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Abstract

In this paper, the MWCNTsx/Bi,(Teo.055€0.05)3 composite thermoelectric materials were prepared
by doping a small amount of MWCNTSs in the N-type Bi;(Teo.955€0.05)3 thermoelectric materials with
different MWCNTs mass ratio by hot-pressing sintering method in the special mould. The crystal
microstructure, surface morphology and thermoelectric parameters of the fabricated samples
were analyzed by XRD, SEM, and thermoelectric performance testing equipment, etc. It was found
that the lattice structure of the synthesized MWCNTsx/Biz(Teo.95S€0.05)3 composite samples was not
changed by doping a small amount of MWNCTSs. However, doping with a small amount of homoge-
neous dispersion MWNCTSs can produce a moderate amount of grain boundaries, growth defects
and three-dimensional conductive channels of MWNCTSs in the microstructure of composite, which
can increase the scattering effect of phonons and low energy electrons in the lattice, effectively
enhance the conductivity, and reduce thermal conductivity of the composite samples. But it was
also found that excessive MWNCTSs doping is not conducive to the improvement of thermoelectric
properties of MWCNTSsx/Biz(Teo.95S€0.05)3 composite samples. As x = 0.003, the prepared MWCNTsx/
Biz(Teo.95S€e0.05)3 composite thermoelectric samples exhibited the maximum dimensionless figure of
merit (ZT) of 1.39, which is nearly 50% higher than that of the undoped Bi:(Teo.95S€0.05): sample with
the maximum ZT value of 0.93 at T = 316 K. The results in this paper can provide a new researching
method to improve the ZT value of the Bi,Tes;-based thermoelectric materials and expand their com-
mercial application range.
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1. 5|15

MEAER,  H G 2% W 7E 3 R S A R A AR R LA R AR BOR IR TT . #r
RS TG ZAR TS Bl 0 PR S [ R 5 v (0 A R EL BRI AL 9 R, 38 AT 5 (S8 0 7 B I 1 i
ANEAF AT AP A[1] [2] [3] [4]e —MIEOLT, HBAPRH RE R BRI th GBI E ZT WE. ZT1E
55 Seebeck 4 a KV J7. H3H oo PR TAREE T IEL, SMEIRIMTE o U tt. Bk, 2k
AR ZT A8, MR TE R e B OL T, HEER TR R 3R o, FRIRA RIS
Hoxo LA ZENIUEL, AT, BRAGEMREEAE D S AT 1R 5, IR 1
LI RE S DL AR SRREAT 17 ML, ZARRE — D3R T LA AL R AR ZT {8, R Rgil g AR 2 &

B AR B S SR BRI, BB SR T R LA R FA R AR L R,
FEARARI IR G5, A BESETH AT AL N B SRR ZT {E. W SURIL, AR B B A AR
REE, A PR LA BT . O, PR AGURALEOR, AR S A KB R K
d T, SIS S T RN RN, B RIS s 53RO, AR B EEROR, @A
ARSI B T AR PR B RO B B R 2655, FEE M4 TI MBI SR o IR, @3
IR TIRL BRANK ZAE it PR B 2SR . BRI ATR T, BRARARHIO IS 3 o, EIRTISE, BRI
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IR MEYEER T, ST B AR ZT {AE[5] [6] [7] [8].

AT, tH 5 BN I 22 (i AL S A L BipTes SEAVEATEL. W 70 S8R, 78 300~400 K X, BiyTes
BRI BB ZT {HZ08 1.0 )UK, At — P A S a5 % AR R gt —
A BipTes AV B ZT E B A L3 I, 18I R TR M X/ 1) Se JEF 5 N2 BiyTes
FEARBERL R, W % B R AT Y Bip(Te Sex)s & A A A4 kL. Se JRTHIGI N, AT Biy(Te;Sex)s
TR I 3R HIREE, T HEB S E o [5]. [N, Se T HIGIN, EATTE Biy(Te,_Sex)s i ik
SER R R R IR R S A, BRI T AR T RICRE B T IO E R, B T MR G Rk, &
KA SR ZT (SRR TH6]. KEMXTEAPTRIL, Biy(Te,Sex)s # AR Se 54 B
JRECAE x = 0.05 AT, HHEAS 301 Bix(TeoosSeoos)s A 4 M A B B R IR B ZT 29705 1.0, H A HEF
PEATS Rt — PR T 5 [6] [7]

