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Efficient adsorption removal of p-nitrophenol by aromatic amine
waste derived porous car bon

ZHANG Xinlei, XU Guangwen, XIA Konghao, DING Junwei’
( College of Chemical Engineering, Qingdao University of Science & Technology, Qingdao 266000, Shandong, China )

Abstract: N, O in-situ co-doped hierarchical porous carbons (RPCs) were prepared from one-pot reaction
of industrial aromatic amine waste residue (R waste residue) and magnesium acetate tetrahydrate, and
characterized via SEM, N, adsorption-desorption and XPS for analyses on morphology, pore structure and
doped N and O species. The adsorption capacity of RPCs to p-nitrophenol (PNP) was then evaluated, and
the adsorption behavior of PNP molecules on the surface of the adsorbent was theoretically analyzed. The
results showed that the specific surface area and pore volume of RPC-1.00 prepared by m (MgO) : m(R
waste residue)=1.00 : 1 were 1427 m%g and 1.4713 cm’/g, respectively. Under the synergistic action of
large specific surface area, rich pore structure and N, O doped species, the static adsorption capacity of
RPC-1.00 for PNP reached 562.66 mg/g, and the dynamic adsorption capacity of fixed bed reached
345.01 mg/g. The incorporation of N and O atoms increased the dispersion force and electrostatic attraction
of the adsorption system, which could effectively improve the adsorption energy. The pyridine—N, with 4 N
atoms at the defect and carboxyl structure could also produce strong hydrogen bonding forces, which
improved the adsorption capacity.

Key words. aromatic amine waste residue; in situ co-doping; porous carbon; functional groups;
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HELEHEARG S BERARESENE, SZHt,
W B BT RE B T 200 B AR T AR A,
LR AT KRB WG Y0 2B o W BRI 0 A% 0 S
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FIH] A ShF AL RS E 200 °C FALBE 120 min, JHHL
125 e 2R AR A3 AT ASCAE BB A IR A5 14 0 52 s 4 1)
N, W BF-Ho B A5 T 2R . #F A FE R E AXL - Brunauer-
Emmet-Teller ( BET ) #8815 i ( 0.05<p/po<
0.30), FLARS AR % Bz R FEie ( DFT) FEAIHE
175081, XPS RALMH AR Al K, T2, S+
Aete R 1486.6 eV, 153 A EHE FIH] XPSPEAK41 4K
PTG, AT ERERIRI
1.4 PNP i gE K

YHERMFREL 0.5 ¢ PNP THEFR 1, Jin A & 55 1
AKIMPGERR, AHEHEE 1 L E&ERY, JEHE
BT KT 2 2 B BC £ PNP 35 W B Wl 0.5
/L, TR A S 56 T 5 B ) A T 4 P IV Y M R A 7
i A 30 A VT VR R R R AR -] L Ao
PEATIE , Hoh PNP S KM Kok 317 nml7,
1.4.1 B AE A ml X

T RIS R 25 48 X PNP I B0 11 52
Wi, X A5 1 4 FRRAARREHEA T T 50 2 W o S 56 LA
T HE W 4 BB SR A W B ) . #E SO mL T E VR N
0.2 g/L i PNP IEHB PN 0.02 g W], 72K IR
PR 298 K FaEAT 12 h W, P B 25 4% (1)
AT

_(po=p)V
¢ m (1)

e ge R Ik 2P B P I BT 250, mg/gs po
USRI TR YR T, mg/L; pe W B3k 3745
W B 5 1) Bt VR B, mg/Ls VORESIRARFL, Ly m o
W BRI, g
142 BWERL

PR 5T W RS AT e T e R B s, L 50
mg/L R TR BERRRE, 3 I EC B R EEh 50~500
mg/L [ PNP W, 75 100 mL E ZE4E X b4 9 s
H110.02 g MR L K2 50 mL A [ J5i 2k 55 1Y PNP %
W, TEKIBHER 298 K. 150 r/min 55F F¥§% 12 he

K Langmuir #5#Hl Freundlich #5581 , SCELXT
W BEBILEE 4 4347 o Langmuir #5750 (5 35 05 5 5o A5 Sy 2
JEW R, W R e RS R A I R R SR 5 R BREE
A7 S AEM R R AT B 50, WCRRVE R I AE TR 7EmL
B AR, RS2 M JCA B R WA S
ey, WS R R R A, HAC T ASEf .
Freundlich JF-3&A (1 A, AR PR IR B S2 56 b 745
N — I, AT PR I R B350 43 W B o
FEm AR AW B A B AR B Z I R A T U, Langmuir
BEHUFN Freundlich #1535 0K (2) A1 (3):
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, =—m_Lre (2)
1 + KLpe

q. = Kepl" (3)

s ge J RS B F I i W B 25, mg/gs pe
SRy W o 32k 1) Sy B W B ST 9 BT VR BE , mg/Ls Ko R
Langmuir % %0, L/mg; g AUG BRI A,
mg/g; Kp A Freundlich WZFft# %%, (mg/g)(L/mg)";
n A Freundlich # %%, HAH—MAE 0~1 Z 0], ATLLH
R AR VR A R0 %) WO B P R L (RN, SRR
B PEREBRIE 50 1/m<0.5 B, WEM S FRECAS S i
Vn>2 B, Wi AR & A P
143 RWHH3F

