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A A (MT) % Al 3k K-10 254,
L 2 1 FCR 240 m/g. UK G H R 2 [(NH,)sMo,0,4°
4H,0]. #i B% (CH\N,S). J& /K & B (C,HO) . # MR
(36%~38%) . PUIK & il fR 5% [CA(NO,),"4H,0]. & A
A4 (NaOH) 2525k 43 M 4, 136 7K S 228 1K

I %8 HL T KO (CP213). #8753 vk 2%
(KQ2200E). & #f 4 (KSL-1200X). &5 J& f2 W 28
(KH-100) . HL #45 JA T 1 4 (DHG-9030A) | fH i filk
F1 6 FE 7% (ZNCL-BSL) | # i #o (DRAGONLAB) | %

X pH K H(AS-PH6) | 52X B OHL(TG16-11) |

H 37 SUS010 34 i F 2. f#8% (SEM) . XRD—600 X 5

LA UL (XRD) | 38 4 HLF {8485 (TEM, JEOL 2100) .

X 528 5% B 1 fE 1% (XPS, Thermo Scientific) . DAS100
B A A A

12 KBHFR

1.2 WR AR 6 &

S v DL DU K A B R R B R, BRI R B R, K
PN A S B A—1T & MoS, & & # kH(M-S),
w1 R, BRSSP BT

(1) 0.088 3 g (NH,)sMo,0,,-4H,0 Fl 1 g I 5% i
A RRAE S0 mL (19 28 7oK, Bt d 24 he

MoS, i 9k {4 )

|

M-S b 474 %4

B 1 M-S &ZA MR &
Fig.1 Preparation process of M—S

Q) BB P A WS T 25080, T 8 000 r/min
T 8 min, fF LSS, BUR Z2U03E, KL
Pt 25 B oK A BT 2 IRBR AR B i 1, InA
FKJFHEAL 50 mLIEE K .

(3)FHL 0.076 2 g CH,N,S fin A %] iR IR AT,
i+ 30 min, FFE IR A 55 A 100 mL #4514
BRI R, B S R R R 28, T 220 C A
24 h, BHIZEZFERIEBOHE RV, 78 10 000 t/min (975
BN B0 10 min, 2500 58 WE BUT )2 UTEE, 4 3 TG
K 2B 25 B T K B 2 K, B T A [ 4B T 60 C
HEAE TR 12 b, 255 M—S IR R

(4) 2% FiRHFEH & MoS,, HHK 1.766 g 4R
BRI 1.524 g BRARINA 50 mL 2585 7k v, Jm 2edi
ZHHIR(3)

1.2.2 Cd*W M} L

FREL 0.1 g W BfE A4 AL, T 500 mL 4 J% ) m A
250 mL — & BT FE Wk B 1 CA IR, T35 1R F 98 7 W Bt
2 h, 5 98 120 r/min, 2R FH O R WA Y6 EE T
(AA-win—6 880) Il 5 W B HiF J5 TSI Hh Cd (R BT it R B2
AR X (O TR BB Cd iy 0 B 42
(po —pe)V. (1)

m

e

A g o W B SR B 1 B TR R (mg/g) 5 po 9 VB A
AR08 B AT 2 5 B A R R (/L) 5 . oA R A6 i
Bt J 5 1 1 0T R B (mg/L) 5 V. RVE TR F(L) s m oy
W BRE A A ()

2 FRETE

2.1 W HEAERRAL 5 43 A

X MT. MoS, fil M—S #47 T~ SEM #1 TEM il iz,
SERANE 2 Urs . MT 2K RSF R 2458, MoS, 44
K kg A Al s il T B 9 AR BRAR S5 H, M-S 5 MT (B
AR AL, 258 7 2R E Y, (0 M-S 90K B RS
BN, 29 2~3 umo 1E M—S JZ2 3 2 4b 36 U A7
37 57 ¥ TEM(HRTEM) I3, 7T LUE 2048 B & 19 &
& 2580, Herb 0.63 nm XF T 2H % MoS, JZ A, 0.90 nm
XFIEF 1T B MoS,. [AlBf A IT 2 437 K & Mo #1' S
TCE B e SE A 9K 7 b

