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In-Situ Growing Nanostructured Magnesium Silicate on
Diatomite: Adsorption Properties of Cr(V)
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Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: The nanostructured Mg;Si,0,i(OH), in situ grown on diatomite were first synthesized via a hydrothermal
route. Moreover, Mg(OH), nanoflowers were first grown on the surface of diatomite after hydrothermal treatment
for 0.5~2 h, these nanoflowers obtained the surface areas of 180 m*-g™. As the hydrothermal reaction time
increasing to 3 h, the Mg (OH), nanoflowers were completely transformed to lattice-like structure Mg;Si,0,,(OH),
which possessed the higher surface area of 350 m*-g™. Mg;Si,0,(OH),/diatomite composite structure showed a
well adsorption performance of 570 mg-g~' for Cr(V). It is firmly believed that the adsorbent has a great

significance of removing heavy metal ions in wastewater.
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Fig.1 XRD patterns of (a) diatomite, and samples
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Fig.2 SEM images of samples obtained with hydrothermal reaction for (a, b) 0.5, (c, d) 1, (e, f) 2, (g, h) 3 and (i, j) 5 h



624

xoH Ak

n2

2y,
¥

%M %535 %

45K B XRD 20 Al L, 3% WUIR S5 A B R 43 N
Mg;Si,01o(OH),,  FIT LATE e i 1 2 T 8 Bk A A W 1 A
KB RIRAEE BT 85 | iR S5 A2 1k ke
¥ Mg(OH), 7F it ¥ + R B A K Bl & S b B
] A AE A | DAAE B IR 25 F b B e R Ak Sy e R A7 A2
KT = 4E 25 H (1) Mg;Si,0,(0H),, IF &3 F A8 1k
T FR A AFAE | S5 2 T BORE i b 2 T AR W B2 184
[’ 3a b KT [E] 0.5 h 345 FF 5 TEM &
HRTEM &, &R0 6E e+ 2% 1 40 15 A 48 K AE AR

SE RSB I T IOUL I ) A TR IR 2% B0 HL

&3 KBTI () 0.5 Fl(b)

5 h ARFFFE AL AY TEM & HRTEM & )7

[f1 [] #E5 4 0.236 nm, 5 Mg(OH), #% # -~ i (PDF No.
76-0667) 19 (01 1) & T8 8] B AH 7%F 45, ok X i 7 A7
5547 5 Bl (SAED) &2 PR AR 2% W BT & 5L Mg(OH), 44
KAE N Z G2 & 3b g RN EFE] S b B A5 A
1 TEM % HRTEM [ ; i HRTEM 7] & 2| H A7 5t
g, HEm RN 0153 nm, 5 HAW A
Mg;Si,0,(OH), #5 #E - i (PDF No.19-0770) 9 (060) s
T () FEAHAF 5 H SAED fir 5 B 2 IR B b IR | 3%
B B Mg:Si,0,6(OH), i 2 S 45 44 XF L 9 1] & 30

Mg:Si,0,o(OH), fiAZE Fh# 2% X 5 XRD Zr A A4,

Fig.3 TEM and HTEM images of samples obtained at (a) 0.5 and (b) 5 h

2.3 N, WR B — B3t Bt 3 #

L 4(AB) 73 51 A AR IR N TR RS — B o 45 7 28
FEmALAR I A h 2, IHZR a~c 23900 7K $ER] 0.5
1.5 h rigae sl H bR A 2598 103,180,350
m?g, ik + R+ R AL 28 m?g, 7oK 2h
S A e e i - SR T A DURAE K R b T T

800F (A)

600 |-

400

200

Volume adsorbed / (cm?-g™') STP

1 1
0.4 0.6
Relative pressure (p/p,)

0.2

g ''nm™)

v /digD / (cm?

T R i 1) B T AR K AR R S T A AR R Y N,
W 56 — 58 B S5 TR 359 O IV B o A5 R 4, AR AR
TEAENFLATRHERAES . {3 B [B] 2R 26 A X 1 o0
0.40~1.0 MBI Py H B, 3238 3 [l 2R 9 1 B 05 I3
R AR JIURE A1 ) 25 40 A7 7E B A0 B R AE LS, i & 4(B)
FLAR S A i 2 T 0 RE S FLAR 0 A EBAE P AE 1~15

0.036 -

e
=
)
S

0.028

0.024

e
=)
2
S

10 30 40 50

Pore diameter / nm

20

(@) 0.5 h,(b)3hand (¢) Sh

Kl 4
Fig.4

R 17 5 BT 60 00 JBE B ot 24 (A) B L8 43 1 22 ()

(A) N, adsorption-desorption isotherms and (B) pore-size distributions of the samples obtained at different reaction times



