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& B PESTS YN H AR, TF S R s I R R, R A D PR B A T Y e R F B SR AR
WHEAMR T HALE N KRBk, 58 T HXMELBHMOWHAT R, JF R A XS LA XRD). 3 f 5t
(SEM). 54 ¥¥i% 51 s 8% (HR-TEM)., LR M F (BET) S5 AR F BUESE T Bifb s 41 K BRI B3R . k=243 LU %
B RBR LT . S5 R, MnS KRR 2 EOIK, SFHRAR 100 nm, KR E A 30.56 m*g ' MnS 44 K UKL X
Cd™' 1 WL [ 3h 1 4 B ¥R B A Mo A5 5 B 8l A A 5 R A 56 L 6 S50 40 4 M A & Langmuir #5035 B MinS X
CA>" 1) W B 2 LA A 2 W B =2 B84 B0 43 F 2 W B Langmuir 4815 79 MnS 70 Fl 5 4% W B i 4 349.6 mg-g™', 7E
X 22 5 WL A L TP AL TGS o XA T A R R K A AR B, MnS G4 K JFURL AT LUAE S h N (E 4R A VR
60 mg-L™' [ Z E K AEH L LT (<0.1 mgL™), HWRM SR KIEpHEE, XKETH/N, £ZMELRE
TIAFMAEB T, AT LA B EE 100% 1 CA* LB . wi ki xt fase , 7828 S0h il e 30 d 545 80% 14 2%
B, BB T2 BT N CdS ULIE 2 MnS S ERE N E BRI .

KHBEIR WMR; s EAE; SRek; K

Tl K A B 4 SR R KA 8 75 G — N AR A PR 1) PR Y TN A ™ AR
THGHEEBRERAOER . SAENEREYAR, BB YW, HATLRE2: S
TEAERY, R AR R Ay b 3 1™ S A 405 5, AR T el B s o R, 2B T R K
HE 22 B KA P B R B BR U, 3 A9 Ak Tlk K5 Y W HE PR HE (GB 13456-2012) #LiE , 4 25 HE
AT EALT 0.1 mg LY, M HET, AZMY I LB ARYPADR LBk P ES R 7,
EAEUIVE . B FAcH . AR AR R . ROBIE | ORI M4 . TEX e HoR T, AR T
HAWHE , SR 5 THRAE. BURK ., MR 50 R e 2 s A v s S50 0, A48 7Tz iR BT,
Forbrgly A0 Tl [ A B2 0 L 2 A R 0 R0 SR A AR A R B RARL AR
TR R R K R oK L # L AAE AR B R RE T, (XA L BR AR R AN . A e T
R PR E BB, JF AR AL R, BT R A IS

Bl 20 2R AR ER Y A S8, T G4 K BHRE W BT 8 465 T 15 A BT BOR B 2 10, 44
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B AV W T 4 S B R O B R T, SR AR R, B AT 2 H T ABRES B, |
HIFRRIE) Z, BN SR, B TA M, fEIRE IR Ak AR & 45 00 s 2 1R 3L T 7K Fi 48
EAEJFGYME LR Z X E, Kb e AR iEmie kT A LkESED, HEREA
POy E 2, 55 18 32 6 Tl HLUG AR 00 I B R AR AR e ALY TR AR B (MnS) VS EEEE ) 4
JEEACY), BA RS IRAE T, HOGM A T RCRAH A R B R, B R kR
PR R SR, BT IR, R T 40Kk MnS B9 & L H M RE A F 2R, (He2K468 H
MnS =Bk CA* FIWF 5 I8 BE AT I8 o 1 HLAT AF 53 7 Min® 8 47 78 2 00 41 2K R AR B X Cd® g i i 27,
I, #F58 MnS XF Cd> (1) 2B 1 & 1+ o221 .