SRR 5 W B ST )% 2 B S8R A 2 MR, ) 50 mL
JREWEE N 0.2 g/L (1) PNP B R ANA 0.02 g W}
), TEKIHE IR 298 KT JEAT IR R S258: . 78 1~60 min
PR i HB s ][] B R 7 7 R OO 5 o3 BT o 3 o X
WA 7500 70 AN ] s 220 R o 2 e 114) S 36 B30k A 7 o — B
HEZ B s Sy BB G, SRATTE R 72 . HE— B
Bl 7 AT A U B 2ok AR e SR IR R, A R
FHAAR AR W R B TF GG B B, BB W B 2ok 72 52 1
AR o B Bl A R B A
2 B2 W e e, K A R B K A B 4y
TR Z B 8 AL s T RO . B,
Bl SR W (4) F(5):

g, =q.(1-e") (4)
K.qg’t
s (s)
1+ K.q.t

e g IRBIAE ¢ 20 A, me/g; ¢ R
W RS TE], min; g AALASE, ifE— B ANE B
Bl 2 EAR R )P B A, mg/gs Ko N IE—B gl
FeEASRIY R R, min's K OUE sl fioF
FEAY ) HOR H AL, g/(mg-min),

1.44 pH VAR BT 3% EXTR M2 R 6%

PRGN pH RIS 5 B X I SR Y 52
Wi, 8] 50 mL BEIRE R 0.2 ¢/L /) PNP &R
A 0.02 g W, 7EKVEHEIR 298 K 25 1F T I 12
ho A 0.1 mol/L (R NaOH #7971 pH A
2~11, #%fHT NaCl, MgSO,. KNO; 3 FhJcHLEh sk
PRIT B 5 T W SRR g iy, 4 il T AL R o
HWePE R 20~100 mg/L.

1.4.5 B & RAM E#

TE 22 FL A W% B 70 A B K H TS e 9 A Tl 10
L R S AW R F 3 R . FE SRR
RS g6 rh, SR R Sty A O AR AN 5 B0 A A A T
PR B4, AEAREE N 50 mm, 42N 4.6 mm, Fl]
FRTEAVE A SR S 4, W A ek A 7T, okt
B th LR

FI RSB R AR 0.1 g WRRRF 525 A kA
H DL 5 mL/min A9 0 BT iR B 0.1 g/L 1) PNP
VS VR A T BhAS R B S 56 o R FH A BfF 25 3 1ih e X Bl 2
W A 52 56 5 AT 00 AT o 52 S p/po=0.05 B IR] 25
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RAZE (1), pdpo=0.95 HIMFE] S M FER S (1),
-y W 2 A A (6):
0py [ Py
q. —7j0 (1—70}1 (6)
KH: po i PNP AU BTt WL, mg/L; p, o0 ¢ B
Z0 R R B, mg/L; Q AHTEWRIE, L/min; m
R B, g FT £ SR 2T FRER P45 05, min,
1.4.6 RWHEZEAFEK
J T WEFEW R RPC-1.00 (98 &2 i F R, 3%
W B AR Tt B B LA . TEK IR EEIR 298 K FIH
500 mL Jo/K FEESEATAREME 6 h, i€ THEHAT T
— R SEHG , MERREE 50 mL W) A R 0.2 g/L
B PNP ¥, AIA 0.02 g RPC-1.00 ¥3 K, 7£ 298 K
S N ZR 12 he
1.47 EbitH
K ORCA4.2.0 1 fL 1527 X%F PNP 40+ 7E 6k
o W o 390 2 1T A W B AT A AT B TR, MR
A S0 P RAR SR ZFLRR AR I b BT R R, AR
ZER AL A BE R 7E B3LYP 241kiZ oK . def2-SVP
L KR k4T, IR DFT-D3 $EAT @R IE
AN, SR Multiwtn 3.7 3% BREC B 85T PNP 43
-5 i ot P R 791 3% T () 1% 55 A ELAE FH R A T AT .
BthEH L (7) gRrbAl.
Eabs = EPC&PNP _EPC _EPNP (7)
K e Ews B PNP 276 WG 57 2 1 1% 2 B e
kJ/mol; Epcgpne N ILMILAL S ) PNP-IA % 22 0] 9 4
fitt, kJ/mol; Epc Al Epnp 7351 AW B 57 AT PNP 43
FHRER, kJ/mol,

