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R e A 1.7 8, H 4349 NC-7 & 0.5 mol/L #B2 (H,S0,) % & ¥ %=
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Pirh, oK RHI EAA R R el EL A, 2 H
BT R i — Rl 0k ™, BRI, A g0 i
IKAFAE SN B 1275508, i AL B S5 ), F 3K
REAEAIA: =AW, Bk, Bih—FEsir A
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XoF 0 S Bl g A AR AR L O T, R4S
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AR RERE S T VE S @ 1), U Co. Ni. Fe.
Mo FIEfTRIfT A U & S o Rk o7 28
WA AE G A R ok BRI IESRAN, Rk
MRBA AR R IR A W R, XAEAR KRR -4
INT Pt EREE
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W A Y S REM Y 2 e AR
e UM R, HARA RS R . R H
TEE ARG A ISR A, B T . AR
PRRBA 5 S LAt RE R Ak b B v U200 AR Hrp S
F (<107 S/em ) FIHLEREBUR, BRI T 7E B LF4
K7 IR FH

X B T WK (polymeric ionic liquid, PIL) H
R ST I S e S = R B BuN SR VAo
FE 53 F KV X 7= W 0 2l R AT A R L, il e
JEF¥5) 5345, T A RCHE = ARk R i H 7
PEFb =R E M. S 1T — i A4 i Y %
FEE /N Tafel R AR 4 @ AT, A58 DL A7
AR [3- FH B -1- 20 FE R X (= 950 i T
3L ) Mk W B% ] (poly [3-cyanomethyl-1-vinylimidazole
bis(trifluoromethanesulfonyl) imide], PCMVImTE,N )
1) = RFNAE N RTIAA, miREEE S B A A
etk XFP A5 2 S R AR ik, a5 A PIL
AT ARG T CN, H B i T 380 b R 1 AR i 1)
B, BRI T CN, LS HL -4 e ff AT DIAE o4
BEEMENT, Bon bR B AT A b

2 SLIGER

2.1 EETBRMENE

1) Mkb: W= RO Befi e, A dral, 1B
PL T AL B A BRA W 1- SR SERRmE, 347
afi; WO, abral; = REbE, 465F 98%; A
fbeEFiAR (Rilg) ARAR. TKmE, aira,
LR YEA R AR, HEE, bral, 28
LR MM A RA A, WIRIR, 405 98%; Jo/K
LMk, A pral; — B 3L AN (dimethyl sulfoxide,
DMSO) , 4ty dbaifb T.7 A R 57AEA wl.
Nafion J&W, FiEDE 5%, IR EERABRAH .
Pt/C, Pt IR EL 20%, FvEBRIE (vhE) fbss
BRAEL. WA ST, 40 98%, KEtmElfEk
T RA AL, JA, 2 99.999%, JRFHA <
RIS BRA F . N, N- LR W, 43brai;
ANk, srAral; RlepERAE (R BRI TR
ol @K, Arbral, sk BRTT R TG

2) A% HAksE TAEYS, CHIG60e Y, iR
AR A F]; B RF, FAL004 Y, Ei R
IEAERAT B AL AR5, DLSB-5/20 &,
HOM KB TR A BR AT AKX ZHESE,

SHB-#, FARMA AL TRABRAF; X el
T-HEREZIY, ESCALAB 250Xi %!, 2%[# ThermoFisher
Scientific 2y #l; % L 7 B % 55 (transmission
electron microscope, TEM ) , JEM-1200EX #I, H
A JEOL 2> wl; $12 6%, LabRAM HR Evolution %!,
7% [l HORIBA Jobin Yvon S. A. S /A5 X 4 £k i1 4t
1%, D/Max-2400 !, HZA Rigaku A r]; HHiE T2
i3 %% ( scanning electron microscope, SEM ) , Tecnai
G2 F20 %4, ZEE FEI A w]. JLER4MHTY, Unicube &
Shimadzu TOC-L %!, fEEICE /T RGN A,
22 HmiHl&E

1) NCs fAEHE 5

W B B F AR PCMVIMTEN 5 = 8 55Ued% A [F)
()L LU e — H AN ( DMSO ) Higfi, 15513
SIMSE A . BRI RS BRI, 7E 80 <C
LR hE T4 3 h, BRBRER KT =4
BT HRHT G H 4 1 B i 3 B0 0.2% B 20K Sl
W 2 h, TR BRI E SRR
T ARTE. B THEN™Y (NC-UN) £ hTT
IRV SRR, RN AR T, BL3
C /min (3 TR 2 HARRE (650, 700, 800, 900,
1000 C) , 7EHAREEE FIREF 1 h; FAKRRE R
FiR, MBI AR (NCx) o BBk
PCMVImTEN 5 = B U %A [ 5 5 H 91T 5 il
1R Bl 44 NC-x, Hirx=6, 7,8, W3 1 iR,
TR ERA RSB, R4S 1000 C TR
£ NC-x,

