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Effects of dry-wet cycles on microstructure and strength of solidified sludge//HE Jun, GUAN Jiaxian,ZHANG Lei,
LYU Xiaolong, ZHANG Chi (School of Civil Engineering, Architecture and Environment, Hubei University of Technology,
Wuhan 430068 , China)

Abstract: To explore the dry-wet durability of solidified sludge in the application of landfill cover, solidification strength
tests of soda residue-slag-lime were performed under the condition of dry-wet cycles. The results show that the hydration
reaction continues with the increase of dry-wet cycles, leading to increasing amount of hydration products including
etiringite, hydro aluminite and calcium silicate hydrate, decreasing pore volume, and dense microstructure. In general, the
unconfined compressive strength has an increase trend with the dry-wet cycles. The strength after the seventh dry-wet cycle
is 1. 16 to 1. 45 times of that before the cycles. From the perspective of microstructure and unconfined compressive
strength, sludge solidified with soda residue-slag-lime has good durability under dry-wet cycles.

Key words: soda residue; solidified sludge; dry-wet cycle; unconfined compressive strength; dry-wet durability;

2022 47 H
Jul. 2022

microstructure

e FE 1A 75 7K A BEEA A BRK 3 e alt 14 R]
™A T H £ M E A5 IR AL BRI, TS5 R
A SRR RS SRR YE MRS B e B
T — LG QY I, e A B P A R R
T YIS e 2R P [ A AR 0 e 25 T 3k
TGURHEA T FE 2 KRR TS e R Ak R Y [ A
AR TSI S KR MU & s, B AK
PRAEAERT BRI A A REAT R 1508 1 "1k
TG, M Ok T =5 REAE L CO, HEHICRIAS W AR 8 5
FESFIRIE M) B2 DR, B i M BEIR A
IR BRI AT SRS LRSI T 5
B4k, UGG T AERROR (e 15 08 122 PR
[G] e 3 T x4 e e 3] — s A A Tl
A B ARG Y8 BEAT [ A Ak B i FERE RS G 36
AT, R RGP R AR R 2 —

AT U8 W WO VR B 3 0 i bR, IS
B, 5P A A AL PR B 5 3 AR > BB P
U, REAS 1K B B S RO B S R R S — P I
JRA LR85 A g () U A 8 s R AR R T AR
(IR 82187) N9 R E R /IS oY R PO S B SN - g i O
1175 8 PR A2 S ORI AN ] ol f Ml 2 32 50 Jo] [l 36
SEANHAB A 2R A 52, 0 TR AR ER R RGP | R
el S5 R R TS UE R TR AR BRI AR AR
HERPET, AR Z 5 XA TOFSE . 2 Ak
AU R IR V5 TR G TR AR IR RN T
4% (MRBRII/INT 129 , 5 52 G A2 95 8 AL ) 22
Ko WS IBESR I, 1 T IRAE I R LTS
PR T BRI 588 B2 RS B PR R, Yang
AEURIIR S R R AT U R B T PR B
SEG IS, S PR RO I 10 YR 5 BE AR 1R AR

HEWH . ERHRRFEESE (41772332) ;1404 £ AR QIH 30 A0 H (2017ACA090 )
EB RN AR (1977—) , &, #0471, FENHARE A + TS, E-mail: hjunas@ 163. com
KA R A R ,2022,42(4)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn -39 .



