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Table 2  Orthogonal experimental design

H#
K- - -
pH Ht/g  WRtErEL/min - EE/K
1 2.0 0. 005 10 298. 15
2 5.0 0.015 60 308. 15
3 11.0 0.025 90 318.15

1 3ttt 22 vl LUt 2% PR AR FH 32 i
PP pH (B TR TR B ] | 2 BH A 2 il
&€ I, pH X OP —HAP Mt 10 mg/L 4l (1) 52 Ml 5
R, HYGE R EE & ]y A5 ) TR S R

FHP T2 pH X OP —HAP W FfF4h B4 5200
£3 Eximsgh iR

Table 3 Orthogonal experimental results

BB AGH) B(iREE) / C\(“ﬁ&ﬁ‘. D)/ A
¢ i) /min g /%

1 2.0 298. 15 10 0. 005 13. 622
2 2.0 308. 15 90 0.015 20. 522
3 2.0 318. 15 60 0. 025 22.678
4 5.0 298. 15 90 0. 025 97.222
5 5.0 308. 15 60 0. 005 97. 321
6 5.0 318. 15 10 0.015 95.922
7 11.0 298. 15 60 0.015 23.822
8 11.0 308. 15 10 0. 025 27.622
9 11.0 318. 15 90 0. 005 26. 822
K, 56. 822 134. 666 137. 166 137.765
K, 290. 465 145. 465 143. 821 140. 266
K, 78. 266 145. 422 144. 566 147. 522
k, 18.940 67 44. 888 67 45.722 45.921 67

k, 96.821 67 48.48833 47.94033 46.75533

ks 26.088 67 48.474  48.18867  49.174

e 2= 77.881  3.599 667 2.466 667 3.252333
RZEFIK A>B>D>C
Rt % A,B,CyD,

TE:K AR AB,C,D M5 i(i=1,2,3) KPR 50 7% 4445
b W22 A b o K T3 E 22 W R A,B,C,D i KIH S
wMEZ 2,

2.4 IRIFMIRIE

FEFEHI W pH = 5.0 5534 165 r-min ™' 4l
WIAHE 10 mg+L~"  OP—HAP JH# 0.3 g- L', W [ff
IFTE] 90 min 28 ¥ (298. 15 K) B4k 514 F #E 4745
G5, 5 OP—HAP W A AR E 1, 25 R WK 4,
ATLAAS 3 2 Xl - YW B 3 97. 2% , 3%
W] OP - HAP XHMIC e BE & 5l 7K 78 S A 5514 T iy ik
B LA B AP R e T

x4 ZEERER

Table 4 Comprehensive experimental results

TS OP-HAP WM R4/ (mg- L") K3/ %
1 0. 36 96. 4
2 0.21 97.9
3 0.27 97.3
SEH(H 0.28 97.2
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Fig. 11  Adsorption model fitting results
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R 5 OP-HAP WRHH4H A S5 IR LR AL S50

Table S Isotherm model parameters for uranium
adsorption by OP-HAP
R LY MUESH
K; =0.086 L-mg !
Langmuir g, =1584.79 mg-g~!
R? =0. 994 09
Ky =173.048 171 L-g ™!
Freundlich n~!'=0.57236
R*=0.970 11
b=7.846 J-mol ~!
Temkin Ay =1.086977 L-mg ™'
R* =0.978 33
F6 AR ET Langmuir S8R W MBI R,

Table 6 Langmuir isotherm adsorption model R,

values at different uranium concentrations

C/(mg'l™') 5 10 20 50 80 100 150
R, 0.699 0.537 0.368 0.189 0.127 0.104 0.0719
3.2 Mz N=ESR

N T E— 5T OP - HAP WY Bl A 47k, o

In(g,—¢,)/(mg-g™")

q/(mg-g™")

