Material Sciences #1AEFRI2E, 2022, 12(6), 545-553 Hans )0
Published Online June 2022 in Hans. http://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2022.126058

o

e 2 FLAR KA & B B AL 1 RE R

X FH, HARR, oFEAE, # oM, F U7
A KA 2 5 TAE 2R, SR AR

ks HiH: 20224F5A5H; SR HM: 20224F6 H2H; KA H: 20224F6 H9H

B

AL CAD-ARBENBRIR. BN B A A ERPUOVERRF, FRKRRUZEMCOF WA R T B
ZARER, HBETEMEENSARREWA B EEEEREE. HRASREH, L5 HEEAN700T
B, SRR LRI LRI R, 258466.10 m2-g-1f186.11%. KEMIMILEH S
AL AR B E L ) R ATR AL R, AR T HRARBENAR, FREAMZEREERE. £=H
Wtk B IR B N1 Ag- 1B, HLABAR217 Fgt, BREEAS A-g 1l 1000k R BER)S, HH
BREFERTTN90%LL .,

XA

Preparation and Electrochemical Properties
of Boron-Doped Porous Carbon Sphere

Yuxuan Liu, Chengfeng Xu, Zihan Huyan, Zhou Xu, Sha Luo*

College of Material Science and Engineering, Northeast Forestry University, Harbin Heilongjiang

Received: May 5th, 2022; accepted: Jun. Z”d, 2022; published: Jun. 9th, 2022

Abstract

Boron-doped porous carbon spheres were synthesized by the hydrothermal method and CO; acti-
vation method using D-xylose as the carbon source, boric acid as the dopant and sodium laurate as
the soft template. Effects of the activation temperature on the structure and electrochemical prop-
erties of porous carbon spheres were investigated. The research results showed that when the ac-
tivation temperature was 700°C, the micropore specific surface area and micropore ratio of the
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carbon spheres reached 446.10 m2-g-1 and 86.11% respectively. Microporous structure could pro-
vide more active sites, which was beneficial to the charge storage and transport, and hence improve
the electrochemical performance of the porous carbon spheres. In a three-electrode system, the
carbon spheres treated at 700°C showed a high specific capacitance of 217 F-g-1 at a current density
of 1 A-g-1, and capacitance retention of 90% after 1000 cycles at a current density of 5 A-g-1.

Keywords

Activation Temperature, Boron Doping, Porous Carbon Sphere, Electrochemistry

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

A SN BRETCRE, BAREE . ARG KM REERENEEAR, 7
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2. SCIOERSY
2.1 AFESEE

WA D-ACHE, HEERR®N, TR, R, KB, Fra AR ira.

A3 3T 2 (Apreo S HiVac, 2£[E Thermo Scientific 24 ), &5} HL T & 14/8% (JEM-2100,
H AR AE), X SHEATHA(D/MAX 2200, HARRA24t), S804 (Renishaw inVia, J:[F Renishaw
ANAE), 4 EBh RN AL EE BT (ASAP 2020, :[EH Micromeritics A ), HLAL2: T AF x5 (Solartron
Analytical 1400A, Z[E Solartron Metrology 24 ).

2.2. MiHE L RBREIHIE

H 2.4 g D-AKER 0.087 g HHRENE T 60 mL %217k, 60°C FHitEE 30 min. A 0.05 mL HCI
(37%) A1 0.9275 g WER, ZkLE4iiH: 30 min. KA 2 100 mL /KM EH, T 160°C M. 8 h, 742]
JE R BAEA T Y) . GKBE BEGE. TIRHIARIKRATIRAR, 48 BPse HRERFTIAKAE N, U T
25°C 4% 30 min, LA 5°C/min FFE# % 43 5] T7HE 2 600°C. 700°C A1 800°C, FH-{fiH 60 min, ZRJFK N, #
il CO,, #RZEARIE 60 min, WEIZEZIR/GHH, Frf3lisa 2 fURIKIRE CO, WELIREE, /il
BPCs-600. BPCs-700 il BPCs-800, H.AKH| &AL 1 Fiam.
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Figure 1. Preparation and electrochemical application of boron doped porous carbon spheres
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2.3. HAFRAE

K 34 1 S U (SEM) AL S R 1 A (TEM) W EZRE i FOAMOWL T 55, SR X SR AT S (XRD)
iz 2 i (Raman) X FF i (1) i AR 25 M AT 2R AE, SR 45 E 3 LE R T AR A FLBEFE 20 BT AR o 1 b3
THIAR AN FLER £5 44
2.4, BALEMEENIR

FES AR 53R 25 (CV) « 1H B AL 78 i HR, il 28 (GCD) AN A2 it FEL 47 il 28 (E1S) 2% MR 7E Solartron Ana-
lytical 1400A Y FEAb 22 T /Euh Bk T. BB 2 fLRGEEDIIR) . LB 5 R I L4 (PTFE) 14 i
8:1:1 B L7 W BE VRS AR T 1 om x 1 om YK I, &% H . THEH48 T/ s M. LL 6 mol- Lt
KOH YN AR, RIBMRIE NS EEMN, B R VE AN AR, 565 i T AE H A 4 2 il = AR R o
B AR AR 2 6 Bl 4 0.01 Hz %) 100 kHz, B & 2 Co (F-g )it (1) 352 :

| x At
€= mxAV @)
b, 1 (AR, At (S NREITE, m (o) NISTEFRFE, AV (V)NE L.
3. AR5
3.1. EHS

K 2(a)~(d)Ny BPs. BPC,-600. BPC,-700 i1 BPC,-800 (f) SEM K. 18 2(a)al%n, #ERATUKIA BPs
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Figure 2. SEM images of BPs (a), BPCs-600 (b), BPCs-700 (c) and BPCs-800 (d), TEM (e), HRTEM (f) and elemental
mapping (g-j) images of BPCs-700

