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Abstract: Wheat straw biochar ( BC) was modified by KOH and magnetics to generate composited modified biochar (FKC). Based on
characterization by scanning electron microscopy-energy dispersive spectrometry ( SEM-EDS ), Brunauer-Emmett-Teller ( BET ),
Fourier transform infrared (FT-IR), X-ray diffraction (XRD), and magnetic (VSM) techniques, the adsorption characteristics and
mechanisms of Cd*>* in water and the effects of temperature, pH value, and dosage on the adsorption characteristics of FKC were
studied. The results showed that the modified biochar was loose and porous. The specific surface area of FKC increased by 19. 11
times, the number of aromatic and oxygen-containing functional groups such as O—H, C =0, and C =C increased, and a new
functional group Fe—O formed compared to the BC. FKC is magnetic, and its magnetization is 8. 43 emu-+g~", which can be recycled
and reused. The adsorption of Cd** by FKC fitted well with the pseudo-second-order kinetic model and the Langmuir model, indicating
that chemical adsorption is the main adsorption mechanism. The theoretical maximum equilibrium adsorption capacity of FKC is 23. 44
mg+g~", which is 1. 47 times that of BC. The thermodynamic parameters suggested the adsorption of Cd** by FKC was a spontaneous
and endothermic process. The adsorption capacity increased with an increase of pH in the region 2-8, and a biochar dosage of 10 g+L ™
was used. After three cycles of adsorption-desorption-adsorption, the adsorption capacity of Cd** by FKC still reached 17. 71 mg-g™",
indicating that FKC has good reusability. These results can provide a theoretical basis for the application of KOH and magnet-modified
biochar from wheat straw to remove heavy metals from contaminated wastewater.

Key words: biochar ( BC) ; modification; cadmium (Cd) ; adsorption properties; recycling

AE RIS YR Y EE AR —. &6 H FiXF R K v E 4 A Ak B Oy vk A DL E
( Cd) AN N & ™ H I 4 JB R K 2 — , 1l 3l
AT i SR AR TV IS SR K wasmss. 2019-12-03; 81T B8: 2020-01-24
ARSI i 3051 Ko i SRB: P e

2 I S A I s B P 0650) ; H K2 A A 5150 H (201709, 201710)
HRANE, SECOM MDA FRBRIIE o n W00 To0a ~ ) 57 LD B9 50
e PR A T (R A AL B B2, Eoni, 1783158256 g, com

# WIS VE#, E-mail ; yanfangren @ 126. com; junyuhe0303 @

K, B E W%ﬁﬁé@ﬁ&)ﬁ. 126. com



3316 7D 53

B 41 %

W BRI B T A R A A B A e B
R EL o T B 20 5 5 0 6 B L3 T 6 32 56
VEUTL FEME B T U R e S 35 ek
SRR S A TR R, S e Ak
ST KT W IF R A bk A2 A
B

HEIB R FR A0 R SORMEE Bl T 28 e T A 7
P 86 9 AL ) B R, S e b A
K BT BT IR BRI B S 1 5 e
SO BRTS e  OL TRIIN  FL ORI IR A (1T
FeT . AR [ JEORE R [R) R 3 2 R 1 o
BB RO RN GS K A7 EAR R B AR T) W B o
SRR AT W22 5. AT R, MRS
FFAE ) 50 T 42 O S i 0 80 35 0 2 R A A A
Pyl

N AR RO AR —  REFF R
PEISEIEURIPREPS SOV iR S A s
B AL R VR B T L SO s e, PR
JH/INZERE R 66 LR AN S BUAR M 400 AL
P HOBT 31 SR 1 L L 3 LA R
U B R LA 0 T 5 K A AT
5 “Wang S HFT 2 0, 350%€ FIF550°C TR it
%ﬁﬁﬂ%%¢§%ﬂi%ﬁ;w%ﬁﬁ@%%
0797 mig 1 0,75 m* g™, XF Cd* Wy R I MIT

T8 357 W RN RS R

-

b Qa3 g8 KT W AL 5. 95 mgeg '+ Sin
SIS 5 Fe T, 200°C T SR AL B i N REFFAE
Yo, HFL RN 7.98 m*-g ", fLZ 40. 000 128
em’ g™ XA CAPT BB R 12,5 mg-g 7
P LG AT AT, AR 1 4 1 A 0 e B e TR /N, 6
W Cd® WA N, KR CdP AR AR
FHAEL DR A oy 4 2 I B R BA 3 AR R AR A
LY

