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Adsorption Properties of Polyaniline@ Expanded Graphite Composites LIU Fu-chen,TAO Yu-lun™ ,SUN Yu,WANG Hao-nan
(School of Material Science and Engineering, Anhui University of Science and Technology , Huainan 200235, China)
Abstract:In order to eliminate the environmental pollution caused by dyes, the adsorbent of polyaniline/expanded graphite
composite was prepared by in-situ polymerization using four kinds of acids, expanded graphite ( GIC) as dopant and ammonium
persulfate as oxidant. The materials were characterized by UV and SEM. The results showed that the material was successfully
prepared and had a nanorod-like structure.The adsorption experiments of polyaniline/expanded graphite composites were carried
out to study the effects of adsorbent quality, temperature,pH value and other factors on the adsorption conditions.The adsorption
experiment showed that the removal rate of dye was over 95%.The adsorption kinetic curves indicated that the adsorption process
was consistent with quasi-secondary kinetics and is dominated by chemisorption.

Key words : adsorption ; polyaniline ; composite materials ; chemisorption ;adsorption kinetics

i AR AT A A B R R A B KON B
Sk T ECRBR N, PO T B LSRG G5
K IR 2 A RE A AR N 4R 0 B (A f
R TG R E R AE AR HTE A RIS, Y
LR Ak PR E A O AR Rk R Bk
BRI KBTI R HLYLRE Y 2 B R D B,
AELZ X FH A B R B g, AR S B R RLR A A
7o P, I A — P SAR BEGRL HL AR 850 %
RREIITIEARE E,

UTARR AN i TOE R PR REIL ST | HE AR AR
Rl e g B a2 3 T )2 o8, HARIR Y
AN AR LT YRR IR S L B v 0] 3 i HOANSU A
G g LATR] TN, LR B AR AR
B TTZ R N RO T AR R ATE
AR S AR T A ik BRI . AEA BT
Ferf (R R 5 5 R RO 5 55 — Fh 2 AL+
B AT SR AT = A, WETE T WRRESR i Gl |
pH 25 PR NS W B 25 PR OS2 IR o 52 36 2 Tk
Uk L BR AR F] 95% LA L, il 5 (19 52 & BPRL X
PSR LA L2 IV FFY 5 7 e A 2 A 14 T R 25
R R RRAT A UE Bl o, SRR A

J& T AEE M

1 SLES
1.1 BB SR

J-1 BURE IR B FE A (S In T & R A
FRAF]) s MH280S T 75 i 77 4 (5 M R AL
I35 A BR 2N 7)) 5 DF-101S5L %I 8% 1 4 11 7K % 44
CBIPE TR FHE A BRA 7] ) 51J224BC AU
K- (LB B A B F]) 3 SHZ-D AUEER /K
HE R (LGRS & RA B F) s DHG-
9140A 75 Fi FAVIE 3 38 IR\ TR A (iR 22 S 40 ik
HAHRAT) ; UVS500-PC K48 Hh-AT WL 436
T EHETCHT AR RS A F]) ; TESCAN MIRA

75 B #1:2024-06-20 ; P48 B & H #A:2024-08-01

ELT B LA SRS AT H (gxyqZD2019026) .
YEE BN X /R(1998-) 9 LR -4 2T
I R TR

BIREE M £ £, E-mail ; williamtao795322@ 163.com,,
SIAR XER WES, T, 5. REKe Bkass
BRI B RE A T [ )] AL 2=, 2024, 46(12) 1 T71-
75,



72 fb2i8%]  CHEMICAL REAGENTS 946 B 12 1)
LMS Ui e (8 (P ED ARAF) . RFFEE ] A7 60 min,, B 5 (5 FH e Sk v A B VST

R (CoH,N) B FR % ((NH,, ) ,S,04) (X
FH 2K R (p-CH,C H,SO,H) hR (HCl) ,—/K &
FFEERR (C H,0, - H,0) . Z R (CH,COOH) ( I
BTRL T AR B AT BR A W) s Bk A 38 (GIC,
AL A% B R Bk M ORE A B A A ) R SR 4
(Cy,H,,NNa,0,S,) . I ! #£ ¥ (C,, H CIN,S)
( VU A R A BR S | 5 B AR 2 Ry 53
Mrati,
1.2 SEETTE
1.2.1 R (PANI) @ ik 1 85 (GIC) # K
B

