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# E URVAEYHRNEER, LLKOH MIEN, il (KBC) Fli -#fE (KBC400) 1 fk T. 20 il % A 1 3
s, T MR 2 BRAK AR T 5 B - (Cd™). 38 = R AV RIE R R 00 7 A4 9y e O S b o, O3 o it
I A TN . pH. HAEE T 0 B ] R CdT R B S DR 2 CA I R RE O S L R SE I 4 R K
WY, JEAL BBV IEA Y FLIR S M E 5 . THMT, KBC400.38 i KOH 2 $ZI il iy MG 5 A= W ¢ 1 A SR Ak 8 BE 4%
i HR A M. VDAY R CAY LI B AR AN Cd™ - B AS Ao 2. TR SCIR 2 IR . R
904 gL', pH=5.0 1 %4 T, KBC I KBC400 1 iz K W M &t 43 5] o4 63.80 mg-g™' H1 89.15 mg-g™'; 7F 55 M2 ¥
(pH 4 4.0~6.0) Fl K. Na'fr#E I 4F FLR A7 B s mm e /I 5 W B3 1 B A & i 0 3l ) 2 1S 8 A1 Langmuir W% ¥}
R ITRE, RUANH DL F S RO B HR RS TR WM. 28 LR, B A A T 20 A A X
CA™ Wy W i 5 2 20 KOH G Ak vk i 5 1245 (12%50) MEE 2 45 AR ) XF T B Ca 119 4R Xt 53 ik 26 43 K 28.69% Fil
71.31%.

KR RIEFY; s s ARy BRI
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Ve, ETE A S FLIE A Yy, HeefEm o il 4k DL ZnCL®™ . KOH™' | H PO, 45 2hy i HI T
e, JLREREMR, (AA SRR (W0 ZnCly) 2377 A 5404 . SR KOH ¥ 4k 1] LA 54 Bl 6 ¢ b ek
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FE T BE B A 2l e A RHFLBREE A . HAT R B e BB /N L EOK L KRS SRR R A
572 VD A= W) e W R 2 B3 K R HR R BRI S A B D o 2 A KOH(IR 5 -#0 i ) 16 Ak 7 o 4 48 X F ok
R B FHL L J5T 4 5 T R W o6 DT AR 23 Al e AL i

YRR LY, HORIE) 1z, & & Eim . MEARASREaIaw, Wik, 7
HACIE KT BE & A R 2GS A . ARBF ST AR VD A e R JERE, LA KOH Ay I A6 751 i 25 e Vb 3= )
W, A AARIE TR - IS A TR 6 R R BRI B A R, Il G — R A ) D R S e T
X 4 JE CAP MR B PERE LU R R A v o o v R B B A W e AR AR S
1 MB5ER%

1.1 XFE5H

WP AT PR ERMET T (5 WA 7)), A AAE (KOH). AR (CA(NO,),4H,0). fHR
5 (Ca(NO;),4H,0). FHEREE (Mg(NO;), 6H,0). FALH (KCl). S A64 (NaCl) S5 3 43 drali ;52
K B AiK . FE A5 S P (KGF1600-80, 1] [ Ikl A (X 28 BHE A BR AT ) o Tk
6L EETE (AA-7000, H AR & HE SHIMADZU #EC 254t ) o ZKIA TE LR 3 2% (SHA-BA, 5 M El 424X
A BRA D,

1.2 E=YRmE&S5ERIE

Wb i 22 Bk bR T, BT 5 FUB AL AR, o 60 B, JHCE TR E A b RS2 IF %
AN, FEHEEPPZERETHE (S Cmin') £500°C, 20, HEEFKERETE, frid
b BC. FRRHIEEURFES, KA m b T i . 22100 B, BB &

1) B iE AL A R 5 . BC A KOH # BRI LL 11 (9 b9 & TR iR G5 5 h,
aikyE =P, F 105 C FHECF 12 h, AR A D R dEAT AR . i 100 B, g AFE TR
Frid A KBC.

