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5 FE LLZEAT (sinocalamus affinis, SA) & JR R, BB X H b 17161k, J5 & i A5 )36 1k 4= W) Sk (activated
sinocalamus affinis biochar, ASAB), M KER A Cr(VD), MW AIHILE pH M 3 B, Cr(VI) RURIIE B ik N
20 mg-L™", WM IE A 1g- L B, Cr(VI) 25K 515 99.8%, FIARVER A Cr(VI) BY 52 9k B2 AR T IR K HERObs e
(0.5 mg L") (RFFHASMAEAT, BAE Cr(VD) FILAHEE, TR A B R A T3k 236.2 mg-g's LA &5 RIULEA
ASAB XK Cr(VI) BAT RAFIITRIACR . RA SEM., BET. FTIR. XPS SRIEFEXEET. JFHETEY R
Bk 2 5 F R BEZH R 34T T 3R 1E . ASAB A9 Hb 38 1 B JE 844.45 m?*-g ', #J°h SAB(sinocalamus affinis biochar) f
2.6 1%, BE R AAT IR 2 AL S . ARBFSEH, ASAB HIBRES IWHLHIE5GH AR AL IR EVER . &
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i, ZRRUEEREE EERBRELARIY LAY By, MG FLAS A LR TIAR, Ah, BERRTRfLiR
Wis B E: 2023-04-24; FEAHHA: 2023-08-08
EEWH: Witd A AP EEFFEITH (B2020208064)

FE—1EE . YL (1985—), B, Wi+, 532507751@qq.com; CRBIFIEE : A dHi (1987—), W, Ht, RIEEZ, njrhepjs@163.com


mailto:532507751@qq.com
mailto:njrhepjs@163.com

2950 ok L B ¥ W EEAVE S

JE—BAE 550 °C LIR, REREAR, SCORRAifaRirris KOH Bk,

RPTAERR VYR Tz A, AR, P RER. MR TR R TV A Ok Al S35
BRI FR o BRI A S AR RRA T AR T, AR, AR, HASSIAASAEC
R, TSRS RE IR, WOAIE T KPR 24y, AT LARES XK A i s g, [, ABIFFE e AT
VERAIRERL, SIS R A M pe, B8 T HMBOK PR Cr(VD) RUMRHERE AR MLEL., 5B
ZPACER SRR, AP RIRRRIICEMRERICR . S50 et Rethb e fAErESs
JrEIE, HIRABERA AR AN TR

1 MRIFFGE

1.1 SEIEasd

FHRIRE (K,Cr,0,) W F BT Tik7] (L) A RAF]; B (H,PO,, 85%). L (HCl, 36%~38%).
A (NaOH) . LB (C,H,O). iR (HNO,) ZHR55 A F 25k TiRAAG R E . Fra R A /it
G, Tt —Lali LRI AT Bl
1.2 SWHE

1) WERRFRIHIE o Ks 28T Bl mpy e LABR 25364351, T 110 °C FHLEREE . BT 528
WFENUEZ 50 BT, F HPO, /ETEALH, L GEIEFUARL: W) h 2 mL-g ', HiP51EE
fb 24 ho BESGTE N, WE T, BEELE AR 550 °C #4# 1.5 he $ESERUS T mol- L™ (1) HC1 whELARR 22
WA, Z R A ATKE R, TR A TR, Sl TR RIS (2R E Y
AR R, AR 2R A R MBS A5 RIS R 2R T A= oy il 444 SAB 1 ASAB.

