AL B2
2024 4F 4 A

BB % 5 # A
MEMBRANE SCIENCE AND TECHNOLOGY

Vol. 44 No. 2
Apr. 2024

AT A2 / B S S AT S5 B

Bk, FRE, A

A, BRE, R

I TR RS A S5 TR2ABE. RN 430200)

WE: RS Z R T —AHAGHEEE. B8R 55T T B F U, 8 4 4
FREIEAF AU B B I EAE A — AP B AR A, KRR R AR B AT A A4 R R A AR
A K (BO) &F 4 & it 3 BUm L g 5 Fowk ek (PPy) Ao BALF) RAZF A, VA FeCly 484 &
A 4% R ) IR JE 6 el vi TR A T B R FL R B TG AR Y, 58 B A AT B eh 4o SP R AT AR SR
BRI SRS AN TANE. RGN BEAS LT T AR LR LW .BC/
PPy A A4BILMELS S FEFRREE R, LREALE 259U ~30 A, L8 FFEZK,0.01
mol/L #R B Fotkrk 69 JUR F R KX A 60. 0520, & F F4p % (1X10°° S/m), 0. 06 mol/L 3% &
R LR R A 23.04%0, 2P K3 T R -FF(2.6X107" S/m).

KPR : mEA AT Roabed; JLRE; BAEk

hESHES: TQ3117  THEERERRG: A

MEHE . 1007-8924(2024)02-0118-07

doi: 10. 16159/j. cnki. issn1007-8924. 2024. 02. 015

21 A 2% DA HC v o B A B L AT REAE T AR AR
PEFITRT A ) 3R i P 25 AR T O R A R 1Y
LA IR SCAE A L F 4R 3R b I LAk,
T FEER A W R A L 2T 4 R — 4l (Bacteri-
al Cellulose, BO£F4E % . i A W55 R R £F 4E R 7™
A IGE. BC 2R 4 3% H B AN h 3k AS 4R R
RIMA KEWREE, A 5 T U E A oyE
P A EAT R .

kg (PPy) HA R4F1 -5 HLPEREFN 5 & 1L
Rf S TEFL A o H L A% RS AN A WA RL D T AT 7S
BNz 0N . DA Sy S AT Rl SR SR
(977 2B R kg A i BC APk, AT H S iRy
DIREME™ . BRI AN AR SRR R T, A
UG BB [F]BE B S T A 7 S L UK
ZIRHEATIERS TR, 2 SR ) e A v 5 SEDR Y S
Foi Ik B I AR R A SR A IR R

Wk H B . 2023-07-26; &R ic®) H 3. 2023-09-20

A 7R A YR P T R AE B PG
Wil A7 Xt BC IS PPY AR5 4 i 3
A ZER .

1 Sy

1.1 #MEigE

ARL : HEBEAT B Ch SE 30 2 R A7) s 15 5 5k
FiWE 20 g/ L BEREH 10 g/ LR AR 5 g/L 2K
WEIR A 54 6. 8 g/L.—/KATEBm 1. 15 g/L ALK
WRIREE 0. 51 g/L, pH {H 6. 0), LMW . LB,
RIUF LN - NaOH, FeCly , Jir A A2 i A 51 35 hy
SIHTEEAEGL LI K Y R 258 1K TR A R
Fi 25 CA&MHTRES.

4% : Scientz— 18SN AU R T 1ML, T I B 2
PR A BR S \) s DF - 101S 5942 #0208 7 9k
i s LT T AR A PR F] s ME204 R B £ 43 A7

E—EERAN T OWRA999-) L, NP RKIE N AR A 0RO ] Dol i .« iR . E-mail . 624355742@qq.

com

GURASC: 3 B2 A AN 5F AL 4R R S i =S I s S HT D], A2 5 H0R . 2024, 44(2) : 118

—124.

Citation: Guo L. Deng L. Z, Yu J,et al. Preparation and discussion of bacterial cellulose/polypyrrole conductive composite
film[ J]. Membrane Science and Technology(Chinese) ,2024,44(2) :118—124.