R1 HEmNCxHWEKREERL

Table 1 Specific mass ratio of sample NC-x

Fed m(PCMVIMTE,N)/mg  m( =%EH )/mg i
NC-6 120 20 6
NC-7 140 20 7
NC-8 160 20 8

2) C,N, FEfh

B 100 mg — RFM A E AL, gy
PEAEYTT, L3 C /min BEEETHE E 550 °C,
EEAREE TREE 1 h; HAKBHZEEE, H3H
FRP=HIRESD CNyo

3) PIL-1000 # /i

B 100 mg 2R E T A PCMVIMTEN A AR
Wi, AEES P AR, LL3C /min AHERR
FHEZ 1000 °C, 7EBARRE NIREE 1 h; FFAKRE
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%&;ﬁ?—,ﬁh& / = BERRREM R R Bt

2R, 53  HAR YA PIL-1000,
2.3 MK E5RAE

1) ST

FHAH B 7 A A 5 L B OB X NC-7 11
TESHHEA T RAE

2) ikgsrHr

FH X SPERATHMN . P2, 4 A sh i EmE
FRRALBREE A . JCR AT . X FEOtH FRERE
X} NCs At B, PCMVIMTEN DL C,N, HE1 74544
FAE

3) HifbE R REM

SR FH H AR 27 1A Sl X b R 1E AT R A 27 R
i, PR L Tafel fhE. %A - B
]2k, Ak 2= BT i
spectroscopy, EIS) MNAII7EEE F 17

TE AR RIS, DIEAE R 3 mm BB
J TAER, MR R S i, 22X
2, 0.5 mol/L 1 H,SO, V&R HiL K .

TAEH A H A s . BRI S mg BB AL 3B
) 500 pL 5350k 0.5% 119 Nafion KIEW P, #
7 30 min; K 5 pL BRSO BRI P AR AR L,
TE RIS FARE, FARIET, HARARHE TAE R AR
MR A 0.7 mg/em’,

S RAL (E) {EARZAEXT TRl S f bk, AH
Xt —F 4 A1 H 5K H AR {E E(vs.RHE) = E(vs.SEC) +
0.24+0.059 x pH ( %47 iR ®IE )

3 FREIR

3.1 NCs B MR 21

K1 SEM il TEM Xf NC-7 (IESBE T T F=40E,
gERLNE 1 R,

Il 1a AT, NC-7 Hal R R F = R FEAEAE,
TE S AR P BT AR . X R = R
JHe 5 R B AR PCMVIMTEN i 2G5, 45k
TATE R T2 A A A Ak . F A 1b AT, HDRE b
AR A BERL 3 A LB R BB L5 AL o X d ] 2R
B TR PCMVIMTEN 7ER 2 HE 21 T AR 7E
i — L U R B T A PCMVIMTEN 55— R
ZIAEAEuAEA T, T 20K SRR & b ik
—HTRTIRAARTE A LIE 25, DA ) T F A o 5
HIY HOREERS , S b kg

(electrochemical impedance

b) TEM A
1 NC-7 MR
Fig.1 The morphology characterization of NC-7
3.2 NCs # £ X SR 67594
NCs fife £ B ) X G £k fi1 5 ( X-ray diffraction,

XRD ) & ANIE 2 Fiw.
\———A~ s NC-8
W NC-7
: e NC-6
2
S — PIL-1000

J CN,

10 20 30 40 50 60 70 80
20/(°)
2 NCs B##189 XRD EE
Fig.2 XRD spectra of corresponding NCs

carbon materials

i 8 2 AT, CoN, 7 26=27.9° 1o & H 3043 5
W, XERAYSE (002) FhTET, 207 %2 HEB R RRE
W A 20=13.8° v & H B AT 04X 17 i (100 )
malfl, EFREZEHLE, fandmhflrEs, =
REN 5 R E T WA PCMVIMTEN 5245l 45 1) NCs
e b B AE 20=25° Fl1 26=43.8° M I A7 5 0,
53 90 X5 Ny B A (002) R TETFD (100) A TE, R W
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NCs kM RHE T2 BRI EEH, —RFME S R E TR
& PCMVIMTEN JE 485 (14 A BLAE FH AL E, i
NCs bR SR B 45 T T A SRR
3.3 NCs #ERH 8 RIE ST

