e 5t = 430 5

Caj-cdiET2ZHETI
HYDROGEOLOGY & ENGINEERING GEOLOGY

3FP RN T ELRSHIRVE Ao BT 5T

W, RSV, MEW

Research on the Micro-characteristics of Solidified Waste Sludge under the Effect of Three Factors
YANG Hao, ZHU Jianfeng, and TAO Yanli

TELR AL View online: https://doi.org/10.16030/j.cnki.issn.1000-3665.20210804 1

LT RO H A R

Articles you may be interested in

PREMEEME R AE b a4 0 B O R BE AT
A study of granite damage in the macro and microscopic scales under freezing—thawing cycles

BFIZR, F R0, BRETK, SRR, AR U122, b, S8 JKSCHLT TR M. 2021, 48(5): 65-73
BT IPPIEMRAL B B AK L O 544 1 TS

A quantitative study of microstructure of expansive soil based on IPP image processing

PEFBRE, B, PNEM, @nlrl K SCHBT TREHLIT. 2019, 46(2): 156-156
BT+ RORAT S S B RO RIS

A study of the relationship between the coefficient of permeability and microstructure of the Pliocene laterite
¥ Eah, 2230, FIRK KSCHER TR, 2020, 47(2): 153-160

THRAEEE R {5 PR A L = 4E TR T

Research on 3D mechanical properties of sludge solidified soil under the action of drying and wetting cycles

etk A2, DU, A Z R, B/ bhh KOO TR TR, 2021, 48(3): 110-118
SIS N REA W D TSR IR G B 5T

An experimental study of the fracture morphology of marble under dynamic loading

TARFE, Takse, TR, faRAE K SCH T TR . 2022, 49(3): 118-124
CRESVE R 15 e [ A I 2 e Je 4 Ak

Dynamic and structural characteristics of sludge solidified light soil under freezing—thawing action

Wik, Fxls, Bhibedl K SCHBST TR HIRT. 2022, 49(1): 57-65

KA ARS, B LR E



949 % 5 4 TR SCH T T AR b T Vol. 49 No. 4
2022 4F 7 A HYDROGEOLOGY & ENGINEERING GEOLOGY Jul., 2022

DOI: 10.16030/j.cnki.issn.1000-3665.202108041

i, ARG, FRER. 3 Fh DR R M T [ A0 5 5 R R (0 T W AR MR BT 5T (9], 7K SCHb B AR b BT, 2022, 49(4): 91-99.
YANG Hao, ZHU Jianfeng, TAO Yanli. Research on the micro-characteristics of solidified waste sludge under the effect of three
factors[J]. Hydrogeology & Engineering Geology, 2022, 49(4): 91-99.

3 B E S0 TS L B FE 0 R RO A MR 55

oo kel maw
(1. o HFEFHEEREERTELR, T M 310023;2. 7T XS LH &F  211816;
3. T AW AR B FEATRNSE, #HT M 310023)

TEE: HERPIE SRS S A 3 Pl B 20T [ f 52 53R U6 T 27 1 505 il (9 A 5T, LB SR B /K D 11 A I 5 D U
HBFFFTG, IR T AR &K (w) . B FIE 1 (W) I (7) 2% 4 R AL R U8 19 H R 4 R 06, ) T 4% b 4 1 1F 5
T FEEIR TR A SO A2 it HT AR (Rea) P FE(C) MR AER(D) 32 &K% AL S s sy m bl e, S5 k8. &
KSR A1 02 100 T AR AR AR U Y K Ak, 8 o T Ak U8 45 4 B 43 HBOPE 8 T V800N [ AR VR R B b TR | PR R, $R i A
YR T AR5 B RS U R AL RN I R, £ e IR A 0 0 A i, B v I A D e 45 4 1 S e, DA o )
AR IR Y 22 fik T AR | S8 B, AR A TR A B, 3 b B 2o, i 0Tk T L U DR Y 2 fih T AR 3R R 43T A AR i e Ay L
KHEIA: ALIE; ORESAE s Hefh AR, P F 1 TR e AL

FEISES: TU411.92 XHRRRRD: A XEHS: 1000-3665(2022)04-0091-09

Research on the micro-characteristics of solidified waste sludge
under the effect of three factors

YANG Hao', ZHU Jianfeng', TAO Yanli'*’
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Abstract: To essentially investigate the effect-mechanism of water contents (w), curing agent dosages (W) and
ages (7) on the mechanical behavior of stabilized waste sludge, a series of Scanning Electron Microscope (SEM)
tests under different w, W, and T are conducted by taking the waste sludge solidified by magnesium oxysulfate
cement as the research object. The effects of w, W, and T on the micro-parameters of the stabilized sludge such as
contact area ratio (Rcp), average abundance (C,,) and fractal dimension (D) are addressed by using the Image Pro
Plus. The results show that the increase in w will prevent the hydration of magnesium oxysulfate cement and
enhance the dispersibility of the microstructure of the stabilized sludge, further decrease the values of R, and Cy,
and improve the value of D. Among the aforementioned three factors, 7 has a significant influence on the
development of R4 and D, and W, plays an important role in the evolution of C,,.