SE o He %1 IF e 1 L Sy 322 4500 1 5 08 Ut
JeFAIER AT FT , A PR e 2 AR 4 i [ AL VR
[ AL IRV AT B4 1 T AR R AP, SRR
Xof [ A5 Y B B 9 2 M R < R 9 o kR S
1 TIPS SRR I8 A 75 98 il F AR B 37 4 = b1
Ko SR, A SR AL 75 U8 F AR B3 v ) e 8
SRR AR AR PR AP T IRAE PR AT B
8B SRR T T A 5 08 P o 28 A0 45 D T, 3B AT 1 T
AW

A SCHERT AT SE R b | B8 AR 37y v ] K &
Gy SR TIRARER 251, USRI 07 0 £ K
WT5 VBTN R, T e T IRA I T [ Ak 75 98
(58 B PEOAS, 2545 X ST (XRD) B3R
(NMR) M3 B B2 (SEM) A& SO il 7 B, 70+
MR UK SIS 6] [ AL T2 1 2 X [ A T ek
JRATEZEMEIRUAE . I IRARERI AN A R 6
A R 5 P I B S 8 s AR AT 1, D
HE— P R R TS e AR ST ) B DAL A i A2,
WD SR R PR 5 G DRI 7 04 4

1 REHMRETE

1.1 RgE##

TR BT V5 PR B E 2 DUAR ) A 16 V5 K A E )
Hleh & A K&K, H S /KR E Ik 566. 0% , pH
4 6.45, %K 1.1 ¢/cm’, W BR A1 98 BR 43 51 H
380. 3% F1 62. 9% , ¥AVEFE BN 317. 4, R He
U ORI g R iU 56 S B, Bk 7 R e — ol
PERPRL, HO 0 A — R R AR T Re e TS T
HA T o 4B 2 5 T A PTG R AL 5 11 B KR I
WOR BB TR OAS SCEE BRI 0T A KA TS
Ye AR, Herfys e B A i 10 Ak 2 i 2H
1,

x1 HEMBBLERSER B %

MEL Ca0 Fey05 Si0, MgO MnO P,05 ALO; TiO, SO; (I oty

HER 5.6 6.7 451 40 0.1 164 129 0.9 46 0.3 3.4
Wi 66.5 1.0 86 03 0 0.1 41 02 1.3 67 1.2
B 386 03 339 7.5 03 L3 153 07 21 0 0

1.2 RWAREAHZE

THRAEFMRI T R 2, Horh 7 i A A £ K
BRESEIEA IR R IR LB R EAR
AR Z N AN, H % R R A B R RS, %
FERE M 5 1 5w, B 1B i B 30% L 40% |
50% 5 HWFFE R I B, 430 3R 7 d 14 d
28 d J5 P FIRE R R 2

IREGHT, ek s i e 60°C MEA L TS
i 1 mm G, PR ST5 IR A BRI S BT

30°CHRIAEE T & B AL 3 d, W TA KA R E
FH, R RARR I 5 1 0 — Bk | sk B 30°C 15 i P15
AT, B 3 d BEITR GRHEAIR B /KB IA Bem
AIRITAESREE A R TR RIS I, HIRE R e
P (EHAE 3.91 em, B 8 em) INBER SRR LMK,
RIGHHRG L) 3 R AR R 52 5 S sk A T
PRI, LIHRRR R R i 2 < ORI R e T8 B AL
PR BURER A o8 S BERE, BT IREE (20+1)°C %
JERT 90% [ F4 46 h I 2 1 i
*2 FEREMREFR

e 5k Bl s i AR wid ﬁg%‘
We BR/% BR/% BE/% BRE/% T W R
S$3T28 100 30 20 12 28 0~7
S4T28 100 40 20 12 28 0~7
S5T28 100 50 20 12 28 0~7
S5T7 100 50 20 12 7 0~7
S5T14 100 50 20 12 14 0~7

27 3 EIA L 5 6 k2% 25 (ASTM) Jir & A L
LU I R S R B U A T R TR A
R R L) 16 MRAE. TR T 1R
I, ZE 00 a2 ORI AR R, PRI 2 AR, )
To FRATH 5 B2 R 5K 3 N iR o i 7 A B
A2 AFATHE, B T (20£1) CHP T8 24 h 4R
S A SE TR K B 2R, 12K
24 h, XA R R FBAEA " B R T IRAE G B
HRRE  7E IR T E 10 min, WEGREE ML I H:
i AR TO R B A i R K 3R, ToM PR
SR YSH-2 R IE M BR Bt He {30 12, A8 I 3R
1. 18 mm/min , U R ) 17 3/ A T R4 Hs 5 B