O3 R B HE R 1 s 1Y X O R
(TsOH) 5281 i bl 11 AR (CA) 5
R BRI 1 1REE IR (AC) 5o ot i kb
h 11 ERIR (HCL) S52RREE T 4 Bt mA
FETK EHUE 150 mL BRIFH, B HHR &
Y5y, 43 9l 45 8 TsOH-PANI@ GIC .CA-PANI@
GIC ,AC-PANI@ GIC Fl HCI-PANI@ GIC, FREUA
¥ S R B 19 WO I Bk A7 B8, I AR I BR i b
RAE], HEJE LA 60 i/ min f1Y 8 B 1230 % i i
WMBRE ., £ 0 CHKKIBZUTHRERE
10 ho SO 25 A5 fif FH 25 25 F 7K TN & s 28 B i
UEL,H E T IH W, MR e g E T
70 CHEFE LTSS A 25 H
1.2.2  GURbRiEfh e

Bl 50 mg/L WIRIERZL 30 mg/L 31 H 3
W LR R, 5 B — FR B e R R Y YR
2R B 5O R X R R R bRE L anE 1 R

2.0,

>

Lb

g
=)

y=-0.0349+0.0344x y=-0.049+0.0956x

._.
n
T
I
n
T

RIS
5
WA OGHE
=3

=4

n
e
n

4
=3
e
=3
T

o

1‘0 %E%é)/(m:‘?b‘)io 5.0 6 éi& ﬁ/{& g-Lli?) 2‘0 25
a FLLT b L
1 bR
Fig.1 Standard curve
1.2.3 RS 7) o g Xof MR o 1 R 1 52 i)

e 50 mL (50 mg/L) BRI £ 50 mL (30
mg/ L) S IEEFS I, B 10 ~35 mg 5551 =
FAEE Y 4 FPIRIBZ4HY PANI@ GIC B &K IRE
P51 G BT 40 CRME IFAER Hh EA T B S0, T

BLOHL, S min J5 BT A5 L6 I o O
B ARYEARAE T 23 2 bR R o
1.2.4 TR RAHIE o IR A R A 52 i

fic ] 50 mL (50 mg/L) R LT 50 mL (30
mg/L) W H AW, A 25 mg (1 4 FhiR 15 ¢
[ PANI@ GIC B & MR IR G5 J5 & KB
PG HEAT IR B SES . IRBM 60 min S5, MR A BR M
AT 2R B
1.2.5  WRBH pH BR80T IR B4 B 14 52 1

FE RSS2 50 b RARR U B Ao (1] 5 18
F B AL T e 2518, WF 5T pH 14 28 Ak %o W o
DL W B R B 52 mel . E ) 50 mL (50 mg/L) 1)
ISRLT 50 mL(30 mg/L) W FH L5, &
FALTARER R 45 pH fH. 203 25 mg iX 4
FIRIBZ4 1 PANI@ GIC A #RH IRAHAIA &
T 40 C AR IFAER b AT B S 36, R BB (1) Ay
60 min , 5 A HE bR i 2T L BR R R,
1.2.6  PRIAFESE ) XoF ARE Rk R Fr 52 i

FEHAMSRAFERA A ST T 0. 02 g iX
4 FhRAB 2= W B, T2 BF 50 mL(50 mg/L) MR
2L, ffiH 0.01 g iX 4 FhER 5 Z% (% W Bk 551, mz Bff
50 mL(30 mg/L) WHIBLHE , pH P50 bk ST
WA, IR HITE 40 °C (IR S i Pkds
HEATHEPE LR, 4505 5 min BUA W FIEWE O 5
D LI B 44 5 W 86 s ) Xof WG o 14 5 T
SR TR A A i e ) AR £ I ) AR AR
o T HE— B Ty 2R ME B ) AR
TG i A

