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SCLAMIMES S B IR , 38 A ] B Y — 25 0 A IR A tH MRS 7% /MnO, A AR, IR T e s IR G A
% (ZHSC) sl 1Y 07 FH o BET PR F B . Winmf & 7% /MnO, &2 & #1 RHY) b e i ALl 550.25 m?/g, S FLAREL
0.6284 cm’/g. FLALZEIMIAES SR, AT B IR 2 B 0.5 A/g BF L LU HL 45 ) 401.5 F/g, £ 20 A/g IR
FLR 2 N L A A S 264 F/g, BA RIFHIERMERE, 415500 ZHSC 78 0.5 A/g W HL T % T 4% 74.2mA-h/g,
e M N 39.1 Wh/kg, TIEEE R 4264 W/kg; 75 10 A/g FFLZEBE T, 5000 ¥ 705 A A% R 004t /5 H: e 2%
TRFERTy 98%, FEIRRLEN 98.7%, RUIA RIFMIEARE AT, B, wmHE# &k /MnO, & & 51k
AW Bk 5 MnO, B & #1 B R R SR AL T R R
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N, P co-doped porous carbon/MnO, composites for zinc-ion hybrid capacitors

Z0U Zhenyu, JIN Xin, WU Xiaoyu , LI Haojie , LI Pengjuan , LI Xiaoli’
(College of Chemistry, Chemical Engineering and Resource Utilization, Northeast Forestry University,
Harbin 150040, China)

Abstract: Environmental problems caused by the use of fossil fuels have become increasingly serious, and the

development of clean energy devices and renewable energy has become an inevitable trend. In this paper, coffee

grounds carbon/MnO, composite was prepared by a simple one-step activation method, and its application in zinc-

ion hybrid capacitors (ZHSC) field was discussed. BET test shows that the specific surface area of coffee grounds

carbon/MnO, composite is 550.25 m*/g, and the total pore volume is 0.6284 cm®/g. Electrochemical tests show that

electrode displayed excellent specific capacitance of 401.5 F/g at a current density of 0.5 A/g and

264 F/g at a current density of 20 A/g, which revealed good rate capability. Meanwhile, ZHSC reaches 74.2 mA-h/g,

energy density is 39.1 W-h/kg and power density is 4 264 W/kg at 0.5 A/g current density. Furthermore, the capaci-

tance retention rate is 98% and the Coulomb efficiency is 98.7% after 5 000 charge-discharge cycles, at the current

density of 10 A/g, which indicating it has good cyclic stability and reversibility. Therefore, coffee grounds

carbon/MnO, composites provide a new idea for the exploration of biomass carbon and MnO, composites.

Keywords: zinc-ion hybrid supercapacitors; biomass activated carbon; porous carbon materials; heteroatom

doping; coffee grounds
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B4 1R A BT TR A R 2 L R i RE I O I i L
E, HbeE FiRARAS (ZasC) 2 hH
75 SH AR R HEL 25 7Y BH R C X T R, K R T T
FEEE B TR A i A/ L S A
A% P PR W B AL AR 2 A, DA RE R
FER . LA MERRL . TEH A om0 A 32 2ok
MR, TR B IR MRS,
TG S AR ) B ST A, BH AR R ZHSC (1)
—ADEBEH Sy, R, I 3B W R AR
SEAMY . MXenes, FHESY NHE G MK
AR, BIEMB EEA TR . 2K A S,
TRAOKAE ST, Horh, Z4Lac i THATRA . L5
SNE7/BE M=oy S hrak d N NI R 3 1TR I B R R O
Fa )2 AR ZHSC ) BA AR A RS

8 AT FR e A BB, B AR T L FE
Zifte, FECHEAMREBERMK. &RE4mY
FL R A R 9 R P 4 i SR AR A O T 9 I R A
fEREEE, I A A P50 ol AR 2 T B 36 P A R
AR O s A=Y AN BUR U E= R f s 7Y Y A ATk
A TEHLZE . MnO,M AT DL o AR ) 5k HE H 2 Y
S REY), 1o ZASC AL B 2, MRt
#H5 MnO, B &6, PIEAMAHR, 74 PR,
AR T TR B AL PR RN, i Wang 25
T o L T R e 40 DK A [ 7 B P ST i s vz o
AR TS . R R AR, HA R
TE 0.2 A/g I HL Ui % B T 25 & ] LA 31 162.2 F/g.
IR/ EZ W/ RSk | - v 1 Y=gl
EREHT, W] LA R SO A W LA,
HAY B R ARFLBR A4 7T LA MnO, /Y[ 4 $2 4t
HRP A SHAAEY AT, iR SO i A
TN (WHERE L PETTR . 2 AF) RIS,
MM P R A P, XA L A AR W B A R
HA B2 AR T8 )1, AN 7E MnO, 1Y
AR o S 16181

