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Preparation and Properties of Aminated Diatom-Based As(V) Imprinted Composites
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Abstract: An arsenic ion imprinted composite was prepared by surface imprinting. Diatom was used as a
material carrier, aminopropyltrimethoxysilane (APS) was used as functional monomer, As(V) was template ion, and
epichlorohydrin (ECH) was used as crosslinking agent. The composite was used in the study of the selective
adsorption of arsenic ions in a binary system. Scanning electron microscopy, X-ray photoelectron spectroscopy,
Fourier transform infrared spectroscopy and N, adsorption-desorption experiments were used to characterize the
material. The lap joint method of diatom-based surface imprinting was investigated. The results showed that
aminopropyltrimethoxysilane was first decarboxylated by condensation reaction, and then (Si-O); =Si-R was
formed with the active hydroxyl group on the surface of the diatom. The Si-R structure formed an effective graft,
and then crosslinked the oxychloropropane with the amino group in the APS to form a blot binding site, and
finally a composite blotting hole with As(V) selectivity was formed on the surface of the diatom. The selectivity
coefficient method was used to study the results. The results showed that the removal rate of arsenic ions (As(V))

by ion-imprinted composites was 98%, and the relative selectivity coefficient (k') was greater than 1.5.
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Table 1 Analysis of diatomite composition

Diatomite RIR method
Strongest Relative content Phase content Crystallinity correction / %
Phase RIR
peak area / %  peak area / RIR  normalization correction / %  Crystallinity=(26.26+1.00)%
Low-temperature cristobalite 4.11 100 61.50 16.15
Sericite 0.49 6.7 34.56 9.08
Albite 0.64 1.0 3.94 1.03
Amorphous — 73.74

Total

100 100




830 Jd Hl fk

#o% 4R %35 %

J&7 80 CHET, FEH E b bt 350 CCHEEBE 3 h,
1.2.2 B E [E E

¥ 5 mLWRIE R 2 oL BB R #H ¥ WM A 60
mlL A H B CFINA 2 mL A9 2 3P 5 = B A A
Bt A 70 CCNFERY 2 h HZE A 3 g 1% ik 3
+,50 CIE 20 b, fF B3R s 58 S A 2.7 mL
RGN BE QRSN FE RN 4 h, RV T4 5%
H ik, e HJOK OB R 2R LN =
AR SR AR B | 7 ik 3R T T 8 B 30 45 O 1
1.2.3 B EFUE

W A G 0y BRI A S MR A Bk E Ol 2
mol - L™ FUER AR B $F 4 h Ve AR B 7, FEH A3
FRBEEZE M, 80 CHET  HET 5 il 4 ) ik e Ik
As(V)ES F B & A M KL

Ak BN & 5 bR 5 BRI 5 5 bR I 48 O 5 A
], HEA AR 21
1.3 BFHTEEHMRBRNRIES S

fik 3 2 18 A 4 R A S AL AR R /N R L H AR
JSM 6380-LV BUFA#i H ¥ i 5E (SEM), in it i e
10 kV JEATIEEE . B4 RHY) B RE A1 2K FH Thermo Nexus
A70FT-IR {8 37 748 e 2T AR i A F 4E  KBr JE A,
DX Al i BGE LA 400~4 000 em™, d5 i 40 B R

1 1) Therom Scientific ESCALAB 250Xi %! X i £k
L AR 3 A (XPS) X A il 247 21 43 M s 45 7 A Ak
IIHT . AR B EOR S B0 X S 2R TR R AR
Al Ka(1 486.6 V)45 | 42 3% R 1% 18 f8 & 100
eV, b KN 1 eV, iR N 20 eV, P KN
0.1 eV, HZ N 1x10™ Pa, 25 [H] 43 FERA K T 20
pwm, BERTHEEAKT 045 eV, BUREA/NT
25 000 counts-s™, W3 T A X FETELL R A Cls
(BE=284.8 eV)bRifE {5 QLR X, N, 4 30 B — 50 B
S5 L R AR (36 B £ s H) L ASAP 2020
HDSS) , 2K IR 2 0 B W B A4 7R A 2% N
T BB 2 -195.8 CIUZ&E N, 38 b MR 5 i N,