il i3 XRD 1 Raman X & 7 4 R ) 40 A1 25 44 it
7750, g5 50 3 iR . M-S & &4 kHY XRD
rha] DL H MoS, o7 T 14°H1 33°0 & b (1477 5 g, {5
AH HE T T3 45 B9 MoS, A1 kH, M—S A9 £ 5 0 15 45 55,
XA RE SR M-S MoS, & & A S5 .
M-S () XRD F1 TEM %545 43 #1, v LAF £ XRD H 14°
A7 A9 (002) f T A2 B4 0.63 nm, 31X 5 TEM 1
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2 MT(a). MoS,(b) Fil M=S(c) i SEM &; M—S(d) A TEM [&]. HRTEM K (e, f); LR K (g)

2 pm 2pm

Fig.2 SEM images of MT (a), MoS, (b), M—S (c), TEM (d), HRTEM (e, f) and Element mapping of M—S (g)
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Fig.3 (a) XRD patterns and (b) Raman spectra of MT, MoS, and M—S

45 LA ENAIE, 6 0H i 45 19 M—S sF &4 2H B! MoS,.
b MT, 7T LLE 3] M-S i T 74 H B A T A%,
X ] fig S T AE S A 2 [ A Y 1T 2 MoS, §7 78
THJZMEEEE . XRD K& IR LB 1T 5 MoS, 19
FRAE 0, X 2 T IR A 45 & B T B0AY . Raman
M-S 7E 149 cm™. 219 cm™. 275 cm™. 342 cm™ &k 1y &
it I ) MoS, (49 3,0 . B T PRSI, X SR s
A5 1T A MoS, /TR L7 25894 6™, 28 1, v]
LFIBT7E M-S 2 &M B & BT 1T B MoS,.
W X 26 H T B 1% (XPS) X MoS, fil M—S
s R AL E ST T a8, 45 R E 4, Bl 4a 2
MoS, il M—S i 43 &, 7T LLE Hh MoS, 1 & i # H
A C.Mo. S.0%ILR, 5ERALGE, 1B T Mg,

Na. Si. Al %50, H Mo 3d i 0% W W 4h 55, i %W
52 A1 F MoS, M) 2 A HLE A M B MoS, [ 7% &
/b [l 4b J& MoS, il M—S I Mo 3d /& 43 ¥ XPS %
K, 7] LLFE 3] M-S ' Mo 3d,, fil Mo 3ds, #H b, MoS,
BAT BB AL, 36 R F M-S LT A AR AR
FAL, B P R ER T Mot B B 6 Ak, 1 236 eV Ak
WHBELT Mo ™ #ILIE 1, X & R Ry &84 Mo JRLF 745
TR A GO

2.2 M-S Wi REXE Co™ B W Fit 14 BE
221 M-S FEKIE R B 4 Btk

FHRHE K 100 A R Jeg 23 BOA R 8 R e oz
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Fig. 4 (a) Survey and (b) Mo 3d XPS spectra of MoS, and M—S
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Fig.5 Optical images of MoS, (a) and M—S (b) dispersion in water; the contact angle measurement of MoS, (¢) and M-S (d)

%4, El 5a Fil 5b J2&: MoS, Fll M—S & & ¥ kHE KA b
1Y 20 A5 T O, S 2 UL MoS, MEVE T /K UTTEFEAR RS, T
M=S &5 bR 5 4 A FE K A P . 3 — 2 Al
DAS100 % fil £ ] 5 S5 T 46 MoS, it M—S & & #4
B 42 fh £f, 25 52 0L 8 Sc F 5d. AT LLAE L, 4l ke
MoS, $% fi /1 >~ 92.3°~92.5°, 5L B 4 B S 1) i /K 5
HHEETF MoS, #4 B, M=S & & W R fih 1 (LR 24.6°~
25.6°, XIEBH T 55 WA 5 G5, M-S & kR K
PER I, 3% R MoS, 25 2D JZ MR BHR 25 5
HaS ik A G WL A Y B 2 R T RE R
R, DT A5 Mo, 15 7K WA VA 22 fik £ 185 K, 2 B
KEEME . TESENA R G L 1T-MoS,, AL AT LA Bl
B0 WA B AP SR KM E, T AT LA 2> Mos,
5523 S H A, LI sk Ak A W R A TR i, 3 il
AR M=S B 25K PR R 2K Pk A 1
R K BN T 52 A AR A TR B R ik, M