2) W R1E . SAB Fl ASAB 19t T FE ] ASAP 2020 43 HTY (Micromeritics, USA) #4743
M, Jf 1 F Brunauer—Emmet-TellenBET) 5% %I Xf A 5 2 5k 471155 R A X B £k fit 4142 (XRD, D8
Advance,Bruker,Germany) X f R S5/ HEA TIN5 3 AR HL % (SEM,LZEISS SIGMA, Germany) FIRETE 43
B (EDX) X W B 5510 i SR TR Bt AT 008, FF o on RAL; A B A8 421 #8635 (FTIR, Thermo
iS10,USA) XF'EREHIH#EA /00T, FIH X FHEOGHFHEIE (XPS, Thermo Scientific K-Alpha)iill e W B 7112 1 1)
JEEMA, Cls T 284.6 eV ALFIIEAE BT FVEZS FIRAS IE GRS

3) WZRfF Cr(VI) 525, St e B SC s m 28T A= ekt Cr(VI) IIFHERE . ekt 2.829 g FEEKRET
(K,Cr,0,) T 1 000 mL F#BAEKH, Feil p5 iR A 1000 mg- L™ B9 Cr(VI) AR, R bR
AV, B A B SZE0 I SR R N 1 g LY IRBWIAE 25 °C [HIRFEK (ZHWY
334, Zhicheng, 1 [E) LA 150 r-min' #&3% 24 ho IE5H)E, F 0.45 pm 19 PTFE £ 2 uE 40K F  or
B, AN AT WS R I E AR PG Cr(VI) JRERE . A RS RdR ARt 3 IR S, ek
LGSR AT

BT pH(1~8), JZAFE] (5. 10, 20, 40, 80, 160, 320, 640 Al 1 280 min)., &K Cr(VI) fi)J5
HHE (50, 100, 200, 300, 400, 500 F1 600 mg-L™"y, JWIREE (25, 35 1 45 C) FILFEAE T (CI .
NO,". SO, Hl H,PO, ) X} Cr(VI) MBI sEmT . FEMB- R g H, HEH 1 mol- L' NaOH fE J it
I, FEREE A 1 gL, WA 8 he Cr(VI) BIEBRRAMLE 4 BIARYE (1) M ) ST FWRR A
TREARA] (Langmuir(zX, (3)) A1 Freundlich #55Y (2X, (4)) K404 ASAB W} Cr(VI) At FE . FHAHHE—H 3
J1E R (X (5)) M= Zsh 12 e (X (6)) XTI R T T 3l 1ot

Co-C.
=20 x 100 (1)
0
(Co—C)V
ge= ——"— )
m
C._ C. 1

= +
qe Gmax Gmax kL

3)

1
Ing. = InK + —InC, 4)
n
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In(g. - q,) = Ing. — k;t ©)
t 1 t
r_ + L 6
9 kg qe ©

K pERER, %; C, R Cr(VD) MRIEFEIRE, mg L C, W FEFEKE, mgL'; V ERAEK
B, Ly om MW, g5 g MWHE, mgg's ¢u. HRKWHE, mgg'; K, A Langmuirf A1)
(L Rae 8 %ﬁﬁﬁﬁ‘fﬁ%?o q, NIV ¢ RN R, meg sk, E—B R R R AL, min'; kN
T IR R AL, g (mg-min) ' ¢ SOV ESE], min,
2 FER5NHe
2.1 IRHMITIROZRAE

W 1(a)~(b) TR, SAB Fil ASAB RSB LI I BE THERER, 20 2 RIS AEN- LA
Mo G5a3R 1 ATLIEH, SAB Hh REDIMALE M N 32, M LBIRTE 05 1 ASAB WILIAFLEEH R 320
ASAB LR AFE SAB YR T 514.02 m* g™ XA RRER AR RE T, 850 S R ICHL A %
WEIRER , MR, BER TaRimrREESE 5 A A= Pt i HC Pess T LARR Zeadd i i
FRER, XFETT LIS B R TR B FLESH , RCHG I ) 22 i i i A 2, A BT Cr(VI) 7 ASAB 119
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Fig. 1 Nitrogen adsorption and desorption curves and pore size distribution of SAB and ASAB
SEM KAEAER (K] 2(a)~(b)) W], ASAB HYNEREEMGIAL, fLIFHF5E. X SBREAC, AP
KT NIE R ARG R KA, SECEYI R ARG Ioh, Telibed et , BiRpzske
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#F 1 SAB 1 ASAB HFLEEMIEH
Table 1 Pore structure parameters of SAB and ASAB