W S — 3t B s | A 4 0 A ot ) R o
1.4 BFENIE S &0 R IR B 1% B

10 3 S HO AN [ W R 50 % As(V)RY K B3840
SR 0.1 o Ak e 1 WAl RESE B0 A B 4 (IP)FI
3 B ik 3+ (NIP) A 50 mL B0, 7 pH {H
5 BEREEH I 25 mL #E A 5 mg- L™ 9 As(V)
BV U W B B T] 120 min, WL EE 25 °C, 7E 1]
JiE 2K VA 1 R B 5 #5 LA 150 remin! B 5E SER
W B SP-A  F JE 2 Ol I G R B A v 5
WF AT 2 R T As(V)EBR R

c,-C.
R=—";"x100% (1)
0

Horfr R ARER As(VI ZBR 2, ¢, F1 €, 43 IR = WL
B G0 As(VBHREE (mg - L),

¥ As(V)5 Cd(In)  Ph(IT) , Co(V)S5 B 1~ il £ i — &
P IR A IR, &JEEFREkEY R 10
mg-L pHEN 5, B ER G mHiRA & m T
W 25 mL, 43N A 0.1 g BF 3 A 3 4 R AR B0
REWE L BORE 1 b, W0 W BN S D As(V) & A
X T B R

2 BRSUE

21 WEERAKER

L2 19 (a) L (c) R (b) | (d) 73 1) 2 O HE i FS ) A i
+ R B SEM) B R E 2(a) (c) AT I,
SCPE R I TS A RE 2 P B — @ R R P
W FLRHES AT R T AR R RE B, IR
2(b) ()T DA ER ) PR I i R R S T — 2
SR BB AR W SRS A T RE R T, )
5 BCHCPE T JS A Ak S AT BRI o0 B, AR AN 2
7R 5 5 oHE A R S A L SO S A R R T C
JCEMN L2 | RWERE BRI R EH LY,
[Fi) B, 5 350 Si (4R X el /b | 100 BH ik S D g
AT — o RS HAE O3 w /e T RE SR

F2 BELIMEMEHTELG

Table 2 Ratio of elements before and after diatomaceous soil modification

Unmodified Modified
Element
Mass fraction / % Atomic fraction / % Mass fraction / % Atomic fraction / %
C Ka 5.02 7.77 13.38 19.75
0 Ka 58.63 68.14 53.58 59.37
Al Ka 0.64 0.44 0.64 0.42
Si Ka 35.71 23.64 32.40 20.46




%5

RBERAF  A A RE B AS(V)ED I8 5245 41 B9 1 45 5 1 g 831

(a, c) before modification; (b, d) after modification

Bl 2 fif s L i 8 (SEM) & R
Fig.2 SEM images of the diatom

2.2 FT-IR %7

3 kst Mt R FT-IR DGl K3
(a) M TG AL RESE £ 19 FT-IR Y63, Hrb 467 em™ 400
Wi Ay 0-Si-0 STk A 45 4 2 W U 04 692 em™ ik
W U8 R Si-O-Si A X BRI 45 42 31 06,793 em™ Wi
U )& T Si-O BEXT AR AR 4 PR 3 0% 1 086 em™ Ab 5 1T
B () WL Ay Si-O A S X Bk e 40 B sl e | b k)&
HE W 4 1 RFAE WU DA 1 630 em™! Ak Y I 2 7K (1)
H-O-H £ 25 if 9= 25 5 Bory W% |3 430 em™ 42011

/J‘

:
o N /\

1483

(a) 2 9£3
WA /i

|

3694

6
793

3430 1630

7

1086
L 1 L 1 L 1 L 1 L 1 1 | 1 1
3500 3000 2500 2000 1500 1000 500
Wavenumber / cm™

(a) activated diatomite, (b) grafted sample, (c) cross-linked sample
3 FEARY LSS
Fig.3 FT-IR spectra of the samples

P W T N ik b R SRS Si0, NS A KA I R
FE S5 SK R Ao 446 I s 06 | 3R 43 R 5 2 P A 4 A —
H19 3 694 cm™ Ak AYRFIEIEE B T Si-OH 1 45 = 20
SR JE TRk BTG PESE A

Bl 3(b) W RESE AL APS J5 1 FT-IR J6i%E , H
HoBr B 1 483 F1 2 933 em™ 435I N-CH, 1Y 1
oA B 025 i 4R 3 e RN I F 3 1Y) C-H B 6 R 1 4 ik
B IEAM 1 086 em™ [ Si-O J X F A1 4 4k 2
58 5 P 0 5 L R R 3 e R T TR
PERE BRI R A T HE AR, Si-O B AR B o/ T 3O
WU 53 VR 55, 3 AMEE 1180 em Ab =42 T Si-CH,
)25 PR S R 5 1 086 em™ Ab 1 IR WAL &
Ol Si-0 WL R e, S EE 3 694 cm™ AbHY
TR RE R LT R R A B RER S 5 T
N, 5 FT | APS i ik 5k A T 00 0 P Rk R
FE R A BN L B T A B ek i R T