R W S IS 10 4 2
2.22 M-S H 1T-MoS, & B A& pH & X M-S
WS Bt C™ 1 B B9 5 W

i 3 45 Mo, Hi 3K M4 (FH R B AR IR ) F15¢ Jid A1
(4 57 5t [ (MoS, 1if 3K 44 /3¢ Bt 41 43 531 R 2%, 4%, 6%,
8%, 10%), il % T —Z 5] M-S B &1k}, H# it XPs
() Mo 3d L1 43 WK T FE 5 v MoS, 19 2H AT 1T AH
S, BRI 6. T LLE B MoS, Hi 9K (A i,
IT A& & e 3 s 2, H 8% M-S & 1T A
MoS, & 5 5, I8 8 T 92.5%, 1X 4 Kk Fi O A
B, MoS, FEZE AT i i AE K Z RS EEE
A5E 4, M=S PR R 8 1T Ao A A 31 5 KA F B
A TR AR B i 3G I, S 2 BRI FE 4, 1T A
IR B I AE AR S, F 3 Mo, 7E 5 A T
AR, 2H AH S I,
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Fig. 6 Mo 3d XPS spectra of pure MoS, (a), 2%, 4%, 6%, 8%, 10% M-S (b—f)
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Fig. 7 (a) Adsorption of Cd* by samples of different components; (b) Effect of pH on the adsorption of Cd* by MT, MoS, and M—S

N TR 1T A AR M-S W R R 4 R B T
SR, SIS IR AN [R] R a3 W BEERA AR X Cd e W B
BE, 45 A& 7a B . 0% M=S gy MT #£5, Hoxt cd>
(W B 5 R 21.2 mg/g, Bl & MoS, A 9K 74 i 3 i,
Cd™ W it £ e 38 S5 o/, oA 5 F b 1T A
0 A8 Ak 5, 8% M-S FE T T Cd ELAT ] R
B, 35 28.5 mg/g, B = T 46 2H-MoS, i 17 mg/g.
XSRS 1T-MoS, 5 & 4 J& &+ (4 Cd™) Z 8] 1 4%
A HEL 2H-MoS, ik, I H T MBS E SE &0 S {7
B X8 S A7 A5 C RN S LR AIAE A 8L T A&,
1T 8 45 A ot 10 2 AR BB 3 A . PRI 1T A b
W B PR RE B . T 8% M—S RE S Y W B RE A 4
JE S S e X & it .

7b N ¥ W pH {E XF MT, MoS, Fl M-S % [

CEVERERISZ I . Al DL i, MT, MoS, Fl M—S HJ I
WF B BEE pH A9 18 5 BLSE I KR NI LR, X2
0 pH {ELI RIS, 53 P i) H2 i Cd> 22 [ 7 A 5
Ao A, 1 OB R P R TE AL S C e S . Y
pH (B i), WA Cd 2 5K i OH &A= [
IO, 5 SR R 00 0 e JRE AR, DT 51 R % B M—S T
BFPEBE B9 T B, SR AS R R W] M-S 7E pH o 5 I, =
MRS Cd* A 3 fie i 1 5 BRAICR

2.2.3 W FitEt RN M-S IR Fit Cd> It Bk B4 &5 Wi

T AT 4 BT W B RS R A0 A A b L R BRI i 9 OC R
K HWF5E MT., MoS, #il M—S X} C&* 1Y W B 3 J1 2%, 7
AR B T, IR Cd AR R AR A &l 8a i, MT
TE 10 min 7247 35 B W AR AT, 5 R R 23 mg/g,
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Fig. 8 (a) Adsorption capacity of Cd* by adsorbents with time; Fitted plots of quasi—first—order (b) and quasi—second—order (c) kinetic

models, respectively
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Table 1 Adsorption kinetic parameters of different adsorbents to Cd*

1E— K 3l g 22 % B

e v 3 3 2 W

. L .
Gl C/(mg'L?) Genlme/e’) geo/(mg-g™) K,/min R q./(mg-g™) K>/(g'mg*min™") R
MT 50 23 2.1 0.010 67 0.16397 20.2 0.1282 0.998 62
MoS2 50 17 1.7 0.008 03 0.204 17 16.2 0.3019 0.980 72
M-S 50 29 1.4 0.009 69 0.303 63 28.5 0.2441 0.999 88

