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Abstract

Ball-milling straw biochar was prepared and characterized by infrared spectroscopy and pore
structure. The adsorption Kinetics and isotherm of ball-milling biochar for heavy metal Pb2+ were
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studied. The effects of pH value, ion concentration, and ion species on Pb2+ adsorption were inves-
tigated. The results showed that the ball-milling biochar had abundant surface functional groups,
which were favorable for the adsorption of heavy metals, and the maximum adsorption capacity of
lead reached 93.0 mg/g. The quasi-second-order kinetic model and Langmuir equation can fit the
adsorption of heavy metal Pb?* by ball-milling biochar well. The adsorption capacity of ball-milling
biochar for Pb2+ reached maximum at pH = 6, while both Na* and Ca2+ had adverse effect on the
Pb2+ adsorption.
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1. 51§

KPR AE AR, AR KR R, R IR s e N N A A g R i ™
HEFH(1]. EANGHNESBEARUETREZI, M2 5 NENBEIRDEERERESY
HemaaY), W5 NMAREAR. . 4B BER RN, AIMAE FR YT R sk 22 1 R
BRSNS BE A A. HRE W E SR, Xt MR s Efe . mis. W
Gruhy DI MRS RGP AT E(2] [3]. WK E R B EEERITE L 4], MR
FE PN, BORCLERE . & e e, WA, SOkbss, o, BT BT K
Ve S AR A W HHEFIS] [6]. CARFFIRM, AVIRX Pb*. '\ Cu® S H LR E 7 AR
WP IR, W B A2 A B < Je AN A ) R RO AN TR T AN TRT [ 7] 81

MR IERPRIRIR) iz, FLrP A EREAT A — R BRI ARG A RLO], TR A — 5 AL B A=)
IR A ROTIE11], Lyu SR BLEREFEFT ALY R BA R LER AR E 2 P B Re ], BR
P& J Rt B 4 SR N FRIMRC B B9 30 1 10 5[ 1] Cao S8 HIF F8 R BRI 5 /I 22 5 AT A= 0 0 05 P O B
RORATHR R 13% [12]. 28T, H ATEREERSAT A%t Po W MRV (0T FE IR b o PRI, ASCRITSE T BREE
FEATAE R XS K B )@ P (IR PR PERE, TN B RS AT A FH KT A 4 i S B A F AL

2. SBARNE %
21, SRANE S

ITRERBAU(XQM-2), KIPREIKFEARGRA A H B AR MG RE (Nicolet 1S10), SEEFEER K
HIRBHE AT FL4E 5 LR T AR 414 (kubo X1000), Jb5if B H P ARG R A F ;R T RISOEIE{(ICE
3000), FEEFEIRCH/RBH AT S50 AT FIREERET . SN, K-S &AL B4, BALET R i At
2.2. EWRHIE

BNEREFFOE . TG BTV 40 Bt . KA R AR H &Y, BUACEE 5 RS
FIRON# B 1R, AL R4 FI4E 300°C. 450°C. 600°CH#i# 3 he 3 HIEL iR AR IEATEREE, 4

VIR ER 3 g, BISEERFER 165 g, BRERHE 112 t/min, EKREENSH] 5 he BT ERES A )R AR T HA i
I8 SIARIE N QM300. QM450. QM600.
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2.3. MR E

FREX 25 mg AEPR T304, N 50 mL WK FEA 100 mg/L IEYER, T JEF AFER LA 120 t/min 7
PRI 48 ho HUH B0 FELL 0.45 um JE ST VAT, F A TR W ST A0 s WRe Bt s VA VAR T

2.4. WMIENHZE

PREX 0.5 g (AR BT AR OB MR IR BON 1 LIRS 100 mg/L [ Pb(NOs), ¥ i,
PR E TR I BEFEas, 72 25°C L 120 o/min 540 T HEHE . FEBCE W] SUDURE, T 8 Ja i i R 1 I
WG TSI 5 LR JEE

2.5. BMFimek

FREL 25 mg AV B T EOE, 25N 50 mL A RO mg/L. 20 mg/L. 60 mg/L. 100 mg/L.
160 mg/L. 320 mg/L. 400 mg/L)1] Pb(NO,), ¥R, TR 25°CF, FNBRARWHT 48 h 2P, HUHEE
OGNS UE 5 I R .

