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A 0.6 g Fe;0, 5 CKN A A it & L ) MCKN, &
THERRG SN, KEIRME 150 t/min, B [7] 240
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Fig.1 MCKN preparation process, mechanism and adsorption process

2 #XR5%

2.1 Fe;0,5 CKN 7 [E] FT £ EL il % B9 MCKN
Cr(VI) KK B2 0

Kl 24 Fey0,:CKN A [F] i & Eb BT i £ 1)
MCKN Xf Cr(VI) " fy 2252 M . d &l 2 AT %0, i
I Fe,0, fill £ 1 MCKN X Cr(VI) [ 1) B 2 iz izt
T A S5 26 A N CKIN IR B 26 51.36 %, X /2 i
T FeyO, A &t B AT — & MW I e 77, WBH AL A5
N A ﬁtﬂﬁ%&ﬁ%%wﬁiﬁzrﬁo bt
Fe,0, Jii & LU A3 K, MCKN %t Cr(VI) f9 W% Bt 5
RIS R EHCNRA, B Fey0, 5 CKN 1
JRE LN 1:5 K, MCKN %F Cr(VI) f) b Zik 2)
BARAE, BN 92.34%. BEH Fey,0, i & L i 4k 42
R, MCKN XF Cr(VI) B B 2 0% 8 AR, X
AR B T7E 2 G 99K M B R I Fe,0, 1 2,
WEHE T — 5y RONVE M AL AT, 5 B0 MCKN X
Cr(VI) 1 B 68 7 T B . RIBE, 3 m(Fey0,):
m(CKN)=1:5 Jii & Lt Jr il £ (1) MCKN 1E 2 5 42 5
B it o

100 -
-

90 | T

80 |

70 -

bt 2 /%

60

s0- *®

O:I 1;7 1;6 1;5 1;4 1:3
Fe,0,:CKN
2 m(Fe30,):m(CKN) 3F Cr( V1) WK Bt 2= A 20

Fig.2 Effect of m(Fe;0,4):m(CKN) on the adsorption
rate of Cr(VI)
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Fig.5 SEM of coal-measure kaolinite, CKN and MCKN
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Table 1  Pore structure analysis of coal-measure kaolinite, e
CKN and MCKN 3.1 WRPEFRLZ
Bl HORIERY(mYg) MILER(cmg) THIFLE/Mmm NT R MCKN A Cr(VI) 2 8] R B 7 1
BRI 18.970 0.080 16.177 ¥ H Langmuir A1 Freundlich W it £ I8 A 7 %+ 30 °C
CKN 24297 0123 18700 MCKN WM Cr(VI) SR BRI AT 5T,
MCKN 52.121 0.205 14.481 ﬁ;éﬁ%ﬂ% ) *D EI 7. %ﬂ% Langmuir %/E%{%*ﬁ@
" S HTHL G 13 21 R KT Freundlich W P 45 i 155 84
3 o.0ne f\- @ (0.992>0.961) , &AW &E O Jv21.95 mg/g,
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E o S L0 a4 S
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= 3 0.0004 L
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EE b #2 MCKN 3 Cr(VI) BB HIZR LS5
= Table 2 MCKN adsorption isotherm parameters for Cr(VI)
Langmuir Freundlich
Oy/(mg/g) K;/(L/mg) R, R®  n Ki(mg/g) R
0 0'2 0'4 0I6 0I8 1'0 1'2 21.95 0.028 0.125~0.588 0.992 2.21  2.03  0.961
AR F1/(PIP,) Podaih AQL‘?”SIMéy?%Hﬂ:E(J”&Wi, r+npg/g; KL?ﬂLe}pgmuirﬂ‘ﬁgg
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Fig.7 Fitting results of isotherm of Cr(VI)
adsorption by MCKN
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RIS AR R TR R R . d@ i Ry v DARIA
Langmuir 55 i ¢ I 2E ACRFAE, R ) W7 W8 BT %) HE 55
0L, HEEF 0<R <1, B MCKN Xf Cr(VI) )%
M AR 5 T AT Y.
3.2 WRMiEnhE

N T AED MCKN 5 Cr(VI) B HLEE, %
THE — R ATHE — R Bt B g 25 T3 R W B e A gk AT
ML MEALA, 45 WER 3 FE 8. HE— R — 2
Bl 71% 77 FE AU G 43 B B AH OC R E R 4300 2 0.995
10999, ¥4I 1, 256 HE 98 7% 7 RV
B g, N 3.91 mg/g, 5 Cr(VI) 52 Frsz6 % i 2%
B ORI, B, MCKN % Cr(VI) 805 B i 2
FFEE sl J iR, R TR

%3 MCKN 33 Cr(VI) BIRFEh 1ZE 5%
Table 3 Adsorption kinetic parameters of Cr(VI) by MCKN

E—2% e 2%
q/(mg/g) Ki/min" R g/(mglg) K/(g/(mgmin) R
1.05 0.013 0996  3.91 0.047 0.999