ZJG#EFT XRD SEM 1 NMR ilis, AAF5E 11
PEERRE 1675 DB W) Lo AV ZS Y 52 e, XRD
IR R R KT JE it 75 wm G, 3938 5 B R
2°/min  JLFEIA 10° ~70°, XRD %4 % F MDI Jade 6
BAFHATIIARR 2R AT AR 3T, SEM DX s
FERREDIAL 1 em® 240 0 58 3B, T 0 I BROHK fif
W Ta E AT, R PQ-001 B NMR A% #EILR 0
ACGHEAT NMR DU, ) 250 A 08 2 w) AR A s i
AT B8 A5 Bk ] s R E) ( T, ) iy oA it 2k

2 HWEHERESH

2.1 fMAFAIE
2.1.1 XRD o»#7

VEREAR Fe VIR RE HEAT XRD MR, 45 WA 1,
Hrf 20 MATHHA . ATLAE 2R TS U b aT A il
RASELAT K ERES A FK AR R 55 ( CSH) 487K 4k ™
Yy, W S0 A K TS Ve AR B B
LRI R, 5 Ca(OH), 1 SO2™ %5 % 4 K 4k

+ 40 - KA R A R ,2022,42(4)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn



S5T7 S4T28 — S5T14 —— S3T28 —— S5T28

2156 |
L3023l 2 1

stk

TSRz

‘\‘,‘:. 4,\1, ot

10 20 30 40 50 60
20/ (°)

(b) i{FESST28
1—Ca( OH) , ;2— /KB4 A, 3—HUFH ;4—BEAF
S—AK 47 36— bR 41 ;7—CSH
B 1 Ei5E XRD Eif

L, TERE AL SO M A& FAE S A, B A
JRBALTE L) Ca(OH), 5 B v i) Sk S 2B B
TKERES A, N R4 & S Ak, AT e i
SR BA W HERY . Ca(OH), 58 K&
e IS P Si0, A A B, AR RS 45 fiE T R Y
CSH, XJ TARZ i T WA 2 (1R, Rl 5247 5% 1]
IIGIN, Ca( OH) W85 I T I T R 5 KR A5 A FES L
AU b A S AT A RN R R % A W L T
S e E A AN R O S S/ O RED et aE TR
TG WA R EEM . XA S3T28 |, S4T28
F1 S5T28 AT LA, 45 M. A1 0 B B s 45 o 119 38 n 2
TR HEURE S3T28 Hh /KA R A T BE % A 1
BT 32 IR 15 1 T I s — s A TS
P AR A B, b, iR S4T28 Fil S5T28 Hy
R IR AR U | 3R W B 2 B 45 o (%) 3 in R R A i
IR RE R A B T A

BWEE T 00 16 20 UCE ) 3 I, R S5T28 1Yy
Ca(OH), W5t TR KA A5 A R
s RUITE TG FAE F T AR5 Je v iy K Ak
IATSTESEAT KA =Wy 22 s IR AIG PR B0y
BETE-THIRAE R 5 B E &, R e T oA a R
PARHE R TE— T TR P AT R R L AT
W, RS i Tk ep T O 2 TR R, T
TRAEIR S, KR A7 R B 5 A WA A A, R TS
/RIS T YaeR e Ck AR L

