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Phosphate Removal Using Rice Husk Biochars Modified with Lanthanum

Hydroxide

XU Run', SHI Cheng-hao', TANG Qian', SHI Wen-min>, KANG Jian-xiong', REN Yong-zheng'*

(1. School of Environmental Science & Engineering, Huazhong University of Science and Technology, Wuhan 430074, China; 2. China
Construction Third Bureau Green Industry Investment Co. , Ltd. , Wuhan 430056, China)

Abstract: La-modified RHBCs ( La-RHBCs) were fabricated by immobilizing La ( OH ), nanoparticles on mesoporous rice husk
biochars (RHBCs) using a co-precipitation method. Specifically, the effects of the pore structure of the RHBCs, solution pH, and
coexisting substances on phosphate adsorption by the La-RHBCs were studied. The results showed that the La loading of the La-RHBCs
was positively correlated with the mesoporosity of the RHBCs. La-modified RHBCs with higher mesoporosity hosts showed faster
adsorption rates and lower leaching of La during phosphate adsorption. The adsorption process could be described by a pseudo second-
order kinetic model, and the reaction rate was controlled by intraparticle diffusion. The Langmuir isotherm model fitted the adsorption
process better, and the theoretical maximum adsorption capacities were 41. 22, 43.26, and 45. 62 mg-g~", respectively. The high P/
La molar ratios of more than 1.5 indicated the high utilization efficiencies of the La in the La-immobilized RHBCs. Moreover,
phosphate could be effectively removed by the La-modified RHBCs over a wide pH range of 3-9. The La-modified RHBCs also
exhibited good adsorption selectivity towards phosphate in the presence of coexisting anions and humic acids. Phosphate adsorption by
the La-RHBCs was enhanced in the presence of Ca** | while it was inhibited in the presence of Mg®*.

Key words : phosphate removal ; adsorption; rice husk biochar; lanthanum hydroxide ; mesoporosity
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KREEPHENEEIE | pH ., IEAF I B 755 X
BRI B S, AR AR ) 118 25 R B (4] o % T AR
FALAR 5 A ) FIALAEBH S (il 4n Ca®* Al Mg ) I
BUDZ R . AN RN, AR LS
A7 BH B % W BRE A R B R B P R A I 3 Y
u@m ~26] )

AWFFEIE T CO, W1k, NaOH J5 b 3y 75 2%
# T s LR R A e, ¥ HAE R EE L
PR R, AT FR G FRAE T Bl i B £ A e
FEFEA Y I 10— e B PR 5, 0 BT 28 AR b ) L 235
P IR pH AEAE ) o A AL B A FL RS 5
A 0 W R T 5 1 R P

1 MR

1.1 SR AN FLAE e A W e i il 4%

AR S T ARG ook A A Bt . T
faoe B T, DUEE #RE A N, P10
°C -min " A9 B THE % 800°C , A4k 1 h J5EUHE CO,
RV 2 h, 7E N, SHEMAHEER, SRS EY
H(RHBC). Bl—E @AY RS 3 mol-L™' 1Y
NaOH 1B & (W L 16 mL-g™"), 7EBCA ¥4 5 M7
EHPSHhE . HBAliK R 2 PR IR ARG Fep 2 vhik
W pH JrE, RGBT 105°C AU P 4R 12 h,
WS 3o 0, AR 418 AN [ 9 0 & B[] 75 1) RHBC, I
RHBC, iX 2 FPfE5EE ) k.

Fers b BT SR sT AR R R L 0. 2,
FREL— & & A9 % A La (NO, ) - H,0, A 100
mL BB A K R FE 4 h. SR 1A KR S P 218
28% WEIK, T La(OH), ULHE, B % pH (HEE
TE1LS Fody. BrE 24 h 5 B0, Ak vk R
FEEYIR B E, 7E105°C AOMEAT N T 24 h 5715
N AL EA FLRE 524 Y % (La-RHBCs) .

1.2 WPRLERNE B

Fi I GB 1966-1980 FLE 1 J7 2 I e H: 3R WL %%
B, R ot E 4 M7 A% ( Elementar Vario MICRO
CUBE) fll5E W B A1 RL P ¢, H, O, N &0 R 1 &
i R XRF 286614 ( AxiosmAx, PANalytical )
M5E Si Y7 & ; K H ICP-OES( Perkin-Elmer Optima
8300) W 22 4 & 25 7 7 i 5 SR pH IR 45
M RHI ASAP3020 4= FL N, W BRSO o2 L 2 T
G IESTE RES i
1.3 WEHSCE