%4

T AR R A R SR B 2 PR DR 4 oK 2 A i 1R B B R X CVI)IE R R 625

nm Z ]| Sy BB A FLAARE T AR A B AL 5
FAREAE AR G55, SR hk 3 e R MR AR K Aok 45
P SR AR EE T, R i AL AR X sk 2D | R B 2 K
PGSR UEAT B W A FL I 55 K 3% T A28 5T LS
e 5 FL 3k 5 AR Y R R 2 4 B K R
5%, R T REEE R 9Ok 45 SR AL RE R
ERY AR B, 1 R R R 0 2 FLPESZ B 5E mR |  Ep
HE T ERAEE | Rk R BE A Ak v 2R I R |
UL AR Rl K Rk A | 5 H SEM 45 SR A0 — 2L,
fif e LRI U SR AL RERREE T L AR h AR I 2
B, R fLAR o A BE O SR L SR T AR A B N A
—ERRIE by B TS S B RN AT
24 mEELESE E Mg(OH), Mg.Si,0,(OH), F18

R K HLEE

fE 38 Ak U AR A Si0,, BRERAT
Ak 4 10 T A A 322 17T R P AR S5 ) R T A D
THCH BAHAE P, 23 T AL 5 B R 480 5 B 55 A7
TET Si0, W28 25 4 ol PR ek ol - 3R T Y Si-O 5
RZ 5 454 H B K Si-OH , BD R ak B2 3%, Rl
REFRILAE K T 5 i 2 A Si-O~F H, DT {45 ik 3
I AR A Y K B N AR Y K 2218
ML (X 3), RO T 20K BT 4 OH-AS 2 A= i
KA Mg Mg(OH)*(zX 4 . 5)12, 7 A 1 HLAT (1) Mg
Hl Mg(OH)* 5 4 A T L oy fif: 988 1 3 11 & AE W A
A, AERE S AR B AE R Mg(OH)(=X 6), Mg(OH),
i VR G5 4 1 TR o S BROHE ) A R AN i
S FICACARIE S, M A 6tk A A A 2 h ik
TS H A, GRS 2 B AL B 7E — i
), T DA A6 858 R 1 mpc A g A A 4031 214 7K A s
IE R 2 1 h, ALARTE S Mg(OH), JF iR % i, 7= 2k
— AR SR TESR . 5 Rl a3 4 b g R
b A R AR FE B A5 1F T OT 4R 20 ik B R (X 7)
Az R R AR R i 1 SR A BE R TR R ) B
ARELRHT R MgSi,0,(OH),(2X 8), MR % 3 h )i,
AEIRIE SR 58 T8 5% | Tal I iR MgSi0,0(OH), 4K 2271
Ko, Bl S B ) AE A | AR TR 3002 i A8 A5 52 3 AR AT
s R A K i i IR SR B | I A R 1 A K A2 3
SR 7 R R 0 3SR Y AR K T R 6
A 1) S M A A K AE R R O HOF
7 RS T U 2 AR A A A A S T B A Y T
(132)F1(060) i T e W1 A A= K e F i | IR i
MR MgSi,0,0(OH), difA

NH;-H,0 — NH,+OH" 3)

MgCl, — Mg2+2Cl- @)
Mg*+OH™ — Mg(OH)* 5)
Mg(OH)*+OH- — Mg(OH), 6)
Si0+H,0 = Si02+2H* (7)

3Mg(OH),+4Si0+2H,0 —
Mg:Si,0,o(OH)+80H  (8)

2.5 Cr(VDR Bt 14 BE#F 52

Bl S(A) 73l i #E pH=4, Cx(V)E AR FL R 100
mL, Mg;Si 00(OH)/HE % 1 (K i a) Mg(OH)/ff % 1
(FE & b) BESE 50 (RE 5 o) B8 0.1 g, LKA
AR oV R B e B 2R T, 45 R W2 B Cr(VD)
Mt 2, Hi & S(A)H AT AL, oK 28 b A A T
XF Cr(VWR B 25 LA (IR ), ] 37 mg- g, T2
BV FaE s £ 2 )5 4 Cr(VD¥E KT 800 mg-
LB X Cor 1 52 R 25 5 B e J38 344 i P st 1 i
DAL T it 2 T M B BB AR G T8 2 | 1 AR A B
FHWLREF >4 Co(VDVE BEAE 800~1 000 mg- 1.7 Z [H] I,
XF Cr W B 25 5t Bl Ve P 1 R T G2 18 44 | i 3R 1
T P R B R AT AR X AN 2 5 S0 i e I 2 0l
2 Cr(VDHREE KT 1 000 mg- L J5 , 35 S 460 F 0 BRPIR
A, HR RS a FEED b IR AT B 5 50 570,
430 mg-g™, FEMN a MFIWE BRSO TRE S b, SR AE
FHEf a ™ Mg:Si,0,(OH), PIAY Si TG FE K B T hE i
F R SRS Si0, W A# |, T BORE W -k 4 D T A
SERYEE NN SE R T AR B £ Si-0 B as i HE T
PR MgsSi,016(OH),/Hik: 5 A= 5 X Cr(VDR W i