2.1.2 NMR o#f

TR LB K Y T, (8 5 i Ak 1 FL B 45 44 A
X, T, SFLER AR RE L, BRFLBR# K, 7, 0k ; Ho it
LEBUT IR B K /N o] B WL BR AR R R /N e
PETIRAE AT LA S 3 O 6 IR T IRAE 38 5 1) S5T28
AT NMR 5, T, 7 A th & WL 2, AT LA
L IZARAE T, 00 A0 i AR, S TIRIE 3
UCBUH O WRIEINA 3 UREE, T, 43 A il 26 i 32 1 Tk
UE TRT RN 347 1 B S 2479/, 2 BT P I 5 1) 38 o it
13/ NLBR AR LB AR R8N S A P B
HH 3 IR 6 UK, X L Y T, 4 A1 ith e i 3= e g
FRONFLBRAAER) B0/ TR e T AR (R LB AR R ) W
AR, VAR NR TR A FL UK Ak Rk Ak
Vbt Gk AR TE Ue PN K AR SO FE T AR 20
R ks 1T, 5 XRD MHAS5 R —5k, i TIRAE
3 YR 6 WA, T LA 22 AT 8 /N 3R
HHTRAEIA 3 WG, [ 4k 75 U PN 5B 7K A6 38R TTF 1R I
2%, NS5 AL AT BN TR E .

10001 — 0K
— 3%

800 +

*GZK

1 600
lﬂélg

400 r

200

0
0.01 0.1 1

10 100 1000 10000
T5/ms

2 FRMEIRREBEMLITIR 7, 57 i &R0
2.1.3 SEM o#1
B IARERY SEM JE T ULIEI 3, AT LA, R4
TIRAE I A U LA AT SRRy 3 1A SR A4 JR] Bl A
FLBR AR SR SRR 0 5 LA A AR, S 3
ERIFREN . 2 TIRE IR RECH 3 B, 5581

(b) TEA3K 6K

B3 Ei5iRe S5T28 iy SEM B H

JKA) K A R ,2022,42(4)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn - 41 -



A7 A JE A —BLZ0IR CSH BRI, JUKE 8] f4 i 25 18
PR LB g e, 5 A AR BN 5L, S TR
RBGE 6 WA, FLBR P T ULEE B 201k CSH H17E,
ANAMCR Ca (OH), 2 1 K J& 7 35 % — 2L 20k
CSH #EfZ
2.2 EWUHE
2.2.1 mEMEE

X VR AE I o R v R A T O, e BRI b
TGt TIRAE IR 5 AN LB A & A A8 Ak, (N 36 1
H/Dar RIS [ Ak TS e B 4 A R (BRI
IHT 516 305 it 2 22 5 TR AR PR AT 0T 0 E 4
Eb) BETIRAR PR R E AR L L IE 4, WT LA Y 4k
T U 0 R A8 % 3R B TR PR B B S SR RS
BETFRGEMRA, 51 W T IRIGPRIT BT 40 2
R R fe B 4, 3 W I 1 MR AT 285 3 RIS oL
PR RBWE AR E . TR B SR Y
i /0, R S5T7 S5T14 Hl S5T28 Ay A it
BRI N 4.25% 3.28% F 3. 19% , < B [#]
AT V8 TR P B o S B 0 DD P G g i
ME 4(b) FTLLE 1 3RFE S4T28 [ S R /T
FE S5T28 il S3T28, Al REAZ HY T Y4 i i 2 o B AIK
B A= LKA T A b L SR R A5 VE AN
Wi S3T28 Jor it 2 ™ B ; Bt i 45 =Y I, K4k
PR 2 SR AE A 3G 08, S4T28 o i i 2K %
W/ 5 1R S5T28 HH gl £ S5 W) JoT 1) U A T e A i
BZ IR T 0 0 SRR TR RE SAT28 R, 2437
s R 28 d B, [ AR TS U8 R 5 45 R R AN T
4% G2 ARAE O AF R 14k R —

5
= ——F—F
;% 4 ‘ . ;7; i 3 T
3L P
& [ #
= /
20 /4 — S5T7
—— S5T14
Hi( 1 -u/;’//
S5T28
0 2 4 6 8
FHBAEFRRE K
(a) ANFRFEPIE
45
e e
A,
it" 2 /E /{_71_,;;7—% ¥ —X
= ¥ S5T28
w1/ —+— S4T28
/ —s— S3T28
0 2 4 6 8
FHRAEFR K