2) 12 5t - TG AL R bR A o IR BRI B, T 105 ¢ P 12h, FEE T 25 mL NI E
FrESE, ®E, N, /B FEEE P IR ZE 400 °C, R 1 he B SR FKBE R
PE, T 105 C NHET 12 he B EY) R AT OFES . o 100 B, AL TS tnich
KBC400,

% H Sigma300 #Y47 % S 434 HL 58 SEM-EDS(R/RZE /A W], fEE) Bkt i i R TEIE S . R
ASAP 2460 %I £ il 4 F 3l lb R AL A BET( e 8RB 2 v A w), L) /A kE i lb R AR, R
H inVia Reflex B & W65 (FA A, HE) /Hr ke s SR 3h . R H IRTracer-100 %Y i
B AR LTS (B HE A ], B AS) XERE S AT R B R 43T . R NanoBrook Omni % 22 f;
JEE KL RE N i R Zeta WAL A3 AT AN (i B S0 SCA w) &R XL b et L 671k 53 A o
1.3 IR BHSCEE

A S50 T M 4 ) 258 7K B, FHAB TR 5% (CA(NO,),4H,0) FLiil 1 g L™ (% Cd*' b HEfik 5
W, LL0.0lmol- L™ NaNO; fE N T S MR I o J5 £ 9050 Fir il Cd™ 1 0 1 6 B0 2 Wl 15 o &
HLImieE 3 NEEM 1A X,

A% Vb 3L A W e B0 B 6 W CAT IR B A B2 e o B S0 mL R R R 30 mg LT CATVA TR B T
100 mL & L4, P83 pH M 5.0, 4r B FRELBC, KBC., KBC400 #£ 4 0.01, 0.015. 0.02. 0.025.
0.03. 0.04, 0.05gh AHH, fE25°C KB, LL200 rmin' #7375 24 h 5 BUEE, fii ] 0.45 pum S ik
PR B AR 08, R IR IR 5 O BE T (AAS) T B8 Ca™ ik i .

AN 6] pH X Cd> W B 2% SR 52 ) . B 50 mL o7 £ ¥k 2 oF 30 mg L' Cd*' 5 K & T 100 mL &5 .0 4
1, 0.1 mol-L™' NaOH { HCI J45 pH 4 2.0, 3.0, 4.0, 5.0, 6.0, FKHUBC, KBC. KBC400 ¥/ 0.02 g
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TIMAH A, #E25 °C . 200 rmin”' TR 24 h, WEBER P CA I E

A7 B X CA™ M B ROR 2 . B 50 mL ¥ B2 0.1 mmol L™ C&* WA W & T 100 mL 25 .04,
43 M BE ) 0.1 mmol'L™" 1) K'. Na'. Ca*. MWW ENH 5t W, pHm 5.0, Jil A BC. KBC,
KBC400 ££ 5 0.02 g, 7£25°C . 200 rmin' 3% 24 h, & I8+ CA ik & .

WG BFFSF-MSE 0 o 1) Bh 1 2F SR8 B S0 mL JB R R B R 30 mg L' CAM YA VR BT 1000 mL F::m%
H, 8 pH b 5.0, FREUBC. KBC. KBC400 FE /i 0.02 g it A Hiep, 8 5 0 52 107 15 ) (5
30, 60, 120, 360, 720. 1440, 2 880 min) HUHE, Wl g CA* VR BE L 2) I FFF45 R 2k /\”Jf“
HUBC., KBC. KBC400 ¥ i 0.02 g, ¥ B — R 5] Cd™ ¥ M 5 &8 ik FEBF (50 10,20, 30, 40, 60,
80, 100 mg-L™"y, ¥&717 pH K 5.0, ¥R¥%H 24 h bk, eI Ca> Ik .
1.4 DG E

Fe Vb HE A W) e R WG B (g) N 2SBRR () 1l X (D) Ak ) 35

~C)V
qe:¥ 0
n= —(COC_OCe) x100% 2

K. G ﬁ%«%{&ﬂﬁ%ﬂﬁ‘* W, mg L™ C, AR W BT A i 0 BT R, mg L VRS
W IRFL, SR B, go

%Waﬂﬁ%ﬁﬁm/ﬁ\r&~é&z‘j}ﬁ%& WE 29 5 J32% T Weber-Morris J5Uk7 P 4™ UK 70 Sk 43 #7455
BB Bt AR L BRI IS (3)~2K (5) .