B 3(c) NI ECH 28865 1) FT-IR St 385k
J& Rk B2 A A B 1 483 Fil 2 933 em™ b %
FLHN L0 Ay B 2T 8 2 1 456 A1 2 921 em™ 4b
U IR TR B R A D RB SRR 5 AZ IR © &
RN, T 1 086 em™ Ab B Si-O B 5 B — 25 I
55, 3 2 h TRl S BRI | Rk v S T ) R
BHLEE— 0 2 dkni = A T — 2 s [ 4 BH
X R 5 R THI 1) Si-O B 2] 1 B VB Y 13X



832 X OBk % ¥ R 5535 %
ZE B 5 EDS fe ik A4 R — 2, Ho ) 285.10.284.36 F1 283.90 eV 43 %l F C-N .C-

ERENTRREEES T

Kl 4 Ry ik BEIE RO REBAAR S N .Si . C = FPoc &
() XPS B3, 21X N (Si (C AT 8IS 18 4(a)
b Nis LA EE | Horb 400.12 F1398.37 eV 43 3
H C-N BEF LR 45 5 BRI RIS 18] 4(b)h Si2p 1Y
PUIA B FHorb 102.19 Fi1101.69 eV 4351 J& T Si-0
HEA Si-C HEMMZE ARk, B 4(c)h Cls MIULG B

2.3

H.C-Si &5 &R, H Si-C 456 Ry i 3
Ul I RE PR A T TR AR APS, bR SR R
Tk = PR A AR AR TR RN
3(>Si-OH)+(CH;-0)+-Si-R—(Si-0),= Si-R+3CH;0H (2)
A P >Si-OH R 7n B 3 2% M Ak F2 56 R £ 2m APS
bR T AL 5 aE LIS AR R I N 2548, BBk
AR S iR,

(@ 39837 (b) 102.15 (c) 284.36
P ™\ e
—_ gf'(‘)"g oo 100\69 —CN
S —CcCsi
si-C i
R
Si-C
403 402 401 400 399 398 397 396 106 105 104 103 102 101 100 99 290 288 286 284 282
Binding energy / eV Binding energy / eV Binding energy / eV

(a) N1s binding energy, (b) Si2p binding energy, (c¢) Cls binding energy

K 4

TEME A APS J5 9 XPS K%

Fig.4 XPS spectra of APS after grafting

= Sli — Ol Amino propyl trimethoxy silane
CH,
/
o o
Diatom | 0— | N
E Qi — - Si NH,
surface Sll OH + H,C | 2
0 T
| CH,
— Si —OH
—Si—0
|
o
= Si—0 si” > nH, + 3CHOH
(0]
s S|i —0

K5 wEmRmEEd R

Fig.5 Grafting process of diatom surface

] 6 b fik e % T 22 e FE Y XPS B3 A S
BFAJE € N.Si =T E LG Mg &A1 ARk,
e, T sCH N AT EORE i A2 R B R A
T A A TR AR AR R s, EE 6
() 1, ZEEENITRER TEAR N-C 5 N-HZ
AhTE 401.35 eV P2 AE TR EE A e, B in A 58

WA G 23 B R BRI R A T RO . AR
BT DIREEAR SR R G Y T R 1 B AL
78, PR e A B 2R i T SRR G AR A T 6(b)
() Si JCE LA 3 Si-C BRI & R 2 mi A BT
PETt, U BB A SRR A A | Ak e 3R T R A DL
— B, FESI-0 HAE R 2 T 5 L)
1M 5 2 %6 7 1Y) Si-C. B 06 1T AR 2 THIA 4P 6B T
Si-C Bt AU 3G N X &8 23 25 % 5 2D AR v 3 () By
R 5 AME 6(c) I C JT R BTE 286.03 eV Ab
AT C-0 A RENE X A5 A R IR T ECH Btk
TR 7))5 5 T g SRR R BT 7= AR 09 DR Ot AT DL
By APS 7E Ak BRI A A T SRR,

