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Fig. 2 Infrared spectrum of phosphate/phosphate

ester based functional materials
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Preparation of phosphate/phosphate ester based functional materials

il 4 72 2l FRAE I S BLAE 1 130 em ' b, P—OH 1)
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Table 1 Elemental analysis results of functional

phosphate resin and its intermediates %
FE i 24 K C H ¢) Cl P
FBk 74.56  8.15 0 16. 80 0
Tl R BE % 58.39 3.13 23.36 0 15.09
TR E LA 68.03 6.09 15.10 0 9.76

MFE 1 AFEH Ak w(CD X 16.80% . B
v e A SN Y HEAT U A bl i R
VT BOAR, B R W R R w0 (C) Hr 74, 56 % & &
58.39% .w(P)f 0 ¥ ZFE 15. 09 % ; 7E &4k = vj 1
PR LT SE TR W TR 15K A5 2h BB A JIE Hh 0 (C)
W% 68.03% . w(P)FER 9.76%, NIRRT 2
FofAs B e W & A B T B BRI .
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2.1 WES&ETEAZMEZR
2.1.1 EAFMENHMESBHRENR D

TEREK 20.0 g =GB 100 mL | 20 i B

5 CE&MTF R LA FeCly (2 g).ZnCl, (2 g)

AICL (2 @) R AL, %5 58 1 1 70 Fi 28 6 B i
TR,

W & B, AICL ( fiE 6 3& #: b ZnCL, F1
FeCly M AL 1% P w5 . L ALCL Sy 4 4k 700 i) ol 45
AR NE & o R A, b 14, 2% (R E A ED .
XA RS T AICL oA W 1 T, 5 5 A sk
Hh R ST RE R R AT RN L A R H R T
HrE R AICL ol s N B8 B ilE AT . S5 B2 I 3
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2.1.2 [ RAtE X AR & B E AR

TESER 20. 0 g LR AICL 2 g, =& fb
100 mL RN EE 75 CA MR T . 25 52 I g B[] X
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Fig. 3 Effect of reaction time on the functionalization

degree of phosphorus trichloride chloride
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Fig. 4 Effect of reaction temperature on

the phosphorus content of resin
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43 LA 32 % NaOH ¥ W0 IE 2 BE kK i/
P fife (1 D) g R ) AR 4 HAB AR A AR L 7R 90 C
NaOH & W/ IEFBE S AE I EE R L 2 ¢ 1,
3+ 1,415 1H6: 1 %M. KMG6 h,idil#
AR IR B I W 92 TG ) B Rk 42 e WY B . 3 o e S
B, fE 25 C RV BT R ARAR L 1 s 1000 4R35 i %
180 r/min . ] 45 5l it 5 Wk B2 20 mg/L.pH=1 %
TFF % AN R C B 2% 0 T 8 i W 6 el 1 7 Ay 1
o, AR LK 2,

F 2 Thee ik A 2 5 X 0K B $h B 85 0
Table 2 The amount of functionalized reagent

and its influence on the adsorption of uranium

AR NaOH {5 # /15 B 5540 5 119 B2 2K LL it

W g 4l 114 1 145 0% B/ (mg /)

2:1 3:1 41 5:1  6:1
R 32%

9.1 12.9 12.9 13.1  13.0
g NaOH
15 12 i N

i 7.2 11.5 15.0  14.9  15.1

i

M 2 WAL BE NaOH %W/ 1F ¥ B
N L8] 186 T A5 il - A R A £ P 1 B
Ja A AL BE W/ . 2 NaOH ¥ W05 W iR B2 /R [
g 3+l IESEFE S A R BE AR B s TR BT A A 1Y
W IR AR A A 5 2 TG AT Ol W Yl 10 S 687 i o k4
B4 R 12,9 me/g CRLFREH. F FD A
15.0 mg/g, Z5A 4l B 45 5 AR R A . NaOH
VA TS B 1 B R B R B 3+ 1L IE S R Y
JBEIR L 4 401,