I B 5510 AfLHEA/(m*-g ") LA/ (m*-g ™) A FLE A/ (m>g ™) LA/ (em®-g ™) fL#&/mm
SAB 330.43 263.38 67.05 0.03 2.89
ASAB 844.45 116.22 728.23 1.68 10.36

(b) ASABfYSEMA (¢) ASABI 4% )5 FISEMIE

5 pm

(d) W BH%# 5 I Cot Z mapping &l (e) W45 Ot K mapping[£] (f) W2 ffH4 )5 Y Crot 2 mapping &l
2 ASAB WRHI$ERIFERI SEM EISANIRHI$E/EAI7CE mapping

Fig.2 SEM images of ASAB before and after adsorption of chromium and elemental mapping images after chromium adsorption

TEMBHFIE 2SI g i . B Cr J5 19 ASAB AR A A A B.A972k, {Hild mapping & (& 2(d)~
() FTLIMSH, ASAB RIS AE Cr ot WESE Cr BB EIA Pk 1.

A& 3(a) ATLAEH, 7E 3 500~3 200 cm™' PIEHEL 1 MR IEAIRILIE, [0FRFEHRIE—OH HIfP4EIRSh
W, 7E 1564 cm™ ABWER R GE TR T4 i C=C. WFF Cr(VI) J5) ASAB 7£1 695 cm™' 4b
) C—O {2k, BIHZS5 TR,

i ] X SR 6 T-RETEXT ASAB 1l ASAB+Cr(VI) #:47T T 21 201 (B 3(b)~(d)). & 3(c) & Cls
HIm Sy HE XPS i, Hidr, Cls fEIG I C—C, C—O®). BEakft), M C=O0(RIE)3 L., W Cr =2
i, ASAB In C—O B el ay g i BN 8.9% FEAKE] 7.8%, 1 C=0 i, X &K k78 W b it f2 o
C—O BREHIPE Cr(VD) %Afk. i 3(d) AT UL, Cr(1ID) H1 Cr(VI) PyRblRI AL TR M R . (2T 576.7 eV
F1 586.4 eV 44 REAL YIRS I AU Cr(Ill), 7E 578.2 eV Fl 587.2 eV &b A IR E5 I Xt 137 (142 Cr(VI). 1F
Cr2pl/2 BB, Cr(II) A1 Cr(VI) B 7 FLA3 3N 57.7% A1 42.3%; FE Cr2p3/2 #iiEH, Cr(IIl) Al Cr(VI) (1
g7 A3 56.3% 1 43.7%. HIt, 5 ASAB 254 1) Cr EE L Cr(I) FEAFTE, X U4 K 250
Cr(VI) 7£5 ASAB fERIEHGAE A Cr(1D).

2.2 IRBEFIROMERE

1) BRI 4G pH XTI SCR BYSE o R IR IR pH — M2 5 ) W2 R 550 22 T LAy, 7T 52 iSOG

Cr(VI) BIMZRRER, HIE 4(a) TAJLIFE T, ASAB X} Cr(VI) BIEMREURIAELET SAB, WM TAH]
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Fig. 3 Fourier transform infrared spectra and X-ray photoelectron spectroscopy of ASAB before and after chromium adsorbed