it — ATt Biy(TeossSeo.0s)s MBI ZT M8, ¥ R AR A . A STUHRISR 120 st
SFHET AR RS T2, B gekib ik, 7E Biy(TegosSeoos)s AR LA 544 b8 MWCNTSs
Iy AN K TR, ] & A [ 38 24 B ) MWCNTS,/Big(TegosSeo0s)s 5 & #v i A4 ko A I ¥ 50 43 B8 AE
Biz(Teo.95S€0.05)3 Z= A ] (1] MWCNTS TERLEE A4 T BRI . A A S, 38 2 A4 kb A Re fi 7
MR, FBRILRE R, R, FIHBA5 801 MWCNTs 7882 &K TR =48 MWCNTSs 5 H i,
T EMEH R SR MYURSE, 7EILA Biy(TeoosSeo0s)s A RIUE ZT (%A L, 2 — Tt
MWCNTSs,/Bi(Teoo5S€0.05)s 2 & # A KL ZT 18

2. MWCNTS,/Biy(Teo955€0.05)s B M RIRVFI & R 21

Figure 1. (a) Schematic of the self-made mould for tablet pressing;
(b) OM images of the synthesized MWCNTS,/Bi,(TeqgsSeq0s)3
composite thermoelectric material samples

1. () BHINERREREE; (b) H1&E MWCNTSs,/Bi,
(TeogsSe00s)3 EA B RHERAILER

Wi 1a fras, A BB ENEE, LA 73148 BiyTes 1 BiSes ¥y A (41E 99.99%, HrirHitt
BHA IR 2 7)) AT MWCNTS (K 5~15 um, E.4% 50~100 nm, 4Ly 98%, RGN KR AR A IR A H,
H'5: L-MWNT-1020) 4 6, R # R, il & 7 AR MWCNTS 524 1] MWCNTS,/Bis(Teo.955€0.05)3
MG AR fil %, I H TR K AN BA B R AL BiTe Se, B HLI KL Biy(Teo.ssS€0.05)s
AT TG HRHE Bix(TegosSeoos)s FHITCEEE/REL, SeRE 6 i &4 N 20 g 1Y Bi,Ses A1 BiyTes ¥y A o
Hrp, BiyTes Wi A& EE /R L 0.95 mol.%, Bi,Ses ¥y K544 i & B /K L4 0.05 mol.%. B, F e R
LT RSP0 BIFREN (5 20 g 85 & 1 23 E 23 0 0.001 wt.%., 0.002 wt.%. 0.003 wt.%. 0.004 wt.%7/1 0.010
Wt.%[) MWCNTSs #3oK, H PR &5 A [H MWCNTs ¥R, & H 20515 6 MFREFH) 20 g 5 & 1 BiySes
A Bi,Tes ¥y RV G, BINEREYLEATHIESFE L h, LSRR SR A . &8 UL R E o kAT
Bk, RBATERESCHR BRI SLIE 5 ah b 2 U0 A3 tH 4518 [8] [9]. RN MWCNTS L E#/N, 7R
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UE R A 4 LTS FE A EAT MWCNTSs #5825, FIEAE Biy(TeoosSeoos)s #4 HUAMEL i S5 M I BL Al T, 42
FEEME R SE, BEREMNTER, SEEHARRE. R, SO TR IR, b 1 AR A
BT MWCNTs 528, BiJG, RS ARBIAGER S . HEFER ESE-FEsLE, bR,
BAEE R ALE, E#NE, £ 35~40 MPa I, ¥R B FPANSEE A REESL. &G, 17565
B ETRAS R TR [ e A K RS TN AR SR Y, 7E Ar SR T, 1E 673 K il B ISk
Bk 2he B, R, fAREFERIERE, DO MWCNTS/Biy(TegesSeo 0s)s LR
FEdhe £ 0 6 MFEMFSEISHANER 1 s, FE5RSA 60 mm x 14 mm x 2 mm,  BURURE SRR Fr
i 1b s