A FE 1 SR AL UTIE R R A T MnS 9K ks, IF 3 Halb 47 R 4E, R T MnS 90Kk T
XFF KP4 8 Cd AW B RE, f2 46 MnS X F K 4 8 Cd AL BRBCR . W B Bl g 2 R B 4
MLk, BJTARTT T MnS BUBREEALE, S MnS 7E88T5 YR BE 16 2 Ty i RS |
1 MB5ERE
1.1 EIeMH

AT B EK AR . — KA. LKA . SR (98%). Vil IR
(68%) FIAFK A F H 2y E A2 A R AR, DLl ot éli
1.2 £EBEWHRUYNH&

ZIILPIRE LD, TEIR AN T Hl & S b 99 oK M B, 7E 52.5 mL & 8 Tk 5 S i 4l Ky
99% M A 30 min, FBR/AK A B4R . Rl S R AR & F /Kl 4 MnSO, 1 Na,S W . 7
AAABEBWRET, B 10 mL k1R W E R 0.043 mol' L™ i MnSO, i T = H BeHfirh, fiff
FH WU 310 5 mL AL 27 115 ik B K 0.085 mol- L' i Na,S ¥k, JFl it ig e iR S, &
PG, 258 R VEG 3 Uk, R LA B AR R AR, 7E 60 °C AT B TR 24 h
J& . WFEEFSE] MnS 44K Ok
1.3 #HL = ORI sCI

3 3o it A B S a3 AR S T IR B T A L R R A IR RTR B B X R R AR 1Y R e
(25+1) C F, MnS GOKRBOR N 0.1 gL' WeB3h 124 50 56 rh B 40 b v B 4 60 mg-L™", W Bff 45
T 2 5256 AR W) 1R R BE Sl 10~600 mg-L™',  FEFRFTIR & PH B3 X W B 7y 52 o) SE2 5 by, il H) T 900 R vk
BN 1mgL! HAL& T Cu®. Pb*, Cd*'. Ca® Ml Mg IR & BHE T W . 1 0.1 mol-L™" HNO, Al
NaOH 18 15 7 ¥ pH & 6.0+£0.1, K2 v B T8 75 Il K i 4R 3% 2% (80 kHz) ' S min, Fifi )5 7E1H IR R 5
A6 (120 rmin") "PRE S IR, BEBE—E IR, WH S mL W, FERMAS R, BOWE S mL i
W, FH 022 pm BYGALUE R I8, I 2% B R EE . A IR SRR A A 3 IR
1.4 MRRMEFDHTE

X S AT ST (XRD) H F o Ar ke fb i Al AR, SR XS 2437 41 1 (X'Pert Powder PANalytical, faf
2%), CuKaHfZE (2=0.154 nm, 40kV, 40 mA), HIiMAE K 5°~90°, FHFHEE N 0.13(°)-s™ . Fhifk
B AR FORE R BRE S A, IR R R R R, B R PR A2 R AR BTN E .

WO EE 73 BT AL (Mastersizer 2000) 38 32 % UKL FE A AT 50T, St 4% JORE G iy 4 A =R B, DU &
BURLEE RN

fd Fl ASAP 2020 %5 B (Micrometrics, USA), 7E—196 °C T, I & (N,) W B fire 10 26 9 ith 28 5k
1 72 B AL P 9 oK Uk L AR . FLARBURN R 1w AR . 38 A 40 B N, A5 TR R A B08E O H 2 F Brunauer-
Emmett-Teller(BET) J7 ¥k 15 H tb R A . FLARFR i AH X 528 0.95 B Bt 1) R B i e o - 33 FL 58
BE i Stoeckli F1 Ballerini £ 1 i 7 F2 27 38&
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i FH7 A EDS JCZ 70 1 T BE 19 121 20 P8 5 T 0 0B JEM-2100,  H ) WEL B Ak 46 40 K kL
B4 R BT S A S AR RS TE S RC R ALl B ST H SRR A 4 A0 . ARERZY 1 mg AR5 T 20 mL 2%
W, 7E 80 kHz TS 30 min J5, HC—if L s CE T4 W 0ok b, #iR TSP .
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Lb 3

1) 45 L BE FRE IS 43 FT . MnS 29 K Uk (1)
R BE 1 iR, ATLLVEH, MnS 99K
pLRERCIR, RETRUN, KONAR—, RN
100 nmo HURLE 045 . MnS g8 K B0RL 32
BRL YA TE 169.8 nm, 3% 5 A R K
g5 R —F. M MnS 44Kk FURL 19 B8 3% 43 BT T LA
R, BRA G R Tk 8 4kt A 1 SRR T4
THAMZARF . JLE O, S. Mn YR T H 4 He s
BM 30.78% . 26.27%. 42.95%.