50 - 20
ASAB 10
40 |
~ Ob------W o ______
w30t %
: = -10
£ =
<20 SAB 8 =20
Q
N
"t -30 ;
—
_40 b ]
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 71 8 1 2 3 4 5 6 7 8 9
pH pH
(a) VIR PHXT Cr(VI) I FECR 52 (b) ASABf{iZetatfifii
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Fig. 4 Effect of initial pH of solution on the adsorption effect of Cr (VI) and Zeta potential of the ASAB
T Cr(VI) W B, YA BT 4G pH=2 i}, ASAB X} Cr(VI) AW B & J2: 48.1 mg-g ', L BR=F 1T LUk 5
96.2%. KfiF pH WHIIN, WMNACREHE2:, X FERH Y pH 8RN, WA RER BT, AT
B Cr(VD) 18500 Cr(I1D), §2 Cr(VI) ISR, FEE pH AN, #R0H OH s, M1
CrO,” TERGE AT, T Cr(VI) EBRFRFEAC, HAh, WHHE R &2 | EH, il Zeta A
A5 ASAB ERIIFHUAT A (pHp,=3.1)(E] 4(b)), [HIH, S pH<pH,, I, MREBNFRIRR I 511k
[DE=S: W SCER & SN TR SN R - S e aa o - SR AR (S N e 4 B DO S L s R a3 R ]
pH>pH,,c B, Cr(VI) MINZIEEZ 2R D052 28 BRTR, 7EMIK pH 54 F ASAB X Cr(VI) U EBRRL
RThF, 2 pH 4r50k 2 1 3 B, ASAB X Cr(VI)R ML AUAH2E 2.6 mg-g™", X5 bR i 48 1 K
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pH HHAT T 3, MM, JEZescstre pH=3 RIZM N T,

2)Cr(VI) FWIER TR IR EE AN AR . DA HARRY RN, IR Cr(VI) BRI BRI
AR, PR ANAHIR] . AnTE] 4(a) Bz, BEE Cr(VI) BIRBEREERIEE I, ASAB X Cr(VI) 19
B2 B B LR T I o R PR IS M SR B, S ASAB SRTAIH R VR BE 2R BOR, A4 U AR
s SRS ROREERER G R, WRHE RN, AR AP

HIE 5(a) FTLAR Y, SIS Cr(VI) BRI BN INE] 600 mg L™ if, FEARIAGREE T, MR

250 1.0
200 | 0.8
210t < T
g S
=, 04+
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Fig. 5 The effects of different pollutant mass concentrations, reaction temperatures and reaction time on the adsorption capacity
of Cr(VI), isotherm model fitting and kinetic model fitting
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N 1K B HRAS . FEE IR 25 CHF, ASAB X Cr(VI) i fc RIE B R 236.2 mg-g ' 81L& 45
&l 5(b)~(c) s, BRISHENZE 2 Fin, 5T Langmuir BOAM A 250 R? ¥ T FreundlichB%!, H.
H Langmuir £ 84805 H B9 e WG B 5 SE PRl i fE #53r . BEnl WL, Langmuir #2 AV B 755 ASAB X
Cr(VI) FIMZRFHIFE, 158 ASAB Xt Cr(VI) FMRZBFHESRZII, 43T MRS A EAE AN,

#2 Langmuir 1 Freundlich #ER5%)

Table 2 Langmuir and Freundlich model parameters

3 B Langmuirf %] Freundlichf5 %)
WREE/ C BRI I R/ (mg g )
K /(L'mg™) PR B/ (mg-g ) R K/(mg"™-L"g ") n R
15 205.5 0.054 236.4 0.996 13.9 1.564 0.838
25 224.7 0.061 250.0 0.991 26.1 2.221 0.865
35 228.8 0.078 246.3 0.999 49.9 3.257 0.776

3) S E T RN R Bl 2%, FIEl 5(d) ATLAR, WA FRRE 0 R 2 BBz, 7 0~80 minPN, Wi
TSN, BEJGAR RS, W SHE RS IOR B &, B IR BB AR AS . S R A SN A I o B
ASAB WM SRZE, WEE VI T, WS AR D, SEUNGERNANS, HZGAFHANIRE.