Table 1. Preparation parameters of different MWNCTS,/Bi,(Tegg5S€0,05)3 COMpo-
site thermoelectric material samples

= 1. T[E MWNCTSs,/Biy(TegesS€0.05)s B & R RIHEMBIEIZEH

FE it dn 5 2% MWNCTSs (W) 15 2 55 Lt (wt.%)
0.000
0.001
0.002
0.003
0.004

o 0o AW N

0.010

M FEL(SEM, JSM 6360LV, HAHLF)/r#T 7 HEM IR IES, H X SHEATH /T (XRD,
Empyrean, i 2 BHZNER MK 7 AE SR LE R SR A DUREH VS AR 68, B 2P S AARR 1 A (Fluke
8508A, FEEMEE), MWK THMMESE, ERET 400 K MYEEKN, &k, HABOLHHELFA 457,
Netzsch)ik 7 E &M EHI#G B R 2 D )G, H&ERZ R ER(DSCA04, F5 [ fif 5tn) I & 1 5
ML Cps BT, FHRTHOREVEIARFE ML p, AR © = D-Cop tHE, BEAI1F BIRE B T 2 &
BN N B B RE S S ARUE R P AL 45 B AR (Big 2Shos) Tes ZH A4 ik PN B AR - 45, 1) P 19 4 ) e
FRPENASE S, S DART R R SRR 7L [5], XFASIFIRE 5 T 3% fi i« Seeback 28 £ & iR ME 240
BATINATH S, BeJa, BUAT4h R I DhE R p AR EARAE ZT.

3. BREVE
3.1. MWCNTS,/Biy(TegsSe€0.05); E A FAEBEMmAY XRD 54

2 ANTE MWCNTS 45 25 8 x 2648 1 4 1 MWCN T, Bio(Teo 055€0.05)s 5 2 FA FELRE 5 I XRD i 4]
ANTERE S AT SRR A FE AL, AT 04 B4 T 17.45°, 27.66° 37.83°. 44.58°. 54.13°, 62.25° & 66.02°
AL, @R IEE JICPDS FrifE R Fr(15-0863) k47 xf b, i B 5 H AT ZE TR A5 RN 45 K911 BiyTes fiT iU
BEAWE, BN R3m. FN BiySe; Mdt& &5 145 BiTeg KMLL, & K AT IR ES, Kk,
TEMENE s E B S Bi,Ses FIATHIE . (HAMTH AR I, 524 MWCNTSs i 25 2 HIRE &
HI 7RSS MWCNTSs TSI, EE] 2 35 Ed, DX &ATHEE ol 7 brE. OO0, 40
i MWCNTs #5240, BT MWCNTs & &5/, SREEFEAHE, MWCNTs 7 kiR &355,
i1l 2% HH (1) MWCNTSs/Bio(Teo.055€0.05)3 2 G # LA RS 5 i S 52 A5 Bio(Teo.055€0.05)3 — 2, Al kL AR XS 414k o
AL, A A MWCNTS AT SIS R ILAN A 5. (HBE%E MWCNTSs B8 2138, MWCNTSs 4H
HIREGRE, SmsERa TR, X Il MWCNTs A0 B H S BUF) & FAFskiG, £
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AR MWCNTs BRI, #E S at2 H B MWCNTSs BIATSHE . X ik — 53, /b &1 Bi,Ses
2 MWCNTSs 1452508, 441 MWCNTSBiy(Tege55€0.05)3 AR F IR G BiyTes £5#28
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Figure 2. XRD patterns of the MWCNTS,/Biy(Tegg55€0,05)3
composite thermoelectric material samples at various MWCNTS
compositions (x = 0, 0.001, 0.002, 0.003, 0.004, 0.010)

