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Al % (gL el (el) gL (gL (L)
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I NGFER S R AR SR [ 1 ST RA ] 4
MBEN MMOS /KIBEAEHSERTRENE, Hik
BEZE 1 FEHI 430 8 41 MMOS /KiREAM b, 45
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IR 1 2 9FEH Tso, Ts10, Tsd40 =2H
MMOS /KigikEt, b fa e 0.61. &
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BRI RRYE SR [17].
2.3 BEmHst MMOS KRAMMELEZ E TN
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SR FAE ST HT P 00 SR IR 4 R Y6 B T (TAS-990)
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PRk kL, H H 7R Hitachi 22 &)4EF=H) S-
4800 {X 2514 EDS BEE /4T
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Mr, BE—FIUE XRD XKAEF=H) i 4558, ]
B AL SR IE B AR 2w A P28 V-sorb2800P
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T g

£ Tso
[ 1ts40

——R{E

e
o
T

TR (mg L)
o
(o))

g
T

HERTHE
10 HRPESETEN

5
i1
%

| &

11 28 d Ts40 ik {7 EDS S #HE
10001

800 |

0 200 400 600 800 1000

PATIEN

HE=E/keV
12 28 d Ts40 ik EDS 5355 R

3.4 BEgmir st MMOS 7K R 2 AL 45 4% 42 84

#h
3.4.1 PILIUER 45 My M7

13 24 TsO F Ts40 4R H BET L4531/
W2 /Bikt iR 2R, IR 13 BTLLE 2, 2 A0 SR sk
FEARE B2 T M, WRER A SRl 20 5 53 38 i
T, FEARRHE AT 0.5 BFHBBIZRIEAE S, 7E
15 R B Bl AR 3 ¥ S ik . AR B



5513

SRR, S EAIRTSUEERAL AN R AR A B K VRS A RERY 520 117

) HR 22T T2 PR AR e 43— 1) A A ELAE FH EE
RFF I 5 R B 50 T i, 55— S Bk L R o e )
WA, S BOR BFHATIIHR F sexE Ft RifiE
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FLAEFIh TR ER TS 30% B4R F A e ANIS B 1
ot (HE R ERUEA B A

R4 AEEAHIBE MMOS RENFLOTER

Ay HERBY(m> g FEFE/Mm  flR/nm
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AN, HEEFLARIR R 31.0%, HFURIRE 50.6%.
3.4.2 HHAHIABLLIR AT

15 LB IEE R 0% 30%, #HH4 0.5,
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J ®
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AAEER BRI FRE R S EHUKIL=A 517 M.
Mg(OH), % F=hf Z Ak, Hr 517 MR H%
MMOS KRR 124 PERE B d BB B A BER L,
X T R E AR 15 2R, R 1
PEREIZ HIREARA R, R RS R34, 5
JEANEY 5B ISR B R, 517 FHEIEE %
RN, RIS R 0%IRETE 0.5 d NAE &
FEAETT KRS 517 AH, 1H 30%38 &I MHAE 0.5d
W 517 FERARFEAR, 0 0.5~7d Z NPT RER
4% 517 #H; 4ESHHIEE) 56d B, 517 AHEELESB
JEAR TG ZE R E AR K. R B4R A NN IE
R T HAABEKRIEATE A KAk, o H B0 R
MR, a2, IXHLEEH T 56 d 1 %
HE R R & A5 2 038N, H =R
AT 3d 7 diidEH .

16 HAEEAE 58 MMOS /KBS RIE
14,28 d 1T IR 73Hr4 R, WAl 16 0B H), Ts30
1 Ts0 JAFFRY SO.2. COs>Hl MgO-H 19 5 ik fif
i IR A I (T ok P Rt 25 16 30 A 354 24 S A ik 35,
WEAREE RALET TR GG N, 2 FREES A 517 AHE
ERWHEN, X5 XRD 43Hrss BAH—3L TR
B4 14 d BOEES,, BEEAR MMOS /KIREEREHA
i SO, CO*Fl MgO-H YRRtk s
UG5 BE LIS BEAN Y1) MMOS /KRR IEAPELA
PESE D, TSI A 28 d B4k MMOS iR/FH+
MgO-H B S FRHARR S04 (E 5 B L AN IS R
K5 MMOS 7K JBFERPRRRIER, SO HI CO Y K%
PR A2 R SIS E 0 B T L ANS BR A1) MMOS 7K
PREMEHAAR. st H IR R EME Y CaSO, &
A SO,”, SEHE/KIL BB MMOS /K3
FrEHRIE SO U BRI TR Sh I (B P 45 .
ARG 517 MRBIERL, 517 Mivh SO &b
MR SOSE B Sy, M R IB 40K
MMOS KIBFERPERRIEH SO~ R A FRitizaiRshig
DG (R 550 P B 1