2 #R5ite
2.1 RE@EIKGBEINDEE

Kl 2 iR 4 FPiR#B44 1) PANI@ GIC B &
WARME B W P 5 -] DR s 1 B Hr T
DIE e N 210 455 nm 24 B T AN

A

T 7 — polaronic
band transition

200 300 400 500 600 700 800
A/nm

B2 PANI@ GIC 5Lk
Fig.2 PANI@ GIC UV Spectroscopy



55 46 HH 1230

X FRAE  RANE @ Wik AT 82 52 & BRI BT RERT T 73

oL RTANES R TG I & i DO VR S S 7 0 W=
o ERIED M W TR
2.2 X A

Kl 3 fizR R 4 FiR1B 241 PANI@ GIC X 5
LAngE . WEP T LI HTE 20=6. 4°4b LT
R AT S0 % 0 R B N S R A AR Ak 45
ZR 5 RR T Z B IR . BB R
TAHFRER S, SRR, FETE 260=20°,
25°F11 26. 5° Kb HB BT AR H W T 60 7 S g
5krifE PDF R FiE47 HeAs, 45 SRR I 7E 26=20°
b R A Bt 0 X 1 R (020) ST, 5 R IPE AT T
AR LB 6, 260 = 25° 1k A AT 5 04 %
h(200) Fh T, 5 A PR IR T R A YRR L A
o, BRI RG 5y T4 I (R BE, H  & 1 RREG
FEIE ., X AT TSR JE T PANIL YRR AF I, 7
20=26. 5° L T KA BB ERIEIE, IR, PANI@
GIC A MR Ty il £ , LA & M RHE SR 2544
NS B ARIR RIS AR A 7= R B g |

K 5II

ai— TsOH-PANI@GIC

1
16.4°

CA-PANI@GIC

I/a.u.

—— AC-PANI@GIC

HCI-PANI@GIC]|

1 (I
10 20 30 0
26/(°)

3 PANI@ GIC X SHERATHTA]
Fig.3 PANI@ GIC X-ray diffraction pattern

2.3 SEM
Kl 4 Jy 4 FhERIB 1 PANL/GIC B &R

K=< b

a.TsOH-PANI@ GIC;b.CA-PANI@ GIC;c.AC-PANI@ GIC;
d.HCI-PANI@ GIC
4 PANI@ GIC F#iHL 2 G B
Fig.4 SEM images of PANI@ GIC

PR EEE R, IWER AT IR A B E AR R
SRR KRB R 1~2 pm 2
], X FPRRIR A S5 A T LA T LR AR, B
BT 5 TR (B i B, B TR B AR,
2.4 IR X R R i £ R

5.6 hy it W B R0 o k42 T, 4 R R4S O
1 PANI@ GIC & A M4 BEG WIS 21 HE 38 5 1Y
FeBRA LN R B AR AAR O 22 W B3R 5T AR
i, R o 710 2% 1 A 7 s 50 E 520, DR R o sk o
AEAG SR T R B A A AR P A8 A v R I R B
155 BEEE TR RRESRD S N 10 mg 303 35 mg, W
FT A T, T A S R B H Y 2 R B AR 1
B s R AN RN B R
W2 BFF 350 J o P 398 n 28 T 65 /)N , 3 T B 55 A Rk T
AR RS a5 P AR P 3 IR AT A O, 3505 43 W o A7 509
FARBFEFIH N T ARG bR X
A7 I8 TE S SE B A 5T v 4 T W2 B 550 04 5T & Ry
25 mg,

10017 160 —— TsOH-PANI@GIC
—+— CA-PANI@GIC
=140 —— AC-PANI@GIC
« 80 5 —— HCI-PANI@GIC
g w120F
o &
& —=—TsOH-PANI@GIC |5 100
60t —— CA-PANI@GIC
——AC-PANIGGIC %
—— HCI-PANI@GIC 801
0615 20 25 30 35 %0 1o 15 20 25 30 35
Ji R /mg JiHE /mg
a. BBRA b R
B 5 W R PANI@ GIC R SRAL 52
Fig.5 Effect of adsorbent quality on PANI@ GIC
Congo red
1005 b ——— TsOH-PANI@GIC
200k —+— CA-PANI@GIC
%0 = —+— AC-PANI@GIC
N = —— HCI-PANI@GIC
_g_ E" 160
80 <
! &
H —— TsOH-PANI@GIC |i& 120[
70t —— CA-PANIGGIC | &
—+— AC-PANI@GIC
—+— HCI-PANI@GIC 80r
60 10 15 20 25 30 35 10 15 20 25 30 35

itk /mg Jifit/mg
a. 2B b W
Bl 6 WLBR TR PANI@ GIC WV H 5 ) 52 i)
Fig.6 Effect of adsorbent quality on PANI@ GIC
methylene blue
2.5 IR EE X6 A B B 1% 52 i)

