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Abstract

Phosphate-modified biochar is effective in passivating lead, but the effect of biochars modified by
phosphates with different solubilities on the adsorption of lead and the impact of pH is unknown.
In this study, biochar BC, BCK and BCCa were prepared using unmodified, potassium dihydrogen
phosphate (soluble) and hydroxyapatite (insoluble) modified reed straws, investigated the ad-
sorption characteristics of the three biochars for lead. The results showed that the sorption iso-
therms of Pb2+ were better described using the Langmuir model with the maximum adsorption
amounts of BC (46.5 mg/g) < BCCa (58.5 mg/g) < BCK (59.5 mg/g) sequentially. The kinetic models
fitting results indicated that the adsorption of PbZ+ by the three biochars was associated with a
combination of chemical processes (such as ion exchange) and intraparticle diffusion. Additional-
ly, the adsorption capacities of BC, BCK and BCCa for Pb%* were affected by solution pH, which was
weaker with lower pH under acidic conditions. In summary, phosphorous modification enhanced
the adsorption of Pb%* on biochar; moreover, with the increase of adsorption time and adsorbate
concentration, the adsorption amount increases. Soluble phosphate-modified biochar was more
effective in Pb2+ adsorption compared to insoluble phosphate-modified biochar.
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TR R BRI AE SIS R IIARA . R4E 2014 4F (A LG JURGAE AR Bon, ER
L3S AL AR 30N 19.4% [1]. Chen S5 [2]0f FEARR & riith ) J i & R b 55 R A 2R, a4
Jor B 5 Bl 100 pg/L, Horh— 44 JLHE MBS SRk 639 pg/l. His 4™ B b i A
AERE, DL, TPA BT SEab i LR RMEERRBLEE R .

R IE R SRE ATE. WTEAERME R M EE]. SRR M S HIRE R AR, JE
REWR B AN 7 A4y VAR - DOVEAE TS ML B R 1 3 b S R A S & I RN, SCAPRETOs o =
TIRIEII[4]. BT IRAGEYI RN B RIS RE A IR, SRR R AR 2 5 TR N B TEK IR
SE[5]A1 Ahmad S5 [6]18 ] 2 ¥ RO BERR PR AN IR — S B AR, (0 B < Ja v G a3 v ) A 1k B
ik 7 19.1%~44.5%. b4k, Wang ZE[7]RHIMER FOFRIEBEACA OB EYR, X0 X g Jm s e H 3T
FasE AL TE, (3 n] R AT & B PR IC 83.3%~97.3%,  [RIINf /b 1 BRI Sie b ) 4R

PECPE AR R T R R rh e R A Rk . AR, RIS AN R BAR IR ai eeE ZE 0 2 BB P S8R R T
Beb o AHFCCL HAEAT N IERE, A FAS [ Ak 0 BAIR SR BEAT St LI S (R AP A 0 2 X A R I
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{5 S R 0 6 SKORT 6 A . 75 S RT3 BRBHAE BTk R — UM R R B A v
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Wik, &% 2405, GREEMR, AT, BEEE. i 300 HIFR, & R4 R(BC).
Wi S N A e (BCK) R R Tl A 4k A 4 7% (BCCa)

22. EWAE

VIR EERE T RRM, RS ESER T 5 EYRERMITEAEYIRE T E RN S BT
T SO A AR AR MR R T R M A, A0 T SR 1) S A 2 S T R P AR [8] o AT 9T 1 B R BB ] R
B 5 34 5 R T pH B = AN SR SR, IR SRR A R PO TR R R IR o SEB b BRI R

Tl KUY 2R W R ST B 8 754 W B S8 : FREX 0.05 g 2498 BC. BCK fll BCCa T HZE .0, i
N 20 mL Ky 200 mg-L ™ ) Pb? iAW (fE ] HNO3 AT NaOH i pH 24 5), 200 rpm/min % F iR, 2
5I7E 5 min. 10 min. 20 min. 30 min. 1 h. 2h. 5h. 8 h. 12 h. 24 h. 36 h i1 48 h i [&] S HUEE, 4800 rpm
FERN B0 10 min JEREE, e SRR A IR

Tl S A R R I SR T B 258 FREX 0.05 g B4k BC. BCK 1 BCCa T HZEE.LEH, A
20 mL ¥ & 7354 5. 10, 20. 40. 60. 100. 200. 300. 500. 800 mg-L* fJ Pb? ¥ (1 FH HNO; A1 NaOH
4 pH 4 5), 200 rpm/min $E T &% 24 h, £ 4800 rpm & N E50r 10 min Sk 38, I 5E e A ROk
JZ.