(b) RS
B4 BRERXEETEERRIRHEHEN

2.2.2 RAMFRFIERE A R S

[k T5 Ve Ry ny 7 A8 i 2 ULIE 5, AT LA
[ Ak 15 e 2 B0 L R AR AR I ARAE . YR IP  R
(7 d) B, BT 7K AR SR T8 B K AR 7= B AR R 3
TR -y A8 1 L SRR IR RRAE AR X B B IR i
N 2% ~3% ; i G TR 4 W A 38, A ok
=Wt 22 el kg, How AR A A e v SR R
AESE I TEMIBRBT 5 BE H 7 d B Y 159. 22 kPa 1
K 28 d i} 1) 408. 99 kPa, BRI AE 1 2. 5% s/ 2=
1.25% . 445 f 38 k4% 50 A1 55 KAk 7= 4 3
2 JCMBRH S 1 237. 18 kPa B8 K51 408. 99 kPa,
WEIRRNAS 1. 75% 08070 & 1. 25% , ARG 3
URESCT [T U8 10 10 g — g A% it e 257 2 B0 i Y S 1)
Wt AR SR AR TE 1% ~2% Z[6]

500 FRA R/
g A0 e ——7
= h ——14
3000 ¢ :
i R | ——— 28
E‘ 200 | b %
= 19l i = NG =
= 100 % e
0 1 2 3 4 5
A 8] N A/ %
(a) RRIFFEFEH
500 BB %
£ 400 AT —— 30
= 300 . Cy —— 40
R ) g, o\
= 200} [ Fx S — 50
E 100//f i
Z Ll ; ; :
0 1 2 3 4 5
] AR %
(b) ANFERHE B
800 TRAEFAUEL K
< —a— 0
Z 600 e o
R ¥ S
B 400 e 3
= e i ‘:155:\ === 6
g 2001 /f S g
0 1 2 3 4
il 1) S5 A5 /%

(o) RFEFBIEFFUE (KFESST28)
B S5 ELi5ie R R - R 25 %

[ Ak 75 U JC O B 7 s 56 5 T YA B B ) A
LK 6, WTLUE OS2 D0 1 IR T IRAE R
i, TEA BB P B 5 357 B/ IR T R, AT B R R
TRAGER 1 U, [ 4k 75 Y i 5 361 2% 3840 Ak e ok
B (E4) Mgy 28 d JeilRE S KRG /NME T, 5
FOREA TR, QY TRIERREN 1 W=
7 WK RE S5T7 1 S5T14 T FRHT R 38 B 16 K
A RO IR I d Ak TS Ve AE TR AE R AR
HK A SRR SRR AT (1), A2 B K Ak 72 ) 3% 7
W |l URL R OB Z5 1G5 Z5 A IR, QFRY
IR 28 d  THRABE IR REN 1 38 I 6 WA, G

42 - KA R A R ,2022,42(4)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn



—— S5T7
800, —=— S5T14
S5T28

g o S3T28
Y4004
| o
- CH— ﬂ:/,kilz’;“';'f

200 T e R St

- =—%
0 2 4 6 8
PEFRUEL 1R

Eo FMRHIERERTFRERIBMNETL

MR BT 58 B2 Wi 3G R, 26 6 IR T IR A 26 05 i A
S5T28 S4T28 Fl S3T28 Y58 B 43l & oA 28 TR A ¥1
RFESR A 1,59 £% 1. 24 f5F01 1. 48 %, X 2 hy
Bl 2 TG PR E ) 3 I [ Ak 75 D8 L B A R ik
/NBUR CSH ¥4 22 (0 45 400k (1] 19 i 25 18 FH 4 5
(B 3) ABFES 7 WAIRAEIR G , JCM RT3 3 0
A TR, H S5T28 X FETR B B AR B I, 3 Al g &
TR B A R 2 ARSI A —
ANFIFER A FR U B KB AL B A R A 3G KA
— B LR T XA R (E2) BT IR
FHEAE I )5 ik S5T28  S4T28 HI S3T28 1y i & />
FRARZ TG I AR B 1Y 1. 36 £5.1. 16 {5
145 £, BFL, SR 5 B0E -0 A K BT
Jext TRE A EA BRI A
2.3 i i

