrated Bacterial Cellilose[)]. Chinese
Journal of Explosives & Propellants, 2012, 35(3): 88-90.
Fernandez de la Ossa M, Lopez-Lopez M, Torre M, et al. Analyti-
cal techniques in the study of highly-nitrated nitrocellulose [ ] ].

TrAC Trends in Analytical Chemistry, 2011, 30(11) : 1740-1755.
INART, ik, L AR DAEA B X H T A [M]. db
o BlrE A, 2010 136-149.

SUN Dong-ping, YANG Jia-zhi. Bacterial cellulose functional

[2

[

—
w
[

—
N
[

materials and their industrial application[ M ]. Beijing: Science

Press, 2010: 136-149.

i, %, . DKM AR 0 & RrEseRaE[)].

SHREARL, 2012, 20(2) . 167-171.

XIA Min, LUO Yun-jun, HUA Yi-long. Preparation and charac-

terization of nitrocellulose nano-fibers[ J]. Chinese Journal of En-

ergetic Materials( Hanneng Cailiao), 2012, 20(2) : 167-171.

(6] W, £5, XNEMR, 5. G5L 245 bR S 8000

5] FREMEL, 2013, 21(6) : 760-764.

PENG Ya-jing, WANG Yong, LIU Yu-qgiang, et al. Measurement
and analysis of thermal physical parameters on nitrocellulose en-
ergetic materials [ J ]. Chinese Journal of Energetic Materials
(Hanneng Cailiao) , 2013, 21(6): 760-764.

[7) 8T, B, AL 4 R i WK Rl tE Ao )] KE

25254, 1981, 4(1): 1-9.

DAI Jian-wu, HUO Ya-ling. Rheological properties ofNitrocellu-

lose concentrated solution[)]. Chinese Journal of Explosives &

Propellants, 1981, 4(1) . 1-9.

HEARZL. AL e RO B SE [ D], Mt wg at #L TR %,

2005.

CUI Fu-hong. properties of Nitrocellulose solution[ D]. Nanjing:

Nanjing University of Science and Technology, 2005.

Birinci E, Gevgilili H, Kalyon D M, et al. Rheological character-

ization of nitrocellulose gels[ J]. Journal of Energetic Materials,

2006, 24(3); 247-269.

[10] MA Su-de, SONG Guo-lin, FENG Ning-bo. Preparation and
characterization of self-emulsified waterborne nitrocellulose[ ) ].
Carbohydrate Polymers, 2012, 89(3): 36-40.

[11] Hsieh P. Diffusibility and solubility of gases in ethylcellulose and
nitrocellulose[ )J]. Journal of Applied Polymer Science, 1963, 7
(5):1743-1756.

[12] Kim ST, LimJ Y, Choi HJ, etal. Solution Characteristics of Ni-
trocellulose[ J]. Journal of Industrial and Engineering Chemistry,
2006, 12(1): 161-164.

[13] Moniruzzaman M, Bellerby ] M, Mai N. The effect of light on
the viscosity and molecular mass of nitrocellulose[)]. Polymer
Degradation and Stability, 2011, 96(5) : 929-935.

(14] BB %, PREan, AR, YL 2F 46 A0 W 0 PRl B 59k B Y
MR )] KKEE4R, 1999, 22(2) : 43-46.

LUO Yun-jun, CHENG Rong-shi, TAN Hui-min. Relationship
between viscosity and concentration of nitrocellulose[ J]. Chinese
Journal of Explosives & Propellants, 1999, 22(2) . 43-46.

—
i%21
[

[8

[9

[

Rheological Properties of Nitrated Bacterial Cellulose Solution

ZHU Juan', LUO Qing-ping’', LI Zhao-gian' ; DUAN Xiao-hui' , PEI Chong-hua', ZHAO Jing*, MAO Chang-yong’

(1. Southwest University of Science and Technology, State Key Laboratory Cultivation Base of Nonmetal Composites and Functional Materials, Mianyang
621010, China; 2. Luzhou North Chemical Indutries Co. , Lid. , Luzhou 646003, China)

Abstract: Using N, N-dimethylformamide (DMF) as solvent, nitrated bacterial cellulose (NBC) solutions with different nitrogen
contents were prepared according to a certain proportion. The effects of solution concentrations and nitrogen contents of NBC on
the viscosities of NBC solutions and the dependence relationship of concentrations and viscosities of the solutions were studied by
a HAAKE rotational rheometer, and the viscoelasticity of NBC solution was analyzed through its stress scanning and frequency
scanning . Results show that the solution system is the Newtonian-fluid when the concentration of NBC solution is in the range of
0.5% —5.0% , and the viscosity increases as the increase of the solution concentration, meeting an exponential function growth re-
lation. When the concentration of NBC solution is 5.5% , NBC solution is the non-Newtonian fluid, showing a shear thinning
effect, and the shear stress and shear rate meet a power function growth relation. The viscosities of NBC solutions increase with the
increase of NBC molecular weight. NBC with high molecular weight helps to improve the stability of the solution system and
makes it less response to external stimulus.

Key words: nitrated bacterial cellulose(NBC) ; viscosity; rheological properties; Newtonian-fluid
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