KRR, TR 0 A AR g 9ok R
BIURA A} 25 AT A 7 A ) i (14 45 g RN I, DA T g L
X 4 T 0 W BRFRE 31, Sigmur ZY [ BF 5T K
A, B A B R 358 T A 4 o (0 FLBR R0 e R B, Pk
KA AUE B, DT R o %o 2 4 s A R 7
Sun 25 (BIE 9T B, T KOH Bei /N 22 6 FF 4= 4
e, b R E AL 7.98 m’ g7 BN F] T 241.63
m’ g~ RIS A GRS AR BE A (AR 3k ) B b
i, HxE CdPt BB R I T 1 ~ 2 5. Bashir
A0 B gY 2 B, B NaOH i F8 AT A2 49 ¢, B8
T COO— CH, fI—OH “5FREH] , RECHXT Cd** 1
Wi B D S B8

G YR 2 et Je , R Cd* RE A

B AT (A W 3RS B Ay — T B f
MK R385 thi ok S XK A R U5 3
SEW B AN, Thines % HUBFIE M, S0
B T AR e 1 0 25 5 8 M 1 B,
4 R [T T2 I . R A 2 T
FW] Fe, (S0, ), il FeSO, BrPE I 75 25 FF A4 52 )
HC A FIRE (L 3REE 4 6. 71 emu-g ™", 3t BE3R
e RFALE Y BFIE R, Fe (NO, ), BUME R )
INZERERT A FLAT BRI R, LR AL FE 9 6. 96
emu-g ' BEVEAT B AL, Tan 251 (O BF 57 %
W, Fe, (SO, ), Fl FeSO, 1AW i M 5 I FEAF A=)
A R IRIREME | AR Y BTE K b, T
FHAK A LMK W 053 8 th . MESCBLAE ) fg
WL, FeCl, Fl FeCl, IR BCIER 43524
PHXE Cd** BRI 8.6 mg-g ™", 283 ¢ -
P A B, X CaBT 0 B a7, 1
mgeg ™R R B W R E PR, (T Sizmur
BT 1 J X S L L P A e, 23
SEFLIR, SELRIBUN, Tan 51 BB 5248,
SEALHRIE T RTRT A B gL IR, A P S B
5.398 m’ ¢ JHEEFI 3 49°m” g7 Li 1 G ESE
W, FeCl Mol FEREFF A R L TE R AL
M 19, 13(m’% g“"/)az/J@iJ 6.82 m’-g . mﬁhﬁf%?ﬁ
— (BB AFAER 2 IR, AN MR AR A, Ik
VYR T 4 R 19 A D NSRRI RO
IR A R PE R B S8 DL

YT AHIFFR /N2 RERT 46 B AR 1 2
AP FCIEATIR 0 Aot il A X HEEAT AE R
W) 325 B R T3 T, 498 52 4 B f /R 5t
Ca>* A BFFERE AIBLAR, L0390 78 4 Ja% 75 3 3 B/ N
A REAF VIR AL TSR RIS A

1 HRETE

1.1 S5

Ca(NO,),. KOH. FeCl, -6H,0, HNO, . HCI,
NaOH #1 CdCl, -2. 5H,0 ¥ 50414l , 1 F [ 25 4 4]
P2 A BR A A
1.2 EYmr &
1.2.1  JRGRAEY Bl

INEFEFERIRE TULI0TE . /N RS R AL
TIakwest 20 Hif, & T4 (0 A N, FHi
BN 10 °C-min ™', 450°C F## 2 h, HRBH =
FEE B, B KR E, 80°C ML RHE
o, BIAS N RE AT Ao, iE h BC.
1.2.2  BdFIRESE A SOHEAE D e i il 4%

# BC IRBiAE—E & 2 mol-L~" KOH IFH,



7 39

BERSCAE : BRCRIRE 526 AP N2 R AT A 0 A X 7K A v s g W A P B AL

3317

B 1:10(g: mL) , 100°C Fhn#didE 2 h, HR%
Hmidug, 2B T /KGR pH A48, 80°CHET, Bl
HAF It /N RS AT AR ™0 KC. KT A
JE ) KC 2 BE—E & 1 mol-L™" FeCl, W, £k
SR R 122, 1 1 mol-L~" NaOH #4745 pH
211, IRAFE 4 h, 5P 30 min, 80°C it
2 h )G 80°CHET , KB TR E pH A2 HIHI
PRGN RS R AE %, i8S FKC.
1.3 B ZE R ZRAE

R FHAR RETE A4 HL B2 ( D/MAX2500, H A< ) WL
%X BC A1 FKC 1Y 3 T JE B RF 1E, SR H W B A2
(TriStar3020, 36 [ ) ) 7 e b 3 i AR A FL A5 48 73
BT, >R RS I LL ARG 1A ( Nicolet 1S5, 35 ) il
HEMEREA R X 48 AR AT 54X (Smartlab9
HAS) 2 I & 44 45 4, SR F I 2 G 3% 11 ( Lake
Shore7404 , 52 [ ) ] & FLwf Ao .

