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Abstract

In the process of industrial development in China, chromium has played a pivotal role, but due to
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its toxicity and being difficult to degrade, a large amount of chromium wastewater is produced,
which seriously threatened human life health and property safety. In this paper, using activated
carbon (AC) as raw material and thiourea as a dopant, sulfur nitrogen co-doped activated carbon
(N,S-AC) was obtained by pyrolysis method. Through X-ray diffraction, infrared spectroscopy and
scanning electron microscopy, it was found that the activated carbon was a particle structure em-
bedded with reducing functional groups such as -NH. By comparing the amount of adsorbent, solu-
tion pH and initial concentration, it was found that the maximum adsorption capacity was 92.40
mg/g, which was close to the theoretical value. It also accords with Freundich isothermal adsorp-
tion process. The adsorption mechanism is assumed to be a chemical process of rapid reduction of
Cr(VI) to Cr(IlII) and complexation.
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1. 518

BTG QIR R EORIET T R BROK, BRI, EblE, B SRR T S A R b
AP ESEER, BRSO R LR E, AR ett R EAPare g, KE
WAEISE, BTG RSO BRI ™ A R[] B ARK BT (% R s YR AV 2 R e WL
TN M= s, NPT HRMEITTR T EH =M, DR =8 AR R A 2o
[2]. SRIMTSEPRE DL KA R 2 T AL N B ™ EEAR, AR AR, WANE XN R 507
TEERIBIR . ZE AT A R AR A SENE R B IR, fAF A N REEA SRR HKH
PRAEFE 251 D20 B AN, PRI AR A i EERH ) H AT R R VR A B S AR IR K o AR TR B IR K HE L IR 5
AW RITEIR3], oM [ATMIRRA[S]SE, LA Mk p B e s 25r, HAEvERer &2
WETEE o . BRI R A 6] . LR SFPRHT]. S SIR 815 H A BN 2 BT L. i
PEsIAR, MEFRE[], HARMIEREH 5 T 5B RS EM[10], By T BATHIBETE 5.

FATTH B 3 o A 1)y SRR BE G s Ve R I R AR, 3 22 22 B, RN ] RASB 2% B8 2 (ks Je PR B e
40-NH, -SH &%, 5E [MIIEIE KT Cr(VI), A5 HIEFEONEE AR Cr(i), 2R R K £ Bk
(7] e Je e S5 6 AT g AR PR R B P R o 1) S LA o

2. SELERS
2.1, FESLWRFIFLIF

TEIER (AC) FR(CH4N,S) BB (HsPO,) 2hER(HCI) A AR (KOH) — ZEBRIE — JHF(C13H1N4O)-
PI(CHsCOCH3). FEASRHH (K,Cr07) A AL HI(NaOH). FRR(H,S0,), LA ERFBI AN/ irat, {54l
H R EAT Ak

BT RA-(GL2241SCN). & 3 (OTF-1200X) « HL FAE I 80X T #5248 (DHG-910) « 1H i #% /K (THZ-103B)
pH TH(pHS-4F). 48 O EETH(7230 G). Ik S A4 L8R (JEC-3000FC) . X-5F 247 411% (D8 ADVANCE
A25). ZLAMEIEAL(IR Prestige-2).
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+0.01 g MEFALHR 5.00 + 0.01 g VR-EHHEE 1 h, 5018 20p o 500 C RS A~ /N PAE AR J1 B TS
IINE] 10%01 HCI 1, [RiZ, /KiE R HRCE T raERS TR, THE, AR, &H, id
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Figure 1. Preparation flow diagram of N, S-AC
1.N, S-AC Bl &RIZE
2.3. Cr(VIiRERhZ R4 1

FREUTH 5 ) KoCr,07 0.2829 + 0.0001 g ¥ T 1 L A B EC B B 100 mg/L AIbRHERE 2, BEiT
BEEEFFES) 1. 0.8 0.6. 0.4. 0.2, 0.1. 0.05. 0.01 mg/L, X GBT 7467-87 J:AEML IS KA 540 nm At
MEIEE, AT S B2 brE 2k, J7FE A y = 0.899x — 0.0078, R®=0.99907. 41 2 Fizs.

y=0.899x-0.0078

R?=0.99907
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Figure 2. Standard curve of Cr(VI)
& 2. Cr(VI)BItR Lk

2.4. WRBSCEE

1) ASIFIAIT R P Hof W o 1 B ) 2 M
43 ) F B AR AR P oA 10~50 mg/L 30 mL {ER EHE M+, N 10 mg W77, AE T 25°CHIfEIR
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RRIRH, W 10 /N o ZEAUSHCH TN, WCRIERG DR R IR SR M S IR . i NR 2,
FTA S8 T 3 APAT 0T LSS

EETHEWM TG LA 2) [11]:
EBETEAR

—¢, )V
- {%=%) @
m
WA RS A R
F W (%) = Cf’c;cexloO% @

Hr: go SRR PAT 2, molg;

Co Ce M AWML IHHT S Cr(VIIKIEZ, mg/L;

V REAARL, mL;

m AR, g

2) ANTRI B 751 RT3 Mo ) R B2 e P 2 il

F2EL 20 mo/L R BRI H, 2230 10 mg. 20 mg. 30 mg (AW B 75 B FHE R 24, ok
HETERCE TR PR IR 24 25°C, 10 /M.