Bl T 1R AE FR R 3G I, 5240 28 d [ 4k TS e
() TG BRT i B A b BB ka3 (HAESE 1R
7 WA P 55 1 R TR AE 3 5 5k 5 o T
PEIRRTHY 89% ~99% 45 6 WK TR AEH i o & o T
MRARFRATAY 1.23 ~1.50 5,28 7 I FIRAE I 5 5
JFIBAIEFRRTAY 1. 16 ~1.45 1%, % 5 AW R
TAE—E R 22 5%, ZE W ARAED) 3T Xt B 4 g e
15 IR K VR DF A AF 5T & BR, TC A BIR 470 1 55 M ZR 1
WG AT IR BA 2 T R 76 12 IRPE 5 T
MR RSB E TR T 22.7% . $AF " R L
15 VR TC FRYT - 5i BE RS 1 IR B 5 15 K )
JEOR ) 2.3 4%, Bl T IRAG IR OB 4k 2238 i, 5
IS, B 7 R TIRAEA S 5 29 TR A
HHTAY 1.5 %5, Yang 552 SR A 04 B9 AR50
TSV T A, B =T TR EE AR 1 IR THIRAE ER
THUAEN LR ek diy, 2055 7 i/ N2 JESE Y 70%
A R SCRRAATE 22 5 0 B DY) 2 A4

a. TP EMREAR, A8 T
MRS E N (20£1)°C , 22 ARZE ) Hl Yang 25012
AYSIEE (60+5)C L (35+3) C, B % X T
FEA HARULRA AN [R] B T4 3 mT B Xl RE i 52
M)A ), 32 7T R 30 L iR B AR A A — 25 5

b. T EAF, A SCR - A K
HeBEAT5 V8, A K5 K RO A Ca( OH) , B &
THE AR, BB T Ca¥ Si05 2 e Tk AAL
BRE W, 5 Ca(OH), 4 i, CSH 59 B, H1EH
SOT WYTENL T A S Ay, 22k CSH i 75 50k 7]
B2 A AR 58 FLBR B 05T, B BRLA0Ks = i B
IKEAZE G K BB 2 e T ok, 7515 Tk Fl & 7K %
o FLBR R B 5 A5 LA ELA AR A I T LR
FIBE LS WORLA AR, (25 0 o R % A oK AL IR
ALY Ca( OH) , 5880 8 CL I R A= K 6P 45 £
WRER B EEEH , M5 RS EREZ (W
Bt R 40% F150% ) B Bt e Ak SO5 Him e
() POY EAHE AR A E , B A E S % TR
W, % A i, b Ca™ 55 St & A R A
CSH , X [E 46 5 Y 5 BE 1y 38 JOR 8 — e EH . BRA:
BT ESEL A AT CSH Ak, A B T 7K R85 A 557 1)
T4 g 1 e [ FH R Ak U 1) e B BT Y
ANV &Gy IR N,

c. BRI E AR EAE T, BA R R ST ROK,
BrlKL, S HRIEER R T IO R BT
FESR FE RS, M5 f5 A il Ee 75 vl LA B ) |
B 2 5 KAk RN B B i 0k, L AE TS U8 P R Ak 3
HAFEAER . BB RE I i B AL R T A K
Pl A5 Jefe RGO R B AL AR S
B R B R VE . BRI, 285 7 TR AE
A5 AR 75U A J0 A FR B0 e 5 3 G T R A0 A i 1) 52t
JE v, TR AT