% 2

WAk 5B/ AR R B R o AR AT AL 69 ) & BRI A M RE AT R 115

FE R i ok AR v, 2 0E S B SR EE R /b T
A+ 10 B ARV IR AS 78 43 - AR F 1IE E B 4r 1 ilF A
B R PN B LB L S 350 Al i AT A D R e R e 1
P I A RS . 2 IE S B SRR EE R L K
Ax LIS P I o AN P A I S B A S Y
MR .
2.2 1 Aig IR B e A R T [ 3=
2.2.1 $hiE T pH 33 BE 12 sl M BE AU &2

12 25 CENR BT AR 1+ 1 000, 4k 5 4
2180 r/min I HIVE BE 20 mg/L 54 F , % %8
pH X B g S 40 PR RE 52 L 25 R WL IE 5. AT LUR
R B TR R R W IR R AR A X i g W R 3 B
pH (1G5 S 58 0 5 el i R H . TR Dy AR R
FAFE Al LIS R Y XA AE T Bl
& pH B3, g T 68 5L A 5 6 R A e A
A FH 328 7 03 553+ TR I A i) o DT S 38501y O o

TFE.
a- BB RN
j b

b

—
()
1

=

BRI R (mgle)
(=) )

oo

1 2 3 4 5 6
pH

(=}

5 &ik pH X4 A5 1R ¢ 14 HE AU B I
Fig. 5 Effect of pH on uranium extraction

performance of resin
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S AT pH=0 il pH=1 /T 1
W B4 R - B AR AR AL IR A — B pH =1
T 04 55 AR W BE pHL {H 25 R ) S BR N AR R Y
pH=0, K It S FH £ B e 5 pH=0 1 8 J5 2k
55 51

1E 25 C [ AR EL 1 ¢ 1 000, 4% 35 4t
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T W R AR B R TR TR AR B R B Bl 1 3 A
MR LI 6, BT LAE i R 5 R IR R Ak 12
Yty A O O 6 1) Bl g 2 il R AR AR R A AR — 3,
TE 6~8 h ik 3 W B 7 5 76 AH [R50 25 1R T

T2 T i 0% e 3 3R BB P £ R B
5 R i S Y i P B O 14,3 mg/ g, B IR A
A5 0 1) SF- 7 W B 25 0 R 1.5 mg/g. AT AL B R
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Fig. 6 Adsorption kinetics curves of the resins

2.2.3 WEERNRMERE

TR i 110 W B 75 R R B A S B VR 1 R
B fE 25 C BT R ARAEL 1 s 1000 4R35 4 %
180 r/min . pH=0 Z T , B AH 8l °F- 5 1k i 5 4%
BV A LRI 7. RTLLE W2 Rl
I 1140 W o 25 Rk 4% A% A BB A — B0, XY A O
Bl 5T A VR B A 0~200 mg/ L AEfL L A% Big X 4 11
Wi F 25 0 i 908 R T e B 1 3860 S 2 T s MO
V00T 17 il 5T R R T 200 mg/ LB AR Y IR
BiE 25k B B9 VA VT A A VR B R P
400 mg/L B, 1 i 110 WL B 25 i AR A 2B L s
T2 R TR T A A I 5 Ol ) P-4 R o 5 o
53 9h 63.0 mg/g Fl 84.5 mg/g.

100- a—Tl RS
bR R
% 80}
3
E b
ﬂﬂ\m 60+
=
=X
4o}
B
& ool
0% 100 200 300 400 500

SR R B/ (mg/L)
B 7 A8 B IR B & R &

Fig. 7 Adsorption isotherms of the resins
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2.2.4 WIEETEEMHERE REERKE PR

FEAH T R W B 20 mg/ L MR 1 mol/L,
TSR MM IE 1 mol /L BB FL 6 R A &R b Gk 2
R R RAR T HE T B R s D - i
A7 A% JI 1 0 B 25 i . 7E 25 C LR R
180 %% /min. # 25 W Bt 8 h. [E W& BT & K L
L+ 1 0005 AF T o AT WL B 5 W B 56 e J5 4 44 s i
H o 0 W R R VAR T JE e A Al 5 P D VR A
FUEL 1+ 1 000 T 7 I A BT o 455 S04 2 7 ik - 4k &
W BEE 8 by Wi Bl R L HEAT 5 Uk, AR R P R VRl
W B TH BB B X sl Y 2R B B AL 45 2R Lk 3.
AILLVE L 76 B AR B S 12 1 000 &4
T2 45 YT AS WL B o ol 1R R B St AR i Tt ) R R
el 18,1 mg/g. W R I T 6 Ak 52 51l A4 i XoF 4l
W B S B 21,9 mg/g.