7.8 hy i A W B PR B U B 0 SR T 4 R
B2 PANL@ GIC & & MR R 21 F0 T Y
W 2B DA SR B s AR A T, X T RIS 21 Y
W B, Biti 5 JRLBE DA 20 CHETHE 60 °C , 5B LK
W R TR T, B IR B AR T o AGE B



74 Pzt

CHEMICAL REAGENTS

946 B 12 1)

FREE IR, Ykt o T Bz shsf i, o8 5) F 5 W b
b W RS e 5 G, PRI Ik 2 B 23R LA R R f i
Tt HE YRGS T, #E 60 CHE, PANI@
GIC KA MR B 751 2 5% 28 DA R W o & °F e, 3k
AR SR PR Ry 2 B 550 0 5 4 1 S A B A T A
%, EhIR4B 2R Y PANI@ GIC 545 M B2 T B 5% )
BRI RESE B $h IR 1B 24 0 &2 A M RHE il
IR —E R, S EA MRS
BRI BEEIR . I 7 Hhal LLE H7E 60 C
i, AC-PANI@ GIC X I S 21 25 B 232 LA K W ff
B o O30 F B, B I 20 C 32 71 5]
40 °C , KBRS B 2z i T, dkse i Tt 3|
60 CJ , W 2 BRA L S W it i T R, MR 8
A LI H,50 °C i} TsOH-PANI@ GIC %} ilV. F 2L %
FeBR AL B W B i e

100

a b
9} — =80
. ]
T g0t »
ks =
& 0l 1 70
* —=—T<OH-PANIGCIC | & L+ TsOH-PANI@GI
60l —e—CA-PANI@GIC | &X ——CA-PANI@GIC
—— AC-PANI@GIC ——AC-PANI@GIC
——HCI-PANI@GIC ——HCI-PANI@GIC
30 20 30 40 50 60 70 80 60 20 40 60 80
HBE/C HEE/C

a. EBERE b K
7 REEX PANI@ GIC WISELL 1 5
Fig.7 Effect of temperature on PANI@ GIC Congo red
100 75

8

=
G
T

—s— CA-PANI@GIC
F —— AC-PANI@GIC
—— HCI-PANI@GIC

a b
f : 5
N 2 70t
~ 80_
a £
# TOF _._rson-pANI@GIC ’g e TOH_PANIGCIC
S

—— CA-PANI@GIC
—— AC-PANI@GIC

2

—+— HCI-PANI@GIC
20 30 40 50 60 20 30 40 50 60
HwE/C
a. IR b
B 8 RN} PANI@ GIC W F 3L W5 il 52 1

Fig.8 Effect of temperature on PANI@ GIC

(%3
=]
=)
=)

40
RE/C

methylene blue
2.6 MR pH PRSI R FE 5

19,10 HBE#E pH 221k, 4 FhiR15 721 PANI
@ GIC & A HRHREXT W SR 21 A F 38 85 1) 22 R LA
B AR Ak AE oL, NI 9 foal LI Y pH #E
7~ 10 Z [ AR AR s X 1) SR 210 W52 6 &5 %6 LA B o Bf
BYFENRN /0N | I 25 R A RN B B s . >4 pH>
10 B, XTI 5L 21 8 W o R 2 B 8 o 2 i R B
%50 L R A IR B, >4 pHL 7 7~ 10 Z ) AE 4k
IS IV FFY 356 5 2 R 30 23R LA R R B 1 5 i 0N
G 22 B 2R A B 1 0K, TS pH> 10 B, X5 WE
FH 25 4 ) 2 o N 2 PRk e 2 BT ik AT RE R

K7 pH 7E 7~10 Z A, PANI@ GIC & A #kH
T EHRAT, 501 F YRR AR B 5], 5
BH B T Jbh iy 5L 5 A0 TR FE pH 10~
12 B ,PANI@ GIC & & #RLF 18 771 L fir, 5 1]
BT YR 2R BHE R 5 PH R YR
B 7 R R e B A R AR 5] Bl R
75 pH B, Jebbh & A R S AR S TS
LT W BHRCRATIIR BE AR A AL R KT, 5 BRR A
95% LA I, 13 3 W IR oh 500 X NIV FY 366 30 F 1% o
HEIFFIKIBRRE