In(ge —q.) = Ing. — kit 3)
1 t

= +— 4

g kgl q. “)

q: = Kdiﬁ +C; ®)]

A g Mg, o0 R ¢ B 20 R0 BT B B O B i, mgeg's kRl k, RN ME—SUORIE B 2R
HORE R, min W g (mg-min) s Ky R AN B HEEE L, ¢ (minmg™)™"; CRSUFZERE
X HE, mgg's
W o 25 i 2% 38 3 & Langmuir #5571 1 Freundlich #5540 87 40 25 F B9 W M HLEE , B4R X (6) A
K (7) Frow s
CegnKy
= 14K,

6

= KiC.' @)
Ky g BN, mgg™s C, & WM 8 i i s Wk E, mg'L'; K, J& Langmuir 55 i
WP H 4, L-mg's K /& Freundlich W B % %05 n J& 5 Freundlich 45 VA5 7R A 5G At W b6 791) 26 1 18 H 5%
JEs g ok P, mgg s
TG A0 R T ik AR 5 =X (8) A= (9) #EATIHEL
QI QKBC QBC (8)
Op = Okgcaoo — Okac O]
K Ogpe /& KBC B CA™ OB ik, mgrg s Ope /& BC LI CA> MY ML B B, mg-g s O 2 12
AL IR B 2, mg-g™s Qp TG L AL FR A K Fff &, mgg™'s
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2 #BR518
2.1 EVIRIERMER

1) £ HIE S (SEM) 5 & 1H B (BET) /0 8. 16 AL AT 5 A4E 9 s 9 O R DB SR & VTR o R
2 KOH i fb /) BC HAHUKE . B0 Ay R w4 aE , H OS2 2 A FLE5 4 (B 1(a)), B BI{Y 500 C
WA Xt A W ok i FLAE A BR o 4e4d KOH 1= 35 1Y KBC K AR 15 FL IR 25 0 F o il ok, RZELIF AL
L R BN W YRR (B 1(b)). X & i TR 35T KOH A LA B —358 20 K 43 LA B A8 iF
LA R, TLBH KOH 78 FL45 44 i T8 i Hh e 5 B 4R AU, i AT AR 77 KOH 12 35t - F- Ik A f#
J&, KBC400 BRI B TR Z A4 0 M B (B 1(c)). X AT B2 KOH 7E 400 € 1 5+ & Jf

FEAL R 2 i T K K, COy, TR RS ALBRN T HEAR SO 3 #2 =X (10)~2X (13) st
2KOH —s K,0+H,0 (10)
C+H,0 — CO+H, (11
CO+H,0 — CO,+H, (12)
CO,+K,0 — K,CO;4 (13)

1 pm e

(a) BC (SEM) (b) KBC (SEM) (¢) KBC400 (SEM)
1 BC. KBC. KBC400 #J SEM [ %
Fig. ' SEM images of BC, KBC and KBC400

TER - TG AL FE vh 2 B KOH #E AW Nl , KRB S HEEN, BEE K7EfLE
ZIP AT ER C. Ny HEE R T, AREWN CIEFSM CO. CO, A ME ki, (H Y3k iR
JEBAR (<600 °C) I, A=W e NI KA Bk, S EORN BRI IBUE L& .

3 ; s v ok hE

WAk s Eﬁéﬁ%ﬁ b 5% T AU AL [ﬁi/m ¥ %1 KBC &l KBC400 7L &
A& LRI 2 7 o KBC40O iy b2 T AL L KBC Table 1 Pore parameters of KBC and KBC400

BT 1A% AUA AL B A BT . 22
ik KOH {fiAL 5 14 FLF ¥ L 42 67 10~14 nm,

MR Sefmg)  Vfem g) S, /(m*g)  d/nm

KBC 12.858 2 0.030 4 9.069 8 10.34

ERLAPSL O E o NFLAR I A (18] 2(b)) AT LUK

KBC400 21.769 1 0.0383 16.367 9 14.25

B, A5 v - T AR AR ok b — A LR
TFL LA OR 1) o 3 2 =5 A v FL A5 R A T W R A 4

2) i (Raman) 4347 &l 3 IIGALHT G AW i Fr 20615 K . AT, 71359 cm™ F1 1593 cm™
B 24 WA W g, o BIAC SR DI G g . D W 3 R BB ORE Y TET PN Bk B 45 4G (SPP 2% Ak ik B
TN H5HRIPARIER X G IERIR M RE A A0 B 5 10 T P R 3l DL R B O IR A OF B 4540
e SP? ik S )P, 5 N ER G B IO FRPEAR OC (B BB AL R ). D UWERI G UERY R R, wiDAE
AWy o S ALEE SP? FI SP? A4 R AR 25 R IR A 1A, H G MR R R, 3R I PO (%) &5 i B A
FR¥ERAT, HRIEOT LOE R o T A, AR TR E SR Cd™-n 8P (&l 3), 5T D IEH G g
MIPEERE X, TR R RF R RM B TP LB, B R=I/1,%%), Xt H R A AT LAAS A 9 0% 1 6 7
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Fig. 2 Nitrogen adsorption and desorption isotherms and BJH pore size distribution of KBC and KBC400