F3 WEEENHEBRERERKERTNHTEHEE
Table 3 Uranium adsorption capacity of resin in

raffinate phase of simulated nitric acid system

AN TR 3 UK A B e B B A R/ (mg /@)

B g - - - - -
FIW F2W OHEIX HEAKR HEBSK
T R i B A A i 8.1 13.9 16.1 17.9  18.1
PR TR SR A 12,3 17.6 19.8 21.2  21.9

2.2.5 DAERYFR IR 1% BE

433 LA 2 mol/L H, SO, ¥ W (i W 1),
1. 5 mol/L NaCl+0. 1 mol/L Na, CO, 18 &AW W,
5 2).0. 4mol/LNaHCO; +0. 1mol/LNa, CO,

TR 5 T L AR TR 0] 3D AR Ay e W3R o 255 45 LR I e 4l
Ji B8 1) AR R SR, A R L3R 4 B S A R
HFLIH.0. 4 mol/L. NaHCO, +0. 1 mol/L Na, CO,
TR 5 VA VB0 W98 T TG 4l Y i R AT e £ ) A TR
B R 98.3%52 mol/L H, SO, % 1l % 85 iR
BEAR AN i AT S R WSO, A % 96. 104,

4 T P2 AR R ) X R O ) B0
Table 4 Effect of different desorption agents

on the desorption rate of uranium

7 [ i WS 5 £ O S/

i Bt
R 1 fife % 4] 2 S
96. 1 91.2 94.8
i
I A
89.3 95.4 98.3
P

2.2.6 HYRE Y3 7S U BT — R IR 1 A8 AR

B 200 mL(Zy 18. 3 @) i I i fig , 350 . K
WEVEBEAHMN 1 em (K2 X 40 em (B D
1 3% 3 A8 4, LA VR 20 mg/ L R Rk B
1 mol/ L A B2 &M ¥ BE 1 mol/ L {4 B HUL W ok W fff
J5 5 LA 0. 4 mol/L NaHCO, +0. 1 mol/L Na, CO,
TR VA 00 A Fiff W) o 0R A7 0 285 WO R Aok WO 0 20 i
¥ FEWRFHAFL 2 000 BV (20 L) . i W% 44 £ 5
100 BV (1 L)\ Mg Bt 3 B 0. 9 mL/min, fi§ W% 3 B
0.5 mL/min 57, %5 45 g 5 &2 0l o A& o
JRE VR VR B e W i e AR Ak S R LR 5~ 6,

RS WEESERERE

Table 5 Performance of resin reuse process

W% BR 2 0 S5 9/ (mg /1) il W B 2%/ 4
Wi 24 R
B Hzw H3IW AW S O BIW H2Zk HIW AR %5
T B KL B g 2.0 2.3 2.5 2.9 2.7 90.0 88.5 87.5 85.5 86.5
T TR T 5 W 1 0. 01 0.02 0.02 0.01 0.02 99.9 99.9 99.9 99.9 99.9
x6 WMEESERANERERE
Table 6 Concentration of desorption solution for resin reuse process
it W JB e A/ (mg /1)
W i 24 R
%1l %2 %3 ORI %5
T PR B Mg 360.0 354.0 350.0 342.0 346.0
Tl 12 T 3 A% g 393.8 395.0 392.8 396.5 396. 9
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5 AT & W, 2 R R IR B A S A i B AL
o1 PR RE B R 15 2 B i X R P 9 VR IR VA
il B L H G S 0 R B PR BB L S P AT ik e
RF R ¥ M %) il B i Wk BE /T 0005 mg/ L i
WP B R R T Dy 392~396 mg/ L, oF- H vk 4
SRR 19,7,
2.3.7 WEEMEE