3 & ¢

a. TEAEAKMEAENERT , ik rh iy So3 M
Cl", WAy Ca’  Si0) 575 & A KA B,
A RS IHAT KA TE R S R K A0S A1 2 KAk 7= s
TRRIE LR KAk R B RESE AT, KA i £
TR AR RS 1 SELFE R 45 1 FH 3 58, FLBR AR
W/ SRR R S, LA H A B AR R A
B 5 — AR A5 YR A R A A Ak

b. BEE TIREAREA G N, Bk w4 K
[E] Ak 75 U 9 TG R0 R 5 B R R S 3 k34, AN
FRP R IARE B E T, G e BBk R T
VA PR U I O 5 1 T IRAIE PR FE X
AL TS Y BT 5 4K, 308 1 IR IR AE A S
[ Ak 5 U8 R BE WA T B, (HS 22 TR A6 R R By
IJe M FRAC e i BE RGO 374 28 d By Ak TS e e
5957 T IRAEFR 5 o8 B WA REAIR, AELATS S TR AE 20
BiHY 1.16 ~1.45 %

ARA AR A B R 2022 ,42(4)  Tel:025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ; //jour. hhu. edu. cn + 43 .



c. ZP3 T WCHRAEIG , Bk B 1 K 1k

15 VeI R I A 7= A R BORI 3R B V% SE B4, ot
PR RBN (KT 4% ) , oM R BT 98 B2 bR
PEIHIAT Fr 32 15, Bk 48 1 o 30% B o B O 8 2o
50 kPa, 1 & B SR BT + AR TR

SE Lk

1

[2

] WANG F, YANG G L, LIU L S, et al. Research on
development and utilization of municipal sewage sludge
[J]. South-to-North Water Transfer and Water Science
and Technology, 2013, 11(2): 99-103.

] Wk, WEE, B, s Ve R Y AL HOR B
TIFERFELT]. S5 1%, 2019, 40(11) ; 44394449,
( YANG Aiwu, HU Yao, YANG Shaokun. New
solidification technology and mechanical properties of
municipal sludge[ J]. Rock and Soil Mechanics, 2019,
40(11) ; 4439-4439. (in Chinese) )

[3) BE&, TR, 2, . SR REERERT 521,

[4

[5

[6

[7

[8

.44 .

ANRKIT, 2018, 49(17); 81-86. (XUE Fei, WANG
Pei, LI Lei, et al. Study on strength characteristics of
solidified sludge[ J]. Yangtze River, 2018, 49(17) ; 81-
86. (in Chinese) )
] EAF, THESC, BOUGK. Bl - A5 R S
BER RS 2 AR TS D R s 2 A [0 ). BRBE T A2,
2014, 32 (11): 127-131. ( WANG Yuexiang, DING
Jianwen, GU Huanda. Analysis on performance of sewage
sludge stabilization & solidification with a compound
gelation material made from alkalinity slag and waste stone
[J]. Solid Waste Treatment and Disposal, 2014, 32
(11): 127-131. (in Chinese) )
WREE, 14, £ RaE. IR SE B K R A i i K
TSR A [T]. P EFER, 2014, 34(10)
2624-2630. (CHEN Ping, FENG Bin, ZHAN Liangtong.

Solidification of dewatered sewage sludge using bottom ash

[

of MSWI as skeleton material [ J]. China Environmental
Science, 2014, 34(10) ; 2624-2630. (in Chinese) )

LAHERT, 1 KBS, AF. T5 G IR De I A AR e 1 b 3R A
R REIN S [ J]. ACRDK B i 8 2021 ,41(2)
89-94. (SHI Yannan, ZHAN Chuan, ZHANG Chaojie,

et al. Experiments on stabilizing treatment of polluted silt

—

solidification and planting performance[ J]. Advances in
Science and Technology of Water Resources, 2021, 41
(2) :89-94. (in Chinese) )

]ARI IR, RACHE, (i, ks Ve R R
BEEMBTTELT]. PRBE TR, 2011, 5(12) : 2864-
2868. (ZOU Luquan, WU Changlin, WU Jingjing. Study
of modified sludge as landfill cover soil [ J]. Chinese
Journal of Environmental Engineering, 2011, 5 (12):
2864-2868. (in Chinese) )

] CHUNG H I, LEE Y S. Utilization of stabilized and
solidified sewage sludge as a daily landfill cover material
[J]. KSCE Journal of Civil Engineering, 2006, 10(4) :
255-258.