NCs bt BH Gk E AN 3 firs o i BT,
C,N, 7E 1400 cm™ F1 1600 cm™ b4 FRAFIE, 43 BI%F
J3 F N=C=N Fl—C =N. NCs & #{E 1350 cm™
11585 em™ AbATREAENE , 43 SI%HR Y2 D W G i
D WEFIRTCI7 A1 SRR PR S5 H , G IR £ s fbi
) sp” 244l o I/l W EUARL B R AT BRI A I 2 AR R
P B, Slepafe B bk, B A F T A .
NC-6. NC-7. NC-8 1 I/l 4+ 1.01, 1.02, 1.01,
Hrp NC-7 By K, X1 NC-7 i A ssfb RE R RAIL,
FLBRZS AR, A0S XRD Wi —3L.

NC8 (I/I=101) 7 ™\
NC-7 (I=1.02) o ™\

NC-6 (I=101) A7 T\
PIL-1000 (1/1,=1.02) 27 o™\

N.C

374

intensity/(a.u.)

600 900 1200 1500 1800
Raman shift/cm™!

3 NCs BR#HH 8 L E
Fig. 3 Raman spectra of corresponding NCs
carbon materials

34 NCs BHRIMALEHRLRERAH

SRIT 4 8 8 H 2R FLIRE S (30X NCs i
FHEHIGALEHO B BET LR T BUM, 5 AP 4~5
% 2 R

180
M‘J
150 o9
NC-7 g8
? ot
< .
S NC-6 WM
2 e
£ g
3 a0k NC-8
ZN N\MOQOQfQ; OOAA32ACACICOITCO0

o 0.6 038 1.0
4 NCs BT RIB S SURME — B B ¢

Fig. 4 Nitrogen adsorption-desorption curves of
NCs carbon materials

/(cm‘ + g nm™)

ar

daw

8 16 24 32 40
pore width/nm

5 NCs Bt EILES i
Fig. 5 Pore size distribution curves of

NCs carbon materials

T2 NCs BKHMEBILEASE
Table 2 The pore structure parameters of NCs

carbon materials

FE Sper/ (Mg ™) VPO,C/(cm3-g")
NC-6 167.54 0.1574
NC-7 333.94 0.2528
NC-8 126.96 0.0778

i & 4RI, NCs il 4 R %) 20 B — ot B 25
TN IVAL, ] NCs B RHE AL ER 2L
R, B 5 EIE, NC-7 BIFLAR M A JE Rl 5, LA
AL E, FEHEA DR RALAELE. &2 WA,
NC-7 i BET H 2 i FH K 333.94 m*/g, FLIAF 4 0.2528
cm’/g, IR KT NC-6 FINC-8 iy, L, —RH
JHie 55 5 B TR PCMVIMTEN DL 1:7 B9 5 & e AT
SRS AAF RN 2 SR A, HAT RAFIFLESF A
BRI, BA R TR i Ak 2E R
IHE =
3.5 NCs BPHER X &R FaEIT N

A X 3 26Ot H 7 BB 1% ( X-ray photoelectron
spectroscopy, XPS) Fl J. E 4+ Hr (elementary
analysis, EA ) , Z3#T NCs A5} K JFURHAY 1k 27 41 A
FOCR O, 4553k 3 FllE 6~7 Fis.

F3 NCsHMERBEEBTESTER

Table 3 Elemental analysis results of NCs carbon
materials and raw materials

TLETE /%

Fdh

C N (6] S
NC-6 88.63 1.50 9.14 0.73
NC-7 89.11 1.47 8.89 0.53
NC-8 87.89 1.15 10.51 0.55
PIL-1000 93.36 2.41 3.79 0.45
C;N, 60.13 39.40 0.47 0
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intensity/(a.u.)
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a) XPS 4K

— NC-6;
——— NC-7;
— NC-8.
=
S
=
7]
5
g
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binding energy/eV
b) Cls j&/]

6 NCs Bt #ia XPS iEE
Fig. 6 XPS spectra of NCs carbon material

intensity/(a.u.)

39IG 39I8 4(I)0 4(I)2 464
binding energy/eV
a) NC-6 1] N1s 15|

intensity/(a.u.)

396 398 400 402 404 406
binding energy/eV

¢ ) NC-8 i) N1s j%[#

intensity/(a.u.)