Zi BTk, WniE M sk /MnO, & & M OB X T
ZHSC 19 B % 5 1 o A7 8 K 9 g H & T 77 .
R T —HAn, ASCRH—2TEE, DX
Xof S O AR B PR = W i (HAPCP) &L, Wi [F] 548
7], KMnO, MiGE, KOH A&, minmE# &
eli, fl& TEAERER, 89A. MET
P BN P 7 2 /MInO, A5 M RE, XA R IE 36 45 A4 2k
TTRAE, FFeH2%E i ZHSC X Hods Ak 2 e REHEA THR 5T .

1 XRHBRAE
1.1 BIMEE R /MnO, £ & # #H ) &

el E SRR S, LS. K ossg
HAPCP ([ )" ¥% F 10 mL DY & "k g (THF) + ,
PR — & it KMnO, ¥ T 50 mL 5 8 7K, % m
BRI A 2 g KOH Fl 2 g Mk, #iE4E 2h,
IR AW THE W R e 28 0R 25, W IR7E T4 b
T 12h, K HE TR BB RE S FE R SR T L
10°C /min F i #OR M E] 600°C IR 2h, A
SRS ==, 15 2 o MR gk S 10wt% 11
HCLIZE W%, FHEEMNEE FRKRERER
i, RJE7E80°C THEATHET . KR B AR IC
5 KNP/MnO,-X (" X3 /R KMnO, i JiT &
X=1.38g ¥ 2.38g), K [ L5 7E A 7R il KOH fY
FAF T HEAT X L S5, BT AR AE i iE 2 NP/MnO,.
W KOH FIui i 4% 2 - 1 69 B & HL7E 50 mL 2 55
TARPIRA, Btk 2h, HTEEAES R, Rk
IR BE A b, R BIRE S e v, BT SRR
it A K-WCG.,
1.2 UNHE#E &R /MnO, £ & # £ &1 R

>k F FEI Sirion % 37 & & 19 4 0 7 0 4 8%
(SEM, i 2= KA 2 7)) X A il 1 B 30 465 4 ik 47
FAE; R ECSALAB 250Xi % X 5 £k Hi 7 e 3i%
1 (XPS, FEBR QA IRBHL 2 F]) X FE 2% 1 b 2
B3 MCE Re A AT 0 4 B s SR ) 3H-2000PMI
B L R AR ALAR 3 A AL (BET, DL -7 A g8 Bk 4
A BRA ) 7R AT (77 K) BFSERE 5 A4 b2 1w A
DL R FL &5 ) B AE 5 R I X'PERT PRO MPD #4 X fff
AT (XRD, 7 22 W40 FFA ) F1 DXR R 7 =
Y6i%4Y (Raman, 3%[E Thermo Fisher 2\ &) Xk i
VR 25 R AT RAE
1.3 UNHEE %R /MnO, B AR £ 4 = 14 e i

FH = a1 2 F1 ZHSC X B ME ¥ 7% /MnO, &
G MR AL 2 R R HEAT T PP AN o oK iR s e /
MnO, & & # k. R IUG &4 (PTFE), & BB
i bt 8 1 VIRG RAFIRE, 20 #3850 TRk 3K
£ 1 cmx1 cm B 5 T 22 FL 0 TR 5 04l e 7 (B IR R
B9 (B 1acm) b, F80°C M H = T
(L —E R 2%, DZF-6032) 44 12h, ¥
G E R HL CREE BB & R A IR A A
PC-24) 7£ 10 MPa JE /] FJE .

