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6] 25 [} (CoH4(OH),), W4 F L ¥ B i T 357 A
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H40%, FF 58 e BRI B LS, FTJoK Bk 1T
WRES, BT, AU, FRARY T
12 R 2 1050 C, JFPREE 3 h, Ak )5 15 2 ok < e
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Fig. 1 TG/DTG curves of CAs(a) and (NH,),HPO,/CAs(b)
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& 3(d) A1 3(e) iz, FLER kLIS £, Sk 6 i th AR5
FOMUALRE, TR RSN, 5 XRD R i 1 45
— 5, X BEIH (NH,),HPO, 43 fi# 7= A= i NH, Al H,PO,
XF CAs HA M ZIpkE 2e Fs fLAOVE T . FLER R A1
TR A TR Y b R AR, 7 LR D R I R 2
BB 12 5 AR R
223 &@iFEar E 4(a) i NP-1:2-900 ) XPS
&, K454 RE N 134.0, 284.8. 401.0. 532.0 eV 1Y I
SR WIXF I P2p. Cls, N1s Fl Ols AYRETE &, IXIEM T
N Al P PR o0 &R © B8 A i BEE . % NP-
CAs "' N Al P PRI T 1Y XPS #1740 LG, 45
AL 4(b) Fil 4(c) It o BZ-TERRA B B RZGE A
3 H LA B . 399 eV A2 A7 (A I E L (N-6). 400 eV
2o A7 (R IE L (N-5) AT 401 eV 22 47 19 2 A (N-Q),
N-X 2R MAMASY, BT NBRAMEST ChH
Tk, NAB IS TE P rf 7 AR A Ak, DATIT3E 58 bA ) 1Y)
SEIKME . AR, N-6 FI N-Q 433l 5 2 4N F 3 4 sp® filk
JF IR AL, X AR T AR RN, P2p
£ 133 eV 135 eV 22 47 9 U6 43 51 X6t 17 P—O gt
P—C U], Horp ) P—C 33 i AR 5 A R Ao D E
B T i 45 A BB ), X5 XRD RIS i 1 45
AHIF N 5 117 P—O 7E s S BE e 3 T VR A5 B fiE ATt m]
DA B R 55 K

& 5 7R YT RE S NP-1:2-900 UL AN R, AR
P SCRR U R, 3230~3498 em ! Ak Y W Ui 6 )T R T
—OH I N—H 3 [4] ; 1683~1731 cm™ 1 1586 cm™!
b [ 0 XF R C=C., C=N Fl C=0 3L [ 1) Wk Iz
315 970~1182 cm™' 4k Y W W] Xf Jif P—O—P. P=0/
P—O—C %8B RE M, 330 B8 35 7K 3 AT 38 K1 o A T 1) 9
TPk, £2 2F B T ORI R fr i A2 00, 2R R,
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(®)
€12 CAs FIINP-1:2-900 ) XRD (a) FIHiz2OLi%E (b)
Fig. 2 XRD patterns (a) and Raman spectra (b) of CAs and NP-1:2-900
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Fig.3 SEM images of CAs (a), NP-1:3-900 (b), NP-1:2-900 (c), NP-1:1-900 (d) and NP-2:1-900 (e)
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Fig. 4 XPS elemental spectrograms of NP-1:2-900 (a); XPS spectra of N1s (b) and P2p (c)
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Fig. 5 FT-IR spectra of NP-1:2-900

N Hl P J5F BT il A e BRI 48 2 v, 5 Bk
FAELE RN

£ 1/RH T 900 °C PR T AS[FHB A4 He I RE i
1 C.H. O. N, PICEM B EDE . ATLEN, KX
EEE I C JC 2 0T 43 BB &, DR b LA S e i A )
WA RN SEE. BE#H (NH,),HPO, 5 CAs 15
R HC AN, BE S S NP Rl T R B R R
FHRHE N . N A B s 45 2% 3 1 43 0RT LAIA 2] 0.76%,
P (1) B 4% i A BnT LAR 3] 0.48%

Wang 5520 A Ry 2% S5 43 A 1 34 50 1 2 $R R
PEAOL SN T KA B e S e (0 G R N 2R . R e, Xt
C. O. N, P iX 4 Fi 7T Z 1T Mapping 434 LA WL 52 L

F 1 REHBZ LM NP-CAs 1T H T 54
Table I Element mass fraction of NP-CAs at different doping
ratios
wi%
Sample
C H (@) N P
NP-1:3-900 94.47 0.27 4.72 0.50 0.04
NP-1:2-900 95.29 0.88 3.16 0.54 0.13
NP-1:1-900 93.91 0.32 4.82 0.65 0.30
NP-2:1-900 93.13 0.27 5.36 0.76 0.48