3) IR pH XTI B R s R

TR FE Y 10 mo/L BRI T-HETE A, 43 AN 10 mg W57, 9755 pH %254 2.0. 4.0, 6.0, 8.0.
HHE RS E T E R PR T 25°C, 10 /N,

4) VR PR LR LR T R

Langmuir A1 Freundich 535 M BB AL (X 3 A1l 4) 4352 AT DA SR IR Bl FE AR & [12], At
AHXN:

Langmuir %55 I Fff

c 1 c
=t (3)
qe quL qm
Freundich 255 W b
Ing, =InK, +£Ce (4)
n

X,

Om: BRI PR (mg/g)

Kr: Freundich % %t(mg/g)

5) MR BB o s

Ph— 5 Sy 2R 5 R (Pseudo-first order equation) (X 5) 148l — 2% 5) /) 24 4% 74 J5 F (Pseudo-second
order equation) (=X, 6) [13]£k iAo 5K :

A — 2B ) AR T

In(q, —q)=Ing, - Kt )
W= R H) H AT R

—= (6)
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t: A e SRS TE] (min),

Kai: F— 2% B 30 77 2% B 2 4 (/min),

Ko: 480 205l 124 W B 28 % (g/(mg-min) ) o
3. &R5i1T1ie
3.1, MRERE
3.1.1. X BHRATE 4R

R X524 56 o] AR 7240 5 1) AR 4 i) Ko W 5 4 i, ML 3 /T DL Y, VPR AE 27.7° BT B T
PRAATETIE, AR (002) T [11], BEANEBTEAE 3 AN AIATEIIE, X RUONTE R rh A7 AE oAt F Ak
i, H2, N, S-AC [ X-$FRAT9HNAE 19.8°F1 27.7° b IRATST, UiEH S, N L EERMKRESE
B RS, IS SR SMERHHESEMEIZ d.
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Figure 3. X-ray diffraction patterns of AC and N, S-AC
3.ACHIN, S-AC K X St fiT5E

3.1.2. HEMHITIRLIMAIZN(FT-IR)

FTERL, LU T B R A 2 . B 4 AT JEU0e s o o 1) R e AL AR el vt I
MG R B RE ], SOMERT IS RE B R B Rt . BRAUEE . PRGBS, ot S MR FITE 3400 cm Tt AL
WA 55, O ER BRI 2, 1505 em Tt AbXE R ST R R R B G, [ 1650 em Tt & N-H S B RS,
1243 cm * fHT R BA R | C-O-C M4 3RS), 1266 cm t /& C-O 4Rz, 650 cm ™ b B i i ki &
BERR LR IENE . BT, Sl BE, WHERAGEEENSATRE, R AHIEES Cr(vI)
&R, AN B EE I M B Re i — PRt Cr(VI) ik 5 .

3.1.3. A H(SEM)

MBHR B SRR RER M 2R B, fi/&] 5 ATLLA ) AC U4 5 N, S-AC #B2 HRH
ARG RL, HiE N, S-AC RTKLIAI R ™, KIOE sl R el P R EH S8, ANEA T
RE M MRS AN 5 B o bt m] DA B e I A BT R0 e M2 AR B B
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Figure 4. Fourier transform infrared spectra of AC and N, S-AC
4.AC FIN, S-AC BYfEEM TR I FIEE

Figure 5. (a) and (c) are SEM images of AC at 1 um and 100 nm and (b) and (d) are SEM images of N,
S-AC at 1 um and 100 nm

5. (a)FA(c)a AC 7£ 1 um F0 100 nm B9 F ERMFEEF(b)FA(d)A N, S-AC 7£ 1 um #1100 nm
KB FERIEE

3.2. WRMiaE

3.2.1. WRBfI5RI A EXTIR 1 EAO M
FRATIZR P 42 81) 22 3R 52 B EE PRI PR FRU S P B, TR T A DR (8 A8 e EE O B T AR, TR T AR
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Figure 6. Variation of Cr(VI) removal rate with adsorption dose

