%514 %4H AR FFIRCA BRAF ) Vol.51 No.4
2023 %7 A Journal of Henan Normal University (Natural Science Edition) Jul. 2023

XEHS:1000-2367(2023)04-0052-10 DOI1:10.16366/j.cnki.1000-2367.2023.04.007

Stober {5l 08 AR iy Ak e 4k K Bk

4%%2}‘—\\1&1) , ,;%\-%la,b , 7}:51 %lc , ;‘(,J }gla,b,Z , ;—% r_%‘_“la,b , i}%ﬁ&‘la,b

LRJFERE T K2 a i L BB R W S A E R AL b B S AR E W E AL E;
c M RHRL 5 TR 24 58, K 030024 5 2. 10 VG 48 P+ A 2 B 40 A7 BR A &)L 1L 78 3+ 030900)

T A A0 B HE O RORL AR P 4 3 R R BRI Y I ) B O B 4 R L v A 3
S i T 4R RS B 0 /N 4 T B S T VR R Stober Wi U A8 K BR . % 58 T A T AR IO R I 1 L HLR S
TRRE K AT B RN A s i) X e 494 K BR T 45 1) S ) L R 9% R B S AR AR IR TR I 500 (e 4350 (TR & TR
BER 60 °C KR A 160 “CHIK IRy 24 b i, AT LA 25 45 B8 SR DR AR 35 — 1) B 00 O 90 R BR TR 1 A%
P £ R B A K IR (CTCNS) - BPRi 42 667 nm, LR M35 596 m” » g ' A& A 2.42 % U T 4050 AE NI TE
HFE G L A2 A BE fE 6 mol « L™ KOH W, RA B s b EERE UL A 123 F « g A BRI I 4 (5
o (BT AR FH L T 5 i JEL B A S 0 AR B

K R MM BR KR s Stober 1 5 1B % LA RS

B 425 :TQ320.61 XEkERAERD A

B f R R AR AT AR " A RS R T B ER Tr AL B AR 2 B R AR I IR AL A W IR
7 WAL & W L 2 RS ) B e — e AL A A T OB SR SR AR Tk R ORI L R H L T B
AR FORE A5 07 32 51 e ™ J Y AR A BRI 15 e TR R O HLO5 B AL 1 % s RO SR SE AT AR A BUR A L fa
N AR B R A B R AL A W W SRS R R A S BE 2 LR BB R L T K
PRE 0T R AR B A R — B A T 2 43 R TR A DT R LR SR AL S i
ARl AL 5 9 A TSR ) A R RO IT 5 08 2 DL ARG

UTAF R o B O R BR DR AT = 2 S7 PR 2 () 25 0 | ey L 3R T AR, AT S P L R AL B 3 D IR e ) R AR E P S5 1
SR BT IO T R A s RO R A B A A R AR A SRR RIBEL S R R A 25 A 45
RN BRI 2 T A AR Z R, BB AR BRI Stober BT K BARR AR HIBCEL R Ak AR
Stober & —Fl G B4 B SRR JBURL I B AL 27 05 5L LTU S50 AR K A 538 S LB, 2 B M) 24—
My / TR CRE) B I 114 A5 AL T - 8 T IS 7 A8 AL ik R & ¥ -5 2 S I » ) ) RIE iy 4K A L AT 5 i ot A AL ) 45
eyl D3 o 9 - B I T ST i = 4 (3D) 2% L 8 H R T Stober 3 il £ [R] 28 — - YR I 56 i B L O HLBE
0530 1o DA T A PR R R 7 i BOREAR . Stober 5 BAT AR BT B0 L S A% PR 3R A L 7 Al e A R e T
LA VR 7 R I A AR R A T A B 2 K BR A F2 5 N UTTAN AR DL AU -3 i B A
I S VR L ) Stober 3 45 T FHRAR 8 390 nm A B4 B AIB Je B BR. SR T L 738 5 M IE R IE B K £
KTk T Stober 77 ik & U S BRR 20 K BR 5 28 HL A IS 18] A7 BEL 7 R 75 5 1 T A0 ok B A A DY
LA R 5 5 B Stober 5 B 5 BELAS 1R Tlk A 1o T

AR BRI SE 0 5 A AR SCRL R AR T A A ik v B EROCRY /N 23 1 R 2R ORI SR Stober 125 1 £ R 24

Y #5 B 8 :2022-12-30; f& B H #7:2023-02-15.

E4TE:HARELRA 2030 TRIHEST H(GINY2030XDXM-19-17) ; % rhv i BHE 8 40 & 3131 (Y201002).

EE B A BESEARA996 =) IR F & A K3 TR 2B AF 58 A4, BIF 58 J7 ) oy 0 56 B 44 8} il %, E-mail : houhao-
j1e2020@163.com.

BEEE: EHEMRAI78—) 5 W m FF 3 A, K E TR 2 8, 1A = 0 1 AR 5% T o) Dy JE 5 35 e s o) % T 2 )

H , E-mail : wangjiancheng@ tyut.edu.cn.