ANTE] pH BBl S0 A A e B ER B R S 56 . FREX 0.05 g A4k BC. BCK il BCCa TR ZE B 0V
H, N 20 mL 3SR 200 mg-L T ¥ Ph* VA (18 HNOs it NaOH 73 BB A pH T ZE 1. 2. 3. 4. 5),
200 rpm/min SR T4k 24 h, 7E 4800 rpm 4% T B0 10 min J5 it 3E, W B8 P BT IR E

2.3. DRITEGE

PR N S A8 FH O JEL T 23 6 6 B 1R (FAAS, A3AFG-12, PERSEE, Beijing). f#iH Excel2016 f1l
Origin2018 AT HE I & S R il o A (L) THEE = Fh A4 0 6 PO [T B 22 [9] -
—c, )V
qe ZM (1)

m
s g, AT IS R B R, molgs VORTERAAR, mLs ¢, R e, 480 Po* WI4sHe B ATk B, mg-L s
m NEVIR I, g.

3 HIE ] =) J1 B (2)~(4) [101% A=A s B PO AT A, — W8I0 A A A e MR e A 2
PHOLIRIORE ;. il g SR B W B3k 3 52 A0 2 W PR I R R ), SR B MR B 550 8 52
YRR UKL OB 38 TR M S AE KL T N B B 0 2 1 R

—Br sl g A
In(g, -, )=Ing, - Kyt )

i pakesy i Eith
R @

WKL N3 BT R
g, = Kito'5 +C 4

s g, NP O, molgs g, AETE] t ISR &, molgs KON —MsEEEL by Ko
Brid R w A, gl(mgrh); K UKL N3 HIGE R #4, mgl(g-min®®); C N#kEE, mg/g.
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18] Langmuir F1 Freundlich 5 74(5)A1(6) [11]%F =FAE 4 % & 15 W Po?* BEATHL 4, Langmuir #5574
BV B R 38 &), W B A T AR T A B 2 W B A% s Freundlich #5825 BE s A2 3 5 36 1 ST Lhiz H
TANI S TR AL

Langmuir F57

pe_ 1 . P )
O OmaxDd  Oex

Freundlich &%,
1
qe = kfpen (6)
KA g, NP IR &, malgs p, A FEEBORE, mg/L; q,,, &KW E, mg/gs b A Langmuir
WH, Lmgs Kk, 4 Freundlich ~F#ir# %0 n NIRRT BHEHA KNI REL

3. &R511i8
3.1. BB R 3R RO Bh D E IR MHRHE

1) &R ER, =FAEY R POZ WA E S 200 mg-L 1, X PhZ FIme B #ash —30, W47
0~5h PN IR B SR BT F, 1M f5 WP & 1 AR A T 2%, B FILE ORI (B34 2] 24 h if BC. BCK.
BCCa %I Po* WK B B AR AUAR /DN, B AR RIA B R T HORAS o S R 2k, 3 5 IR A R
ST - ERAE R b PO IR IE 250k, H BC. BCK. BCCa K fF{EH: % nl (ML Pb* 7 £,
FIT AR B BG4 B S B4k HEAT, R R PP 22/, H BC. BCK. BCCa H Pb* [k
PR ks, 5 B B R R N, BRI P R T A

N7 BT BC. BCK Il BCCa Xt Po™ Fm BEHLER, 435 3 Pl J1 2 (A R(2)~(4)) ik AT & Hi
T, 5Mai AL, BC. BCK. BCCa Ml /i B s A < 25 R, JFH —
B 21 73 257 AR S0 A B8 420 SEINMEL, 2R BH 3l ) A B 2R MR DG % 1y, e 0% T L 3R BCLBCK.,
BCCa MW [i5h /1% . R BC. BCK. BCCa Xt Pb? frIMK it i i b 55 1 22 # A 2 5 B 70 — PR B AR LA
P, B DAL 22 S B g R s i R 8 1(dl) P S0RE N ™ BIORE R 300 & M 48 20 P B4, R A
TR A T B AR N A IR BB BON PO EREIE M R R, K Bk, PBOR R B
B BT, K, B, RUEDRWHT Po™ 58— BObPH R . 3% 2 BBLA 230 1, BC. BCK,

50
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Figure 1. Kinetic adsorption of Pb?* by BC, BCK and BCCa () and their first-order (b), second-order (c) kinetics and intra-
particle diffusion models fitting curves (d)

1. BC. BCK, BCCaXf Pb*#MIsh hZF M) RE—M(b). —M(C)Eh HFFIER R HHE B (d) L& sk

Table 1. First and second-order model fitting parameters of BC, BCK and BCCa adsorption
F 1. BC\ BCK. BCCa IRMte9—r. —MiREIESH

—Brah R ZHEh AR
GV . .
Oecal kl R e,cal I(2 R
BC 14.263 0.051 0.933 43.478 0.031 0.996
BCK 15.252 0.049 0.905 44.643 0.027 0.994
BCCa 7.420 0.060 0.771 40.816 0.068 0.999

Table 2. Fitting parameters of the intra-particle diffusion model for BC, BCK and BCCa
# 2. BC. BCK. BCCa MR N HUERIMAESH