5(B)43 R CrME AR FLA 100 mL, ¥ 46
WL 40 mg- L, B0 0.1 g, FEdh a FEAL
b TEARTR] pH (E 24T % Cr(V) 2% Bk 38 (0 B 2103 56
gk, mE 5B A BEE W pH [HAR 1k, FE 5
X Cr(V) £ BR 34T — 2 5 m , SR il a(MgsSi,0,(OH),
TUBRRESE 1)%F Ce(VD BRI 5, pH fH7E 2.0~10.0 ¥
I L BRF AT IR 3 989% LA I | i Al ik 100% ;4
pH<2 .pH>10 B, FBR AR5 BT B3 SR nT [
£ 95%LLF , HEdh b (Mg(OH), TUFRAESE +) 7% pH (H
£ 3.0~9.0 o Bl N L BRF T L E] 979% L) |, e ]
ik 99.5%, 10 24 pH<3 .pH>9 B}, 2 B A1 5 30K e
B BAR TR R 959%, TEARIE pH {45 1F  FEdh a
TUF TR b X CoWEBRACR ; 76 pH H 2.0~10.0
TN L2 DR Cr(V) 25 BR RIS TE 2 A e
A, R BEAE TV pH A 228 b B AR 58 11
R RO, FEBE YR 2 DFHE A, 5
Sk pH=3.5 Fl pH=8.5, ¥ pH fH K T k@ +



626

I A

%535 %

(445 FL B RS+ A fuE | B g e AR Ry Bf
MR pH B/ T HAF 0 B i+ S E T e B
¢RI R A, HE e - Y IE A A R TR X
Cr(VD PR MR [ 25 1 14 B R A i i 5B o e v, 24
pH>9 PUJE ik e + R 1wy G e | BELRS W2 B 50 X Ce(VI)
i KR B B 7 W BT T 24 pH<3, B ARk i+ R 1w Y I
HL (T3 D O PR R A S s+
W B ) (VIR AR B B3 7 1) 55 4 R R | — R 32 52
TXF Ce(VDEBRACR 38 2 X R W B Ce(VD B 1 7

J B i AT IR i S e, 3R W O o R R R BT

2 HFCN 2 Mg:Si,0,0(OH), K fi X CroVI B 75
A LT CoFe 2R A A AL i + /4=
W) 3¢ Ja-Fe 0511 CoFe 0/ Pk B¢ 5 4 B RS Ni/Mg/
Al IR E Ay 2 S a S -— O = -
Fe;0,2" BKIE BaCO™ Fe;0,-Si0,-7¢ M- L4 W
Jre 1 2l i 3 2 MgO/A4: #5928 ~236 mg - g™) K
=, (AR IR B 24k A ke A WA A B
(610 mg-g UK, 1 T, S R FAF A IE]

600 (A) 100 (B)
(a) 9
500 | I
b) | = o8t
= 400 | > t
s g 97}
g 5[
=300 F —O—Mg,5i,0,(CH) /diatomite % 96 —=— Mg,Si,0, (OH),/diatomite
of —— Mg(OH),/diatomite g L Mg(OH)/diatomite
200 —sk— Diatomite g 95}
m 3
100 . i
© 93}
0 1 1 1 1 1 1 1 1 1 " 1 1 1 " 1 1
0 200 400 600 800 1000 1200 1400 1600 0 2 4 6 8 10 12

C,/(mgL™)

pH value

(A) CrVD adsorption capacity, and (B) effect of pH value on the Cr{Vl) removal efficiency

&l 5

AR G CoVD S 1 14 TR 4 E

Fig.5 Adsorption of Cr{V]) ions for the obtained samples
R 1 MRS TR E R & TR B R CrVDIR B BE 71 L8R

Table 1 Comparison on the Cr(V)) adsorption capacity of the samples and various adsorbents reported in the literature

Concentration of Surface area / Q./
Sample . T./ min pH value Reference
CilW) / (mg-L7) (m*-g”) (mg-g™)
Mg;Si,010(OH),/diatomite 1 500 350 30 2~10 570 This work
CoFe layered double hydroxides 25 168 720 7.5 28 [17]
Bentonite/biochar/a-Fe,04 50 11 <1 7~10 82 [18]
CoFe)Oy/activated carbon composite 150 1 062 240 2~3 83 [19]
Ni/Mg/Alactivated carbon composite 100 101 100 7 103 [20]
Amino functionalized graphene oxide
33 57 0.67 2~3 123 [21]
decorated with Fe;0,
Barium carbonate spheres 100 13 20 4~7 227 [22]
Fe;0,-Si0,-chitosan 150 11 110 2~3 236 [23]
Sulfuric acid doped poly
500 328 100 3 610 [24]
diaminopyridine_graphene composite
Diatomite 200 28 30 5 30 [25]
MgO-coated biochar 450 148 700 3 62.89 [26]
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