% 4 3 & % A, % : Stober % %] & Bt 4 b B L 2 o Rk 53

KER kB 2 1 A A IO 5 0 Sy 50 040 (B 40 B0 PR SR S 60 °C R BGEEE S 160 °C FIK B K&
24 hoIE AT A g BAT M A ORLAR X — B 22 FLBR AN K BRI A R T AL S PR RE I G, ST TR R A Y
T 8 K TR A DA b 2 FEL 2 s SRR R

1 SLIGER S

1.1 BRAKERAH &
1.1.1 B 54

X AR TR A T P 170~210 “CHR 28R U , X 4 1 H B 18 4 1 S8 R A 25 %0 (i 43 B0 19 NaOH
VTR AT WO YRR UE » B RN 50 %6 AR FR B0 19 NaOH I8, 2R 5 R T 20 % (i 20 0 19 H, SO, ¥ Wi R
Ve AEH R FRRYEE pH=2.4)5 ] CH.CL, #H 3 WG & Iy . ok 28 % J5 45 2] H b5 By,
1.1.2 AR T i 45 B 40 K BR

¥ 60 mL 7K .24 mL ZFEH 1500 pL ZKMA 250 mL Badrrh B 0.6 g RSBy INA FRE W b, Hop
SR T AR I 5 R CTRD R 0 AR | R L 125 ) $% AN [R] 5 A 1S A, 30 min SR 780 I HTEE
TR AR E T R G SOb 12 hot B IR G WS BRI FE AR R K BOR EE S RN, 72 W) & K i
W07 100 CF T4 12 h, BFEE B2k RO TE N, A0 350 CHV# 2 h, 700 “Chkfb 3 h, 152 bric A
C,-Pyzwt (C.HEAEMAR IS P TR A W oo vy o AS [V U8 BT o 0 50, = TR B IR w KB BE S 0K
R[] A b ) A5 R s B R 1

T i Y

170~210 C SREAR I FEIT é}‘ A
| aA + o
g - S <N O\ e
T <N
BT
(™ " et
P i K A

B BRAOKER ] & TR ]

Fig. 1 Carbon nanosphere preparation flow chart
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Tab. 1 GC-MS analysis of coal tar-extracted phenols

iy 1 e 2 M Hi b/ % i 1 e 2 M 3T di ke / %
ERIlE SN 108.14 19.26 2., 4- T R 122.16 3.02
3-LHER 122.16 14.23 2- PP -6 44 79 B R 1 148.20 2.18
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Tab. 2 Different coal tar-extracted phenols addition amount preparation feeding table

B i REAR /L BEIPEBAR/ L FPR @R /g KBkt /g SRS I B IR AR/ L
Co-P1,0-60-160-24 96 114 0.120 0.175 0
Co.5-Po.7-60-160-24 67 97 0.084 0.122 200
Co.5-Po.5-60-160-24 18 57 0.060 0.088 330
Co.7-Po.3-60-160-24 29 17 0.036 0.053 460
C1.0-Py-60-160-24 0 0 0 0 660
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Fig.2 SEM images of carbon nanospheres prepared by different additions(mass fraction) of coal tarextracted phenols
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Fig.4 SEM images of carbon nanospheres prepared by different hydrothermal temperatures 100 C (a),
130 ‘C(b), 160 C(c), 200 C(d) and phenolic resin spheres yield(e)
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Tab. 3 The BET surface area and pore structure parameters of CTCNS
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Coal tar phenol-based carbon nanosphere prepared by Stober method
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Abstract: The direct discharge and crude utilization of coal tar will cause serious environmental pollution, and green and
high-value utilization is the key to coal tar utilization. In this paper. small molecular weight phenolics were extracted from low-
medium temperature coal tar and used as carbon source to synthesize carbon nanospheres by Stober method. The effects of the
addition of coal tar-extracted phenols, pre-polymerization temperature, hydrothermal temperature and hydrothermal time on
the morphology of carbon nanospheres were investigated. It was found that monodisperse carbon nanospheres with regular mor-
phology and uniform particle size could be prepared when the doping amount of coal tar-extracted phenols was 50 % (mass frac-
tion) , the pre-polymerization temperature was 60 “C, the hydrothermal temperature was 160 “C, and the hydrothermal time
was 24 h. The prepared carbon nanospheres(CTCNS) under these conditions have an average particle size of 667 nm, a specific

' and a nitrogen content of 2.42% (atomic fraction). The prepared carbon nanospheres were

surface area of up to 596 m® * g~
used as potential supercapacitor electrode materials with good electrochemical properties in 6 mol « L.”! KOH, with a specific
capacitance of 123 F » g~'. This paper provides a new idea and experimental basis for the green and high-value utilization of
coal tar.

Keywords: coal tar; carbon nanospheres; Stober method; supercapacitors
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