2. I[El MWCNTSs 22 H) MWCNTS,/Bix(Teo955€0.05)3
FEaRAY XRD & (x = 0, 0.001, 0.002, 0.003, 0.004, 0.010)

3.2. A MWCNTS,/Bix(TegosS€005)s FEMEY SEM BB
3a 1 3b 7 N AAB L A5 4% MWCNTS Jifi & 714 Eb o x = 0.003 2445 R i 86 #6101 45 74 SEM

R WER, REBH MWCNTs Fah BT 2B 7B R 2 RAE RS, MR EcE,

RIORL 2

Jils WD, A S AR SRS . AR AR KEREAR D . 1B A MWCNTS v x = 0.003 fIHf
dn T SEM BE R AT 5 Y, Bl M R AZAEAS D ARG 2 B8 PRI B i S AR BRI R 38 K, s i b )
i IR R T A8 AR A SZ DX TR, AN X TR AR/ N2 ) LE nm B LFpme N lE] 3b 24 i k48
TRIEAL AT BE R, PRI A ZRRI MWCNTs A AE K BTR RISl s i i AR . X e, 2>

0.000; (b) the MWCNTSs composition of x = 0.003
3. EAMEMRIHERMWE SEM BR, (a) KB MWCNTs; (b) 82 MWCNTs BIEREE 2L x = 0.003
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# MWCNTSs (3528 HRIT7E 5 A R S TP s AL B e R e . b SRS AR KB R, T 0 BOTE B T 1)
LYK MWCNTS AT 7EAS 1] A3 At LA & SR T A — 4 MWCNTSs 5 HLlIE . X R 2 RO 2Rk a
SRR B S =48 MWCNTs S HLIE T8 45 89 5 R T /5 1 AR Fl IO, ml e 2 PR SR AR S
R(6] [7]. [FIRF, f RN S B T B =4 MWCNTSs 5 BB IE B &3 s R B SR, HR T2 &4k
AP RE R — DR FH[8].

3.3. MWCNTS,/Biy(Teo0sS€0.05): B & FE MBI R AV IR B 4518

Kl da gl 25 AN [R) 52 & B FPDRLRE i R T B H 3 35 5 (IR AR B2 22 T AR bth 2. s, I
EAREE T AEE, mEAERE TG . A H, BEERE R, AR5
TF i 22 PR S IR W b, ARSI A A i 336 K AL, I REH T IR B 3 Ak Bl i KAt . BEE
FE il MWNCTS, 5 4% 5 1R B6 K,  F ROFE 5 T 26 2 A ) A IR il K. LRI, KB
MWNCTS ] Biy(Teoe55€0.0s)s Ff i JT BN AR, N 3.72 mV; 1i#52% MWCNTs 4 x = 0.003 fIHE i,
TN AIE R T B KME 12,52 mV, FHCRBIRIIFEGA T RERT. Uil MWCNTSs 458 i
THSAEYERE. FRATIACH, DR MWCNTs 13528, 4351 BUIERE S/ Py, AT TE RS 1
P RE B AR EE ., FLIRMIH. FE, Er AR MR RE RN =4 S hlE, AR T8 %
iz, MImEm 7B . AXTHWAI, 4iBE M x = 0.003 4k2:3GnE] x = 0.010 if, 5 %
ZEREBN AT I T B . BT SEM B, AT, IEEM MWCNTSs [i52%, STEEA#
HURE T 2 S 0 AR S AR KRG AR, @ MWCNTSs (48 4 45 5 78 Sk p o=
A= MWCNTSs FIETIZR R, FFRRCGE AT, X #2072 MWNCTS,Bia(TegosSe0.05)s & # LA EHI 2
HL SRR, SR EFIEE I, RIMARITAE 5 S s i B 2T

