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Purification of Single-walled Carbon Nanotubes by Oxygen Oxidation
in LiCI-KCI Molten Salt
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Abstract The purification of SWCNT by oxygen oxidation in LiCl-KCI molten salt was investigated. 5 g
of as-prepared SWCNT was suspended in 200 g of molten salt (wyici - w1 =55 - 45) at 470 'C by agita-
tion. After 2 h oxidation in 300 mLemin ' oxygen flow, 3.8% of purified SWCNT was obtained. The oxida-
tion degree could be controlled by adjusting the reaction temperature and oxygen flow rate. Scanning elec-
tron microscopy (SEM), transmission electron microscopy (TEM), thermogravimetric analysis (TGA) and
Raman spectra were employed to characterize the as-prepared and purified SWCNT. The results indicated
that almost all of the amorphous carbon in as-prepared SWCNT was removed. However, the SWCNT can
survive from this purification process.
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SWCNT 7% i (as-prepared SWCNT): K SCHR[8]
HRIB ) J7VEAE 900 C F LL Mo-Co-MgO M i1k 74 Ak 24
fil F el 46, TEZRRL 2 moleL ™" VR M £h IRV R £ B
AL IR b vk, RS R IR, LiCl: sr#ral,
WML T VG BeAL TA7 BR 2 ) KCL: 2dr4l, skt ve peft
THRAA,; hMg: /e, R REREARA A,
B AU 99.6%, JNH 4 v A AR BRA ).

1.2 SKUEIE

SCICREE AN 1 PR, R RN A8 TR AN AN,
JSF AR 80 mm, 15 400 mm.

FREL 110 g LiCl F1 90 g KCI ZEAAR 2 300 mL )5
B M NI RIR S 5 min, BHRS S IR RS 3
PSR SOV B PR, I N AR, A AR R TR E
400 “C(fhE AL REZ A 350 C)IF4EFHHE, 30 min
JE SR I, A B S 400 remin !, [H] I 2212
A5 g SWCNT ™ fah, £ A8 i Bs Sl s,
WA 200~500 mLemin ' {4, 6 BEE ONIEE R4
78 IS 1) J 5 R SCNE. K44 SR IO T4 IS 2 [ £39]
FIANENA A SR g e, BB ER SN A% P ik
AP SR PRI B AN B R4 SR P BN 31 600 mL 23 15
TR, BERE T AR AR AR, o R IR e A E
SWCNT JEYF. K SWCNT JEYHH 2 31 500 mL ¥ =115

R, AN 100 mL 25 257 7KF1 200 mL 3R ERR, M1~
AEEE 2 h, AHEIEYE. Ve, BERuEW RPN BUhHuE
PF 120 CFHT 6 h. FREFHHHBCR.
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Figure 1 Schematic diagram of molten salt reaction apparatus

1—steel reactor; 2—carbon powder in molten salt; 3—gas pipe; 4—stirrer
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M 3 HT(TGA): TA A7 TGA Q500 V20.10
Build36 %!, THE#MZ 10 Cemin ', &N, Z#
FT(DTA): JAbRTIE AL 22 F) H-21 BT, FHEE
10 Cemin ', U IR T ZBI(SEM): FEI
AF) INSPECT F &Y, Bk 10 kV; &5 o+ 2 ise
(TEM): HZK Hitachi 22 JEOL JEM-100CX %4, Jiiid it
HE 200 kV; @or HEE N BT BAMEL(HRTEM), JEH FEI
/7 7] Tecnai G* F20 S-TWIN %4, finigi efi Jis 200 kV; 74
Jt 1% (Raman), 7% J-Y 24 #] lab Ram-HR RUHOGHEAE W
T2 IR, R 514.5 nm, THE 1.2 mW.
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2.1 SWCNT =R

B 2 S SWCNT = 5 ) SEM & . m ULEE 5 b 17
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o LM/ NER ONTs BER. B 3 izkeim
Raman %[, 7] U4 B () RBM . {345 RBM A% 5
SWCNT H#AX R AR @ (em™)=232.7/d (nm), 152.7
5257.8 em ' XK SWCNT EARZ 50 1.52 Fi1 0.90
nm, UiIZAES S — 2 SWCNT. [FBATLLE H
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D I(1344.8 cm™ SR EEAHXT R, In/l6=0.37, UiUIFEM
TR AR AT SRR CIC T TERR) AEAE.