0 10 20 30 40 50 60
t/min
(a) WE—Z BN T F T
90
°
85_ )
80
75+
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65
60
55 [ ] 1 1 1 | 1 1 1 1 ]
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Inz
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) 3 Iy o ik B2, & Bh ) o O B 3R A 41 )
WL(10) ~(13),

In(q, —q,) =lng, -kt (10)
t 1 t
— = +— (11)
4 kq 4.
1 1

qt:§ln(aB) +§lnt (12)
g, =kt +C (13)

Kt q, F g, 53 0 R - i 5P RN ¢ BF 2] OP — HAP X
B (VD) B2 mg - g~ 5o IR AE ], min s &, Ry
WE— o 1 F ARS8, min ™! ,kzjﬂ//ﬁ:g&@jjji
BERIZHL, g-mg ™" - min ™" 5 a 00U IR T 26 2K,
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Fig.12 Kinetic model
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Elovich 3] 77 2% B ASORL P33 HORE 80 5L A5 488 v 19 4 56
ZB(R =0.999 49) , HifE 2 ah 128 R Y
WA g, ) = 95. 694 mg- L™ 51 BT 15 W B 25
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J OP - HAP 58 Z B iR 2 & 5 & + 2 i fE
R, QElovich 7724458 R* =0. 983 67, #1% &
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W T R B AR AR 1 <% <3.16 W3t 2, W fE bl
XIHFEF OP-HAP AhETE - HA F & 1R S
24 OP-HAP SR IEHTHFEG , T A5 — W B B Bt
(3.87 <" <7.07) , BLIH W Fff oo 72 2 22 NP
B Ba B 6 BB, B OP — HAP X 4 Y % J 35
R7  OP-HAP W3 1 F AR & S8
Table 7 Fitting parameters of kinetic models for

uranium adsorption by OP-HAP

EIpAES ¥ UBZH

qﬂ,(:al =35 661 mg.g—l

Lagergren {fi— 2 3l J12% K, =0.063 56 mg-g’1 ~min ~!

R* =0.843 93

qﬂ,ua] =95 694 mg.g—l
Lagergren {ft 2% 3] J12# K, =0.0057 mg-g ™" ~min "

R? =0.999 49

a =110. 474 mg- (g+min) '
Elovich 31 /12 B=0.0495 g-mg ™!

R? =0.983 67

K, =17.36301 mg-g~' +min %>
C, =28.12141
R? =0.98571

K, =1.45115mg-g~" +min =3

PR IURLY FOAE 1 C, =80.786 34
R? =0.947 38

K3 =0.21474 mg-g~' +min =3
C, =93.054 59

R? =0. 883 37

S BE, HOR B R % B K, (17. 363 01) 3
T K, (1.451 15) F1 K, (0.214 74 ) , 7 W PR
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Fig.13 Thermodynamic fitting analysis
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*8 HHTE OP-HAP WK AT 24K

Table 8 Thermodynamic parameters of uranium

adsorption on OP-HAP

BE/K AGY/(kJ-mol ') AH®/(kJ-mol =" ) AS®/(J+mol-K~1)

298. 15 —-7.313 554
308. 15 -8.967 297
318. 15 -9.496 431 25. 458 110. 449
328.15 -10.628 1
338.15 -12. 004 66

4 OP-HAP 58 S W M AILEE 43 Hr
4.1 BFEEN®ME

TEFERIAW pH = 5.0 5% 3 165 r-min ™"l
WA E 10 mg-L ™' ,OP-HAP JHE 0.3 g-L ", W ft
1] 24 h Z R (298. 15 K) B S 0F N 3E47 8 79 i
RG2S 14 B,
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80
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i 601
=
2 40
207
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B 14 EF9REXT OP-HAP KFERAHAISZH