2) BET L& AR AL K/ 534 . MnS 44
KSR EA UK BET HeR AL (30.56 m?- g™y,
SEHIFLIARFR (0.14 cm® g ") RABASFHAFLAR (37.39 nm)
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Fig. 1 SEM image of MnS nanoparticles
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AT W B R Y AT
2.2 FRALCTRGNRRL T 3 5 A IR B 1 RE

1) 8% B 1] X6} 48 25 R SRS 0 o S BBl T ) B K vk BE Y, e CAP I AR MR B 60 mg- L', W
FIFm A 1 gL BT, MnS 99K 0k T F Cd> ) 25 BRI 2(a) ffn . ATLAE T, MnS 44
KL X T CA> B 2 B 2R 357 Bl 5 6 T] g 385 fin i 388 0, Ca> eV W b A v B Rl R R I F 5 h ik 3]
T E AR Tl K5 Y HE ORI (<0.1 mg-L™"), JEIE T8 5 E . MnS fERILRIREE R 60 mg L™
B2 T B9 #rEF B 4 10 he 78 MnS bR B Cd> e B 35 5] IR 25 5 0.08 mg- L™, MK 2(b) 1]
PIEH, MnS 76N 2P pH e, X ARKIRIREE P shag b
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Fig. 2 Change of Cd*" concentration and pH with time for the solution treated by MnS at initial Cd*" concentration of 60 mg-L™
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(ncu*, Pb*. Ca¥Fll Mg™%), Wik, #5135 - 7

e TR R L R 3 sl

Wi, TEZH 584 B THEAF A0 F . MnS 28

K W XE CEPHE 2 BE IR K A T LA BT : Y

100% ) % I FLTT LI 25 B 22 7 7 4 ¥ a0l

JREST o Wi AR, KR AE ) Ca¥ Al N

Mg® % MnS 4K 0B 25 6 K o 7 42 1 7 _
f 5 B/ L A ) MinS 498 K UKL 7 S5 B o A %? V2
SR8 191 -

3) MnS GRRURALE PRI BT Mo @3 mns &S BT RS R RO RMH R
)@, MnSTES A oA, TR e 2 Fig. 3 Adsorption performance of MnS in the solution with

ek 5. wE 4 ias, B MnS g0k Bk fE 2 coexisting competitive cations
HOCE 30 d IR, HX T CAP R BR RS E T 100 v—9_,
We. 56EA R MnS 40K ORLA EL . 167 T,
SRR T 30 4R B0 MnS AR ORLRR A BT 2 Y o
0% J AT 2 e £ ol
4) W B Bl g 2 AR IR R 3 A o SEER 4 SRR o
PO — G — 3 J ¢ MR A, TR & W
A1) A () 20}
In(g. —q,) = Ing. — k1 (D e
0 5 10 15 20 25 30 35
I_ 1 + L ) i E B TR/
@ ol 4 B4 VS BKBRNTF CORBERER
A ko kg O —2 . Db 9 M AR P e 8 25 44 B 2%
B, g(mgh)'s q. g N eBFZ] . W AF Fig.4 Change of Cd** removal rate retention by
f?@ EH. )i m 7M *’I‘ Xﬂ' éE\ E —I% ? E/‘J ﬂﬁ I}ﬁi , mg'gfl : MnS nanoparticles with time

t R BB, ho SN B[] A 24 h i MinS 40K UKL 25 BR CAP Ry SE R 45 R 5 2 B gl ) e ALY
&, IR AW B AR R SR, AR 1,
F 1 MnS FKRFRxt Cd™ Mz F15 4R E . Langmuir #1 Freundlich #RE & & %

Table 1 Fitting parameters of adsorption kinetics model, Langmuir and Freundlich isotherm model
for Cd** adsorption by MnS nanoparticles

th—gsh 1% h=2%zh )12 Langmuirf 7l Freundlichf& %!
ky qe, exp R k, 9. R I K, R K n R
1.319 248.16 0.578 0.010 258.90 0.595 349.6 0.024 0.991 77.39 4.2 0.903

B IEL S FT3e 1 AT A1, MnS g0 KA W B 55 5 08 — 903l 7 2= O 2R M 4005 BE B, T 40 1% W o 0
T12EAT HBAT A O G B T 3R, e Wb~ W B PT 2 MInS 40 K B0 W2 56 437 Py i 3 42 i 20 R0
N 1 TR, MnS 40K BBURE %) I B 53531 2R A Langmuir 1 Freundlich £ #4741 & . Langmuir #5
B P T 3 W o e P S 5] 49 5 T ) 2 W, LR RN BT T 2 (B A AR AR 5 Freundlich
BRI #, — B TR 55 51 3R 10 1 2 2 A2 W Y
Langmuir W fif 55 IR Z& 17 L= (3).
de = GuaxKLCe/ (1 + K LC.) 3
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Fig. 5 Pseudo-second kinetic model, adsorption isotherms and the corresponding Langmuir model fitting curve for Cd*
adsorption by MnS nanoparticles

K gov Guae I A RN &, mg-g'; K, & Langmuir W5 %0, L-mg™'; C, AW 5
e B, mg-L7'

Freundlich W [} 45 i e 55 24 UL =X (4)

qge = K:C." 4)

Kb g PR, mgg's CRHWMBCFAEE, mg L™ K. W SWMACHEE; n HEE.