396 398 400 402 404 406 408
binding energy/eV

b) NC-7 ) N1s j%/#

100

80

60

4ot

nitrogen content/%

20

NC-6 NC-7 NC-8
N3; B N2; ES NI,

d) NCs #1 3 FhEm &S &

7 NCs BHEH Ns EERFRLABIANEE

Fig. 7 N1s spectra of NCs carbon materials and the contents of different types of nitrogen

i 5% 3 FIIKl 6a A 1, NC-6. NC-7. NC-8 fift bf
Bp¥E&A C N, O, SIUMILE, Hp SItEE
Y 33 Tk PCMVIMTEN T8 A, S JiF 51k R
o A S AR U RIVE R, DN = A A R A A
o R REOCRITRER A T RAFH 0,, B
B BHERR AT EL - IKFES . CO,.

B 6b A 1, Cls W55 0 FE LR ERY

285 eV R (2888 sp” i ) , FLARXTRR, X FEWTE
B FEAAE C—N 8, Iz R E 5 A
K BRI R P, NC-7 FESL Y Cls {55 A8
LA RE, B NC-T HARMKMNA BT, X
SRS F XRD 20T B 45 R —3% .

& 7 A NCs 8544 R N1s 3% B K& AS 5] 26 5 R
M. &l Ta~Te 45 A BEFE 398.0, 400.0, 401.3 eV

- 65 -



[B €1 %= = f PACKAGING JOURNAL
2024 £ 5 16 & 2 3 B Vol. 16 No. 3 May 2024

B3 B 3 AN 5 g, A il % T IR E L (NT)
A (N2) . AR (N3) P MHERE TR
& PCMVImTEN 5 = U BC L 9 A [F], NC-6.,
NC-7. NC-8 iy ix 3 g & A4 1 B B 1 224k, 1E
NC-6 H1, MERER S AR & —FE, B8 24%,
A BEN 52%; TENC-7H, MERER R 1%, M
RN 40%, FBAN 49%; 16 NC-8 H, mEhE& N
12%, ML AR 36%, A S A K 52%. 5 NC-6 Fil
NC-8 #HEL, NC-7 HA S8 L s, itk & L
(L RTEpII
3.6 NCs B E R RILFEERES

K HLAR 2 ARl NCs Bib R & H e ik
F7E HER " AL 6 1, 25 SR e 8 . sk
BF, K3 Y NCs b eHE Ak R I 7e 3 s B b
YE] TAERHE, 0.5 mol/L 1) H,SO, ¥ 1 K L il K

0

-0

g

o

=20

<

E —NC-6;

Z 3or —NC-T;

g e NC-85

=l

z 01 = PIL-1000;

g e PY/C 5

° =50 s NC-7-UN 3
=—CN,.

—60 . . .
-04 -02 0 0.2
overpotential/V(vs. RHE)
a) Mk
0.4 ——

—&—NC-7;
—&—NC-8;

o —¥—NC-7-UN;

z —e—Pt/C.,

£

2

=

=

g

2 S

g D‘\://‘

(=]

ol . . . . .
-10 05 0 0.5 1.0 15 2.0

Ig[j/(mA + em™)]
b) Tafel £k
8 EMMSFHTIRELNMELEE
Fig. 8 The catalytic performance of the catalyst

under acidic conditions
Hi &1 8a AJ K1, NC-7 % 3 1 d5 44 19 pr & A
fe Pt BE, B % h 10 mA/em’ B, 1 H A7
N T mV, AR = REREAE 550 °CF AL i 4

CN, SEA WA BT A M Ak b RE s T 2000 2R 8 7 Wik
PCMVImTEN 7E 1000 °CF kAL il £ /9 PIL-1000, 7£
BT U A e X A v ™ 2l 2 SRR

Tafel &% b 7] HARK n=blg j+a iTHSH, 25F1
WE 8 i, Hop: p il i, jRHEEE, a
SEHLVR B N — AL (1 Alem®) B BT HL A7, H
B[, NC-7 %W Tafel £13%Jy 46 mV/dec, FEH]
HHA Fe R r fE A e

X AN TRIBR AR B T il 25 9 NC-7 AOAT AL e
AT, SRE 9 Frn. E AL, HA 1000
CHATIRACTT 20 B AR HAT R AT B S A R
DR Ry SRR B 2 R i B BB b R N B 25 T Y,
IMAE 1000 C 454 T il 88 A Ak 5 2 B0 Ay 1k
FIRESE AR N 2RI B T e N 254

g -15¢1

<

£

2 =30

&

3 — NC-7-550;

El e NC-7-700 5

g 45 e NC-7-8005

° e NC-7-900;3
e NC-7-1000.,

_goL— . . . . X
04 =03 =02 01 0 01 02

overpotential/V(vs. RHE)

B9 FRBKMLEETHENNC7 RiLHK
Fig. 9 The polarization curves of NC-7 prepared at
different carbonization temperatures

h T — 5T NCs Bk MR B AL 41T R, 7E
fH B 1 R S5 T EF T BIS M, Hdr a2 i BT %
4 0.01 Hz~100 MHz, HLf#ik 0.5 mol/L 1 H,SO,,
RN 10 FioR.