W B 50 7 AR R A S WL B9 O WCBEER . Fre 3 TR M, FHE sl Ji A& e i) R? #RfE
K 0.999, H e s A5 A H BRI B i 5 S PRI SO BRI, o Rl AR
FIGE A TR ASAB XF Cr(VI) MR FR, 0 RH I B s 5 5 0 B 7] b A o B X MBS s ¥~ 7 BE L
A o S,

R3 ERIE_RIHFEESH

Table 3 Pseudo first and pseudo second order kinetic model parameters

- Langmuirf %4 Freundlichf& %)
R/ C SEPRIE R/ (mg-g )
K /(L-mg") PRSI FHE/(mg-g ™) R Ki/(mg"™-L"-g™") n R
15 205.5 0.054 236.4 0.996 13.9 1.564 0.838
25 224.7 0.061 250.0 0.991 26.1 2221 0.865
35 228.8 0.078 246.3 0.999 49.9 3.257 0.776

4) BB T ISe Fe M b Toh o AESEPRas KT, nTRES A NO,” . H,PO, . SO, . CI 44 WL BT ES
T, HAMA A Cr(VI) 384 M B2 8, DTl I BF FR0%T Cr(VD) IR . AR SO NO, (KNO3) .
H,PO, (KH,PO,). SO, (K,SO,). CI'(KCIl) iX JLFIEITEFF1 Cr(VI) 75 _JCHAE 2514 T 1 5a e fidkA T 1 F
58, HER, Cr(VI) MSe S B PRSI EYN 50 mg Lo 4558 6(a) Fin. SR A e i
TFAf, ASAB X} Cr(VI) BZBRIE 90.1%, TifE CI', NO,” . H,PO, . SO iX 4 Foa i FAA1EAM T,
Cr(VI) BRI 0N 89.2% ., 89.0% . 87.4%. 84.3%. AJLIFEH, CI'. NO, Fl H,PO, IIFFTEXT Cr(VI)
(BRI, XTTREER 3 RN IAE T, MK FHE T, BUEEFRe st R, SO, *t
Cr(VI) M EBRFEMHK, XTRERF A EREZMEHE T, 5 Cr(V) 5edrae ) HE L,

5) WSR2 B - PSR RAF o 2B 550 ) B R R PR e R i e PO SRR 1) I N TR R bR, PRI R
HHREGZ , ZTRASEAL, R 1 mol-L™ #Y NaOH VEMMH, XMEF Cr(VI) J589 ASAB #ETHEME
BIgE. W 6(b) iR, Zeid 5 IEME-BEMEG , ASAB AEZ:BRI T 80.9% I Cr(VD). {EBRESM T
OH1RZ, Xflif3 ASAB FKifia i, MInT LA SHMR I Cr(VI) F=AE R AR RRAE R Cr(VI) SRR
N . AEMB-ESERR SRR, Cr(VI) B RBRRBEIEPR B INIREAR,  PTRES R R g i
55 1 MR - SRy G M S . 25 ERA, ASAB HAT RAFAMIL A fE

6) LU AT MR AR HOR AR RE) T2 b TR SRS RN R . AR e A R
AERRSRME FXAE D T T A BT A A — Rt JRAPREER 5, U AMIR, i k] ASCE
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100 100

LR
EBRF%

= H C HPO; NO;  so*
Hetr BT TR AL
(a) FeAF e BT X Cr(VD B BCR A (b) ASABFUL - i ER

6 HEFZFETX Cr(VI) IHMBERAIFIEFN ASAB HIIRE-ARFHHEER
Fig. 6 Effect of coexisting competitive ions on the adsorption efficiency of Cr (VI) and
adsorption-desorption cycle of the ASAB

PIEFIH . ASBIFST st F B 52 2R A i 2 1) F 4 ASAB FIHEAIRHMFIAELE
AW, RS2, IRKEE, e R R E Table 4 Comparison between the ASAB and other adsorbents
FLSHSEBL. it 5 R W R T Hee, P
F 4TI, AT A ASAB tH(0 R TR P gy 2o
B, MR AT LA E) 2362 mgeg !, WT BRI M 1 5 208 2 1800 [18]
XU S5 S5 5 A T PR BRI fr R B i (230.2 SEREHEMIME ARk 298 2 127.0 [19]
mg'gfl), lﬂﬁ, ASAB Eﬁﬁkﬂgﬁ%ﬁ 5 {Eﬁi E S N 298 2 94 [20]
AL TG IR, P, A5 H il &/ SE— B
ASAB FUTITERIBE I S Ttk