JRA K AR R ,2022,42(4)

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

DGR, TR, s, 2. Sekys e HIE R e
HBLE MR eE s [J]. 2 K HEK, 2007, 23
(23): 3841. (MA Peidong, WANG Liao, HUANG
Chuan, et al. Test on daily cover material of landfill site
based on modified sludge from municipal sewage treatment
plant[ J]. China Water & Waste Water, 2007, 23(23) :
38-41. (in Chinese) )

B, BRTE, ERE, 5. LT BB TS
JRHHIRE EDTFE[ ], PR E 4l ( AR
B2 R), 2013, 41 (9): 76-80. (LI Yalin, YANG
Jiakuan, YANG Changzhu, et al. Study on durability of
landfill disposal of dewatered sludge conditioned by
composites based on skeleton builder [ J ]. Journal of
Huazhong University of Science & Technology ( Natural
Science Edition) , 2013, 41(9) : 76-80. (in Chinese) )
WoE V. BRI TS YR AL A B ) 22 e ik
BAFFE[D]. BB 10T TRERKE ,2016.

YANG A W, YANG S K, XU G F, et al. Study of the
long-term deformation characteristics of municipal sludge
solidified soil under the coupling action of dry-wet cycles
and initial static deviatoric stress[ J]. Advances in Civil
Engineering, 2020,20.8824414.

HE J, SHI X K, LI Z X, et al. Strength properties of
dredged soil at high water content treated with soda
residue, carbide slag, and ground granulated blast furnace
slag[ J]. Construction and Building Materials, 2020,
242 . 118126.

SRR A AT B PR T RRE B R 5
[D]. I WAL Tk k2% ,2020.

KAMEI T, AHMED A, UGAI K. Durability of soft clay
soil stabilized with recycled bassanite and furnace cement
mixtures [ J ]. Soils and Foundations, 2013, 53 (1):
155-165.

American Society for Testing and Material. Standard test
method for wetting and drying test of solid wastes: ASTMD
4843-1988[ S]. Philadelphia; ASTM Press, 1988.
CRE, B, KA, . BRO T EREE S
A3 B xRS M LA AT SR [ )] fkRRER 241k, 2000,
28(4) : 309-313. (PENG Jiahui, PENG Zhihui, ZHANG
Jianxin, et al. Study on the form and distribution of water-
soluble P,0; in phosphogypsum and effective mechanism of
properties[ J ]. Journal of the Chinese Ceramic Society,
2000, 28(4) : 309-313. (in Chinese) )

[18 ] MICHELE S, GIULIO I L, MORITZ C S, et al.

[19]

Degradation processes of reinforced concretes by combined
sulfate-phosphate attack [ J ].
Research, 2015, 68 49-63.

FEEAL, BB, R A, 4 TR R
TRk o He ML BT (1], & £ 715, 2019, 40
(5): 1778-1786. ( WANG Shiquan, Wei Mingli, HE

Xingxing, et al. Study of water transfer mechanism during

Cement and Concrete

sediment solidification process based on nuclear magnetic

resonance technology [ J]. Rock and Soil Mechanics,

2019, 40(5) : 1778-1786. (in Chinese) )
(W H 922021 -05 - 18 St . 9k )

Tel:025 -83786335  E-mail ; jz@ hhu. edu. cn hitp ;//jour. hhu. edu. cn