Bl 8 KPR WA AR 2 1 I 1IP FE 5 e R LA &
i, B 8(a)H N JCE LS G BERRAIE I 28 U I 5 P UK
AZ ] 2 A~ ,401.35 eV ZbZE G VR R I8 (14 38 2% Ui
Y EqSE A Ak r AR ASE AR S E e B Ve, 3 41 N-C
HE5 N-H B 09455 A8 iR JW 1Y 400.12 1 398.6 eV
M 401.11 1 398.86 eV, 45 A RedE £ APS
R N ITRAGHE T & 8(b)h Si-C AT
R 4(0)A BTN, AT e BT D i D AR AR
FEREBE R RN AN ST B H5 APS #EUENL
FIAME 8(c) T C JC R MY 25 G AR W X AR X /)N | (H I
T SRR AE Uk B B 25 /0 it () D) R AR e U i 1 |



%5 ) S 6 LA B I AS(V)ED 8 A bR 0 455 P 833

RRTBITIIE ML BRI I R B, MA S REMR S0, UL T W RS AR b b A A s T
e 8 A 158 5 2 1 R LA J) BRI 1 17 B L OFEAE T BEBE IS BORE Al As(V)RY 25 5 BB 15 5 6 7

K9 o As(V)BEWE BT RIS M BEBE e A 25 A BETE . I R ELIE 2R 4540 5 W B Al S AR — B0, U TR A o
A LLE R As(VIE BIRE S P TR B T As3d BRI ES TR A oE vl 2 XA RS XPS

©

(a) 401.35

Backgroud
— Fitting curve ® 102.43 = — Background Background
—— Peak chelate / — Fitting.curve —— Fitting curve
~— Peak N-H —— C-H

—— Peak N-C

—Si-0

398.6

l(l)2 l(l)l 1(.)0 99 290 288 286 284 282
Binding energy / eV

e e
(a) N1s binding energy, (b) Si2p binding energy, (c¢) Cls binding energy
K6 RE#ACHCECH Ji XPS 3%
Fig.6  XPS spectra of ECH after cross linking
OH

(0]
Cl OH"
Cl1 OH

Bl 7 3RS AT e B T 3P 0
Fig.7 ECH alkaline ring opening process

(a) 398.86 (b) (C)
—— Background A —— Background ’ - g;f,?:::i
—— Fitting curve —— Fitting curve —
Peak N-C 40111 —Si-0 —C-0 285.36/ C-H
—Si-C f [
——C-si

Peak N-H

——CH

1 1 1 1 /‘ 1 1 y C 1 n L
101 100 99 290 289 288 287 286 285 284 283 282

464 4(I)3 4(‘)2 401 400 399 398 397 106 105 104 103 102
Binding energy / eV

Binding energy / eV Binding energy / eV
(a) N1s binding energy, (b) Si2p binding energy, (c¢) Cls binding energy
8 HTENEA S HEXPS K%

Fig.8 XPS spectra of ion imprinted composites

—— No elution after adsorption of As A Aneinom

—— Before As adsorption As3d \

[ 55 50 a5 0 35
Binding energy / eV

55 5‘() 4’5 4‘0 3‘5 55 50 45 40
Binding energy / eV Binding energy / eV
&ab i
K9 As(V)& & fg i

Fig.9 As(V) binding energy map



834 Jd Hl fk

#o% 4R

%535 %

Bk oy A i R AESS R — 8, 25 BTk | il &1
As(V)ES T B3 &2 A b k3 o ik o 2% 1 0% 305 1 ik
55 APS WK 4 & A B (Si-0); 4548 58 Ui AL, &
ECH 2B 5 e IR AR 25+, & e I L&l 10 B
7N B — B TCHLRE ot (8 10 700 A B 52 5 2EA

Diatom surface

* . e
B et ) % H,AsO4
© NN \r} . B
e "\d 0' > ‘//) \\\l\leense o
B o5 TS o 4 e SIS
P 00 \ (Z o 2
O- I\O\ o dl T

Pl 10 R BN I 52 5 B R

Fig.10 Diatom-based imprinted composite

24 BET Lt RXREMRE BJH FLED
3 mmEEE L WEARESE £ LU TP A LR AT
UG ALAE IR 25 5L v DU N IE AL R B &
R N Y K B A O L R AR R R
MR AT DU SO F A R 5 (LP) L 3% 11 AR ER

JER ) 20 m2- g BN R 39 m?-g!, FHSLIEM 6.3
nm /DR 4.5 nm, LA HFERE 0.081 em?-g™!
FE% 0.060 cm®-g' RWI L5 APS ECH 2P 5 ik
1 2 T AL N IR T ALY, DR S K T R Y
Pl 3% T BT 3 30T #3898 0 AL A b AL R BRAL
0N ALFLA R,