K i CHI 760E %I Hi k2% T AR (i R 42) Xf
WM i i /MinO, &2 5 B4 B 2E 47 L Ak 24 1 R K



386 -

EEMRER

=i AR Z P L 6 mol/LKOH A ik, WMk 5e/
MnO, & & Mk TAEH ), Hg/HgO Mk 2Lt
BB, AR R X B AR AT A R AR 2 R
(CV) F1H % 76 7% H (GCD) 52 6 il H JE 23 11 -1~
0V, Hifk2EBAHTE I (BIS) 76 A8 AR IR 2 5 mV
B FFBEHL A T, M 1072~10° Hz ic s 1 . TE8E RS T
RA AP, R CR2025 %I 41 411 L th ok
2 % ZHSC, L 2mol/L ZnSO, /K i& W& My Ha, 1 W .
CV Fil GCD M i i | s % 11 S -1.8~0.2V, F| H
Land H 10038 28 S8 PR 1 BR A 2 1k

2 #RE5iTie
2.1 MHEZE R/ MnO, EEM RN EESFLEN

>k H SEM ML£2 Wi HE 75 ik /MinO, & & 4 B IE
1, WiE 1R, K 1(a) & NP/MnO, #1 8, T
HH KMnO, iG 1k, 4k i A — 202 2 A i
MFL, FLIESS ORI &, Ui KMnO, 1% 1L RE 114
55, WNMEE KA R B TE AL . 1B 1(b) H K-WCG
AL 2 1T AT B 05 ) K A ) R FL &5 # L RE
BRI, Ui KOH A3 1R 38 /Y 2] ph LB B RE 1. 4
ff F§ KOH Fl KMnO, 3£ 3% 1t J5 (& 1(c)), KNP/
MnO,-1.38 Wi HE 5 e % 1 HA 51 4= 5 1 FL IR &5 44
Hor A e 385y, Ui e e gis b, F5
1) FLE 25494 R F 70 0 2o B P s T AR AR S 4%
By, DR I 5 /MInO, 24 bR B A i fiE
P 45 4 0 BB A R o 1T 24 KMInO,, 114 25 3 Jin

NP/MnO, is a coffee grounds carbon/MnO, composite with only
hexaldehyde-phenoxy-cyclotriphosphonitrile (HAPCP) and KMnO,
activation; K-WCG is a pure KOH activated carbon material;
KNP/MnO,-2.38 is a composite material activated by 2.38 g KMnO, and
2 g KOH; KNP/MnO,-2.38 is a composite material activated by 2.38 g
KMnO, and 2 g KOH

1 NP/MnO,(a). K-WCG (b). KNP/MnO,-1.38(c).
KNP/MnO,-2.38 (d) ) SEM {4
Fig.1 SEM images of NP/MnO, (a), K-WCG (b), KNP/MnO,-
1.38 (c) and KNP/MnO,-2.38 (d)

(K1 1(d)), KNP/MnO,-2.38 H177 4 TR & SURE5#
X A] BE A T B A B AL A B 0 2R R O, X
S0 AL R s R — o AT . ARYE R 2 T R B
$ R, KNP/MnO,-1.38 # H' N, P, Mn L&
S0, R FRIB .