28 7K BCE 100 mg-L~" KH,PO, A

T, MRPETT BB RN F B R . FREL0.012 ¢
W A4 LT 50 mL R ELOAE T, A 40 mL —
SEWRIE R S HEAW, 0.1 mol-L~" NaOH ¥ i Al
0.1 mol-L™" HNO, ¥ pH, B E LIRS %%
L 150 remin =t AR EEAR B — o B RS, B
W 0.45 wm B8 08, HERBRHT LG L (GB
11893-1989 ) 1l 5 W vk )£ .
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(1) M B G5
_ (cg —c)V
g =~ (1)

A, g, N e 2B, mg-g ™' ¢ e, 3R
WA AT B R B, me L™ V NS BRR A
T, mL; m HWRHF R, me.
(2) MR 3l g 2 il
Th—9sh 1R
k.t

lg(g. —q) =lgg. - 5353 (2)
TG s) )2 R
N (3)
4% q. 9.
L TA NG iR
q = ki’ +C (4)

Ao BRI TE], ming g, F1 g, 53900 OB ¢ I
ZI RN 00 B, mgeg "5 Ky Lk, RN kAT
3 AR Y Y R L, minT' | g+ (mgemin) ~' Al
g+ (mg-min®?) ~'; C, NWRLY BOBALE B, SR
Eggﬁﬂé, mg-g_l.

(3) Mz o A5 i e A 78
Langmuir A
be,
Ge = dn T4 pe (5)
Freundlich #5521 .
qe = I(vl"ceT (6>

A, q. F g, 5359 R N V- A W B0 £ R R 0 o
B, mgeg 'y e TS, mg- L' b AR A
WL, L'mg_1 3 Ky Ml n K Freundlich %K.
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2.1 MRLERAE

FRAE E PR 5 A2 B2 (TUPAC) FLAZ 43
Hebrife, ZFLMRHEFLAER/INAT IR R BfL (<2
nm) . FFL(2 ~50 nm) FIKFL( >50 nm). K11
N, 1 B 58 of 5 2k i 7R A5 RHBCs /45 IV 7 74
IR, FEEWIR IR IR, SRIAM B AN AL
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GEHT 8 2 B FLAR A AT U — A R B A ok
A LA AL Z5 M o B s 40k ] HK
( Horvath-Kawazoe ) #& %1 F1 BJH ( Barret-Joyner-
Halenda ) £ 7 % RHBCs 19 s L #1 A FL 47 20 #r
BRI KWW, YR LR — D
K, H RHBC f9 43. 8% 34 /1% RHBC, 1) 47. 1% Al
RHBC, 1 56.2% , J K W] & /2 & 1 15 RHBC
1 Si0, ¥ T, 38 T AE Y o iy L IE 4544 Al
Fegem Bl BAERTE €. Si A RA B E ARl
WEI T X —4518. RAFRZLLE50A T8 0 [
AHIENDLI R
e B I A e AR Wk T R S, La-

RHBC ., La-RHBC, FI La-RHBC, FJ## & & 45 A
11.96% . 12.60% H1 12.85% , 1 # & 5 KA/
FLRRIEME. RIGLRIIR, L’ E 128
K A 24245 9 90.1032 nm F1 0.452 nm"" |
RHBCs HF-HALAE KT 4.0 nm, XK La’* AU
AT LATE E 7 MR Ah 2 1T, 3 W] DL R FLE
%, 7135 La-RHBCs 1Y LL 3R AR B B BRAIK, v BB
e T35 La( OH), #B20U0HE LS 72 A4 W) e
FLIBZ5 N sk, 5 RHBCs A1, f3kHT RHBC
RHBC, # RHBC, [55HL 53 7.8, 8.2 FI8.5,
ARG A3 9.1, 9.2 M19.7, m T
HoE B B A R

F1 BREVRABRETEHMLER
Table 1 ~ General properties of the RHBCs and La-modified RHBCs

HH RHBC RHBC; RHBC, La-RHBC La-RHBC, La-RHBC,
C/% 46.43 84. 59 81.50 37.86 66. 88 66. 52
H/% 0. 69 1.03 1.17 0. 80 1. 11 1.06
N/% 0.22 0.41 0. 60 0.23 0.41 0. 45
0/% 52. 66 13.67 16.73 61.11 31.6 31.97
Si/% 14.21 0.37 0.33 — — —
BAsy/ % 49.08 8.44 6.45 54.33 21.28 19.73
/% — — — 11.96 12. 60 12. 85
SN 7.8 8.2 8.5 9.1 9.2 9.7
R MR/ m? g ! 337.0 660. 0 543.9 328.9 529.6 455.7
ALAEEY em?® g~ 0.267 0.563 0.539 0.303 0. 482 0. 448
LA em® - g~ 0.150 0.298 0.236 0.148 0.243 0.207
NFLE/ % 43.8 47.1 56.2 51.2 49.6 53.8
LR/ nm 4.03 5.84 5.84 4.55 6. 60 6.11

400

300

200

Nl it fit/em?-g ™!