I MoS, Fil M—S 7£ 5 min gt W Bk 461 A1, P & ) e R
R 6 43 508 17 1 29 mg/g, X Ui B 52 i A A1 MoS, &
A 5 T A T 25 R R B A K 3 FH v — B
BBl 1O R = W BN ) A i R AT LG
ZATE AR A S5 WLIE 8b, 8c fIFK 1., AILIE
HE B 3l 12 05 R B LA REOR (R~ 1) B B AR T 1 —
Bl 37 5 A, X 3 WY = b W BRER) X Cd* i) g B L) AE
SN REA T AN, HE R B 1 0y B AR B MT.
MoS, Fll M—S X} 50 mg/L ) Cd* ¥ 1) W B 328 5 %5
43974 0.128 2, 0.301 9 1 0.244 1 g/(mg-min), X -
T M-S 14 WK 1T-MoS, 5 Cd> = [i] B4 i R i 2
I 8l F) 2 R, O HZ A KR S SR Is M AT,
R T A MR Ca IR B RE

2.2.4 WA R EXT M-S IR [ Cd* 4 B B % Wi

S ERGT T CA* ) U e BE X Wi o6 390 1% BFS 8 BE AY
o, 455 UL 9a, MT. MoS, 1 M=S X Cd> () & Fif

35

SR CA™ 0 4R v B A b T B, 53 i R 32
V28, e kB R E . =&, W e R /NHER
B M=S>MT>MoS,. K T #F— 25 43 B = Fi W B 550 %F
Ca 1y W Bt =2 &, Fe 4118 A Langmuir #1 Freundlich %
AU b R Bt AT 4G, AR P AR A b B | IR %L
PEAF RN A 45 5L ULIE 9b, 9¢ 13 2. W LLE Y, Langmuir
HE R 28 M U 3R (R=0.995 38, 0.997 04 A1 0.991 87)
W] & LT Freundlich 1 A (R=0.95447. 0.964 4 FlI

0.97335), ¥t Bl MT. MoS, fil M—S X & 4 J&§ Cd&' 1y
I S Ay B2 R 6, O 3 R v R B I =2 ) N A R A B
ER o — 2511545 31 = i B 5003 Cd> i e Kk
R HE 3 50k 23.5. 32.1 Fl 43.9 mg/g, 52 i 47 Fil MoS,
HATER CE W M PERE W] s . R 3EFM

A3 CA W BB R B e X EE, TTRAE M-S X

G @ Cd 1 W B B 0 A0 T 22 0058 I A ik 4 e T R
R

14} (b
30t @ 2 L5
- 12+
Bas| 14}
) ~ 10l -
g g 13k
=20} 2 ;;g
_§ = 8t <12t
s $ 5
2 ——MT 6f ok
< 10 —.—MOS2 1.0}
sl —a— M-S e 0.9
il X
0 . . . . \ . . . . . 0.8 L1 . L . . .
0 50 100 150 200 250 300 0 50 100 150 200 250 300 1.4 1.6 1.8 2.0 22 2.4 2.6
Concentration of Cd** /(mg-L") c./(mg-L") Ige,
B9 (a) MBI Xt Cd* At i B & Bifi Cd> ) 4R ¥k B A5 b ; Langmuir(b) 1 Freundlich(c) W i 45 IR £ AR Y A 481 &

Fig. 9 (a) Adsorption capacity of adsorbents to Cd* with initial concentration of Cd*; Fitted plots of the langmuir (b) and freundlich (c)

adsorption isotherm models
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Table 2 Adsorption isotherm parameters of Cd** by adsorbents
Langmuir %% % Freundlich £ 7
4
q./(mg-g™) K /(L'mg") 1/n Ki/(mg-g™) r