2 g ALETHTETI FIR B &, me/g: K ATE— R
SEETE R min's K HE TR MEE TR R A
g/(mg/min).
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0k
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—-15F
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25t
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Fig.8 Kinetic fitting results of MCKN adsorption of Cr(VI)

3.3 RFiE

%f 20, 30 40. 50. 60 C K MCKN " ff
Cr(VD) Bt FE@AT I 125200 M, B2 E& 2
BN 4. K, Bl A il FE A B 0BG O B g AR
AH NIEAE, U8 MCKN X Cr(VID) [ W B 52 W 4
bR, R OBH R AR R OR, BN
AH FIZa3HE KT 50 kI/mol,  FitLART LUAIBT MCKN
X Cr(VI) PRI B R A 2= W B, X 5 0% b 30 ) %
s AR s A H HAE AG /N T Z A5,
MCKN 5 Cr(VI) FIWFAE 2 3 AT

4 MCKN B Cr(V) BUHE S

Table 4 Thermodynamic parameters of Cr(VI) adsorption by
MCKN

AG/(KJ/mol) AH/(KJ/mol) AS/(J/mol)

WMHRE/K K,

293.15 2.18 -18.74
303.15 2.36 -19.57
313.15 2.54 -20.41 57.14 83.42

323.15 2.72 -21.24
333.15 2.89 -22.08

4 % i

(1) DR RIS A AR, SR Z-BAER
Fridiil % CKN, fESCIERt I, DAk 23T e vk i
m(Fe;0,):m (CKN) =1:3, 1:4, 1:5. 1:6. 1:7
PR L, BMIh& T MCKN.

(2) Fe;0, 5 CKN IR 1:5 i, MCKN
X Cr(VD) B B RCR B, WP Z 34 3] 92.34%,
e TR 24 N CKN FIWR BT 3 51.36%; MCKN
(wE oy B YERE RAF, 7> BSIRFERR, 3ESE 5 IR
B R J5 MCKIN % Cr(VI) BRI PR B SR AT AR R AE 87%
PAE, HEAEVERE BRI MCKN X Cr(VI)H) 28 iR R
FAF & Langmuir A28, J& T8 20, HXF Cr(VI)
TR R 5 T 37 1 MCKNI I b 30
JIEFFEHE R S8, % Cr(VD) R B 72
T2 AL AR B A5, MCKN X Cr(VI) F P Bff A
WG, HR R E ORISR

(3) CKN /PRI e, RO, 22
GER, T TEREIRGE W, BRE R R A
VLAOIRGEMITEAE s SRl AR B 5 i) MCKN K fi ¥
SJHL AU EK T Fe,O, MR, CKN AR Bf [ 9K 45 44 %
AR CKN MR &S TR RS A, 1
MCKN HJEL R A2 9 CKN 1) 2 £%, 5 &
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Preparation of Magnetic Coal-measure Kaolinite Nanomaterials and
Adsorption of Cr(VI)

ZHAO Yuqi, YAO Suling, DONG Xianshu, GUO Ruifeng, FAN Yuping
(School of Mining Engineering, Taiyuan University of Technology, Taiyuan 030024, Shanxi, China)

Abstract: This is an article in the field of mineral materials. In order to develop the high-value utilization
technology of coal associated mineral resources kaolinite, coal-measure kaolinite nanomaterials(CKN) were
prepared by indirect intercalation-liquid phase exfoliation method using coal gangue/slime, which is a solid
waste product from washing, as raw materials. On this basis, the magnetic coal-measure kaolinite
nanomaterials (MCKN) were prepared by chemical precipitation method, and the physical and chemical
properties of MCKN were analyzed by XRD, SEM, BET, etc, and the different quality the ratio (m(Fe;O,):
m(CKN)=1: 3, 1: 4, 1: 5, 1: 6, 1: 7) MCKN adsorption of Cr (VI) behavior was discussed. The results show
that MCKN with a mass ratio of Fe;O, to CKN of 1:5 has the best adsorption effect on Cr(VI), MCKN has a
good magnetic separation effect, and the adsorption rate of Cr(VI) can still be maintained after the fifth
adsorption and desorption above 87%. CKN has a relatively complete morphology, a smooth surface, and a
multilayer structure, some of which form nanotube structures, but some of them still exist in sheet-like
structures. After loading Fe;0,, the surface of MCKN becomes rough, with an obvious 30~40 nm granular
coating, indicating the successful preparation of MCKN, and the specific surface area of MCKN is higher
than that of coal- measure kaolinite, while the specific surface area of MCKN is about twice that of CKN.
The adsorption of Cr(VI) by MCKN conforms to the quasi-second-order kinetics, the model is chemical
adsorption. The adsorption isotherm conforms to the Langmuir model, the saturated adsorption capacity is
17.26 mg/g, and the adsorption is an endothermic spontaneous process. In summary, the coal-measure
kaolinite MCKN has good adsorption performance of Cr(VI), and is convenient for magnetic recovery and
reuse, and can be used as a potential material for waste treatment in industrial applications.

Keywords: Coal gangue; Magnetic; Kaolinite; Nanomaterials; Adsorption; Cr(VI)
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