-340
MWCNTs_/Bi,(Te Se .
ol o/Biy(Teg g55¢q 05)3 MWCNTSs /Biy(Teg 95¢0 05)3 = x=0.000
320 F —e— x=0.001
a b —A—x=0.002
— awl —¥—x=0.003
st % ——x=0.004
E N —4—x=0.010
s 3 280 |
o v
K] 3
S 6 —m—x=0.000| |3 -260 |
> —o—x=0.001| | &
—A— x=0.002
—¥—x=0.003 240
4 ——x=0.004 I
. . . [ —4=x=0.010 220 F
315 320 325 330 335 315 320 325 330 335
Temperatute(K) Temperature (K)

Figure 4. Curves of Open circuit voltage and Seebeck coefficient of the composite thermoelectric material samples. (a)
Curves of Open circuit voltage versus temperature; (b) Curves of Seebeck coefficient versus temperature

& 4. FIFHESREMRHF R IR ERM Seebeck REAIZELHNLL. (a) FFIEESRERIXFREIL; (b) Seebeck
ABSREMNE R

K 4b AN MWNCTS, Bia(Teo.05S€0.05)s B A # AT ELFF: i ) Seebeck RHSLEZ T ML L. Il
BRI, PrAREMT Seebeck FEGFRREGUE, UM% MR AR N TR SHEMEL. XL E
i, DB MWNCTs, 5445, HERB KR M, L Seebeck REHR I 1 —E L RIHY K. MWNCTs
B8N x = 0.003 [, H Seebeck R¥f A, 7-293.13 uV/K. (HEf A 15 4% 8 M x = 0.003 4k L4 Jm,
B Seebeck F AL ST H LIRS . SRR RN, WA FAURIELEE RIZ MG N, BT A A
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Seebeck REILXHEHEMT FFE, (A TREARMIBEA R, XULH, ANFEFEMF Seebeck 2 HUn I EALAL,
AR E. ATAA, DE MWNCTs FI135%%, B 5515 AE Biy(TeossSeoos)s 2, TERL T &
MR G HIBTE, 527 T E T ISR, M TR RS . Ff, &E MWNCTs 1)
Bk, EREAEE A AR AR iU B 0 A KB G FLIRAI S, 3458 1 sk A AVKRE T 1
B, AT ARG T AR I AT 28, BB RE B 1) Seebeck ¥ T — & 48 XHE I hn[6]. {Hid B MWCNTSs
B2, SAEREMTEE T SR E AR KEE . FLURMSTE, FEif, &K MWCNTs i34, 0%
533 MWCNTSs (UHI. Brih, BRI TR S5, (H MWCNTS ZEAF S il 2 1) b (0 H S AT
kBT T HE R, A RMERES T Seebeck RETHIL T PR, ART E PR R
Tt .

P 5 AN A MWNCTS,/Bi(Teo 05S€0.0s)3 I il [ LT R A3 5 5 MWCNTs 5 4 & x 2[RI ¢ R E 4 .
MIE 5a i EH, BEE MWNCTs B2 & x 30, AFRE A BRI B SRR 78 EA&Es. 175
BARREE S x KT 0.008 2 )5, HSE @RS, XEF N, b&E MWCNTs B0, @il
BREEFE, MWCNTSs 23 B8 5], IFEGRES /) IR i = 4 3 F s, AR T 80n 7 1%s, Re s e
FEIBEIGN . H4B4 MWCNTs B2 0, HApMmsIERA %, MWCNTs 5 1%, JF S AT
o [, T2 8 MWCNTS 45805 G A AT RS f IR B 1 2507 A A S5 A KB,
AR TR T E, HEFEHBRSERMERZE T 4%,

