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Adsorption of Cd* by potassium ferrate/potassium permanganate—modified vinasse biochar

JIANG Zi-yang, XU Min, WU Jun"

(College of Environmental Sciences, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: Vinasse biochar (BC) pyrolyzed at 600 C was modified by K;FeOs (BCFE) or KMnO, (BCMN). The modified biochar was
characterized by BET and SEM-EDS. The results showed that Mn—oxide and Fe—oxide were successfully loaded onto BCMN and BCFE,
respectively. The total functional group content of BCFE was 1.8 times and 1.5 times higher than that of BC and BCMN, respectively. BCFE
had more oxygen—containing functional groups and conjugated aromatic structures than the other biochars. The order of the specific surface
area was BCFE (2 302.0 m?- g')>BCMN (521.3 m*+ g"')>BC(245.9 m*- g') (P<0.05), with the specific surface area of BCFE being 9.4
times and 4.4 times higher than that of BC and BCMN, respectively. The adsorption capacities of Cd** by BC, BCMN, and BCFE were 1.46,
5.61, and 7.46 mg- g, respectively, with significant differences among the three biochars (P<0.05). The adsorption kinetics of Cd** on BC,
BCMN, and BCFE were described by the pseudo—second-order kinetic model. The adsorption rate of Cd by different biochars was in the
order of BCFE>BCMN>BC. Isothermal adsorption of Cd** by BC, BCMN, and BCFE was described by the Langmuir isotherm, thereby
indicating that the adsorption by biochar was single molecular layer adsorption. The order of the maximum adsorption capacity ((,.) was as
follows : BCFE>BCMN>BC. The addition of K;FeO,/KMnO, improved the structure of the biochar and increased the adsorption capacity of
Cd, and the adsorption capacity of Cd by BCFE was higher than that of the BCMN. The results demonstrate that BCFE has an effective Cd
removal ability from wastewater.

Keywords : vinasse biochar; K;FeO,; KMnO.; modification; Cd**; adsorption
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RIS Ak A A T3 KOH I Ak g Zhfe . SRk, H
HIEEAT KoFeOu U 2R W B¢ (AR G 9T o Sl I, AR
VAR A= W) e (BC) M skl DL KoFeO. . KMnO, i i
A5, 4 R TR A 1 7 2 25 T 2k A= ) i (BCFE)
FER A=) e (BCMN) |, 43 By L Z5 R PR i i 22 4k, %
FEHT B K Hhr Cd™ 14 W B2 B S W B AL, Ay I
K Cd 1 2 BRER AL 8 I B S IRl i 4k ik A= 4

BT Z N
1 R 57A=%

1.1 E¥RBH &

TERE IR D[4 TP ok vy ol A PR A o B
KT, T 80 CHEAR LT, By ad 100 H i . #r i
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Yoz, bric i BC.
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BF DAy BRESSM T, 600 CHVRE 1 h, 78 HRE
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1.2 SRR
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FE AW pHAE 5 R 42 B 3l b2 T RURTFL IR B2 43 Ay
1% (ASAP2460 , Mieromeritics , 5 [ ) 43 #r 4 4 ¢ H 3
TR FRFIFLAR A3 A1 5 5% 1] Boehm Jik 7 B 52 A 4 ¢ e T
i B I A 5 i 5 D R B S AT 3 IR AR
FWEIESH S5 ICE AR (C.0 K Fe Mn) R A6 T
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T4 CTF 4. 437 FREL0.05 g Y BC . BCMN ,BCFE
F 50 mLE.OE W, A 20 mL 1) 20 mg- L7 1) Cd> %
W, K JH 0.1 mol - L' HNO; #10.1 mol - L' ) NaOH
W pHAE N 6.0+0.1, 11 0.01 mol - L' A NaNOs -~ 52
PR f# i, B0 T 25°C. 150 r-min” F4E% 18 h,
L4 000 r-min™ #2020 min, 1 0.45 pwm JE AR,
HL R G 55 B IR BT % 1Y (ICP-MS, 7700x, Agilent,
2 ) I SV CA> R
1.3.2 MR 3l 772 1A

2y M FREL0.05 g i BC . BCMN . BCFE T 50 mL &

WWW.QEs.0r9.CN




nlElsMidk

URETR Rt Y F 405 E 45

O H A 20 mL 20 mg- L™ CA* %, 815 pHAE N
6.0+0.1, %% , 3%+ 5.20.40 min f11.2.4.6.8.12,
24 h BURE , Bl 850> 20 min, 3298 , ] ICP-MS I & &
W Cd R
1.3.3 W 45 iR 4 il g

43 BIFKEL0.05 g i) BC .BCMN \BCFE F 50 mL 5
O 3B 20 mL &  2.10.20,40.,60., 80
mg - L7/ C* W, 9315 pHAEH 6.0+0.1, ¥ 35 18 h,
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HCd.
1.4 HiE4bE