Fig.14 The influence of ionic strength on uranium
removal by OP-HAP
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Fig.15 Cycling experiments of OP-HAP
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TEFEHIV IR pH = 5.0 7 B 165 r-min ™' il
WIHAEHE 10 mg-L ™" . OP—HAP FH# 0.3 g-L~" W[}
Af 1] 90 min A1 IR (298. 15 K) BT, %% OP -
HAP JRAFI [B] (b 25 PRAF ) X HE B 4 ¥ 52 e, DA
E— 5T OP-HAP ffsEtE, 5 3R W 16 iR,
TEARAE 40 d FUTE LT , OP —HAP X4l k) W2 ff A& JEAS
TR —20, Xk — 4 0 OP - HAP B B i1 Fa
EE,

100

- ) ' ]
l _- -
80+
=
3 80T
=
X 0l
= 40
20+
0 1 1 l l l
0 10 20 30 40
At/

Bl 16 [RAFMHCXT OP—HAP W Bkl i 52 0
Fig.16 The influence of material storage duration

on uranium adsorption by OP-HAP
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[T
=Ca’" +U0;"— =U0;" +Ca’*  (18)
BeE 1 .
—OH +UO0;*—>—0 -U0;" +H" (19)
VS RUTVE -
Ca’* +2P0;” +3H,0 +2U0>" —
Ca(UO,),(PO,),3H,0 (20)
4.5 HHMEBEEBIAEWRMA R LR
OP —HAP 5 H Al 2 Ll Ik A7 55 02 B A1 KL L
AR 9 fin, WILIE i OP —HAP X fl1 i) i B &
K1 584.79 mg-g ' 24, T LA AE SCHR HGE Y
HAP J M 4B HAP & & MR, i — 2 £
OP —HAP & —Fh i 7E i sl R 41 L
&9  OP-HAP 5 HAMFRIEME K AT 28 Fi
R L3
Table 9 Comparison of OP-HAP with other
hydroxyapatite-based adsorbents

W Bk BB R (mgeg ™t ZEICHR
PR B IR AT R 186. 45 [1]
g SE 87y ¥a 483.10 [11]
Al -HAP-5 222.22 [20]
T KA 1 300. 35 [34]
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HAP 28. 86 [36]
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C@ HAP 72.10 [40]
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One-pot synthesis of sheet-like hydroxyapatite and its removal

performance and mechanism for uranium in wastewater
XIN Yan'?, ZHAO Yi'?, FAN Xiaolei' >’
(1. School of Water Resources and Environmental Engineering, East China University of Technology, Nanchang 330013, China;

2. State Key laboratory of Nuclear Resources and Environment, East China University of Technology, Nanchang 330013, China;
3. Jiangxi Bureau of Geology, Nanchang 330000, China;
4. Nuclear Industry Eastern China Construction Engineering Croup Co. Lid. , Nanchang 330000, China)

Abstract: The removal of uranium from water is a topic that requires research due to its harmful effects on human

health. Using low-cost CaCO, and (NH,),HPO, as raw materials, hydroxyapatite (OP —HAP) was synthesized in a

one-pot method and applied for the removal of uranium from solutions. The adsorption performance of OP-HAP on

uranium was explored through single-factor and orthogonal experiments, and its characteristics were characterized
using SEM, EDS, XRD, FTIR, and XPS. The results showed that under optimal conditions, OP-HAP achieved a

maximum removal rate of around 97% for 10 mg-L ™" uranium, with a fitted maximum adsorption capacity of

1584.79 mg-g~'. The adsorption process of uranium by OP — HAP followed the Langmuir isotherm adsorption

model and the pseudo-second-order kinetic model. Thermodynamic studies indicated that the adsorption process was

endothermic and spontaneous. Characterization of the Zeta potential and OP — HAP before and after uranium

adsorption revealed that the main mechanisms of adsorption were electrostatic adsorption, ion exchange,

complexation, and dissolution precipitation. OP —HAP exhibited a high adsorption capacity for uranium and is a

potential uranium adsorbent.

Key words; adsorption performance; hydroxyapatite; uranium wastewater; adsorption mechanism; regeneration;

treatment cost