Bl 2 SWCNT H™ i) SEM i
Figure 2 The SEM image of as-prepared SWCNT
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Figure 3 Raman spectrum of as-prepared SWCNT
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(%S 12 min), 17 BN E, 1S R ET
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2.3 IREKFRIBEF SWCNT =Rz ah AR R

SRR IR 300 mLemin 'y 44LHA] 2 h, SWCNT
KL= SN 5 g BEFEIEE 400 remin ' 550 FAFSY
TIEEAKRAE 400, 470, 560 “C N SWCNT H7™ i (942
AR SEE R ILAE 560 C FAEAL 2 h, JLTAAENE
B =), UEEHAELIREE , ek SWCNT #ik
WA AL
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FAMSI SEM Bl TTLAE 400 CHIMEERT %ML 2 h
J MR A TCE TR, TAE 470 CHRIFEEET AL 2 h
Ja BE At LA T, LR ARG E TERR, (RIS AR
B, AT 3.8%, 4104 400 CHEALIICE 8.1%1) 1/2.
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W, T A o JLF WA B0 BURLIR 5k (1 77 7.
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Figure 4 SEM images of SWCNT purified in molten salt at 400
(a)and 470 C (b)

B 5 470 Clishrhiealii) SWCNT ¥ TEM My
Figure 5 TEM image of SWCNT purified in molten salt at 470
T

Kl 6 E1E 470 CHK 41k 2 h J53kTH SWCNT
FEA 1) HRTEM FE -, Al L SWCNT 2 HOIR A7 7E,
SWCNT [ BE SSAZVE M 7] L, SWCNT H 124 1.39 nm.
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6 470 CHdhh R4l SWCNT 1y HRTEM [ )y
Figure 6 HRTEM image of SWCNT purified in molten salt at
470 C
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A SRS RROE(G MR TR, X — R v A
AL EAS BIME. ZE BT I 45 R, 7F 400 C
S ER IR EIRE S DTA &R N R 2R 581.0
‘C, MM 470 CR5EEHIRAFHIFE Al DTA 2 U (x0T )
WA 632.1 °C, YW T Ja# HA S mbta i), Wil
HAT W m A B S . W 7 s T LUE L, PIRRE S,
FEAGHAL(300 em™' LU R)#(A7/E W] 2% RBM %, RBM
g SsF 7 (R A% 3531 Ky 164.8 em ' (400 “C)FI 166.7 cm™ !
470 C), ‘EAMIFIANE SWCNT &1&05h 1.41 Al
1.40 nm, #4055 HRTEM 73145 5 1.39 nm % 82
I, BEHHTE 400 S 470 Cla kb gl A AL S A 3R 1)
Ff S A7AE SWCNT.
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Figure 7 Raman spectra of SWCNT purified in molten salt at
different temperature
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Figure 8 TG and DTG curves of as-prepared SWCNT and pu-
rified SWCNT

(a) and (c): TG and DTG curves of as-prepared SWCNT; (b) and (d): TG and
DTG curves of SWCNT purified in 470 ‘C molten salt

4t SEM, TEM LUK TGA o #Tas B, nTLh R
470 °C 4 R b ali AU A T LUSRAS R 4l S 1Y) SWCNT,
SWCNT 2l fEn] Lk 2] 90% LA F.
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25 tEEPEMNIRL SWCNT B S

Fath S L2 SWONT 455 T 4 UG TA LR ]
B AR BN BN R I s LA AR R 8
Ay ke k. OHERURBE IO, I SOk T
AEAGTE TR BRI R 2 T4 DL A VA KR
PRBHERAERIA AL, 638 T — 4208 SWCNT ke
AU L. RS R PR Al SWONT, BLAES %k
A, SRR/, AT RARS ik SO R OR SWCNT L™
aie Y ONAR R R AR RIRSEIS ), AR R
M, KRR S Mgk T SWCNT )[Rl 4k, A AT
SWCNT R I ;A IRAE RS A n, T LE %
R I S BOBENZK PR SRS R, S SWONT Sk 4k
Mo B JEER A 728, B AL O3 S b
SCHUGS S ORI AE RS, T, R B BT R R R,
J5 3 AL B2 SWONT 58 4] DU — MR8 ACUF 4K
b AE, i AT EASE Bl A s AL

3 #Hig

& LiCI-KCl % £ rp ] DR H 4l A0 S8 A0 1) 5 100
SWCNT ST e, fElsEhE & 200 g, SWCNT Hi
PEah S gy EUAUE 300 mLemin ', JASRIRSE 470 CF
AR 2 h, 38497 0.19 g SWCNT 7= i, SWCNT W%
K5 3.8%. Fraff3i SWCNT 77 k4 SEM M &2 LA
FrWURCIR K, Raman 3ELL K& HRTEM 43 B3R WIRE & A

SWCNT, A7 85 R,
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