HEWIR kig (o R? ki C, R?
BC 0.456 26.872 0.958 0.211 32.262 0.633
BCK 0.445 28.262 0.920 0.391 24528 0.920

BCCa 0.367 29.304 0.850 0.034 38.754 0.642

BCCa ] Civ Co AT 0, HELAIE I AR I A2 B RIURL A 47 HEOAS A2 28 1) WS B s I it 24 R 1 e ik — [
#[12]. W% BC. BCK. BCCa BRI ™ BUB 1Y (4 5< 223 R? 4) 514 0.958. 0.920. 0.850, H. %
T3 B0 2R B Ky /N T AN B3 R 4 kip TEIH PO ARV BT 521 25 et R AN R P 377 At A [ e 1
A R R K

3.2. AR IR X SRR R IR BHASE

s 2 fiizs, BC. BCK. BCCa X Po* MK Bt & B 45 W1 LA L (0 T i 8, e 281 T 1A
IXAERUA ST, PO? 5 T, EE T PO 54 40 ¢ 3 1 W B A7 R R B A B2 Ad, {45 BC. BCK.
BCCa X} Pb®* i &4 . {H BC. BCK. BCCa HIMMAEA M, HEMmAANFEEA SER, SBURN
BHAT R — B RLRE, WL PH SIS R, WA BT, 5 BC AIEL, BCK 1 BCCa Xt Pb® ik i
K, H BCK WA AR . X2 FE AR FR S, AP P (1 IEBERR 3h vT DU g R IR 26 R
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Figure 2. Isothermal adsorption of Pb?* by BC, BCK and BCCa
[ 2. BC. BCK. BCCa Xt Pb*BIS iR R B

43 A Langmuir #2840 Freundlich #2754 (24 :(5)~(6)) % SLEb B #E ATl & H13% 3 LA 45 Bl 4,
FEAR R IR HE R EE T » Langmuir 2550 BB A 1A 6 2 8 R? ¥ T Freundlich, L& 2R B 4f, % B BC.
BCK. BCCa X} Po? [t /& —AN By 2 W B et R [14], 2B 4 ¢ 2 T W RS A W B B8 A AR I, ELPR B
R T AAEAEA AR, 2 —Fhah 25 P47 . 3853 Langmuir 75 FEHH 515 2 Ph? i i KR I/ 46.512.
59.524 Fi1 58.480 mg-g ", B {F A LI .

Table 3. Fitting parameters of isotherm adsorption of Pb?* by BC, BCK and BCCa
3. £t PO RERIRMHLE S8

‘ Langmuir #55 7 Freundlich 7!
B Bt 751
Omax KL R? ke n R?
BC 46.512 0.114 0.998 5.932 2.928 0.778
BCK 59.524 0.138 0.996 6.672 2.803 0.736
BCCa 58.480 0.047 0.983 5.539 2.659 0.838

3.3. pH Xt A AR IR M SR EY R

Wk 3 fizs, AW# BC. BCK FI BCCa Xif Ph™ [ bt &AWk & pH (8 KiMisgin. pH /T 3
I, =R EYI RS ET N B AR A B2 . 2 pH v 3 1, BC. BCK. BCCa W iy SE1GlE A K, 737
#hnY 9.72. 10.38. 7.61 mg-g*: 24 pH KT 31, BC. BCK. BCCa W I B4 45248 b % 54.31. 61.20.
58.13 mg-g o VAW pH (BRI, SR AEYDR T BRE SRR M S N R A VAR, LRI AT I A,
H*5 Pb* IR 364+ 5%, BC. BCK. BCCa Wi Mt & Bk [15]. 1124 pH Hinm, H' 3455, Pb* 5 BC.
BCK. BCCa KIf 2 AIFI# T I N R, 15 PO WRFff =, shat, BE%E pH N, Po™ KA % E RN,
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Figure 3. The effect of different pH on Pb?" adsorption by BC, BCK
and BCCa
[E 3. 7[E pH %t BC. BCK. BCCa IR} Pb* 89820

4, 4Eip

1) R PO W Bt S B T 8 T8 K, O R o 2 R i RS AR A A
BB S AT BE A T A R IR =R AR R X B B0 B, A RN A O B 0 A 4 R T
A= R Fo A (IR B AN S AT G, O P it A R R

2) W PR b s, ARkt P R B B R R . Langmuir B B M A = b AR W R 6 TR
WL B FE, BCK % BCCa Wt fit /15 5%, BC 555,

3) I pH 1E /N B v AR R R B R OR, B4 1F R, BC. BCK. BCCa Xt Pb* [
WL B RE FIBE pH THETIIE . pH N 5 I, AR % PP I R RO, 5 T TR AR B K pH
T PO AR XK.

g LATA, pH N 5 I, R S O AR A i x EE G R A ) ] R e, L R R R ) AR R
WREERISE N, TR PR BE T3
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