Sy, W 6(c)~6(f) i . FILAE H, N, P HifiC &
TE CAs i+ 344) . O TR TIR%RIR
A, (NH,),HPO, [ /445 A A Ik 3 A v = A= i 28 R
IERLASRBEE 5 CAs MoK 780 HE il 0 & A2 5 b Ah,
T S 1 T I R A R S TR R RN
Wy Fe s AT . DL 25 AR W, (NH,),HPO, YA
Yy el LIARGF e T CAs, HESE T [ AR FRAT I TR
AT R T S

224 JLeEA oAt XA [R]RRA B R 45 ) NP-
CAs AT LGSR 23 BT, He N, W0 /)58 R 25 35 ity 2 AL
oA ML A&l 7 Fros o 45 AW IR /RE R il £ 24 4
LT B A W B el 2R, A A IV R A IR 2R B RRAE o
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& 6 (a) NP-1:2-900 f) SEM [&; (b) NP-1:2-900 f¥j EDS 43 /Z ; (c~f) C. O, N, P fyICE W5 /15
Fig. 6 (a) SEM images of NP-1:2-900; (b) EDS layered plot of NP-1:2-900; (c~f) Mapping distribution of C, O, N and P elements
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Fig. 7 N, adsorption/desorption isotherm curves (a) and pore size distribution plots (b) of samples at different temperatures

CAs fE1E & WAL . LR AL, A 5 £ & LI as
1, AR fLEE . AL th Lo 7T LA i,
BB AFAE KA 30~40 nm A BN FL. 2R
TR EE T RS LA 28, 3R 2 AT LA
I 7 A7 UL 1 T i, L R R (S ) 1AL AR R
(Vi) S SEHIRSG I N ES . HIEUEH 900 °C I, Sper
Vi B K, 43 13K 5] T 1240.43 m%/g F11.68 ecm¥/g.
HIREE T2 1000 °C 5, i @ i EE A FLAS
PR, F R AR L AR B BRI

2 AL TR LA 28

Table 2 Pore structure parameters of samples at different

temperatures
Sample Sger/(m*g™)  Spi/(m*g™")  Dye/nm  Vig/(em®g™)
CAs 475.04 263.19 7.94 0.94
NP-1:1-700 479.77 287.30 9.88 1.19
NP-1:1-800 866.97 583.04 5.83 1.26
NP-1:1-900 1240.43 855.47 5.42 1.68
NP-1:1-1000 929.91 679.33 5.76 1.33

Smic—Area of micropore; D,,,—Average diameter

M5 (NH,),HPO, Fil CAs HY#B2% 1L, 7E 900 °C
TN R, A5 S N T B/ BT il 2 K L AR
YU 8 i, MR 8(a) FTLIE H, Fifi% (NH,),HPO,
2% L B 5, B i 1 2 T AL A R 3 R, B4
FE N 123 %) 1 2 i) b 3 v A B 0E B B, K
(NH,),HPO, 7.5+ = 5iF ki fl. WALk A&,
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Fig. 8 N, adsorption/desorption isotherms curves (a) and pore size distribution plots (b) of samples at different doping ratios
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Table 3 Pore structure parameters of samples at different doping
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NP-1:1-900 1240.44 855.47 5.42 1.68
NP-2:1-900 1319.59 698.01 5.56 1.90
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Preparation and Electrochemical Properties of N/P Co-Doped
Activated Carbon Aerogel

YE Xinlong, WU Youqing, HUANG Sheng, LIANG Zijun, HAN Yugqing
(School of Resources and Environmental Engineering, East China University of Science and Technology,
Shanghai 200237, China)

Abstract: In order to explore a multi-functional activator for carbon aerogel to improve its electrochemical
performance, we used resorcinol-formaldehyde based carbon aerogel as the raw material and (NH,),HPO, as the
activator, N source and P source. Then, we prepared N/P co-doped activated carbon aerogels(NP-CAs) via solid-phase
physical grinding and mixing. The activation and diatomic doping of carbon aerogels were completed via one step
method. The results showed that when the pyrolysis temperature was 900 °C and the mass ratio of (NH,),HPO, and
CAs was 1 : 2, the sample had a specific surface area of 1196.75 m?/g and a total pore volume of 1.60 ¢cm’/g. The
doping and uniform distribution of N/P dopants were successfully achieved. The mass fractions of N and P reached
0.54% and 0.13%, respectively. The hydrophilicity was greatly improved. In the three-electrode system, it exhibited a
high specific capacitance of 150 F/g at a current density of 1.0 A/g. It also remained a quite high cycle life.

Key words: carbon aerogels; diammonium hydrogen phosphate; N/P co-doping; electrochemical performance;

supercapacitors
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