17 /& 14 d fl 28 d 41T MMOS i TG-
DTG 4ptraE . MK 17 WLIE ], 18 350~450 C
Z B A PGSR, Mg(OH), 43, TS ey
AR WAL AP & &5 7E 14 dF128 didI
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Ho517 AHBVIEEA B RIS, (LA B By
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DTG 7r#és 5 XRD 704 —3L
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HESR A ATAE 3. B 18 WTLLER), &AMtk
FARKIA MgO JokL . BRIy RGP FIHT & BE
IKVEHEANREE WAL= AR 517 4H). Bl 18(a)
o)/ MRFE SRR 14 d B, BAEIBEHR 0%
F1 30%MMOS /KIREEM B SO L. MAIE 18 1]
IR, 5 30%E40% MMOS /KYeRptkl b4
AR 517 MEVEE L ABIEA R, MMOS sKIgEEAE
R, HAFUELAYHHEE S, X5 XRD. IR
F1 BET Zr#rgiR—20 WA 18(b)nTLIER, Hik
BEURLAN 517 FHR K E R BOVEAR R, XL
kT 2 AR AIZE R MMOS 7K YRR KA 2L,

(b) 14 d Ts30

()28 d TsO (d) 28 d Ts30
GP IS4, BOEECH 10°
18 FEEMMSE 14 dF128 dik ERABBEN LR
18(c)FI(d)Fr A& TP AR 28 d B, B4
BB A 0%H1 30%MMOS JK IR EAP RO 225+
MEHETLLABL, 5 30% 418 MMOS /Ki23EdT
K RE IS L2 B B R A FLRR, RIS ARy
MMOS FKYEEEPRHEE I 5 NS, (HE 2 18]
HIBUBRFRE LR 14d BHIRAHE R, FIHARE
JEAEYIBE MMOS /KIRIEAPE 15 HREREAR, A
Bl 25 15 HE I B AR D /).

4 i

()BT ISR 5 MMOS KRR RN 3h
T, BEE RS RN, HEI S ERERE R
EREA N, JEREEAEA T, Sk ks
B/NF 40%H5F, MMOS KB EERPEY 124 R R AR
B LU 2 SEbR TR ELK.

QYBNBAIN 2 BEFEIL MMOS /KR FEATE
FUAPRIR ARSI, 15 10%BE4RE T il MMOS
IKVRFEAT R F AN 4 A AR FRAR: 50% L) |

(3)MMOS KIeFEATEIRT Ni, Cr. Zn Fl Cu %5
HBEEAAESEER, % 40%E48 MMOS /Kig
FEAPET NiL Cr. Zn Fl Cu R E SRR Z5H R
39k 18.8% . 100% . 89.8%F1 97.9%, Hi2HiFF
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Effects of high-temperature treatment of heavy metal sludge and ground
powder on the performance of modified magnesium oxysulfide cement

ZHANG Danlei, WANG Sheng, GAO Qi, ZHENG Zheyi, CAI Zhangzheng, YE Xiaochen, BA Mingfang*
( School of Civil and Environmental Engineering, Ningbo University, Ningbo 315211, China )

Abstract: To explore the utilization of high-value resource such as heavy metal sludge, the effects of grinding
powder of high temperature treated slag containing heavy metal sludge on the working performance, mechanical
properties, early free shrinkage deformation, and heavy metal leaching behavior of modified magnesium sulfide
oxide cement-based materials (MMOS) are investigated. The results show that with the increase of the content of
ground powder, the net slurry fluidity of MMOS cement increases gradually, while its early mechanical
properties decrease obviously. After 90-day observation, the effect of the content of ground powder on the
mechanical properties of MMOS cement decreases. Grinding powder can significantly reduce the early free
shrinkage deformation value of MMOS cement, in which the early free shrinkage deformation value of MMOS
cement containing 10% ground powder decreases by 57.1% compared with the controlled sample. Micro-
analysis results suggest that the relative content of hydration product SMg(OH),-MgSO,-7H,O (517 phase) in
MMOS cement decreases with the addition of ground powder, and the average pore size of the hardened body of
MMOS cement increases by 31.0%, which explains why the ground powder reduces the mechanical properties
of MMOS cement. Leaching concentrations of Ni, Cr, Zn, and Cu in hardened MMOS cement with grind
powder content of 40% are all lower than the requirements of the standard GB 30760-2014.

Key words: heavy metal sludge; modified magnesium oxysulfide cement; working performance; mechanical
properties; micro structure
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