523

S8 BRSE AN AT AR SR T e B IR A S IR - 119

K- MR —FEF 2 1R A 7] DZF - 6062 7Y
B TIRA LIS AR s ISM-5510LV A4
LT AR, H A H TR &4t XD-5AX UG
AT s Shimadzu 24 & HL A7 051 78 300k}
SRR AR AL TAESS Lk T, i f# A 1 mol/L
1) H, SO, %W i = Wil {k &, BC/PPy & & 44
BHER TAERM , Ag/AgCl IRy Z: L it , Pt Hy,
AR Ay % B ARG
1.2 HEAHEREMHESH4L
Y iG AL fE B TR R Bl 2 KRR JE B HS Ry 3R
T30 CHEIRIEFRAR h el e 7 d HEE K
R I AR B Y BC R, H SR FE 0. 1 mL/L
NaOH %3, 3200 1 h DL Je B b gk o1 i A
FRGFER W ali b5 O £F 4 2B T KRR i
Ui TR R A RE MDA R R G E T H
ZRURTIRALN I BB —40 °C, B4 8 Pa, T
f5 48 h 5 B RE SO B B TR A R R
1.3 BC/PPy EGFEHIFI&
W TR 5 1 BC BT AN [R) e BE 0 I i 75 o v st
T2 b kB 55 RS 7 A Ak, o R B B
FUKB MR, B 0. 225 mol/L FeCly ¥4 4 h,
FZEK I TR s E A ER A 200 mL 95
FE N 285 T8 MK A Bk, 78 120 °C & i 78 V38 R
10 h, HERRH G U R T 15 2 R k0 /1 A W 27
YR A TR Mg BRI 1) B IRV J3E 43 S|4 i R0, 01
0.02.0.03.,0. 04.,0. 05,0. 06,0. 07 } 0. 08 mol/L.
4% %132 & BC/PPyl. BC/PPy2. BC/PPy3. BC/
PPy4.BC/PPy5.BC/PPy6.BC/PPy7 .BC/PPy8!".
1.4 SEHRILEEREBSREFERNE
H 4 Bueche Y- HL 285, S IORIMTE SR &
Wy PR 2 AH B ) R AR X R AR R
15BN 53 155 0 S5 480 T 75 1) T L Ok 32 A )
REMRP IR 2D K@),
(1—a)?
(1—y)ia
all—a) 2=y(1—y)/? (2)
KW oy T R 5 A SRR R, v 2Ty
FECD MR/, £ o8 5 R 04 e A0 5k ) fig A
+ Bl ARk 5 AR B B B o S —
TR A 2 fi AR .
XTERIE SR AN SR 5%
FRLF RT3 E o Z I 56 2R A= (3) R
ow/o=[1—¢ +EXW(s,/0) ]! (3

W=1— @D

K o NEBHRHRSR 6. WIER TR0, N
TFHBTIHE TR, o ARA TR N
FLESTR,

AR A AT 4R I h DO E AR 10~100 nm #
LFHESE UM A FE T — I A A 40 0K = 2 [0 255 45
14, K BC/PPy &5 MR —Fh G i R 288575, 2%
MEE 8 SEORE A AR 0 5 5 H it A (D 3K

M (4/3) 7R} “

o BRI R Ry, AR BROR 3447 L OB Y
TR ECN @, SRR N

PANTIRFIAARE L R S B AL 3R i Ok
BRI (A 5 2L BRI V) Z e, SRR
PR LR TR S 1A= (5 iR

S=A/V (5)

R AR (1 15 T JEURL B A 5] 2 5 i BR
1A, B R B S R AR CAD A =k (6) fir
7N

A=4xR? X N, (6)
_4zRIXN,
S= v (7

ArpHORRERR N Ry DRG0 N

FRPEZ(3) s (7) AT A FEAR L T 8 5 B R L R T

FURSLBR ZEr 3 A X =L (8) o
on/0=[1—SXR,/3+¢XW(s,/o)] " (8
1.5 BC/PPy EB#R# A& &

B 80 mg & G WEEAE 5l B U AR, H S Sk
R PG LR 80 + 15 ¢ 5 (R LIRS 1
BRI R 151 5, i G B, 7E 10 MPa 1T
AR E AN R 7L R AL 1 min 2247, FEH4E
THEfEE.

1.6 BC/PPy E &R RIAIIEIL1ERE

BTIRENEEMEBTR 2 em X2 em K/NEY

FoOR L 43 IFREL BC/PPy, (n=1.2.3.4.,5.6.7 1 8)
FR) i A2 Rk e SR S 5 e 43 B (s Y00 BT
BAXA (D PR

w,=(M,—M,) /M, X100% (9
KM, M, G35l R & AR RS TR G Rk
JEI i, g.

B TIR A MRIBTAL 2 em X 2 em K/MAY
R 38 do PRI ASONS R A T H e R

eI S AR R BT 2 em X2 em R
ZNBR IR B LB B A S RORS 14 00 FE A



- 120 - BB 2%

5 # A

8 A4

=
g

SIS T oA o B = A = S N A O
{0 RS R BE o) 1R 2R (10) s«

p=M/(aXbXc) (10)
M &R BT g as by e S0 R Y
K58 F s mm.