2 HR5®

2.1 SEM &#F
¥ SEM % RPC-0.50, RPC-0.75. RPC-1.00.
RPC-1.25 #E47 TR, 25000 1,

K1 RPC-0.50(a).RPC-0.75( b ).RPC-1.00( ¢ ).RPC-1.25

(d) #y SEM [&l
SEM images of RPC-0.50 (a), RPC-0.75 (b), RPC-
1.00 (c), RPC-1.25 (d)

Fig. 1
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Fig. 2 N, adsorption-desorption isotherms (a) and pore
size distribution (b) of RPCs

# 1 RPCs Wy HLR A MALE

Table 1  Specific surface area and pore volume of RPCs
g TR LA/ (em’/g)
2]

(m’/g) WL FL BILE
RPC-0.50 729 0.1444 0.7591 0.9035
RPC-0.75 1175 0.4148 0.7091 1.1239
RPC-1.00 1427 0.1464 1.3249 1.4713
RPC-1.25 1333 0.1343 1.4190 1.5533

INE 2a AT LLE H, A FE S Y N, W R 16 R 45
TR XS F1<0.1 B, N W B 2R3, 28
T B IR A, s T B AL R A
JEF13EE] 0.3~1.0 JE IR, Ny W R e 2 16
1M EHLAE 4 AFE S P B A s R s/ N 5 26, 16
RPCs A7 —Em L, B H] T B4E R EERIE
Mo BE 20 0TLEI, FPAREMFLAETE 1~2 nm
PIJ 3~6 nm JuBI N 5 H AR L,
RPC-0.75 Jf- &4 B @ g e 4%, X EZE LR
ST SE), RPC-0.75 AL L&A, *
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BAEPLE 0.5~1.0 nm JEL BN, BARTE 4 nm AAF7E—
AN, AR B R AR T I A 3 AN

% 1 AT L, Bl SR BE S Bm, BEA
Ho R BB NS AL, BALAER LTHER.
RPC-0.75 [ EL R MR L L RPC-0.50 435134
T 61%% 187%, 1% & HH T7F H AL B i A A9 17 1
A EALBEGORRL TR, FERRVE SE S BES
TEE 2 LA . Y A e Ak L g e
FEG L& BN, AL A R, B
W T ARSI S B ILYOR R T A S R
£, B RUBUR KRR, SELAERE . M
RPC-1.25 Wyt MR R Mg/, BHFEEMEES R
TR Y TR U AEA B 1.25 F AR S 2R P T ARG
Hr, RPC-1.00 BA7 1427 m%/g i K R TR R L
FEFRFLBELEH, LR T 1.4713 cm’/g.
2.3 XPS4#r

FIF XPS %I RPC-1.00 #EA7 T JC £ 4 i A0 3
BREH M, MR I B AT DL U R 1 EE IR 43
B, SERILE 3,

a Cls
Ols
N ls
-
200 400 600 800
Zia eV

280 288 296
it fib/ev

390 395 400 405 410
GiakeV

525 530 535 540 545
Ei Y
a— R FHDEHE; b—C Is W APEFILHE; c—N Ls mAHFOLE;
d—O0 s @ PEAOLIE
3 RPC-1.00 ) XPS j¥[&l
Fig. 3 XPS spectra of RPC-1.00

& 3a 7 LA P, RPC-1.00 (9 XPS 44346
T4y BITE 532.5.398.7 1 284.8 eV Ab i /i H R s
ABIRTEF O 1s. N 1s Fi1 C 1513, 53 3 FhocZa04H
YRR 17.75% . 6.72%F1 75.53%, FHAAH R
B4 T N. O L& . fEm B E (& 3b~d)
e, AR T AR SN [ 2R A C TN A
% C 1s EESN 4 DT, HESRES 0N
289.7. 286.6. 285.3. 284.6 eV, 2 HIXf N T C=0,
C—0. C—N fit c=CP!, Hr C—N FI C=C X}
SRR, BN 32.33%. 32.76%. N 1s 7E45 A fE
9 398.4.400.6.401.8 Fll 404.0 eV ZLTEAE 4 4Tl
A3 SRR I IE—N | IS —N A7 BR—N FEfb— N,
i ELIEIS—N DL R A BN A S k£, O 1s il LU
4k 4 AN, ARk O—H (534.6 V), C—O0—C
(5329¢eV), C=0(531.6¢eV ), COOH (5304 eV )1,
Hrp C=0 ByAHXT ik F] 54.20%.