W o SP- A s A4 9 2 %k G A R B 5 A 2 Xh

Q.=V (po—pe)/Im
Kb QS E W V- AW 5, mg - g7 5 pe A I U W T
AR BE  mg - L5 po W) HR T W R Cd* B VR R
mg- L7 VR WARTR, Lym AV T BT i g0
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FRFNAE Z s 15 ) R TG
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HEZ AN 15 ) Q0= Qehat (14 Qckat)
A QN Qe J3 511 Ay o Bsf 221 Py W o AR~ 7 170 W o
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A Qu AV MU FIR B mg - g7 s Qc AW -
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FRIE R Ke IR 5 A G S8, mg - L g7 \n

AR BRI 435 W B R 2 TRV RS A R 34K

K SPSS 23.0 5 Excel 2016 #1748 204T , 5/
W FE(LSD) T2 & I, B E K PEL
0.05; 2K Jade 6.0 FA4:XF A W e i b HEA T AH 20 AT 5
1 B 2K ] Origin 8.0 8 4F,

2 #ER5iTiR

2.1 HEEYRERELERS T

YRR G A e PR AN 1 e R . R, bk
Je FE W ) pH 22 B 38 0 s A, L3 B AR W e 1
pH {22 5 8 % (P<0.05) . BCMN BCFE {4 JK /3% &
SPREBC 2.0 2.245 , X FEHUEFGIA T Mn Fe
ALY G, AN, K43 B3G5 pH 4 &5 %5 DA
O, PRI 4 R B 2 S0k J pH 3 hn iy Dt PR 22—
3l A= W e 1 2R TRTRR F K 3/ ECA BCFE (2 302.0
m?- g )>BCMN (521.3 m*>+g')>BC(245.9 m*-g"') (P<
0.05) , BCFE (1 b & B3 1) & BC Al BCMN 19 9.4 1%
a.afs, WAL RMFEI N BCFE(941.6 m*-g™)>
BCMN (158.8 m*- ¢"')>BC(87.7 m*- g') (P<0.05) ,
BCMN #1 BCFE ffL L 2 18 #4351 2 BC 1 1.8 £5 1
10.7 4% 5 F-#$L42 F B BC>BCMN>BCFE (P<0.05)
HT G AT DL, R e X S A T A ) e 1
Fb T AR AN L AR o, (F2 R AR el R R B A
X AT BB PR Ry v R BV T /K 5 &3 40 A= L KOHL, 78
T AL ISP A £ 4 o 22 1T AT LS KOH % 4 SO, Al gk H:
FLRTE R, BRICZ AL, i ER R 1 S A L s R
BTSRRI TGS AR Y R T 25

A= 1 B i AT S ) A ) e P TR i TR 2
S L R8O A B AR A . R L R 1 S 1A
(R 3L T3 ) e i P 25 AT (R 3 A I MLk I | i 56
M g I 465 ), e o L R 25 H 2 5 B T S

F1 AREWRBERMER
Table 1 Physical and chemical properties of BC,BCMN and BCFE

5 H Projects BC BCMN BCFE
pH{E pH Value 9.60+0.20¢ 10.70+0.26h 11.50+0.17a
JK4Y Ash content/% 13.76+1.01c 27.67+1.80b 30.94+1.80a
L F 1 L Specific area/(m*+g™) 245.9+25.6¢ 521.34.5b 2302.0+111.5a
t—plot 4 fL HL i B Specific surface area of micropores/(m*-g™) 87.7+7.1¢c 158.8+8.5h 941.6+23.9a
F-HJFLAE Average pore diameter /nm 4.627+0.224a 3.735+0.067b 2.65620.238¢
JTTAE M Total functional groups/(mmol-g™) 1.214+0.043¢ 1.453+0.055b 2.185+0.107a
R YEF BEM Acid functional groups/(mmol-g™) 0.129+0.018b 0.068+0.009¢ 0.505+0.013a
BB AE AT Basic functional groups/(mmol-g™) 1.085+0.101¢ 1.385+0.035b 1.680+0.081a

TE BT P EAREE (n=3) , TR R RN 22 7 B35 (P<0.05) . R Il

Note : Data indicate mean + standard errors(n=3) ,and different letters in the same row indicate significant differences (P<0.05). The same below.
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R E KRS FEAE Y 3G N T 90% ; Li 558 % H FeCls
PRI SRS FTAE ¢, K BN UE S A 90 o 1) i ek L A
TGN T 520% . ASHEIE LI, 3 B AWk R
B HE AR £ BN - BCFE (2.185 mmol - g') >BCMN
(1.453 mmol - g")>BC(1.214 mmol - g") (P<0.05) ,
th, BCFE F1 BCMN B ¥ B #E A % BC 43 51 34 hn 1
54.8% F127.6% ; BCFE FRPEE RE A & R BCHIIN T
291.5%, Ifif BCMN % BCJ#i/> T 47.3%, K It , 55 & 4f
TR B AL FHURH FL e BR R B 7 A 1Y 5 A0 A FH A KOH
TEAAE RIS =E 6 1 8k B RB A5 i, M A 4R AEAE )
BT YBR[l i SR 4L 1 S 2 v BRI, v ik
FRBAZE A T Bleh M 5 kR oM e s, WA o B e
Gifere g Wit E N