2.6. MMERRIE

SR K 2RI R pH A2 BN 24 34 44 5. 64 7, S-S5 FIKE 58 0 mol/L 0.01 mol/L. 0.03
mol/L. 0.05 mol/L. 0.08 mol/L. 0.1 mol/L, REHEEIEHIRE 2.5,

3. BR 5118
3.1. HSFRIE

MZE 1 ATUAEH, BRENEEYIR RN T 17.52~186.69 m%/g, FLAFIAT 0.0369~0.0845
cm’/g, % IFLEE R S 505 B A AR e TR RE (VG N T 386K, AR ok LR T AR RN FLARAR 188 K 5 A 2
B PR B B =, AR R R S SR U AE PR R A AR 2 R AR A OB, 233 U G 2R T
ZIMNTATA R B B+ FIFLBREE, 54k, BB SUEF= T BB A LIS . BB PR B i3 &
MU A L RSB BT 2% R ZISE 78 43, R A AR LE R TNARANFLAEAATE K. HoCikAa L, BREEf5
AR ECER T AR & T IR AR 2B R, IX B RN TEBR B I FR (L i T, 2B BRI A2 A8 /N L
RIEAAE 7 RIESE[13]. Shah, BREStn] DU 5 SEAE MR FLIR P 7%, A A= 400 k 1 PA 3R FL RS 2 25 11
SRR R I AR . R FUAR . thah, B3 | WATLUEH, AR LR, B
LN

Table 1. Pore properties of biochar
1. ERFLBRM R

oS EE 2 T AR (m%/g) FLAEFR (cm®/g) T LA (nm)
QM300 17.52 0.0369 2.88
QM450 33.12 0.0247 1.09
QM600 186.69 0.0845 1.03

BREE AW L0 AMGRE R B (1] 1), ASE VA FE S BT S BREE LE WK I ZL A GG AR AL, 3% S it [R] —
JEAF KL BT £ B AE P R R B RE IR AU IEA A ], HEEIHEHEER . D/MHERENNRE R R, BEEH
AR B TH R AE 1790 em ' 4B C=0.1100 cm ' 4L ) C-O 1 Z4EHREN LL M AE 1604 cm ™' 1596 cm ', 1480 cm™
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Figure 1. Infrared spectra of biochar

1. EHIRBILISMIEE

3.2. WM EEFEMENE

AW QM300. QM450. QM600 X Pb> frIML it &4 il A 85.1 mg/g. 93.0 mg/g. 83.5 mg/g, &1 3wk
HRE (1 S A6 A DR B R R 141, A8 SCHRFRE [RIRE 1) 2% 2540 T AAARE MR AL I P B A 34.9~62.8
mg/g [15]e 53 BIRFAHE— R 3h F1 2B RURIHE — 5 1 AR G BREE AL et PO™ IR i 3h 712, 455
2. HE TN RS R (0.9051~0.9724) T — 2 5h 1505 FE R? (0.7961~0.9146), H.ifE—
BN J 1R BRI TH L (PR B S SR AR R R A R TR e . BRI, RN SRR A B )%
BERY,  p AR T2 PR RS2 — R DA b R B R R

Table 2. Adsorption kinetic parameters of Pb>* on ball-milling biochar

2. TREEMIRIIBHRMNFESH

LEy Bkl SRR S I
K™ g/(mg-g”™) R Kfgh"'mg")  qdmgg") R mg/g
QM300 0.0372 78.95 0.9146 0.0006 81.84 0.9724 85.1
QM450 0.0303 83.59 0.7961 0.0004 87.26 0.9051 93.0
QM600 0.0451 76.84 0.8174 0.0008 79.34 0.9202 83.5

3.3. IRMIERL

KFH Langmuir A1 Freundlich &5 W AR XSG 45 SRAEAT LA, WFACEREEAEMIR X P> (MR I
Langmuir 557 2R A5 Y (115 1 2 5 P ik 2 v 0 A Joid S 2 B B 2 R B ) 2 T PR35 b, 9 ELUR B 20 E 1
AN 73T #0 2A A R (R B 5 A6 e - Freundlich S5 2R Y ) 22 F T RATE R BRARIRAS T R AEFE AR 5) 3R
02 2R LA .