24 WEHMEENE

2 1.4.1 WL R, M2 T RPCs FE 5 X% PNP
F IR RFF 7, 25 SR ULIE 4. BIEl 4 AT, RPC-0.50,
RPC-0.75. RPC-1.00, RPC-12.5 X} PNP AW fff 75 4
4351 185.06, 230.66., 293.74, 285.38 mg/g.

300 f
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260 |
240}

& 220

E 200}

2180+
160}
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RPC-0.50 RPC-0.75

Pl 4 RPCs il 4 PNP (I i 25 5t
Fig. 4 Adsorption capacities of PNP on RPCs samples
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ZEEE 1 TR, MR A R He R T



5510 SRR

A 05 MR AT Az 20 AL el 280 A 25 R i i

© 2299 -

FUFEAE—E XTI R, BRAY LR R RE A2 S
R BRI T 22 B3 PR 8 o BT RPC-1.00 HAT AL 5+
HI I BPERE, R L T AR IR | B A R 4k
SEUS, RAE R PNP TE R L2 1 Y W B AILEE
25 WRMERLZ

FE IR 1.4.2 5280 54, A T RPC-1.00 % PNP
PR IR BTl S S, X LEAT THLE . AL 5
Mk 2,

500 | — Langmuirfi®y
,,,,,, Freundlichf& %Y

100 |

0 100 200 300
po/(mg/L)
5 RPC-1.00 xI PNP A% BF-P- #4540 5
Fig. 5 Fitting of the adsorption equilibrium isotherms of
PNP by RPC-1.00

2 RPC-1.00 % PNP {18 b1 i 24 i 2k ) 105 2 40
Table 2 Fitting parameters of equilibrium adsorption isotherms
of PNP by RPC-1.00

Langmuir 5 %Y Freundlich #& %Y
qm/ KL/ 2 KF/ ) 2
(mg/g) (L/mg) [(mg/g)(L/mg)""]
562.66 0.02 099 2.49 49.31 0.94

MFE 2 MTLLEH, Langmuir #5515 HC R
( R*=0.99 ) KT Freundlich B%! ( R?*=0.94), WX,
% B BB A & Langmuir #5250 | 0% B 20 00 {5 o] F 202
W RfE . [RIES, Langmuir #7050 -& B e KW B 25 5>
562.66 mg/g. Freundlich #iRII& AT, R? A
A 094, HHBEAG—-ENSHEENL, WNE2TL
Fih, 1Un<0.5, VLIRSS 1T, Xn]
REZ T AR & A W 2R T B Re A = A ik
SEEETTRYVE I
2.6 WRHizhH=

Sk TV B Ml 43 B BRI 1 B g 2 DA R R AL
B, %143 S, SRHME—BY . s
TR RS W A A, 45 R I 6, FRIGAIAH
Ve G

A 3 AT, ME B sl SRR R KT ifE—
Wrah Jy2f R 5B PNP 78 RPC-1.00 2% [fi 1Y 1% fhf
I RRERFAWE B s J1F AR, PNP A I B[]
it 27 ) B AL R R A R R 6 T LAE
FEHT 10 min W] PN, W BRSO A, e R IR o
ik F| T 268.53 mg/g. TE% TR FE P W e %

e, EEIE i T B B W R A7 AR R T
%, [RIAT IR BT PNP vk BE (AR &, T ELER b
R 3 -l e B, RPC-1.00 A2 — g fhH 2k AR v
F1R A B 5

300

250
)
)
£ 200
=
o

150 .

0 20 40 60
P} 8] /min

6 RPC-1.00 Xf PNP (4% B} 3y g 2 i #0042k
Fig. 6 Adsorption kinetic fitting curves of PNP by RPC-1.00

%3 RPC-1.00 Xf PNP [ W fft 8l 2440l & 28K
Table 3  Fitting parameters of adsorption kinetics of PNP

by RPC-1.00
E— W 3l Sy 24 A A W Z 3l g AR A
K‘f/l qe/ ) K/ . q./ R
min~ (mg/g) [g/(mg-min)]  (mg/g)
0.50 27627  0.89 2.8x107 297.55  0.98

27 pH BT EERNZIE
2 1.4.4 LW, BETHEM pH ME T
5 FEXT PNP W2 5 pg 52, 255 0L 7,

302 g—9—@—9—90—9
250 \
= 200
g * ]
E 150 t
<
™
100
50 + *)
~
0\0
0 L
2 4 6 8 10
pH
350t b 71 NaCl EH KNO, O MgSO,
EBFK
300 -
] PRI Kl vguinl
o 250+ &
? 200 | H
= i
S 150 b ]
100 - &
50 | H
0 L 1l
20 40 80 100
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