W B 45 IR £ LA A S B % 1 T s, MnS /Y Langmuir 25 78 28 #45 AY g9 401 & 25 B0 T
Freundlich i ZE 7Y (R*>0.98), MnS 44 K AL~ W B 570 % T Cd™ (1% W B 2o 72 15 Langmuir 55 i 28 45 7
A A AH S, BAF S Langmuir 55 2B AL IR AW B #2 o BRI, MinS XF T~ Cd* ) W B 3 72
KA T2, WM 2D 2 WM 32, M Langmuir B8 i 40145 H MinS 1) Je KW B
WM 349.6 mgrg !, TR B R (14 U BRSO A R R (K 2). DA MinS & —FP B
R I Ca> W BFE AL, B AR R R g o

Fz2 ZMIEREFWHMIFINME LR

Table 2 Comparison of Cd adsorption capacities of various adsorbents

WA A 75 WeHHitg,/(mgg™")  pH WL/ (e L) MR TR (mg L) KK

AR AL 349.6 6 0.1 10~600 ENIE
K& A 111 6.05 0.2 1~60 [31]
B-SEmA 25.7 5 4 20~200 [32]
INEEZEAE YR 11.6 5 4 11.2~134.4 [33]
TR R AL R T 20.0 7 0.2 1.12~22.4 [34]
EGTA- 7 R A 83.2 4 2 1.12~1 120 [35]
T EFe,0 @4 Wy e A 39.7 — 0.05 10~200 [36]
PR TR BRI 945 Tt T TSR W A8 A Ay SRR K B 196.4 6 1 50~400 [37]
Y1t MOF 88.7 6 1 0~200 [38]
ZmifeEH 6.24 6 — 0~600 [39]
TRALIE B 10 6 25 50~1 000 [40]

e W B LangmuirFl Freundlich S R14M 545 1

2.3 WULENARM R IT B LRI IE
1) X G S S . B 6 45 T B fb 56 49 K Joki i) XRD 35 &, /1 181 6 1 MnS BB AT XRD
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PR mT 0, A A 0 K R 9 8 D B . MinS
YK ik XRD EE &6 67 T 25.78°. 27.69°,
29.33°, 38.19°f1 50.00°HY F Z A7 1%, 5 MnS
f) XRD #7 i i JCPDS#01-089-4089 #H X v , {H
T Mn bl 4R, O AR R R P A Al
o 7 A TR LAY 4% 04 (40 Mn,O,F1 Mn,O,"*).
W AR S, XRD B35 AT LB I b ks I 2] CdS
W F 2 B, 3% 2 B MinS 4 K kL T 5 K % R
) Cd* [z i A= B CdS UL vE , M 2B 2 & 1
o BT ALY X T oK b 4 e A W R
YA R, A R AR A R A A AR
WA AT RES N T 4 A WL B S g, X6 AR A v W
B A T — 2 BTk .

2) & 43 ¥ % 5 B B (HR-TEM) A% 43 #r o
T A 43 I S R B TR A A N KR 5K
VES W TP I R T IS B SRR AT e b, BT W
W7 3 S 7 T MinS 44 K W BEE ) 9 AR A AR A0, i
HFT ] 25 1 2 BT R0 285 & BE A R . #E MinS 5 Cd [
N J5 B9 HR-TEM E{£ I, 01 DLW 4L £ 5 MnS
A (002) I CdS &4 (020) ~F- 11 43 551 Xof Bz 1 1]
fE 4 0.322 nmAl 0.243 nm A §H 8 5580, X5
XRD 25 5 AH X 1 o

3) 4 B TR . MnS Bifi 25 I ] 2% 4k BT B
TR 4 I BH S R R B S IR O AR T
LR AH R A o & 8T R, MnS fE
CA VIR E N 60 mg- L™ B 254 B il b K =
Mn*, FkFEAF I, CA2 R 25 5 R M2 B it
500 133 mg L F1 60 mg-L'. 18 i b8
A4 4 2K T F 500 3o T Cd2 Ay 25 B R G [ B BH B
TR AT LAAG H, MnS B £ 1 Mn?*,
LN EE NGBS .

