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Effect of carbonization temperature on performance of MOF6-based porous
carbon material for anode material of lithium battery
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Abstract ; Nanoscale layered porous carbon fiber (PCNF) material is prepared with Zn as the core ion and MOF6
crystal as the precursor. The influence of carbonization temperature on the performance of PCNF-based lithium sulfur
battery is analyzed by experimental test method.Results indicate that the pore sizes of all samples are within the range of
1-30 nm.BET tests demonstrate that PCNF-800 and PCNF-900 materials have smaller specific surface area and BJH
total pore volume, and larger adsorption average pore diameter. When the carbonization temperature rises, the pore
diameter in the prepared sample matrix decreases and micropores are formed. A strip distribution of multi-layer carbon
fiber is formed on the section of C-Co/CP,and C-Co with a tight arrangement structure is formed on both sides of the

carbon paper.The cycling stability of PCNF-1000 material is obviously lower than that of other materials. PCNF-1100

material prepared at 1 100°C is the best choice of anode material for lithium sulfur battery.

Key words : carbonization temperature ; precursor; porous carbon materials; performance test

PR Y R A Y O TR AR AR e 1 22 L
i DO R U T i AR R R T T H A
TEPESZ IEAR AR BE 1 Sk 25 52 1), A 250X L TE AR A
BRI BET

ZALIRM BRI S5 FPERESZ B AR 222 1 G
0, B HETA Ik AR T A R s R 25 7k
It H SEBR A5 ) ZF LA R BETE il— > TE 5 —
FL &5 M BT N B OCR & 8 A HL A 4R
(MOFs ) FFAEARXT IR A S 25 A #1521 7 2A
REIR AL 25 4 DL B e ik B 1 2 LR A RO o
MOF6[ Zn,0( BDC) , ] 1wk i FF it 14 77 e £k A 3 ]
DL ROT ¥ 5 By i oK Z2 AL, 28003 0 - HL 4

%5 B #A:2019-08-24 ; & B H #7:2020-04-19

MO REE, R TS S E MR EEA
HLBZE (IRMOF-3) T AEFE A 1B A4 94K Z FL k45
F, TR R A TR KA 2%, il MOFs J5 ik
Tl Z2FLR AL AL T LAk B 34 5] AL T X
BN MOFs B4 R PRI iR 4h 47
T HE AR R MOFs 145 i 22 FLB AR E 2%
h Li BT RAG — AN B ST AU X R AL
SERY AT B S 2 B KR oy B R, A
TEFEE TR P B, WA Li B 3 (i HAT v e
SR C/S AR,

EHEVER Zn il B9 UL MOF6 fb iR
S TIRAR R 45 9 K Z2 LR 2T 4 ( PCNF) A8, Hovr,

EE B Wi (1982-) , 5 1 YR, B0 5877 [n) M T 09 B B IR Skt 8 tHIE R A, chaosiqiang2452@ 126.com,,



. 176 - A AL T

PCNF S H A RSB AY1E AR, B L A5 B
1 AR

1.1 &R MOF6

HIRFRE 1.67 g Zn(NO,),-6H,0 5 0.332 ¢
IR ZH g (H,BDC, it 4350 =99%) , P38 i i#
FEAE A LSS 20 1 f% ) 30 mL DMF (438 4f) 3257
TIRENR G, 205 8 BRI R E N,
JFE T 120°C BYPE IR TR LA N RREL N 12 h, Y
RN RS G B v 28 A SRR H 2= I
DMF #1703k, S8 5 #4520 7= M) & T 120C =%
TEAE N OREF 12 h R75 MOF6 fhif,
1.2 PCNF #l&

AP A1 h J5HEINA T B E R MOF6
An A A, 45 i THIR R 6°C/min A I #4 F)
800,900,1 0001 100°C PUANREE T I BIAREE 3 h,
53 By i BE 4> W) #7854 PCNF - 800, PCNF - 900
PCNF-1000 ,PCNF - 1100, 4% 2 kF (1 [ 1L 33 2Ry
3°C/min,
1.3 FREWRFRHE

e PCNF 5 S #4187 : 219 o & F in A BREE L
IR B SR GRS, Z 5B A& A
FERAE o H TR F) 155°C R 6 h, =1 THE
RN 5°C/min, ZJ5 Lh 3°C/min 3 R E =R
A% PCNF MR, $e35 44 BRI Joi i FL PRI PCNF
A58 (G) 5 PVDF, 3 54 HLIE ) N-H ki b
Filil (NMP) 7E /NG AR P LA+ 5 =20 58 i BIR A 15
FHORE, HEAROBNRE TR AR, PR A
80°C EASHER Hh 1AL BE 12 h, i e I A5 B 1E M b
ko X IEAR AR TR R IFLE D] R Bl
AME R 16 mm FYIERR A,