1k 2 B, H) BC<KBC<KBC400, %% B] KOH i
A6 AT DAYE k0 TC R A AR B, HIR -
J7 A HE RIS N TC AL RR B, X AT RESE fR LL SR M
FRSLIAR G R 2 30n, A A T m Cd ik

R,

3) i L2080 6% (FT-IR) 20 A o B 1 4

1/1,-03335 KBC400

1/1.~03122

£ 500~4 000 cm™" P 1) f L it 2 AR S35 e el /101948

4(a) 7 o 3452 cm ' BT Y 3 00 R AR DG X T - - : : : )
N . y N 1 000 1200 1400 1 600 1 800 2000

BES | Py 2 B K Y o0 1 6] B O—H Y fif 4 4l HL RS fom”

zjj[25]o Eﬁt@ﬁﬁﬂﬂﬁz%ﬁﬂ‘] O—H'fqaéfﬁyﬁijjgl & 3 BC. KBC. KBC400 E"]?ﬂ%ljé‘:

A 4 I WA e 55 B S KBC>BC>KBC400, X 14 B Fig. 3 Raman spectra of BC, KBC and KBC400

£ KOH =it iy ik #2 h, SRS 45 5 314

RFMIE R HE, HHEE 2 MW T, O—H WA IR 3058 B Wi 552, 2 893 ecm ™' Ab Hi LAY
W M BT A (F L (—CH,) B R 3 (—CH))C—H BHPZa PR35 A5 1046, 1438 Fil1618cm™
BRI B AR 0 23 1 ek C—O—C BRIk 3l . —O—CH,(H & 3) A5 F R 1) C=C ‘B %L 4% 5h i
C=0 /T MR, J& JFURMA it 28 S5 LY B 20 ANRRAIE 417 P70 I IX 38 A W) e ) WO A g e 5553
KBC>BC>KBC400, H:H1KBC400 7F 1046 cm™' ZbAIEA FTiwFs, il KOH fEMSSEmmRE4E; 1618cm™

10 +
;} ________________
% \ —o—BC
£ —a—KBC
g 0l —o— KBC400
B
=
Q
N
-30 | % %
Q> ?%
4000 3500 3000 2500 2000 1500 1000 500 0 2 4 6 8 10 12 14
Pe/em™ pH
(a) BC .KBC KBC400/{ 4L 4k E (b) BC .KBC . KBC400fZetaFifif

Bl 4 BC. KBC. KBC400 {3 E4F1E 5 #7
Fig. 4 Surface characteristics of BC, KBC and KBC400
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Qb 1 0 5 R G TR SS L PT RE O KOH 78 & iR T B e K A 2520, 866 em ™ Ah H B 14 06 Sk 55 5 1 1Y)
C—H S &b fhi 4k sh 5 RS P, 25 LTk, mlge& A an=l (14) B 59 = R P2,
OH +C(#ff) — (C=0)+(—OH)+C—O+(0—C=0)+(—COOH) (14)

H LA UL, KBC F1 KBC400 2 &AL . REAS S A ERA, a5 cd4s A, AT 0k
AT

4) Zeta LA 43T o Zeta B 0 BT 485 SR L BH (& 4(b)), A V0 Fe A= e i 55 H 050 (PZC) 4 78 1~1.5,
H Zeta HAZHIBES pH M T+ E M FEAR . X R W FAEY R B & A BRI ORI | BEE) AR
HVe B A ioh & AR s E SR DT, BC 5 2 Fil Ak AP e X He SR Zeta A AR fEAN K, i
AN [R) 4 KOH ¥ b 77 =0T A= 4 o 2% T A F A0 1 52 i A /N B4
2.2 5 INE xR M RUER B R0