6. Cr(VI) 9L R 2 FEIR B F 2R 1L

3.2.2. pH xR Bi 14 REAY RN

FE pH A Cr(VIAAE R A B ERsgm, (€ pH B, FEZLL H,CrO,. HCrO, f£1E,
B pH M IE#E:0 Croy . Cr,0F 5, JEEWIEIEMMEE 2 K. tIE 7 AR H 2 pH A
2.0 i, EBREFREK, KA HCrO, RERZE S d 5N Cr(I), 335 4R A 2 A& 7 -OH 255 A 121
SEJLI CrOH* . Cr(OH), ZiMip bk . BLAMEMR pH T, PRI IER, 5 aEIK Cr(VI)
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Figure 7. Effect of solution’s pH on Cr(VI) removal rate
7. & pH XF Cr(V) B KRR E ST

EERE(%)

3.2.3. T EI#0HEMR R w0 1 G A0S MR A0 IR M58 2%
I AN [FE IR EE Cr(VI I SEE (4] 8), TTLAH H N, S-AC (1) f KW 25 & ik 3| 92.40 mglg, X Hbik
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Figure 8. (a) Effects of different initial concentrations on adsorption performance, (b) comparison of adsorption performance

between AC and N, S-AC
& 8. (a) FEI¥NEERE XTI HMIMERERISZMM, (b) AC F1N, S-AC BIIRFMIEEEXTEL

TE— 35 8 5 T B AT B O R, Langmuir 7 2 SRR FLARDIRES T I S 0 1 S I,
Freundich J7 F2 F R iR JEFARIRAS FIR PR A 5020, fnlsl 9 RISk 1w LUK IR Freundich J7 F2 1% R® B 45T
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Figure 9. (a) and (b) are linear fitting plots of Langmuir and Freundich isothermal adsorption
& 9. (2)F(b)5 3 Langmuir #1 Freundich R IRkt IL& B

Table 1. Different isothermal adsorption models and their parameters
%= 1. TEIFRWMIERRESH

LangmuirZ J5 i bt 77 72 FreundichZ5 iR W i 5 72
W i 751)
G (Mg/Q) Ky (L/g) R? Ke (L/g) Ne R?
y = 0.0102x + 0.0512 y = 0.3816x + 3.2514
N,S-AC
97.94 0.1994 0.9226 1.05 0.3076 0.9405
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MR, JEIER ]I Cr(VS], BRI S APRER T -OH, -NH. -SH 534 5 B /8 1R 4 S At
JE, FEARR) Cr() XA EHE IR G E LRI . Bl I (R RS, VAT s bl K& o 408 AT W B3k e
G 10— 77 AN 3N J7 2 50 r] DL R e Sk R A . ] 10 AR 2 T RAE Y, UL 44
J1EAT UARGF (R W B R, R IR B 32 S, I LB VR PR 75 52(92.40 mg/g)-5 5156 WK B 75 &
AHI(94.88 mglg), L _LIRLEIRAHTT.

= B NSAC 20{ ® NSAC
31 H Pseudo-first-order kinetics model Pseudo-second-order kinetics model
21 =1.5-
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Figure 10. (a) and (b) are linear fitting plots of pseudo-first-order kinetics and pseudo-second-order kinetics

10. ()F(b) 73 B AIU—REN N FEFUZ RN N F LM UEE

Table 2. Correlation coefficients of pseudo-first-order kinetics and pseudo-second-order kinetics

2. P—REHNFMIUZ RN FELRE

‘ o2 g2 et IpIE S
% B 5 . , ) 2
K (min™) e (Mo/g) R K> (9/(mg-min)) ge (Mo/g) R
y =-0.0256x + 2.8949 y = 0.0105x + 0.0469
N,S-AC
0.0256 18.08 0.85442 0.0024 94.88 0.9995
4, g5ig

KRILRGHIT T ISR IS A B e T, AR JE i PR K Cr(VIN MR B PERE, JE it
B AS R PR IR B S R R B RS B . pH BSWTARIRIR FE XTI B e i s . 25238 % W], N, S-AC
EL AC (9 B B A AR R T, 0 ELIR B FE 45 & Freundich 2R W Bt o HEMIMR B R, @t el /o
¥ Cr(VIR S|, BEMPOE 5ABHEHE -OH -NH. -SH 28538 J5 B RE B K AL BB R, P24 Cr(in) Sk
MEHE IR A TE RIS IE R

E&WmE

B Pk 2 A I 2R T H (S202210764020) , AL T Y K 22 R 2 RFHTE I H (2022YSYB021 .
2021YSHXYBO03), AN KR A B & 1 K(CXZK2021002).
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