2 MERMEERSHH

2.1 XRD RUAEREDH

XF MOF6 Sk #E4T XRD FAE, 45 R a0 1 fF
R BT SARER RO EE & B 37 RN i AR AR
FFE, U] LUHERT A B T MOF6 dh ik, X 52 i
fLAL R MOF6 HEFT XRD FRAE, 45 B AN 2 iR,
& 2 AT LAE L, n o 800 5 900 HYIRFEFETEAR £
XRD R4 Fodr /e 31.8 34. 5 .36. 3° AU B ALK 3
A0 BE B8 1 AT S 0 [ B AE 47.456.5,62.9° 5
69. 1°4bTE BUAE 55 A A7 3 06 i IR 45 SR Fl ZnO 9
KIBURL AN 2 b T R IEIE A AT A . 76 n D 800 5
900 MYTHIL T, BB /NRRAEAT SR L 2815 2k, It

B40EE 6 H

B HAE 260 Oy 25° 5 44°404E7E 2 MBS AT, X
ST X MOF6 HEA 7R AL, 237 425 ~ 525°C &
TN A B ZnO , 438 B BE S R, ZnO W32 7 s
g s Zn W5 Ar [—iRHE k. [FIEHA AT L
KI,PCNF-1000 5 PCNF-1100 i FEf XRD i &l
BT 25°5 44°hb 1 2 M SR S0 X 2 A
BBRIE BT S04

A N ANN AN A
20 25 30 35 40 45 50

20/(°)

K1 MOF6 # % XRD Kt

(100)
(101)
e e (102)
>_E_(“0)
(002)
(202)

BN =

20 0 60 80
20/(°)

1—PCNF-800;2—PCNF-900 ; 3—PCNF-1000;4—PCNF-1100
K2 MOF6 # 1k & XRD Hif

2.2 BET RIEEREH

PCNF X248 BET MA5 2 A FLAR 4311 45 SR
B3 i, 3 o] LUE s A LR R
T 1~30 nm JEHE A, H LR R DR & PCNF-
800 5 PCNF-900 — A~ ke, HAL&E /3l 4
1 nm 5 3 nm, fLEH KM E PCNF-1000 ik, H
FLARRAST FE3 5 T 3 nm, {8 G 4 2Lt
T 10 nm, PCNF-1100 i AFfLZES T 1 nm, N,
WAL SRR 1 PR, 3R 1 AT LA PCNF-
800 5 PCNF-900 i i HA # /M BET LRI,
THN 2 ANREEIR ] T RS W BET thRmA, 4l
T e AL R B AL BRI RE BET b3 m BUR A o
BERIG R A2 LR, JF H BIH 2R EFL IR
WEAET TR G N R AL, PCNF-800 5
PCNF-900 A HA AN BIH W2 i AR AL
AR, XEARRIEEE B9 BIH W RS 24 FLAR 4T L
BT, S AR R = R A S FLAR R
ik, XRG4 08 Zn 0Rin]
LS Ar S—BE K, B ITE W2 LIRS 25, A



2020 FE 6 B

Mt KT PCNF-1000 [ Hb e 1 AL 5 LR,

0.3

e
S

fLEER fom®
°

e
=)

5 15 20

10
AL Inm
1—PCNF-800;2—PCNF-900 ; 3—PCNF-1000 ;4—PCNF-1100

B 3 PCNF FL42 A %t
&1 PCNF N, WAt RAES

Wbl LRERY  BIUABY LR
C (m*-g™) (em®-g™') nm
800 506. 24 0.5024 5.7042
900 664. 28 0. 6864 5. 8896
950 2628. 21 2.5563 5.2234
1000 1965. 37 1. 4560 4. 6320

a4 5 mT 01, PCNF-800 5 PCNF-900
M2 BET MHAAS 2] T8 /MW R AL BIH &
LR A5 20 T BRI IR B 2904 BRI X it g 7K
ZRRE T A PR, JF AN G B AR S B H b Y TE AR AR
HEFTIV ] ; PCNF-1000 5 PCNF-1100 £8 BET iz
RIAF BN R LR AR e fLA2 , [RI I PCNF-1100
() BJH W f 2 S ALIARFE PCNF-1000 #H H & A
TR, 258 % 1IN, PCNF - 1100 #4842 il 141
FL Y TE AR L R e A L
2.3 RE(TG)RIELEREHH