(o) SRR e () e

:Spm.f_ o N 5;,1m‘ : Spum-
[¥2 KNP/MnO,-1.38 i)JCEMUITE: (a)N; (b)P; (c)Mn

Fig.2 Elemental mappings of KNP/MnO,-1.38: (a) N; (b) P; (c) Mn

AT Ny W B /0 B S TR 2R AE 5 T R A4 R L
RIAFIFLBR SR . P 3(a) g 5 AR R /56 B 45
A2, K-WCG b 1 AI45H 4k, NP/MnO,. KNP/
MnO,-1.38, KNP/MnO,-2.38 J& T IV & % i £ |
FEMRE T, K-WCG v I F+, (HILF RERE S
T, X R ZAM B2 &AL, NP/MnO,
TN, FWRE A MR ALE D T H A
WIS A MR S R R SR T, R A RER
A KEMILEEH . 75 H R IX (0.4~0.9 AH X J)
(p/py)). NP/MnO, A % K191 J5 ¥, KNP/MnO,-
1.38 Fll KNP/MnO,-2.38 [ #lif J5 3 45/, I E &
MEEENL, HX 3NE A M ETEEE X
(0.9~1.0 p/po) WIEAE BT 3G, 1568 52 & 1 kL b id
e R L2, LR 4 B AT LL3E 5 1] 3(b)
7 1 L AR 43 A il 2 ik — 2P B iE, H A KNP/
MnO,-1.38 AL R 5345 24 7E 0.5~0.8 nm,
TR I AL AT A T B2 AR 50 33 P 7 A RN B R Y
bR M . 2 R FLE5H f5 B A L 2 R BN 1
WL 1, Ay AT 4 FPEE Y B 2 T ARUR R, LA RS
i, K-WCG J& T ABLAL Ry E b pt, (0 AL
LR/ H AL SRR, AR T BT 1%
NP/MnO, SALBUR/N, AFF B F i A7 A% i ;
KNP/MnO,-2.38 & & # B0y B fL R B K, (Had
Z 1) KMnO, 7] RESS I ALIE %€, X Fh L4 v fig
2 b 2 1 A AY 9 /N B XL 2 A9 8 /D 5 KNP/
MnO,-1.38 4 & fL /& B K (0.6284 cm®/g) H A 1L
Erit i, N U B T RN AR YRR AL TR
HOEE, A RLA AR I BE B R AR A
BT, DA $ v L b 2 R

HE— 2 2R F XRD Rl 2 3 > e AR s ik /
MnO, 1) & G B &R 25 7 1 2 Lk 4B £
SRR, WE 4. H & 4(a) AT LLULEL 3] K-WCG
FE 23°F01 43°fH 3T 1 B T WU, A N N T A AR
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(a) —+—K-WCG 0.16 (b) ——K-WCG
400 | ——NP/MnO, ——NP/MnO,
~ ——KNP/MnO,-1.38 & o L ——KNP/MnO,-1.38
2 —— KNP/Mn0,-2.38 { PR ——KNP/Mn0,-2.38
g 300 f é
2 R 6
< o s
g - L <
E . . L 008 Bl
S 200 K S =]
= P g
"§ 1 W % 22 ‘Li
2 1 S 004 g, ’\ ‘.\‘
= 100 | $ ~ S IEN i
< _Q_,.\_oee*’v‘W‘:_ééaﬁ ! 0 Se—
w.g-@" 04 06 08 10 12 14 1.6 18 2.0
L éﬁ;ﬁ_ Pore width/nm
0L 0
0 0.2 0.4 0.6 0.8 1.0 0 10 20 30 40 50 60

Relative pressure (p/p,)

Pore width/nm

dV/dD—Pore volume per unit pore size, that is, the ratio of total pore volume to average pore size between one p/p, resorption and desorption to the next
p/po; HK—Horvath-Kawazoe micropore analysis model; BlTH—Barret-Joyner-Halenda method for mesoporous pore size distribution

3 AFIHAEH N, W B/ BEREIEE (a) 1 BIH AfLALAR M 18 (I 28 HK AL ALAR 231 5) (b)

Fig.3 N, adsorption/desorption isotherms of different carbon materials (a) and BJH mesoporous pore size distribution maps

(Illustrated as HK pore size distribution maps) (b)

F1 WIHEER/MnO, £ S#TRIEIFLEHSE

Table1 Pore structure parameters of coffee grounds carbon/MnO, composite

VTolal/(Cm3'gil)

Vmeso/(cm3'g71) Vmicro/(cms'gil)

Sample Sper/(m*g™)

NP/MnO, 133.45 0.1402 0.0970 0.0512
KNP/MnO,-1.38 550.25 0.6284 0.2256 0.4028
KNP/MnO,-2.38 526.78 0.4214 0.1710 0.2504
K-WCG 851.87 0.3752 0.0712 0.3040

Notes: Sgpy—Surface area; Viy,,—Total pore volume; V;.,,—Micropore volume determined by using the t-plot methods;

Vineso—Mesopore volume obtained by subtracting Vi, from Vg,

1 (002) 1 (100) i1, 2 B H R A 85 {0 72 B G
W) JC % B & . 1M NP/MnO,. KNP/MnO,-1.38,
KNP/MnO,-2.38 /3 | 7 34.9°, 40.5°, 58.7°, 70.1°,
73.7°/F T Y BE T AT 4 0§, J@ 5 PDF R R R 5l
(JCPDS No.77-0230), iX & f7 §F W& 43 i Xt [ F

(@) =
=3
a
= e o
— ' N ~ N
KNP/MnO,-1.38 = JL o = a
L - J_‘_‘W k ~
2 | KNPMnO,-2.38 . |
% . WO A l A .
2 |NP/MnO,

/!