-3
=]
T

D
=]
T

—=—TsOH-PANI@GIC
—+—CA-PANI@GIC
20 —— AC-PANI@GIC
~+—HCI-PANI@GIC

—=—TsOH-PANI@GIC
| ——CA-PANI@GIC
—— AC-PANI@GIC
——HCI-PANI@GIC

% B/ (mg + L)
8

[
=

7 8§ 6 10 11 12 0—=—=% 9% 10 11 12
pH pH

a. ZBRF b
9 pH X PANI@ GIC WIS2L (52

Fig.9 Effect of pH on PANI@ GIC Congo red

100} @ —=—TsOH-PANI@GIC
—+—CA-PANI@GIC
g0l ——AC-PANIEGIC

—+—HCI-PANI@GIC

50 F b —— TsOH-PANI@GIC
—— CA-PANI@GIC
| —— AC-PANI@GIC

&

< = —+— HCI-PANI@GIC
% 60 £ 3o}
& &
& a0t &= 201
2ol T
ol o el
7 8 9 10 11 12 7 8 9 10 11 12
pH pH

a. 2R b W

B 10 pH Xt PANI@ GIC V. FF JE 15 [ 22 i)

Fig.10 Effect of pH on PANI@ GIC methylene blue
2.7 AR e X R o E ) 52 i)

1112 ISR 4 FRRIZ224%1% PANI@ GIC
54 BB SR 21 F0 M Y 3 0 0 B A, S ~
20 min Ff, R R0 X6T DI SR 21 017 R 174 1% Rf 3k
BRI 3SR FH T R 5 02 5 50 P R A AR i
27, 20~30 min B, 0 BRI 7 A0 R W R
HORFEURARRRE . 4 FIRB 2R E G Mk

120

120
100 100
B gop I gor
F2d R
X 60 %l 60
§ a0l L
% 40 = TsOH-PANI@GIC BE,K 40 = TsOH-PANI@GIC
® 20k « CA-PANI@GIC | & 20} « CA-PANI@GIC
+ AC-PANI@GIC + AC-PANI@GIC
or + HC1-PANI@GIC or » HCI-PANI@GIC
0 10 20 30 40 50 60 0 10 20 30 40 50 60
B [H] /min Bsf 18] /min

a ffE—H B J1% b W R i E M 4
B 11 HE X PANI@ GIC RISEZT I Bt i 5% i
Fig.11 Effect of time on the adsorption of PANI@ GIC
Congo red



55 46 HH 1230

X FRAE  RANE @ Wik AT 82 52 & BRI BT RERT T 75

HHE—BT sl 12 AHC R B 1R 0. 966 9.,0. 980 3,
0.985 4 F10.954 9, #E_Brah Ji2# M6 250005
70.991 3.0.997 7.0.998 1 £110.983 0, X i
W B R B INARE 5 M e B g2, WA A DAk
& 3T

T l40fa = 140

w0 120f L | & 120f

£ 100} £ 100}

g 80}  so-

= 60 § 60}

&= g0t - TsOH-PANI@GIC| & 40} « TsOH-PANI@GIC

= - CA-PANIGCIC | I « CA-PANI@GIC

= 201 ~Ac-pantecic | & 201 + AC-PANI@GIC

s off moravecic [Eoopl  -mo-paviecic
0 10 20 30 40 50 60 0 10 20 30 40 50 60

i} 1] /min I ] /min

a fE—R B 1% bl s F12E i 4R
Bl 12 EE X PANI@ GIC 7 FF 1 Wi Bk (1) 5 i
Fig.12 Effect of time on the adsorption of PANI@ GIC

methylene blue

3 it

ARSI IR AL R G i & T 4 R A
1) PANI@ GIC S5 P8, ST T MR 5F) B | T
R 25 PR 2R X R 6P LA R W BTS2 SRR
W, 762 SR SEBR I FH IS L T, 25 mg AC-PANI@
GIC W B 7E 60 °C . pH 9 S Xof I H5 21 1 Ff 255 S fe
U, 25 mg AC-PANI@ GIC W[ 7E 40 °C .pH 11
FIS X SV FH 5 2 o 208 SR A, R B e e o —
G5l 712 i 2, 2 WAk AR DA Ak 2 W B Ol
il 25 R 2 A A R B 590 % T (e e A AR i Y g
W 305 R 7 e 3 25 1F T 6 ISR 2T 11 25 [ Rk 3
90% , Xof M. F 5 1 5 BRF8IR B 95% , A — & B L
FHHIS

SE .