MT 32.1 0.014 68 0.995 38 0.57751 1.33748 0.954 47

MoS, 235 0.017 54 0.997 04 0.562 33 1.567 36 0.964 4

M-S 43.9 0.013 96 0.991 87 0.396 23 4.204 07 0.973 35

F 3 SN EL AR Ca i W B BT L
Table3 Comparison of Cd* adsorption
montmorillonite based adsorbents

properties  of

. B 551 Ca W fff it /(mg-g") Sk

50 A i 2 A AR 9.76 24
o 5 A 16.54 25
T 1 e /R A 5 58 A 27.97 26
R 52 A A MR 19.95 27
e Sk AR A SR I A 28.0 28
W R E AR S A 275 29

5¢ Jii A /1T-MoS, 5 & #1 Kt 43.9 A TAE

2.3 M-S Bt AF R XS Co™ I Fit AL ER

R T HRSE M—=S X Cd* i W BFFAIL R, 5250 38 X Eb
T CA W BT IS M=S 9 XRD YA 1k, 45 5 WA 10,
A LLE B M-S 75 W B JT 26=14°07 & 17 75 MoS, 1)
(002) i ThI 177 5 08, 75 W B} C i , 243 B 0 AR B . A8
SEL WO, 53 AN B T RO RE G TE 29°07 B A fiT 5T 1%
AR B, A BN N CS By (101) & 7, JF B 7E 25°F1
26.8°14 v EHB B T CdS 1Y (100) F1(002) & T A7 5F
I, 33X UE A M—S 7E W [} CdIF, MoS, 141 S i 5 5
Cad & TAL2E WA B T CdS, X 5 1 — [ 8h 1 2%
TR 4 285 L AH EIE

J T 5T M=S Xt Cd> AW B HLEE, SE56 A
ST CE W R 5 M—S Y XPS K35, 455 0L E 11,
Kl 11a 2 M-S W [ Cd I J5 9 XPS 2% K], M-S 7F
W FfE CdJm BT Cd 3d BB, X i B Cd” Bk M-S A
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Confinement Synthesis of 1T Molybdenum Disulfide at the Interlayer of
Montmorillonite and the Adsorption Properties of Heavy Metal Ions

WU Peng"?, HUANG Cong', LIU Xiaoyi', CHEN Qingze’, JIANG Haodong', XIA Kaisheng', LI Zhen',
WANG Yang'

1. Faculty of Materials Science and Chemistry, China University of Geosciences, Wuhan 430074, Hubei, China;

2. Northwest of China Metallurgical Geology Bureau of Geological Prospecting Institute Jiuquan Testing Center, Jiuquan 735009, Gansu,
China;

3. Guangdong Provincial Key Laboratory of Mineral Physics and Materials, Guangzhou Institute of Geochemistry, Chinese Academy of Science,
Guangzhou 510640, Guangdong, China

Abstract: 1T molybdenum disulfide (MoS,) has great potential for heavy metal adsorption in sewage. However, due to
the difficulty of synthesis and poor stability, the research and application of 1T MoS, adsorption materials are difficult to
achieve breakthroughs. In this paper, the direct synthesis of 1T MoS, in the interlayer of the rich and cheap natural layered
mineral montmorillonite is realized by nano confinement effect, and the adsorbent of montmorillite—1T MoS, interlayer
composite material (M—S) is constructed. By means of scanning electron microscopy (SEM), transmission electron
microscopy (TEM), X—ray diffractometer (XRD), Raman spectroscopy, X—ray photoelectron spectroscopy (XPS), the
successful synthesis of 1T MoS, in M—S has been proved, and the content of 1T phase is up to 92.5%. The prepared
adsorbent materials were utilized for the efficient removal of Cd* from aqueous solutions, and the impacts of pH value,
adsorption time, and initial Cd* concentration on the adsorption process were systematically investigated. The findings
revealed that optimal adsorption performance was achieved at a pH value of 5.0, an adsorption time of 5 minutes, and an
initial Cd* concentration of 250 mg/L. In conjunction with theoretical simulation, the optimal adsorption capacity was
determined to be 43.9 mg/g, in accordance with the quasi—second—order kinetic equation and Langmuir isothermal
adsorption model. This study presents a novel approach for synthesizing 1T phase molybdenum disulfide, and also offers
valuable insights for the development of efficient heavy metal adsorbents.

Keywords: molybdenum disulfide; montmorillonite; confinement effect; crystal structure; heavy metal; adsorption
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