T AL 5 A2 9 o ) B0 % W B Cd> i 5%
ma (& 5). fE AW %1~ , BC. KBC A
KBC400 %t Cd*' 1) 5 K £ B 2 23 5 R 92.73% .
96.54% #199.68%, W W,, FE[FAE4MF T KBC400
LB R m . HA, KBC400 £ i & 0.2
gL BN 0.4 g L7, X CA¥RY 2 BRI N 2
=, EBRRH 51.06% = 90.00%; 2 )5
BRE NG, LBRFAA K., KBCH N o , , , :
EE 0.2 g.Lfl i j]l]§ 0.8 g,Lfl HTJ' , Cdyé/ﬂfl}/%%z 0.2 0.4 &tujﬂii)fg‘b‘) 0.8 1.0
?zilegjni?f igfﬁ?f/o - dﬁgﬁ;gii B BmENARERRK RO

Fig. 5 Effect of dosage on the removal rate and

25.54% ¥4I 2 92.73%., 45 A4 Rk B W KT £ B A adsorption capacities
B &= 6 3 ok 2> . Bn =k 04
gL' i}, BC. KBC. KBC400 {9 W fff & 45 5l & 38.53. 49.65. 76.53 mg-g ', Ifii #& Jin &t 8 i 0.4
g L7, W RFFE A AR 2R 31.33. 32,94, 34.01 mg-g ', X MY AR NN, YR E
T %) W BRE 7 5CF Ca* (2 B R S a4, W T b ) Ca 8o A PR, L3 1 iy W RSz o5k
INEVRFN, BT RAXE CA> (W B I . 5 R E R BRACR . TR — BRI, 7RSS SEA A s B
0.4 g L' VE NI LE Wi te AR B i
2.3 AR pH X IR I R B9 52 0

WIhG pH R 4 T 1) A7 A T 25 TR B 500 2 1T (%) PR ar 155 0 A 0 R SR R DY, 2 L 42 5 i W o 50
K 4 JE L. i Visual MINTEQ 3.1 313845 2 4l /K Hh Cd* e AN TR] pH T 1 /K fif 16 Bl (8 305 =
W FE R 30 mg LY Wil 6(a) fr s o CA(IN) ZE K 2L LA €A, Cd(OH)". Cd(OH),(aq). Cd(OH), Fil
Cd(OH), 4 FESAEHE . 7E pH<R.0 B, FATEK T HFAILEL C& A E; 7E pH A 8.0~10.0 B, A
BB 432 5 B K A 7 ) (CAOH") ML IE Cd(OH),; 7E pH Ay 10.0~14.0 I}, Cd* & B 7K fifk 7y 20 1 L
ag e, MEEUTEIERAAAE. Wi, 76 pH<8.0 fyEREEr, sk Cd® il 2B JLT- 44 h A 9 7% (1)
W B P52 18, TTAS S AK i T B E 2 7 W R T

i 14 6(b) T LWL E], BC. KBC. KBC400 X Cd*" 2= [k 5 FlK it 25 5 Bl 2 pH A% 38 i 52 3 e T
B AKE BT V%, BT BC &Mty wKe, SR EREGER pH, & pH=8.0, C&* ARl
e, R 2 ZE R pH 7E 2.0~6.0 Y XT CA* I B B 2 . #E pH=3.0 B}, BC. KBC #l KBC400
XF CAX g it e i, R T 3 mg g R & 28.64. 33.20 Fl141.90 mg-g . 1R ER M &5

W B/ (mg - g7')
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B 6 pH xR 25 F R Mt #9220
Fig. 6 Effect of pH on Cd(II) species and adsorption