1.4 WEFSCE: “
141 ZEEWgHE o

VEE Cd ) 4 i vl & B 3 M0 10,120, 30,
40,50, 70, 90 /110, 130, 150, 200, 250 Fil,300--
mg; L' 1 0,01 mol - L™ Ca (NO, )zﬁ{wjﬁ%‘f
SRR, A fER PRI 0. 05 g-BCKC HITKC
S0 ml. LR, MA 25 ml. RFIKEE G
W, 2000 pemin™' BRI (25°C = 0. 5°C) fig /24 h |
A 0445 pun URIBEEIH I
1.4.2¢ WIS )5

SYSIVERRFRIR 0. 05 ¢ BC Al FKC T 50 ml, %2,
BT A 25 mL 50 mg-L™" 9 Cd** 3, LA
0.01 mol L") Ca(NO,), ¥ WAE N 15 5 HL M T,
200 r-min "' FfEIR (25°C £0.5°C) &% (THZ Y, |
TR LR R A BRAF) , 4 BI7E S, 10, 20 min
K0.5.1.2, 4,8, 12,24 F36 h B —2H .0
1t 0.45 pm JEASE RN R A5
1.4.3  WERHAS 2R 80

A3 SIERRFREL 0. 05 ¢ BC #l FKC T°50 mL % 2
WA A 25 mL 50 mg-L ™" Cd>* ¥, TR 3
BN 25,30 F135°C, 200 r-min ' FIHEIRY 24
h J5,33 0. 45 pm JEERD R AR
1.4.4 IRWOIEE pH TR ) 220

I3y SIHERRFRER 0. 05 ¢ BC FIl FKC T 50 mL R 2
WRELAE A 25 mL 50 mg-L~" 19 Cd** VW, 1
1 mol-L~" HNO, &% NaOH %5 pH H 2.3, 4.5,
6.7 f8, 200 r-min~' F{EE(25C £0.5C) ¥k
24 h J5 3 0. 45 wm JEE BRI A 150 7.

1.4.5 Bl s 52
S3 M HER PRI — 2 219 BC # FKC F 50 mL %

o

.'r.
=

AT RO 1,2, 10 120 g- L' A
25 mL 50 mg-L~"f) Cd* " ¥, 200 remin "' F{HIE
(25°C +0.5°C) ¥ 24 h J5,3d 0. 45 wm JEREED K
FFI.
1.4.6 R
167 S IR I R P R BRI NS Y BC AT FKC 4351
AF25 mL 1 mol-L ™" NaOH ¥ ', 200 r+min '
TEE(25°C £0.5°C) IR W 24 h, R B FK
YEZ pH AR T = EE, T T — IR, ik
“ R o6 - R - PR O el R A B 3R, R RO
WL 0. 45 wm JEBERD A1 .
PLE RS A 3k, R TR e
FETF(AAT000, HAS ) U R Cd®* e B
1.5 Hdlaabs _
S5 I 2 X G T AT Q) i
Cl?* R AHIIT H B 77 , e/ 06T ) A1 (2)
A I~ , 2=
70. s\ Wet -c)/m ¢ F (1)
; 27: -(co —c,)/¢c | (2)
A, Q, RAPHEULH L, mgrg 5 o, IR CE Ik
B, gL e, BT CA W, mgeL oty m s
ERITAL g VIR G R, mI o SR
%,%. | o g
a3 ey R [ A(3) ] B )
R (4) TR N Y BO R[N (5) 1 AR

Yyt Cd>+ I 8l 72 .
Q, = 0.(1 —e™) (3)
Q. = k,Qu/(1 + k,Q.1) (4)
Q, = kt"”? (5)

S0, ¢ WPERFRE, -~ s Q, P AL
H, mgeg™s k (h7') k [g-(mg-h) "] Fl kK
[mg-(g-h"?) =" 1 N5l 240 B s 8 5L
i1 Langmuir F#2[ 20 (6) ] Ml Freundlich 77
[X(7) 1M A et Cd®* (o AR £& .
Q. = 0,Kie./(1 +Kie,) (6)
Q. = Kee” (7)
T 53 B PR - S I T 118 DG R it k) I
RETI RN 4R A (8) T
R, = 1/(1 + K.e,) (8)
Kb e, N HPPATES Cd* HREE, mg-L™"5 Q. AWK
BRPSF-E Cd* W B, mg-g ™' K, A Langmuir £
RIS, Lomg ™" Q, MBS H KW HHE, mg-g™';
K, 4 Freundlich £ 7 2 %, mgl_L_'L’l_“g_l; n N
Freundlich 8244