100
80
60 Q]
g o= H_]
N
40 —NC-6;
w—NC-7;
20k —Nc_g;
===PCMVImT{,N;
s NC-7-UN
0 20 40 60 80 100 120

710
B 10 FREELFR EIS thik
Fig. 10 EIS curves of different catalysts
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[]3 BEEE, %
BE TR / = BE R EM RIS & R B

AL 10 FTLATR 2, AR ZR A A BELATC Fh PR 404 i
e A DX (B TR X ) Bk o et g, kB AR
DAY A% (mass-transfer ) 445061, w4 Xy HEL A
¥ %% ( charger-transfer ) ¥+ 5. f# Al ZSimDemo %X
PEX) NC-7 BEAT SR B U, #5331 NC-7 fIN BN

7.467 Q.

WA T il £ BB A KL NC-7 i bk e 5
ERMMHRIE LA, 25503k 4 B, &nT A,
NC-7 HAELA AL (117 mV ) FI Tafel 1% (46
mV/dec) , RUHEA LA HER iG 1%

T4 NC7T5RUMBMEMLERELLR

Table 4 Comparison of catalytic performance between NC-7 and similar materials

P . o H A »
Rk P A /mV Tafel £E% /(mV-dec™) P T ol ) SCHk
1-1-NBC 590 205.0 H,S0, 0.5 [25]
S/N-CLs 75 73.0 H,SO0, 0.5 [26]
PNC-4 140 64.3 H,SO0, 0.5 [27]
20-NMWNT 340 - KOH 0.1 [28]
NC-7 117 46.0 H,S0, 0.5 AW5E

K UG PR AR 42 ¥ (cyelic voltammetry, CV) 1E
FRPESR T X NC-7 WK IR e M oA, S5 an
B 11 . AL, NC-7 78 3547 CV fE 3 1000
B, OMERBIRBAR M BAN i, SR B AT
HLRE TR AR

—— 1 st cycle;
—10F —— 1000 th cycle.

current density/(mA-cm™?)
&
(=}

-0.6 -0.4 -0.2 0 02
overpotential/V(vs. RHE)

11 NC-7 #4315 1000 EFI 5 HER 1L ik
Fig. 11 HER polarization curves for NCs before and
after 1000 cycles of potential sweeps

4 &iE

PIL A S S5/ T T4, JF BLAR SR
TERALIEZSH o CoN, & — R AT L = R U 2L e i
BN = A S IR, B A S T2
o ARSOK R TR PCMVIMTEN 5 = REUHE
GIE, TE 1000 CH kel st th 26 4 s /AL a b AL
NC-7, 454 T PIL 5 CN, 15, HARMAEMN N 4544
I ) R AR (333.94 m/g) o EAE 0.5 mol/L

(1) H,SO, HLR I, HLF % A 10 mA/em’ B, i
HL7H 117 mV, XJ0 4 Tafel £4% % 46 mV/dec, i
7N H R AT R RE ST .
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Straightforward Synthesis of Nitrogen-Doped Carbon

Nanotubes as Highly Active Bifunctional Electrocatalysts (FrAEZm s, ARRA4E)

Preparation and Electrochemical Properties of Poly(lonic Liquid)/Melamine
Carbon-Based Materials

XIONG Yubing, QIAN Zhehao, SONG Honghong

( School of Chemistry and Chemical Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China )

Abstract: Melamine and poly [3-cyanomethyl-1-vinylimidazole bis(trifluoromethanesulfonyl) imide]
(PCMVImTT,N) were in-situ compounded with different mass ratios as precursors, and calcined at high temperature
to prepare a porous carbon-based catalyst. The experimental results showed when the mass ratio of melamine to
PCMVImT{,N was 1:7, the prepared carbon material NC-7 exhibited excellent electrocatalytic hydrogen evolution ability
in 0.5 mol/L sulfuric acid (H,SO,) electrolyte. When the current density was 10 mA/cm’, the overpotential was 117
mV, and the corresponding Tafel slope was 46 mV/dec, the performance was better than those of many metal-free
electrocatalysts.

Keywords: poly(ionic liquid); melamine; carbon-based material; catalytic performance
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