K] 5b RTEIREE 316 K T, AN[A MWCNTSs 7% & 240 T il I 5 A FF i 13 S 28 5 MWCNTS 5 4%
B x AR ZE. PIEH, BEEBIRE x MR, AR RS RGP T, b5 %S L
Tk, HAE x = 0.003 &b, HFRMEXBH/D, 238 0.26. FATN N, EE 3 1) SEM BB F SR K8
¥, /b MWCNTSs FIERIN, AT7ER AR RLE] T B 55 AR KR fa . FLIANSE I, IR KRIG N T & ds
Xof P AR AE FEL 7 U 8, BEAR T @Ak 3G 3. (Hid & MWCNTs BB 4IRIN, — 77 T2 i
HLFE S MR T O 2 123 07 SRS R SRS AR KB s 5 — 5T, B B TE A4 MWCNTS
IR, TEREE —AH, N MWCNTs B & 3SR 0 m, MRS AT R RIL T,

3]
N

_ : 1.2
g ! MWCNTSs /Bi(Te ,Se, ), T; | = MWCNTSs /Bi(Te,,Se, ),
<< 50l =10 F
% 20.- ? - b
& 19F 2
:E L EO.S -
< 17} S0.6f "
=) =]
S 16} g
gt %0-4 i ~u
S -
g 15f E N
= 14f 50.2 L
135000 0002 0004 0006 0008 0.010 0.000 0.002 0.004 0.006 0.008 0.010
x% X %

Figure 5. Curves of electrical conductivity and thermal conductivity versus MWNCTs composite x of the different thermoe-
lectric material samples (a) electrical resistivity; (b) thermal conductivity

E 5 FESEEHEMRERNBESE, REES MWNCTs B4E8 x X REh%; () BERXRMLE; () ASE
e 54

] 6a AR MWNCTs,Bix(TeoosS€0.05)s FEMMHIIIZRE T p = oo BEIRE T Atk XH, o
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Seeback #%, o R TH, WHEH, N¥EE—EK, EidB 4 MWCNTs, KESFES IR THH
BRI, BEAGRIREE T MR, AR AThEEFEEREIK, BE5RER T E MWNCTs B8 880 E
K, HAMLEH L Seebeck FEFH IR LI K RAHIF . /£ T =316 K, x=0.003 {5t BA fm D&
BT, 4.76 mW-m K™, i R3B 241 Biy(TeoosSeo0s)s IEE S I T KT 3.35 mW-m 1K™, xF L& I,
/S E MWNCTs 1945 7%, il & 12 & MM R TR R P i s — @ B, I s il & m)
MWNCTS0,03Bi2(Teo.955€0.05)s 1 fits #A LA 345 1] 435

6.0 1.8
« | MWCNTs /Bi,(Te ,Se ). | —8—x=0.000 L MWCNTSs /Biy(Te( g55€¢ o5)3 —m—x=0.000
%55F ¥ " ! —8—x=0.001 L6 —o—x=0.001
o sola —A—x=0.002 “Tp —A—x=0.002
g50r —v—x=0.003 - —v—x=0.003
Zasl —0—x=0.004 14 L —@—x=0.004
E 43 —4—x=0.010 —4—x=0.010
5 (0l I
N 5h4.0 E L
o
835
[}
S30t 10k
5 I
E 251 0.8 L
2.0+ L
1 N 1 N 1 N 1 N 1 " 1 L 1 L 1 L 1 . 1 N
315 320 325 330 335 315 320 325 330 335
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Figure 6. Curves of power factor and figure of merit ZT versus temperature for different MWNCTSs,,Biy(Teg 955€¢.05)3 Sam-
ples (a) power factor; (b) figure of merit ZT

[E 6. HIZHAE MWNCTSs,Bix(TeoosSeqos)s HEMBIINEREF . ZT EMERE T U X RIL; () EETF; (b) ZT
B