K-WCG

10 20 30 40 50 60 70 80
26/(°)

MnO, ¥ (111), (200). (220). (311). (222) &,
UL MnO, S IITE R & Ak I k. &l 4(b) ML
2 OG3E 4 ) R T 7E 1350 cm™ 4B 1 580 et Ak
LT T A Mg, X A I JE T A SR R AR Y
DIERI GIg, D5 GUEMAHXT 8 (Ip/lg) 7T LA

(b)
NP/MnO,

=
g
£

KNP/MnO,-1.38 \

N ) KNP/MnO,-2.38
K-WCG o : —
500 1000 1500 2000 2500

Raman shift/cm™!

[ 4 AFBAHE XRD #h4k (a) FIFLE DGR (b)

Fig.4 XRD patterns (a) and Raman spectra (b) of different carbon materials
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WAL A0 SRR, I/l (B B/ A7 2 A0 7 B
i P, KNP/MnO,-1.38 [ Ip/I {6 N 0.84 (&),
RN, PR 5| AR BR B AL S0 T Bk A4 R
W TC ¥ 4544

Kl 5(a) S AS[F] e b1 R XPS 43 [, f [ AT
A, ok 2L RHAE 284 eV, 400 eV Fll 531 eV
BRI A B SR R AR 0, 23 % Cls. N1s fl Ols,
H &' NP/MnO,. KNP/MnO,-1.38. KNP/MnO,-
2.38 7£ 135eV Fll 640 eV [ff i 53 5 B T P2p F
Mn2p MIRFAEIE, X ERMAELEE N, O, P45
I T RIIB A%, MHE 2, KNP/MnO,-1.38 5 K-
WCG A, N, PZeJiir & & Wi im. & 5(b)
5 KNP/MnO,-1.38 1] N1s i &4 g &, Hi N-5
MIN-6 BT RFLEHNITRIEL, TAHXMW

K-WCG
Cls —— NP/MnO,
01s —— KNP/MnO,-1.38

—— KNP/MnO,-2.38
_—~Mn2p
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Jt i (B 5(0) s % A P—CHE . P—O I
P=0#, PILRHEAKMM B AN, PARETFM
UK R 1 S0 00 ol o 2 B, 4R v AR DR
o P PR s, DT P A P 5 B B A BE T
W& Mn2p 3% K (K 5(d)) J&5 , Mn2p,, il Mn2p;,
P AW 1 BB AR G, 43 0l 6T O U 1 h 653.9
642.1eV, WHLEMN A ET B REM 2240 11.8eV, Xf
N F Mn*, X UL E A Y E S MnO,, 5 XRD
SIRTEE IR —F, MnO, W] LA oL B AL (A7 A,
AT 2 B0 HE V5 7 565 O P A5 e, R T A — 2
BT AR R 7 2

(b)

z

[72]
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E
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Binding energy/eV
(d) _— Mn2p,,
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g

£
635 640 645 650 655 660

Binding energy/eV

K5 (a) AR XPS &l ; KNP/MnO,-1.38 ) N1s (b). P2p (c). Mn2p (d) A& %R

Fig.5 (a) XPS survey spectra of carbon materials; N1s (b), P2p (c) and Mn2p (d) spectra of KNP/MnO,-1.38

2.2 WNMEE R /MnO, £ &7 RHAT R L F 1Ak
Kl 6 JE7n T AN[R] B A BHE = W B iR R i el
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Table 2 Element content table of different composite materials
Sample N/at% O/at% P/at% Mn/at%
NP/MnO, 1.46 11.72 1.09 0.6
KNP/MnO,-1.38 4.67 15.05 1.28 1.77
KNP/MnO,-2.38 3.75 16.39 1.25 1.65
K-WCG 1.54 12.58 0.23 —
20
(8) KNP/MnO,-138 0 1® 400 Hc) K-WCG
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