2. BPs (a),BPCs-600 (b)BPCs-700 (c)%1 BPCs-800 (d)£4 SEM [E, BPCs-700 i TEM () HRTEM (f)F17T 2 mapping
(9-)E

3.2.FTIR 47#fr

& 3 Jy D-A¥E. BPs. BPC,-600. BPC,-700 Al BPC,-800 HIZL AN Hil&l 3 Al %1, 5 D-ACHEAH
Eb, BPs LT AMFHE R iC 6 & A8 7 B SR 284k, 3259 omt Abfr1-OH HRBh A 2%, [H]I 826 cm™.1028 cm ™,
1619 cm 1 1713 cm A B TET I, 4> BTN T C-O. B-C. C=C Il C=0 KI#RZNIE[9], 1]
D-ARWEZ /KR E, WICR BB RE] T okekd, DML IERYE C JEFR%EEA. thoh, il
TS 2 FLARER IR R A Ve i P8 W S R AR 2R, X P AR R PR T R BR A SRR Y A R R R AR T R
JK S S  TEL

3.3. XRD F1 Raman 53#f
] 4(a)’& BPs» BPC,-600. BPC;-700 Fl BPC,-800 ] XRD i [&l. rhEm %0, 5w ERATIRA BPs AL,
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Figure 3. FT-IR spectra of D-Xylose, BPs, BPCs-600, BPCs-700 and BPCs-800
3. D-/A#E. BPs. BPCs-600. BPCs-700 #1 BPCs-800 RU4I 4h i itk &l

(a) G-band (b)
——BPC,-800, /1,075
002) ——BPC,700, 1,/1,-0.80
——BPC-600, I/1;=0.82
—BP,, [,/1;,-0.89
(100) BPC-800 v
I
BPC,-700 !
I
BPC,-600 . .
1 I
N\\ BPS 1
1020 30 40 50 60 70 80 500 1000 1500 2000 2500
20 (°) Wave number/ cm™

Figure 4. XRD (a) and Raman (b) spectra of BPs, BPCs-600, BPCs-700 and BPCs-800
4, BPs, BPCs-600, BPCs-700 1 BPCs-800 B XRD (a)#1 Raman (b)iZ &l

3.4. FLEGHa5HR

5 A BP» BPC,-600. BPC,-700 FH BPC,-800 [ N, W Fft — Wi pH=SEi th £k, H I m] A A+ i3 2 30
I BUR AE th 28, HREE TR T, N W B3, S s g i 5 2 FLRER =4 7 K
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Figure 5. Adsorption-desorption isotherm curves of BPs, BPCs-600, BPCs-700 and BPCs-800
5.BPs, BPCs-600, BPCs-700 #1 BPCs-800 B N, IR T - B BB dhek

Table 1. Textural parameters of BPs, BPCs-600, BPCs-700 and BPCs-800
%2 1. BPs, BPCs-600, BPCs-700 F1 BPCs-800 HIFLLEH5 5

Samples Seer/(M*g™Y)  Snico/(Mm%g ™) Ratiopmicr Vel (€m®-g™) Daverage/NM

BPg 4,92 - - - 2.35
BPCs-600 355.06 292.01 82.24% 0.15 2.12
BPCs-700 541.27 466.10 86.11% 0.24 2.05
BPCs-800 386.45 327.85 84.71% 0.17 2.38

35. EUFEMEEES IR

6 N =H#K R T BP;. BPC,-600. BPC,-700 1 BPC,-800 f FEAk A PEREMIRZE B . A RS K
CV HIZE (% I L E-1~0 V. FAFES 5 mV-s BN, RIH RIFHOHEZE B8, miRist
J5 22 FLA BR 1P FL AL 22 AR 20 THI AR B 2 48 K (18] 6(a)). HLATERES Y GCD HiZR (R E 1 A-g Iy il
SRE=AT, YRS RIFM L ETERE, b BPC-700 (F AL AT RE R EE, 1 A-gt IF LB A
217 F-g* (&1 6(b)). 4 6(c)A BPC,-700 7 5~50 mV-s * A E N CV #iZk, WTLIE L, BEAERHE
R, FAER IR, B RS RR R AP AR & 6(d)A 1~5 A.gTt HLTLE S BPC-700
1) GCD 4k, T LLE H, Bl FLI % B H 38 K, LU AT BT 3 s, it B R AR ARk P 50 P 40 R T 18 K
R R FE AT 60%LL L (5] 6(e)), W BPC,-700 FLAT RATIHIfiF %M B . 1] 6(F) iR ¥ 1 A-g™
AN EAE G A S LR AR R th 4, nTRUE 1, 2 FLRERIG A S5 1AL L R T AR B R A
K, XAHER T REMFFLE M T ARG 2 MG A5, AR T B e . & 6(g) BPs.
BPCs-600. BPCs-700 FiI BPCs-800 ] Nyquist fiZk, mi#ilX 5 x fliff) =8 s AR A B N FH(Rs), HH
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Figure 6. CV (a) and GCD (b) curves of BPs, BPCs-600, BPCs-700 and BPCs-800, CV (c) and GCD (d) curves of
BPCs-700, Specific capacitance-current density curve of BPCs-700 (e), Relationship curve between specific capacitance and
micropore surface area of BPCs-700 (f), Nyquist curves of BPs, BPCs-600, BPCs-700 and BPCs-800 (g), Cyclic stability
curve of BPCs-700 (h)
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