172 3 AT LA 1, Langmuir Al Freundlich #5784 15 a] DUAEUF A0 & A= W3 5 Po> AW B - 22 e, Langmuir
SR LT RN S BRI A S R® (0.9685~0.9896) 7 T Freundlich £% R* (0.9145~0.9266), [H .,
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Langmuir BRSO IR B L& FE EEMG A T Freundlich R, SR BER B A1 x4 25 5 O VR By S8 T B 001
JEWERH -

Table 3. Fit parameters of Langmuir and Freundlich models for biochar adsorption of Pb*"

2 3. E=MRIHM Pb> 8 Langmuir 1 Freundlich # & 55

Langmuir Freundlich
UGl
K. (L/mg) 0, (mg/g) R Kr (L/mg) N (g/L) R
QM300 0.34 113.16 0.9896 38.21 4.38 0.9266
QM450 0.34 115.36 0.9685 52.28 6.34 0.9145
QM600 0.07 139.22 0.9840 53.24 6.56 0.9154

3.4. pH &M

H 1 2 ATLAE HY XM ERBE IR 6 Pb™ (R B 25 50 AE pH o 6 BF iR, BEEE pH 36K,  BRES A4 %
PO IR B i A S KA 3. 24 pH oA 2~3 I, EREEZEWR N Po> AW B 2 A, A0 L SR R AT R
& pH {H REFZ 1A 22 B 42 8 85 1 I A0 5T A5 R AR )R SR T 1) FRLAT 0 AR AS o I8 VR pH LA T 2R %
FT AT S (pH o) N, 2B Wm0 B REET R A0 16], AEVIIR R A IR, AR TR B [
IERA R ESEE T 2 pHAE > pH,, B, AEVIREI T AHEA, 255 RIETSE .
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Figure 2. Influence of pH value on the adsorption of Pb®* by ball-milling biochar
B 2. pH B EREEE YRR M Po> BN

3.5. FHEFHIRME

AR EER Na'F1 Ca™ W BREE A VIR PO> (ORI ANIE] 3 B, BEEE B FIRE AN n, =k
BEAE BT POP MR M A B R R A . FEBAES T TR AR TR T 14.3%~17.6%, fEFSE T
(KIS TR B AR T I T 45.9%~65.4%,  HIBL AT L 4415 845 X BREE ALV PR PO (IS 2w T
PRS0 AN, FHE TR AR W B A 1 (R 52 i S DR AT BE AR VAU A A5 B T 3 R A R R
T FFIVRG PR RS B 38 He 2 [17], Na'Hil Ca®* b5 Po> S8 4+ IR B S B0 BH B8 IRk BE ik ey, AR R Y

(17 PR 25 B AR
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Figure 3. Influence of ion concentration on the adsorption of Pb*" by ball-milling biochar

3. BFREXBRELEMRM Pb AN

4. &g

1) BRESECHE T SRS R AR AR BT 5K 1K) L T R T (R E XS0 TR I, BRBSRE T AR 0 5 o 0 0 .
R F] 93.0 mg/g, 75T SCHR R (1 S A0 5 6 TR B

2) BRES/ANSZAEWIHRT PO W PR 5 4% £ v 2 3h /124 A Langmuir J7F8, R BIERES N2 AR
S E IR B2 2 7 LA b 2 R 3 B O LA 20 R B A

3) VA pH {H &M R R H R TR, K pH AR TR0 BRI . 4, 58
TR -t 252 DR A 32 461 P TR A 2 50 P> TR I
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