T PERRER 208 2 2302 [17]

2.3 IRBAAIBS s "
ASAB ST Cr(VI) BTRH 0 3L PRARIERITO: 208 3 »62 AW
T 3R B, BRSSP R S e i P s R e i
BEAMIE N T I ERIR I S AR RER]; 55, 4V pH KT ASAB 1 Zeta HLVHT, ASAB FRAISHR
FAAFIER, M-S TR Cr(VI) Z IR = A 5| IVERRSEBIRTES I Jebk; 28 =, XPS EAFL5RE
B, WZBH Cr 5 ASAB £ C=0 FEABEEIE N, W C—O %84kl T C=0, i 50%~60% )
Cr DL Cr(m) A A7 7, WIBEI & A T 8L R JF R R, #8443 Cr(VI) #0385 A Cr(I). %5 b Arik,
ASAB X Cr(VI) W E RN S [ FE R ER
3 &g

1) ARWFGE LAZEAT M A i ok, R BEER X R 176 b, 43R )5 i 15 ASAB. 1E pH R 3 B,
ASAB X} Cr(VI) W, H 236.2 mgrg '

2) SFREABN ST 3 I, ASAB Xt Cr(VI) BB BLZWM, oA HHEE-H, Hit
SEIR SRR . SRR AR A F S [V E R A R A I E A5

3) WP WETES X Cr(VI) BRI CI<NO, <H,PO, <SO,” .

4) FHI 1 mol-L" ¥y NaOH MUK, 2t 5 UKULH-IEHHRERT, ASAB X Cr(VI) (K BRFRIRATIA
80.9%, FIAMLRHFAIEAT R A VERE

eI

(1] B, Sk, KRR, 25 ARH AP K R P Cr(VD R MR RBL TS0, FRETRI224417, 2021, 41(5): 1891-1900.

(2] 270, ApEnst, #HASE, 25, SoER I IR LB LB K th Cr( VDRI BHE BEBF ST (9], Tolk/KAbEE, 2022, 42(5): 103-109.

[3] NIUJR,JIA X X, ZHAO Y Q, el al. Adsorbing low concentrations of Cr(VI) onto CeQ,, @ ZSM-5 and the study of adsorption kinetics, isotherms and
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Abstract In this study, sinocalamus affinis (SA) was used as raw material to prepare biochar (ASAB) through
activation with phosphoric acid and pyrolysis. The ASAB was used to adsorb Cr(VI) from aqueous solution. At
the initial solution pH of 3, the initial Cr(VI) mass concentration of 20 mg-L™" and the adsorbent dosage of
1 g-L', the removal rate of Cr(VI) was as high as 99.8%, and the remaining mass concentration of Cr(VI) in the
solution was lower than the wastewater discharge standard (0.5 mg-L™"). When only the initial concentration of
Cr(VI) changed and other conditions maintained stable, the maximum adsorption capacity of the ASAB could
reach 236.2 mg-g'. All of these results indicated that the ASAB had a good adsorption effect of Cr(VI) in
wastewater. The chemical structure and physical composition of the adsorbent were characterized by SEM,
BET, FTIR, and XPS. The specific surface area of the ASAB was 844.45 m*-g "', which was about 1.6 times
higher than that of the SAB(sinocalamus affinis biochar), and the higher specific surface area could provide
more active sites. The mechanism of chromium removal by the ASAB included electrostatic and redox actions.
After five adsorption-desorption cycles, the adsorption efficiency of the ASAB towards Cr(VI) could still
maintain 80.9%. In conclusion, the ASAB is an efficient adsorbent and can be used to treat Cr(VI) in
wastewater.

Keywords  sinocalamus affinis biochar; Cr(VI); adsorption performance; adsorption mechanism; kinetic
study
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