W TR E G 2 em X2 em K/MEY
etk Hebr = RO B0 DU 2 HAS L 98 L 18, 20 50102
bcCom) . AR H RS2, AR bR RORS
E/‘J(M%/E\:K\ﬁ\%v%j%ﬂg ays by oo (mm). %éﬁﬁé
a3 bk, SROHSF- B A S FL B R ()
A AD A

¢:f§@><1oo%:<1—p/p]>><1oo%
1

\5

(L

=

%

={1—[M/CaXbXc)]/[M/Ca; X b Xc)]} X
100% =[1—(a; Xb, Xc1)/(@XbXe)]X100% (11)
T 0001 4300 R 45 B i B4 2 00 2 B RN BU S
(aXbXc)y Cay Xby Xe) 535 R 45 FE b ) 2 WK FR
AELSLAR R, mm®
1.7 BC/PPy E &AM RE TR

W ELA A v L SR R A R D R A TR AT 4 3R
i 3=07E 1 mol/ L 1) H, SO, HLf#R 12 h. {f dy figt
W RENE FE /112 B R AT RE. = s AR i AR LA
AR R TAERAR , Ag/AgCl itk S Lk
e s P HLRR R il B FEL R, F b 2 R A 7 i R AR
CHI-660D % H fk2% T AEuh EakT.

2 HRit

2.1 HEAHEZENLEHRIE

FKHI FTIR X BC AT 3RAE , 48 5% I 11 1Y
B REAT AL sl i, 25 SR K] 1 iR, BC RO
TN Y E AR IR B BLTE 3 420 em ' (P T
O— HER AR 3ESN) . 2 905 em ™' (H Tk g 3R
C— HE R IRSD 1 1 050 em ' (f1 T C—O 4
AIRLARIR B ), 35 e S R g g 55 Sk 2 1 4 AT
27 4 R B S — 2. WniE 2 Fras . TR LR
YR L5 S5 1 T30 BC BER) XRD 17506 20 {HAE
14, 6°F0 22. 8°4b 3 B 1T WY fub A A7 S5 U, 4 310 % g T
YR 1 AYCL10) FI(200) e 1,
2.2 BC/PPy EABEHFLIMESBES R FELR

IG5 BC/PPy & A 5 i e 2 mi AR
SREEFLE R F A& 3 FroR. B S K5 fLER
RIS 05 08N s FLBR R AE 25 %0 ~30 Y04 B
KA Fe T RURT R SR, S BUFL IR TE 2526 ~30%

W BC/PPy & & A RL AT ik 24016 B A 19 H
B"JDS].

By

4000 3 500 3 0002 5002000 15001000 500
W fem!

B 1 BC R E 2050t

Fig. 1 FTIR analyzes the structure of BC membranes
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Fig. 3 Graph of conductivity as a function of porosity
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Table 1 Physical and chemical properties of BC/PPy film materials of various concentrations

RN /(g em ?) FREK B ) #/ 0% LR/ % HFR/(Sem D)
BC/PPyl 0.031 8.82 60. 05 1X10°°
BC/PPy2 0. 046 11. 36 56. 43 2.9X10°°
BC/PPy3 0. 052 19. 17 41. 02 L1x10*
BC/PPy4 0. 065 26. 54 34.98 2.8X10°°
BC/PPy5 0.074 31.71 25.31 3.1x10°*
BC/PPy6 0. 085 38.39 23.04 2.6X10°!
BC/PPy7 0. 094 41.82 19. 58 2.3X10°°
BC/PPy8 0.107 45. 32 17. 32 1.7X10"
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Preparation and discussion of bacterial cellulose/polypyrrole
conductive composite film

GUO Lin, DENG Longzhi, YU Jie, PAN Jiale, ZHU Xiongwei
(Wuhan Institute of Technology, School of Environmental Ecology and Bioengineering,
Wuhan 430200, China)

Abstract: Supercapacitor is a new type of energy storage device, consisting of carrier, polymer conductive
material, oxidant, etc. In terms of carrier, bacterial cellulose film with good toughness and excellent
porosity has been used as a substrate material. In this study, Bacillus glucoaceticus was selected to grow in
specific medium to form bacterial cellulose material film, extracted and processed with polypyrrole (PPy)
and oxidant in situ polymerization, FeCl; was used as oxidant The membrane was then extracted and
processed with polypyrrole (PPy) and oxidant in situ, and FeCl; was used as the oxidant to polymerise and
attach different concentrations of pyrrole to its surface to form a supercapacitor. The results show that the
porosity and conductivity are not proportional to each other, with the maximum conductivity within 25% —
30% porosity, the maximum porosity of 60. 05% for 0. 01 mol/L concentration polypyrrole but the
minimum conductivity (1 X 107% S/m), and the maximum conductivity obtained for 0. 06 mol/L
concentration polypyrrole with 23. 04% porosity (2. 6X10"" S/m).

Key words: bacterial cellulose membrane; polypyrrole; porosity; seepage theory
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