2 3o W TR T 2l R i Ak L ) S ADL A R R
4 4l T f5E Mk /N T 005 mg/ L, W BfE 3K 99 %6 LA
b R BR AR W P R A A i R 21,9 mg/g;
HUPJ 0.4 mol/L NaHCO, 4+ 0. 1 mol/L Na, CO,
1B B VA TR AE M A T 591 Al ) IR R RT3k 98, 3%,
PRI W90 2 T 56 42 A AR T P P T Ak 39 R P i 1R AR
F PR B Al

3 it

PLEER R JE KL, DL AICL A AL, 72 75 C
TR 6 hy SR G 7 A LLEEZR B 3 ¢ 1 11 3224011
NaOH I EE/R G 4 ¢ 1 14 1E 2 B2 A 7K fift Fn
fift T REAL I L 76 90 CF /M 8 h, il £ 13 31 8 iz
FHE B A AR i R0 0 1R I B Bt A AR

7£ 1 mol/L HNO, +1 mol/L NaNO, it &
VU TR Wl R Ak 2 AN IR A0 AR R I B A R
18. 1 mg/ g 2K Ho SO, A fif W50 I Bl 14 fige 1 <
9 96. 106 5 Tl R TG D) A 56 52l vt i F VR f 25 k>
21.9 mg/g, W M R W R al BT ek N T
0. 05 mg/L; %M 0.4 mol/L NaHCO, 5 0. 1 mol/L
Na, CO, 1F A WA o it 3 98. 306 W R i 2
SE AR AR AT HT T Ak B R P A IR AR AR i AIG Hk E
Blr s Xof R M A R ARk B i ) [ S Ak BB G
f 1 F

S 3
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Synthesis and Uranium-adsorption Performance of Phosphoic/Phosphonic
Ester Based Functional Materials

CHANG Hua, GOU Yangfei, SU Yantao, YANGWU Xinchen, LI Mo
(Beijing Research Institute of Chemical Industry and Metallurgy, CNNC, Beijing 101149, China)

Abstract: In addressing the adsorption issue of low-concentration uranium in nitric acid systems, a
chloromethylated styrene-divinylbenzene copolymer was employed as the framework, and phosphoryl-
ation was achieved using phosphorus trichloride as the functionalizing reagent. Through Friedel-Crafts
alkylation and quenching-hydrolysis/alcoholysis reactions, long-chain hydroxyl and alkyl groups were
grafted onto the resin, resulting in uranium adsorbents featuring phosphoric acid and phosphoric ester
functional groups, respectively. The resin structural characterization was conducted using infrared
spectroscopy. elemental analysis, and thermogravimetric analysis. During the resin preparation, the
impact of different process parameters on the phosphorus content and uranium adsorption performance
was investigated, leading to the determination of optimal synthesis conditions. Static experiments
were performed to assess the influence of pH, equilibrium uranium concentration, and adsorption time
on the uranium adsorption properties of the resin. Additionally, a selection of desorption agents and
verification of resin reusability were carried out. The results indicate that the prepared phosphoric es-
ter-based uranium adsorbent exhibits excellent adsorption performance for low-concentration uranium
(<20 mg/L) in a simulated solution (1 mol/L HNO, +1 mol/L NaNQO,). The resin saturation ad-
sorption capacity for uranium is 21. 9 mg/g dry resin, and the residual uranium concentration in the
leachate after adsorption is <C0. 05 mg/L. Using 0. 4 mol/L NaHCO; and 0.1 mol/L Na,CO; as com-
posite desorption agents, the desorption efficiency for uranium reaches 98. 3%. The synthesized phos-
phoric ester-based uranium adsorbent proves effective for the adsorption and separation of low-concen-
tration uranium in nitric acid systems.

Key words: uranium; nitric acid systems; phosphate resin; phosphate ester resin; equilibrium adsorp-

tion capacity; adsorption; desorption