60 A MWNCTS,/Bix(Tege55€0.05)3 #A4 LA RHEE i (1) ZT 1B BEIR B A i ¢ R i £k . H b ZT = oo T,
M 6b TR, BEEERE T RREMN, B e ZT 8 200 8N G 18 K. HpEE
T BTN, ZT (N AW A 45 . 78 316 K &b, MWCNTs 5448 x = 0.003 LM, e ZT
EHRK, 29008 1.39. XU, & MWCNTs [1#54%, BREIRET, SO EMEEM I8, nT{Em
gER P RCR =Y T EE, R T R T e, /I T EAMEI SR, [F R, & MWCNTs
M54, A A AR S IR P R — e 25 07 . SRR 4, SRR R e 7 A B T R BN
ARG S AR R R T e o DRRE S s W P AR TG B X R 22 R 2 P I o 5 BB B T R I = 4
MWCNTSs ‘FHLEIE, &SI MARMERRMTES. ME 6b iTEH, X5 MWCNTSs 544 i 4k 228 KT,
K524 MWCNTs B4 B35 8] x = 0.010 iF, FEFLA ZT MM BB R Bt sh. BATAKN, XK it &
1) MWCNTSs 13525, AFIT MWCNTS B35 5380, 75 59 (8 L AERE T s # o 7 A R T HEO8E o [RT
HE MWCNTs FI354%, I MROKERIIZS 0. ARAS AT AR KB pa, o Ak b 7 R 7 (O B 1
KRR, itk 7RISR, 54, HESH MWCNTs H SIS RIBE K, 24 MWCNTs %
PRI, BEAFES RS SR M2 BT, RITAF T2 A AR A s e FE TH9] [10].

g5 LHTR, fil# MWNCTSsBis(TeoesS€00s)s A KM, 454 MWNCTs Jli &Lt >h x = 0.003 i, il
#1) MWCNTS,/Bix(Teo05S€0.05)s Kt LA B ZT ., 28 1.39, XEEARB IR Bix(TeoosSeo0s)s
FEGHIR ZT 18 0.93 #2573 50 %.

4. #hig

EZ: |§J MWNCTs ?}Zﬂ%%‘F’ %Uﬂq ﬁ[“}ii%%?z’ %U%Hj TKE%’;% H:'Tﬁ” X E,:J MWCNTSX/Blz(TEO%SEoos)g
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R A

HEREME. WU, HXTTRBAH Biy(TeossSeoos)s i, &8 MWCNTs {182, AI{ER &1
En PGSR R T R 51 B =4 MWNCTs SHUEIE, AR THAT iz, ReEaMEra SR,
[FEy, /b& MWCNTs BJ454%, AT ER G FE R BGE BB dRE R S A Kk, 358 T
MWCNTS,/Biy(TeossS€0.05)3 & A #4751 FUKAE F 7 10U, BRAC T ARG R TEE &Mk
AR R 2 RPE . ZRRIE KB =48 S BIBE N ILFEER T, B0 H v RE1E 2 0 B ocE .
MARFR I, 7EIRE N T =316 KA, $#7¢ MWNCTs it A x =0.003 ME &AM A RKM ZTE, 4
N 1.39, LA IS 2211 Bio(Teo.sS€0.05)s £ il 15K ZT {1 0.93 #2551 11T 50% . (HAfF 7t R B, 2445 4% MWNCTS
JRE L x > 0.005 B, A4 5 HORE A 1 PO Ol 2 IS 0L SR AR A AR KRG, RIS R E S
FESERAS I S5, AR 80 T I0fEs. RIS, 25 MWCNTs 522 5K, MWCNTS #1446 35 5] 4
W4 N, MWCNTs BB IRt & 5s. [ MWCNTs H 5 S RdiEok, X4 S HEAME 5 1)
IFRMBEZ N, AR T2 A REME ZT B3R .

E&WE

[ 5% H SRR 2458 4 72 Bh 0 H (61076104, 12047570), K% TH A3 G138 5 4 5 4 %5 B I H (2019J12GX
036)%f AHF 78 TAEFRME T 55 8 5 HF .
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