K (pH=4.0~6.0), 5 BC AL, KBC fil KBC400 X Cd* i) W B 45 4 i 33.20 mg-g ' 1 41.90 mg-g ' 42
B 51.90mgg ! Fl78.76 mgg !, ArHIAEE T 56.33% Ml 87.97%., L4 FIRGEBEATH, B E-HARIE
Al 2 B 2% A1 L (KBC400) REIE FHT-80) 1Y pH Y L, ELIWC R il 235 v TR B0 Al 4 19 AR 0 ok
YD FEA Y R RS S A F W W —OH FE B, MR A RS, CEAY R
FU R AE W FEOR R G TR, SHAS MR TER AR 4 4 pH BARKT, WP AAAER
W H . H;O™ B 43 o5 4 A= W e 3R 10 0 W B2 a5, AT CaP i W B A2 209kl . [RIAs, AR W ok 2 T Y
—OH W2 5 A Y H & A Bt 46 R WP, $ e bR 35 T —COOH 45 B RE A g 25, AT FH.
i CA S HREAL G Moh, HER P AEREMET, WSS B0 R R EH A, a7 iE
HL T Y CAPMELL 5 2456 . BB pHAYIE I, AV R ERER (—COOH. —OH) & ih L i+
Ak, Al 09 B A AR Y N RE AR = S CAT Rl R L S T, AT R AE B SRR AT, BTLL CdTRY

PN ST SU)/|
24 HESTFIIWMEIEI 207

(b) pHX IR A

v//)BC KBC E=KBC400

BR T pH Ak, WA e i S S T
L2 5 M R 5 A IR R AR, IRt AR SR AR
W TP A AE AN TR B 4 s B (KT, Na'y

q/(mg-g™)

751

60

Mg A Ca®) X W IR RO 30 B2 (71 7). b, NN RN E RN

: N N NN
CK SR F I 4% B T BC. KBC il KBC400 N 7 \ ggg \E
XF CA ML . APV W Na NN NN
K's %k 0 MR 3% W B K 1 2 Mg, BC, SN N N

KBC 1 KBC400 X} Cd™ iy W B & 43 0l T [ T
25.16%. 10.96%. 3.08%. [}, Ca*tlL £l
BC. KBCHIKBC400 X Cd* f WL B, W Bff 2 43
SR T930.42% . 12.29% F1 2.24%. ) P F
MARATRE R H T Mg™ . Ca? 55 LM PE, S ECHKILRR BERAE, DA 34 5% e 177 5 R o 570 2 T 114
FHEAEHPST, DL RS R R, KBC400 HA B4t e +FHiee /1, HE KBC,
2.5 WMizhHE

e B S 0] XoF 22 70 35k A 3¢ W B Ca® A S i AN L 8 s o FE AN TRIESHIR] R, B e Ak 9 e %) R o
K/INR KBC400>KBC>BC., £ 12 h P, AWy e X Cd> (1% W i 25 Ul 186 K, 3 g2 R Oy A6 ) e 2 1T
PTG PENL SEE, BB S CA R Es & o 25 A=W o 3R 0T R0 I P 05 A0 I 6L (B 3k 28] W JFE - ), B

o

cK
7 HEBTFRMERNENE

Fig. 7 Effect of coexisting ions on adsorption capacities
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Na* Mg*
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Abstract In this study, the impregnating activation biochar (KBC) and impregnating-pyrolysis activation
biochar (KBC400) were prepared with silkworm excrement biochar as raw material and KOH as activator.
These silkworm excrement-based biochar was used to adsorb and remove Cd** in water. The surface structure
and properties of biochar were analyzed by a series of characterization techniques. The effects of dosage, pH,
coexisting ion, adsorption time, pollutant concentration on Cd*" absorption property were investigated. The
results of characterization techniques suggested that the surface pore structure of two types of activated biochar
was rich and clear, and the etched surface of KBC400 by KOH was sunken. Biochar surface presented high
graphitization-degree and electronegative properties. Cd** adsorption on silkworm excrement biochar was
dominated by electrostatic force and forming Cd**-n bonding. The adsorption experimental results indicated at
dosage of 0.4 g-L", solution pH value of 5.0, the maximum adsorption capacities of KBC and KBC400 fitted by
the Langmuir model were 63.80 mg-g', 89.15 mg-g ', respectively. Weakly acidic pH (4.0~6.0) or ion (K™ and
Na") had slight effects on the adsorption. The adsorption process accorded with pseudo-second-order kinetics
and' Langmuir adsorption isotherm equation, which implied that that adsorption of Cd** by activation biochar
was ‘dominated by chemical adsorption and could be described by monolayer adsorption. In conclusion,
impregnating-pyrolysis activation method was favorable for the increase of Cd*" adsorption capacity. The
relative contribution rates of the first step (impregnation) and the second step (pyrolysis) to Cd*" adsorption were
28.69% and 71.31%, respectively.

Keywords agricultural waste; biochar; alkali; graphitization; Cd*"; adsorption
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