X MOF6 # BHE R AT Mk ik it B k17
TG Mk, Z5 R 1& 4 fis, HE 4 haf LUE 78
MR BOE BT 3 APk BB, 41 B 25k
300 ~400°C Z [A] i, MOF6 ik 3] T —/Ma & Bk &,
RPN ZE A MRS Zn0 SRR FUNSY , T THE
% 500°C LA F IR ae & A R AR I A L CO 5 €O,
ST Kb, 2 05 I HE AR A LB B
MERS 43T, SR EE SR 900°C Z )5, BR T 42K
A5 K DA B2 B Zn0 5 Zn (N8R IS,
Horfr A JEAR A T LLAE 900°C IR T & A A Ak
JEpE N, . SRR AE ML WE S s, Hh
K5 AT LUE 7RI FE T s 2 150°C B & 4= T
% , 3 H PCNF-800 5 PCNF-900 i FE ik 3] T %
KR EHA, KRR AT BT r] A, Y
WA EE R R F Rk A TR, o PCNF-

PR  BRIGEEXS MOF6 RIYEIAHIS DL AN E DR B IEARA R RERR2 00 <177 -

800 5 PCNF-900 2k HE #h 78% ,PCNF-1000 5
PCNF-1100 £ HEHH 75.9% K T HEIR G &4A
PIRER, 5RRW Y fbii B LT e | A
W I FLAR A, TR B ZE AR R 1 T 3L, A FE Bk
FLHFELERR 53

100

80

W/ %

60

40t

0 200 300 600
BEE/C

K4 MOF6 R oy # F dh &

400 600
B/ C

1—PCNF-800;2—PCNF-900 ; 3—PCNF-1000 ;4—PCNF-1100
K5 PCNF &34 E dh & 3t b A

900°C FXf PCNF #E4T 3 h AL H | FEA] F 4
HLBE SR TE B PCNF ) SIOUIE 3, 25 R an &l 6 Jor
Ko B 6(a) WA, 7E PCNF IETIE L T 550643
A 10 22 2 BT 4 R 4R P IR IE B T 2 B % 1)
5K C=Co, Jf HIB A C-Co LEKHEA T IRET
dez 0], mE 6 (b) Al LIFE #, &5 i 1k ab B
ZIF-9 SRS AT S B A — 25, [] B 4% 4R ) 22
EEHIRE,

() #H
K 6 PCNF #y SEM A

3 PCNF BitEBUERIELERS S
3.1 (ERFEMEMEREENE

PCNF 5 320RFE A8 L Jth B9 496 30 8% 5 1 3 245 2R 2
B 7 fis, BE 7 Al LA B PCNF-1000 #18H1



. 178 - A AL T

PEF AR E PRI AR T AR R, 3R B Y He b A B
UB LT HOloh b s st =2 T Rk g, 1l
MR B AR FE S E M, PCNF-800, PCNF-900 5
PCNF-1100 #4#F¥5 35 240 5 104G BRAS E P, ik H]
PCNF-800 5 PCNF-900 A il 75 Y i 1l L RE 35 3
AR L2 i, ARG DL B3 Ml 0, 76 1 100°C
TEE T #4519 PCNF - 1100 A48} AT LU £ 6 3t 1E
AR AR