100 [ o e
—&—RHBC(;
—A— RHBCo

0 E 1 | | | |
0 0.2 0.4 0.6 0.8 1.0

HUAFE R (PIPy)
1 WBREWK N, iR MR %

Fig. 1 N, adsorption-desorption isotherms of the RHBCs

2.2 WERHFFSEEs
2.2.1 st

TER i FE 25°C, ¥1hh pH 6.6, ) IR BEVE B2
10 mg-L™", [ 0.3 g-L7" &40 F, BFSE S v it
X BRSO A sE ), 25K 3 s, EIFIR I
60 min PN, W Bl 5 S B B PR3 K | i e

W B SR T BRI 2%, AE 720 min B 3 21 W5 B SF- 17
La-RHBC . La-RHBC, #l La-RHBC, F~F- i 1% fff £ 73
23,23, 24. 14 F125.91 mg-g~'.

2RSSR AR 3 R 2 BR. th 4
Bl ) AR R B G M AR DL T W Rk 1 I B Ao R (R >
0.97) , Uk B S E L el A FLARG 5T A 4 e 16 W
R BB RN . H P sl A
4% La-RHBC |, La-RHBC, # La-RHBC, FHif1f1
FIG B 43510 23. 82, 24. 10 125.04 mg-g~', 5
ERURIERA €/ Sl

SR FH AU PR 47 ORS00 0 o ol AR R A T4, O
SR W 3 NIRRT, R W SISO L
i A W i W TR IR A e — > 2 O e AR, ST
NIRRT 45 AL Hod s — B BEOM R
Bt R, A2k B 2 A AR AR ], G PR e vy ]
R A1 5 o 5510 712 1 R k8 205 B A6 e X Rl R AR
BT, IR R A S R T R R RS, BRI
RS- AT RRF ) A, i W2 o 5] PN Pl 1R 6
ARG, PRIH TR O, W RS B BORL T
W B, 5 BRI (ky, <Ky, ). JUFPIRA R
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Fig. 2 Pore size distribution of the RHBCs
25 |+ 5 B
20 20
Te Teo
o 3
= 15 F = 15
- -
= =
= oL O La-RHBC = oL O La-RHBC
O La-RHBC; O La-RHBC;
A La-RHBCy A La-RHBC,
sLe Py 2h Hy 2% sL — BRI
—— P
0 L I I I I I 0 ! ! 1 1 I I
0 150 300 450 600 750 0 5 10 15 20 25 30
f/min 3 /min®*
3 = BB A R BRI SR B R
Fig. 3 Effect of contact time on phosphate adsorption by the La-modified RHBCs
F2 SEUFHIMENIBREMRBHBRBNNESH
Table 2 Kinetic parameters of phosphate adsorption onto the La-modified RHBCs
A th—2 3l 12 A th = B 2
q,/mg-g”! ky /min ™! R? q,/mg-g”! ky/g+ (mgemin) ~' R?
La-RHBC 22.13 0.0395 0.930 23.82 0.002 3 0.988
La-RHBC,4 22.55 0.0611 0.930 24.10 0.003 6 0.995
La-RHBC, 23. 64 0.087 5 0. 836 25.04 0.005 2 0.970
ORI BIORRL (BB 1) UL RIS (BB ) ABURE N IR (BB D)
A=W ¢ kg G 2 kg G, 2 kg G R2
/g+(mg-min®®) ! /mg-g~! /g+(mg-min®®) ! /mg-g~! /g+(mg-min®>) "1 /mg-g~!
La-RHBC 2.096 2.14 0.995 0. 429 15.12 0. 956 0.011 22.94 0.574
La-RHBC, 2.927 1.67 0.992 0. 420 16. 05 0. 861 0. 065 22.30 0. 847
La-RHBC, 2. 446 6.25 0. 9% 0.378 18. 12 0.873 0. 039 24.33 0.324

PN 3 85 8 kg, B9 K /NIUF R La-RHBC > La-
RHBC, > La-RHBC, , 1fii La-RHBC, M/ fL R i,
FW] La(OH) , GKAEF 1Y PO 9 HIO 28 1 S N %
il S )
2.2.2 WHAEIR LR
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Table 3 Adsorption isotherm constants for the La-modified RHBCs
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Fig. 4 Phosphate adsorption isotherms of the La-modified RHBCs
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Fig. 5 Effect of solution pH on phosphate adsorption by the La-modified RHBCs
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