AT S A A, B AR AN KR T S5 R
Ak 30 Bk 4 DK J0RE AH B A K T
B, HJF R AT AE S MnS 40K Uk 5 FeS 40K B
RLAHHE (b R AR 7.64 m?-g ' B B R
FeRm A, HAoR RS/ tesh, 25 k|
&R K 75 MnS>FeS>NiS>C0S>ZnS>
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Fig. 6 XRD patterns of MnS nanoparticle before and after
adsorption of cadmium
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JEIA L 8 H B A I BR DL &% B RS 4 1 i B S A5 MIn®ORE R A CdP I R R G BE R B N 4.56: 1,
Mn? B i KT CA W B 5. 4l A W X T4 A0 S S B R 131 mg-g '™, EDS 22 B
MnS &N 61%, THES AT T Cd I ZBRoTHk RN 15%. L, MnS 94K kL s 28R 5
A JE PR R b2 W BRI B CdS ULTE 32, 4 S8 A0 W W B T R i

3 i

1) ABEFE BT A B T BSR40 oK R . FEL B 45 R 7R MnS GOk ok BRI, ROGTRUIN, P8
FiFE R 100 nm. MnS 44K R 9 BET LR AR 30.56 m>g ', fLI2°H 37.38 nm £ 47

2) MnS G4 K FURL %) Ca> 1 W B 21y 07 24 5 Y 3 dr b 45 & P 9 gl J 2R s X Cd> i W B ik
AT b A7 A Langmuir W B S5 RS AY 2 — > DUER S 2 MR by 3 A Abs B 72

3) MnS 44 K JUkE Jie BT AR B A W B RE T3, FEREANL T UK CdP ) bR vk BE Ol 60 mg- L Y S5 A
T, ATRATE 5 hik 3]<0.1 mg- L™ A9 6 5008 HE bR 1 o W B S5 iR Ze 25 R R BT, i ] Langmuir #15
() MnS H5¢ K1 RN B 4 349.6 mg-g'. MnS 7EJ i B pH e, XK IRIR SRR, X
P4 BB THAFME M T, 50 LA R 100% B CE R, HAES Sl ®E 30 d iR A
80% MY L FBRAA, UL MnS J& —Fp HA & W B i i Ca> WA RE, HA R H R A R Y T .

4)YMnS 24 K o 55 250 5 A 2 TR 2R T R B CdS TTTE 30 .
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Abstract The problem of cadmium pollution in China is becoming more and more serious. The development
of high-efficiency cadmium adsorbent is an important technology to solve the problem of environmental
cadmium pollution. Manganese sulfide nanoparticles were synthesized by coprecipitation, the adsorption
behavior of manganese sulfide nanoparticles on cadmium was studied. The morphology, chemical composition
and removal mechanism of cadmium were characterized by X-ray diffraction (XRD), scanning electron
microscopy (SEM), high resolution transmission electron microscopy (HR-TEM), the surface area (BET) and
other methods. The results show that MnS nanoparticles were spherical, with an average particle size of 100 nm
and a specific surface area of 30.56 m*-g”'. The adsorption kinetics data of Cd** by MnS nanoparticles accorded
well with the pseudo-second-order kinetics model; the adsorption data of Cd** by MnS nanoparticles was in
good agreement with the Langmuir adsorption isotherm model, indicating that the above adsorption was a
mainly monolayer chemical adsorption. The maximum cadmium adsorption capacity of MnS determined by
Langmuir model was 349.6 mg-g "', which was at the forefront among many cadmium adsorption materials. For
the treatment of simulated wastewater, MnS nanoparticles could reduce the concentration of cadmium from
60 mg-L™" to below the national discharge line (<0.1 mg-L™") within 5 h, and the water pH during the adsorption
process remained stable, and slight interference to water bodies occurred. In the solution of coexistence of
various heavy metal ions, the Cd”*" removal rate still reached nearly 100%. MnS was a relatively stable absorbent
with 80% the removal efficiency left after 30 days exposing in the air. The main reason for high-efficiency
removal of cadmium was identified as CdS precipitate formation through the high ion exchange capacity.
Keywords adsorbent; cadmium; heavy metal; metal sulfide; water treatment
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