~ 1000} 4
to
% soop 3
g 2
B 600F ;
&
§ 400}
0 20 40 60
[5737€8

1—PCNF-800;2—PCNF-900;3—PCNF-1000 ;4—PCNF-1100
K7 PCNF # £ w08 30 Fa 2 i

3.2 XZimBAHL(EIS)

PCNF 20HE 19 22 Uit BHHT X 25 SR an 18] 8 Fr o,
i &l 8 TR AT LU MY, 6 PR AT A R I8 18000 22 it BT
2 B F B 5 R B, ~F B B4R 3R A LT
H, i A2 i 32 1Y) BELASVE T, RHR RS B AR et A2
thaz B A B 7, a8 G X LRl R, A PR A A
PCNF-800 E A f K 1 H faf 1% i BH 7, e /N1 2
PCNF-900, 1fif PCNF-1000 5 PCNF-1100 % & 4%
i, St PEA RS, B ST R = A X 1 A
P[5 i VN, X T 2R G RS AR A R T
AT SEL B, 7E R4S A A T BH B TR /N
PCNF-900 # #}, X /& By T 4 i B 3] 3k 900°C K,
Zn0 KA T iR A4S 2 BT Zn GRITORE , M T F Y
ARAS BT iR 1Y) 5 L RE

400

300+
g
N 2001

100

0

Z'1Q

1—PCNF-800;2—PCNF-900; 3—PCNF-1000 ;4—PCNF-1100

K 8 PCNF #f Y 58 i ML 3

4 &

(1) LR RSFERA T 1 ~30 nm JERIH,

B40EE 6 H

PCNF-800 5 PCNF-900 ik HA % /M BET 3
59 4 PCNF-1000 , PCNF - 1100 &k HAG #5

7 BET L E L, PCNF-800 5 PCNF-900 #1kH4:
BET {15 2] T H/MY L R TS BIH B SLIAR,
B TR W3R, MibiRE ETHE,
TSR Y A FLARREAR , FEAA IR BT AL

(2)7E C—Co/CP #IHIE B T 250 40 1ii 1) £
JEIREYE SR AT AR B T HAT B HES S5 A 1
C-Co, I HIE AT/ C-Co K BEA T BT 4k
Z I,

(3) PCNF-1000 #44}BH 2 AR T HoAth A4 R} 1 5
FE M, 7€ 1100°C i B R il 45 /Y PCNF-1100 #4 %}
AT DR AR o i BB R} Y s A e . P S Ui B
Pt/ PCNF-900 #1K},

S 3k

[1] Wang Z, Wang B, Yang Y, et al. Mixed-metal-organic framework
with effective lewis acidic sites for sulfur confinementin high-per-
formance lithium-sulfur batteries[ J].ACS Applied Materials & In-
terfaces ,2015,7(37) :20999.

[2] She Z W,Sun Y, Zhang Q, et al. Designing high-energy lithium-
sulfur batteries [ J ]. Chemical Society Reviews, 2016, 45
(20) :56056634.

(3] HBSHRL, BURT, 25 58 75 45 BV IR 25 vl W 1) % 8 IR B G i
[J]. A%RZ4E,2017,39(4) :258-264.

(4] Brz5t, BT SR T etk b ot R OGS AR B RL[ T 45
JETIRER KL, 2017,24(1) :1-24.

[5] Horcajada P,Gref R,Baati T,et al.Metal-organic frameworks in bi-
omedicine[ J ] .Chemical Reviews,2012,112(2) ;1232-1268.

[6] Cai S, Wang X, Chen M, et al. Preparation and performance of
metal-organic-frameworks-derived activated mesoporous carbon pol-
yhedron with sponge-like structure for lithium-sulfur batteries[ J].
Journal of the Electrochemical Society, 2016, 163 ( 14) . A2922~
A2929.

[7] Zhang S S. Liquid electrolyte lithium/sulfur battery : Fundamental
chemistry, problems, and solutions [ J]. Journal of Power Sources,
2013,231(2) :153-162.

[8] Han L,Dong S, Wang E.Transition-metal ( Co,Ni,and Fe)-based
electrocatalysts for the water oxidation reaction[ J].Advanced Mate-
rials,2016,28(42) :9266-9291.

[9] Liu W,Yin X B.Metal-organic frameworks for electrochemical ap-
plications[ J ].Trac Trends in Analytical Chemistry,2016,75(11) .
86-96.

[10] Liu J, Chen L, Cui H, et al. Applications of metal-organic
frameworks in heterogeneous supramolecular catalysis[ J].Chemical
Society Reviews,2015,45(43) .6011-6061.

[11] Zhao X,Bu X, Zhai Q G,et al.Pore space partition by symmetry-
matching regulated ligand insertion and dramatic tuning on carbon
dioxide uptake [ J ]. Journal of the American Chemical Society,

2015,137(4) :1396-1399. 1