3318 7D 53

Es 41 &

Bl

A A R AR (AG") [30(9) ] W
(AS") FkEAZ (AH") [ X (10) ] 5 ARy ikt Cd**
AR B AR T 52

AG' = - RT - InK (9)
InK, = - AH'/RT + AS°/R (10)
o R SRR R, 8.314 J-(mol-K) ™' T &

JI2ARE K K 2 W B R B A 21 7 R 1
HE  Lomol .

HRE5WE

2.1 FKC 5 KC fyPERE LR

M 1 (a) AT, BEE R IR Cd* " W BE S K, BC |
KC I FKC X Cd** By W Bt & 32 5 18 K. 16 W1 1R
Cd** ¥R FE 4 300 mg- L~ BYSMF T, FKC B R R
23.05 mg-g~', /& BC i 1. 66 1%, /& KC 19 1. 27 1.
AT UL ZE RIS 5 B R LR C I B A

25

2

(a)

(bl) KC

e

|

“

— B — AR . oAb, IR 1 (b) T, 5 KC
ARG, FKC AT LA S FR 137 B e 5 |, U B i ik A
FIFHATr B S EL. 274 i, FKC A Cd** il
B BE T HA [RDSCR R e g, Bt AAS SC 2500
FKC 15t K R Cd* i m e
2.2 FKC MR
2.2.1 RETESHMITE ST

% BC I FKC 4T SEM-EDS 43 H a1 (& 2) |
BC 454 B8, R & 220 B LA A WFLE. 6
RS A AR B 5 25 W) ok S5 R R 30 R 2B b 357
b, 5 GiAs  FLBR S M B B 2 | s A A A
Cd>* 7 HIHE A A= W) o P 8 10 0 WO B 5 T 2% I Dk
b A RESE RO K AW R Ve, S B e
R foff 57 = 5 095 R A 82 R 07 o 5 % o ol .
— o R ) R 3T FKC ;%rﬁﬁ.--ﬂ]’"ﬁj =

Fe0,™. o~ [ /a8

(b2) FKC
m—

T‘?-D
£
S 10 5-;,-
—»—BC
ST —=—KC
——FKC
0 !II 5‘(] 1 {IJU 1 ;U 3£J'U 2:‘3(] 3(I}(I
7 co/mg-L7!
V g 1 FKC 7 KC HMEE L
o Fig. 1  Comparison of performance of KFC and KC
B2 BC#1FKC R BEEE
Fig. 2 SEM of BC and FKC
HiZ 1 M, 5 BCAHLL  FKC Hf C 1O &8 75.00%,% W] FKC HA B8R 1035 & 1. FKC

AT AR, TR B i B T 13.38% FiI
5.46%,1M H & &K T 67.28% . FKC % 0/C
B BC FRET 7.32%, Ui B0 ARG 52 A ok 1 BE 1%
A= o WA A R T O AR VS R AR e 1Y
AP FKC B H/C W % BC F T

i) Na K, Ca 1 Si JF 4 J5i i /- B FRAIL, 48 BC 4
Wl BE K T 44.00%. 15.38%. 60.00% i
93. 61 %, VLW B AL 52 6 WOk J5 K 43 BE AR, FKC
) Fe &t 1IN, 2 WA 4 52 5 B0 IS, Fe BLY)
7T BC b, X 5B 1 BE5 R A —F



7 9 HE R SCAE . RN A B NS RS T A 9 e Xt K AR v 0 1 R e B L il 3319
#1 EDSHHiTEARK
Table 1  EDS analysis of element composition
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Table 5 Thermodynamic parameters of adsorption of Cd** by BC and FKC

AWy a -l K/L+mol ~! AG®/kJ+mol ! AH® /K] +mol 7! AS®/J+(mol-K) !
BC-25°C 6.27 -4.55 3.26 26.19
BC-30C 6.39 -4.67 3.26 26.19
BC-35C 6.54 -4.81 3.26 26.19
FKC-25°C 11.22 -5.99 5.27 37.80
FKC-30C 11.70 -6.20 5.27 37.80
FKC-35C 12.02 -6.37 5.27 37.80
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