T2 R 3FEY IR ICE AR . AT, CILR M
fEE M K : BC>BCMN>BCFE; O LR IS KM Ny -
BCFE>BCMN>BC. O/C Jii it Fb o] DLFAF A 9 0 (A A
PEF2 ¥ , BC.BCMN 1 BCFE 1 O/C J& 1 43 5 M
0.33.0.56 #10.82, ] IlL, 5 BC #H kb, BCMN A1 BCFE ()
etk BLR G Iy s, 5 FEEH & . BCMN I
BCFE ) K JCZ 50 54 BC 19 5.1 571 6.1 4% , w] WLl
JE AW B K TG ER S5 380, KOsG2h () 1 38 3 A= ) o
o BCMN H1 () Mn JC % 3£ 10.40% , BCFE H1 %) Fe 7T
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Table 2 Elements content of BC,BCMN and BCFE

B JEH AL A Elements composition/%

Samples o 0 K Fe Mn
BC 64.46 21.20 0.89 — —
BCMN 50.19 28.28 4.54 — 10.40
BCFE 40.12 33.02 5.45 14.96 —

- } $ :{‘ .
B NEEWRAIEREEE (X2 000£%)

ROk 14.96% , UESE T Fe Al Mn A3 R0 51 408 T
E /P

B AR AR P i B e R L, il e] L, BC
TG ST FLE A > . BCMN A FLER K
INARBIE], B A AN, 2 URLES | 20 1 35 07 250
Hi, X A] fEJE MnO, ik . BCFE i KA fLR 0 A5
A LR G FLEBR S5+, FLBR IS , 31X AT BEJ2
KoFeO. 58 S A AE F A 53 77 A4 1) KOH % AL i 1
FH (50 R A= 0 e 32 1T 7 A B8 2 AL 5, DA Tl 3
s Ye iy 55 A W e 1 4 S v B, R0 e i 2B
Ak, BCFE SR HAFFE AN/ IN 0L, 1T RE 24 S Ak 4
Wz i e AR R R T

BC .BCMN il BCFE (IZLAMGI% I anE 2 iR . 3
Pl A= ) 5 TE 3 230~3 551,812 em™ 1 448 em™ b 34 1
LT AR R —OH A 45 4 2l 5 BF C—H W Wi il
Si—O¥EFNE, 1699.1 600 cm™ Fl 1 104 cm™ 4b43 51l
i C=0.C=C fl C—O %z g , Hh C—0 Hn] g
S [ 95 A /B, BCMN F1 BCFE 13X 3 4 4R I8 48 BC
B % , 16 W BCFE A1 BCMN H £ 8 £ (19 3 5k L 9% #F
25 K A PE L . BCFE £E 1 379 em™ &b My 38 1 HH
B A—NO, ¥k 816, —NO, J2 L Hi & & |, [H ik BCFE
B I HEgE M LA E B . 551,560 em™ 4k 43 i) X6 R
[ & Mn—0 3§ 2l 1§ Fl Fe—0 PR 8hI& . BCMN 4ZbBR T
Mn—O JR 0% B &, BCFE ZbFE R Fe—O YRR HH 2, %0
HE W% 28 KMnO4 8%, KoFe O, b AT R0 171 28 1 A AL
bRk . KMnO. 88 KoFeO, e (#15 BCFE Fl BCMN
T e T e E m T F LS R

X 3 AR W T BfE Cd* I B RE A 0 A8 1k &
B ,—OH.,C=0 fl C—O0 iz sh % K A T 4 01 i i A8
1SR ERER S Cd* R TH AR . —NO,
PRI I, 55 38 C—H Wi g Fl C=C Pz shiée & A7
B, m L4 57 & PE 4 H 5 CdP R AR IR B LR AE 4
¥4 o Mn—0 Fil Fe—O Jig s34 4 (5 B sk 55 , vl g2

Figure 1 The SEM-EDS images of BC,BCMN and BCFE(x2 000 times)
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B2 RE &M BM CA Bl RS FiE
Figure 2 FT-IR spectra of BC,BCMN and BCFE before and after
Cd* adsorption
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WA BT v, L0 O A R AR A 00 03 B SO SR e
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Table 3 Adsorption kinetic models of BC,BCMN and BCFE
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e (mg::;") b/ ® (mgi‘:{‘) (g- ml:;’{-h") ’
BC 1.54 0.475 0.961 1.69 0.428 0.967
BCMN 4.43 0.419 0.986 5.20 0.091 0.988
BCFE 7.79 0.689 0.944 8.35 0.138 0.963
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Table 4 Adsorption isotherm models of BC,BCMN and BCFE

Langmuir Freundlich
Qn/(mg-g")  K/(L-mg™") R n K R’
BC 2.81 0.089 0.994 0.378 0.514 0.937
BCMN 6.65 0.628 0.965 0.192 3.156 0.866
BCFE 12.90 0.725 0.951 0.238 5.459 0919
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