(1] ERR, BB, RN, 55 S RERRYK A/ ROR N
KEFYESZ SRR ] £ L2 FC B P RERIF T [0 AL T
TEIBEL 2024 ,52(2) 1 120-124129.

(2 RPERR, sl iy, BB, 45 JoRL I K 14 H Ak 27 b PR ER
WEFEHE R[] Gk 41, 2024,61(2) :54-61.

[3]H N, 7, GIF EH R 28T & R
KA 2L Ykt B & s fAr i g [T ). e i fb o,
2024,52(1) :62-71.

[4]TAO Y,LV Y,LI D,et al.Effect of protonic acid concen-
tration on electrical properties of fly ash magnetic beads/
polyaniline composites [ J]. J. Appl. Polym. Sci., 2023,
140(38) . e54 422.

[513KIF, EATWL.3D 71 895/ AR Hil £ Ko B 2 PERE BT
FELI] AL TR 4, 2019,49(4) :52-58.

[6]RAZA S,HAMEED M U, GHASALI E, et al. Algae ex-

tract delamination of molybdenum disulfide and surface

modification with glycidyl methacrylate and polyaniline
for the elimination of metal ions from wastewater[ J | . En-
viron. Res. ,2023,221.115 213.

(7 AEARMS , SRALSC, XUER, 4 AR PR SR A M S5 bR
B £ B xk R 21 B W B [0 ] Ak T E e, 2023,
42(6) :3 087-3 096.

(8] VFRFIk, BRI A, 55 =2 M2k PANT 27 4k i1 il
B B VC R ARSI [ )] 288, 2023,52(2) < 115-
120;138.

(O] BEAR, AR UM, e 5, 55 SRR M/ b P M1 A 1 o
B ST VP 2 o P W R RE [ 0] 78 B R R
#,2020,35(2) ;7-14.

[10]SEKER S, KARAASLAN A N. Adsorption potential of
neodymium/ alginate beads for removal of Congo red and
brilliant blue g from aqueous solution[ J].Int. J. Environ.
Sci. Technol. ,2023,20(7) .7 293-7 304.

[11]ZHOU J,SUN Y,ZHOU C,et al.Polyaniline/carbon hy-
brids : Synthesis and application for alizarin red S remov-
al from water[ J].Colloid. Surf.A,2023,676:132 204.

[12]WANG Q,HUANG M,ZHU Y, et al.Polyaniline-modi-
fied halloysite nanotubes as high-efficiency adsorbents
for removing of naproxen in the presence of different
heavy metals [ J ]. RSC Adv., 2023, 13(34) ;. 23 505-
23 513.

[ 13]ALIABADI R S, MAHMOODI N O.Synthesis and char-
acterization of polypyrrole, polyaniline nanoparticles and
their nanocomposite for removal of azo dyes; sunset
yellow and Congo red [ J].J. Clean. Prod., 2018, 179
235-245.

[ 14]SAHNOUN S, BOUTAHALA M. Adsorption removal of
tartrazine by chitosan/polyaniline composite: Kinetics
and equilibrium studies [ J ]. Int. J. Biol. Macro. , 2018,
114.1 345-1 353.

[IS TR, 7 ¥ , B BH 45 R SR PR M 1 o 2 S I
SRR YR P RE D] 2R Tk, 2018, 46(3) - 92-
96.

[16] EH 585, £, 55 GO-PANL & 45 b REAS 7 F A
TR FE AR B R B [0 ). Tl K AR R 2017,
37(11) :62-65.

[17]HUA Z,PAN Y ,HONG Q.Adsorption of Congo red dye
in water by orange peel biochar modified with CTAB
[J]1.RSC Adv.,2023,13(18) ;12 502-12 508.

(181K, B A, 2T, 558 0 1 58 O Mg 49y A 21 A VR o
PEREAIIRTE [ T] A5G0, 2022,44(3) :401-407.

(19145757 KR SR A i/ TR A% L0 246 R o 8 S )
PL* IR HEREAG T TS [ 1] SR BH , 2021,49(5) +48-
52.

(20 ] XGe st X 2 MG , KRB, 45 3R R e i 1 7 SR Wl i i
X Cr (VL) 85 B9 W B PR REAT S [ 0], 28R Tl
2021,49(10) :96-100;114.

[21] ERH  EEH, TG RRM-E R 56
k1 ] B Lo P SRR R 4 B A 1o T [0 ] A
5 (fk2E53 M) ,2020,56(5) :504-510.