B 11 H(a) L (b) (c) 70 ) Ry ik i+ T Al i+
PLRTIP (9 N, W B - BiEth £, v 3 2 2k b 5
SR PPy TE 0.15~0.8 Z ] 1% v Hs B W B &2 365
W27 IR LA AR A 3 A1 T4 N, B
BT AT F IR, AR 0.8~1.0 22 ] W B it 2
T, AT DU LA N IR AR — i A ALK
fL, R 3 FIRE S N, W B JIE BEF ith 2e 125 A IV 2L 0
BiF S5 TR 2 AR AE A FLAOBHRRAE | I S 7 A X R ) R
0.4~1.0 76 [l P9 B0 H3 B3 I 36 3 DR F ks
A B AL LI 254

Kl (c) 5 Kl (a) . (b) B B A 6] 9 2 TIP 119 45 i 26 11K
JE v B A 1) Y B, e R RHEAR AR X e g i 5
RAABRAEH ), Wt SR A oM 5 i R 1 i
FLEGEIE N, A 8 2 L AR I B T AL PN o
B A, W o ot 2 R d e S T A X — A A R S AL
B IR GE R—E,

12 1 (a) ., (b) 73 3 R W AL BE 3 - 5 TIP 9 Ay
FL AL AR A B FLAR 2 A i £R K DAIE] (2) T LA

*3 HRMIERERARLS
Table 3 Specific surface areas and pore volumes of the samples

Diatomite Activated diatomite 1P
Specific surface area / (m?g”) 11 20 39
Pore volume / (cm®+g) 0.05 0.08 0.06
Micropore volume / (cm?+g™) 0.002 0.004 0.02
Middle hole and big hole volume / (cm’-g™) 0.048 0.076 0.04
Average pore width / nm 6.0 6.3 45
35 60
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Table 4 Removal rate of As(V) by different

Hor ¢, 1 ¢, 43 90 R W T S T 1R ) R R B R e ¢
WIE (mg-L7Y),V N BAET (mL),m > W B 50+
H(g).

TRA T AR IR BRI R 5 (k)3 I (4) 1153

K
d,M(X (4)

fo= A d.As(V)
K
A rt—l Kd’A:.\)*n KdaVI(X o J[Jj‘:, AS( )ﬁ\@a%\ﬁﬁq:*jt%

adsorbents T4 e R % .
b, Activated AFD 1 PR AR R ) S B A R R R Y
diatomite e FEAEbR R (S) AT
Removal rate / % 17.5 21.8 68.4 98 k
k r: k 1P ( 5)
B P P 2R K0 A i R M 4 R MU B A N
BT RE TR b e, R s e A SPBDR SR SR R RO M
0T, BRI R,
x5 ZRHBYPR ANVHBEIMEEERY
Table 5 Relative selectivity coefficient of As(V) in the binary blends
- 1P NIP )
Competition system '3 P X, i k
As(Vy/Cd(m) As(V) 1458 0.8 985 0.5 1.9
Cd(m) 1825 1950
As(V)/Pd(Il) As(V) 1568 0.98 1 088 0.61 1.61
Ph(ID) 1 600 1775
As(V)/CrV) As(V) 868 0.48 515 0.27 1.78
Cr(V) 1825 1 907




836 Jd Hl fk

&
&
gl

#o% 4R

H 2 5 A LLA T, As(V)TE 2 M58 Gk 2 oA X
VEEEPE R B R T 1.5, X RIZEN D E A 4Rk
PR AT,

26 BEMIE

5 W B AR RN S B TIP A 0.1 mol - L™ #9 HCI %
WVEE A 6 vk, B 13 28 TIP A 6 vk 1 i ot
F o NEH AT UE T RL HCL A W B R a7 2R 1
FH 5 W A A BH S 0855, 9 0O i 1 5 B R 8
TRFFTE 90% LA I, B TIP I ENIEFL XS5 i E , 2
W RRVE LS TG PR R, WM BB AR SR R 47 B
A RAF AP AR PERE

99

98 I

O o
[ =2
T T

o
W
T

Removal rate / %

94}

93

92 1 1 1

Cycle
P13 PR VERE A AS(V)RY 2Bk R
Fig.13  Removal rate of As(V) by the regenerative

samples
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T AR ZE 19(Si-0);=Si-R 454, #5616 P R,
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