Keywords: solidified sludge; microstructure; contact area ratio; average abundance; fractal dimension

Wi HER: 2021-08-19; 1EITHER: 2021-11-12 K FMIE: www.swdzgedz.com

EEUWH: WL A A5 H (LGG22E090002); E K H AR =4 BRI H (51879133) ; Wil H AR FH 2 45 H (LY 17E080006)
F—1EE: BiE(1997-), B, Wit g, NSRBI TAE . E-mail: 212002814020@zust.edu.cn

BIRAEE: REIE(1982-), H, Wi, #U4R, £ NFE I BB K AL L OS5 #BF5E TAE . E-mail: zhujianfeng0811@163.com


https://doi.org/10.16030/j.cnki.issn.1000-3665.202108041
https://doi.org/10.16030/j.cnki.issn.1000-3665.202108041
www.swdzgcdz.com
mailto:212002814020@zust.edu.cn
mailto:zhujianfeng0811@163.com

- 92 - 7K SC L T

5544

P [ 7R VR T M DX T b Ak L TS bR A S A
PO e AR BT R B R SR IRE, DT b X
R, AR A TR R R L IR RS 2200 207
i s B e HL A MR B K L LR
LU\ e R 46 1 KA 5 BE ) P, TC i ELAE AR TR A
Bl AR R AL B ARTF B TRk R, B S A
JK L K8 A A5 B0 BRI 2 AR R A A 1
P A S R R R A AR BRI A
BT U RE | B SE T R T 2 H TR
JEDGHEE

1 Ry 52w [ 4k 4= 7 2 PR RE B B ER, W0 4R K
B AR B L W I LAk A 2 PR S e A Y
WFFEA33 2 Xk . Lorenz 25 g~y T[4k 4 BT L) A
5 H KR A5 HOREOE R o Lee 4 411 Tk
Ve [E Ak A= 1Y Jo M BR BT 98 B2 5 KO BE A 1CRF eR R G
o 3T AL RSB S E BAE R
HY) . ERAREY KBRS Mk 4 B MgO
R INiCS BB | E 7 U R WA N <k B 7D A W S W
i 58 2 B2 36Tl ¥ e 1Ak A Do BR BT R i B2 i 1 1]
EORDIINIE: by N = 85 = o 1] 7 A S 95 R (i
T 50% 2 5 BT 100 kPa, Vichan 25", 4614
AU T4k TG BT PR 5 FE 15 7K R He AR 39
Pa il B h S & SEY DO kA & SE- P S W i K |
15 2 R 30T 0 1 I B8 K AR A e b 8 25 g kR 1 Akt
FLBR R Ak /N, 5 [ AL A 0 25 4 P, 1E T v LR
FERIMIEE . R0, bR B 5T 4510 1 2 56 T i g2 1 ik g
RPN, K BB R WS IR RS &
A Ty 2 AR AR A A AR AR I 1A

5 RKIR R, FAb A 0 2 W Sy 27 o %
FLAIOUW 25 R4 R CAn AR R . KN L BOU AL B A5 ) #5
il et U e B 0 2 R W] AL R 4B
By 38N 208 D FLAR KT 1 pum A FLBR AR, R 42 =
11k - 00 58 B R AR B B v . IR B B g &
7K 2R 2 g | R [ Ak A 0 RO L B 2 R0 L BR 43 A1 o
il B 25 1) R g R LA R = 2 DB 0L 4 R K U
5By, LA R R )N e T A Y S A R R S
PERGE, SRR R . PR L, TR AR A ROUL 2 4 AR b
FRAE B A5 AT DAAAS BT E 48 7R 3 R 2R (3 K 38 [
B W8I S2me T [ AL 2 2000 7 2= v re T AL R

Y F 34 H1.4% ( Scanning Electron Microscope, SEM)
FN 5 AL FEF; AR (Image Pro Plus, IPP) 7648 78 #4 #1191
WLZE R R T B B RS AR R Bk TR
A 01 A I R K GO A P S S 4, i i

TP S KR (w) |« AL 5012 1 (W) Fig 9] (T) 9 SEM
R LR IEY o SVNESRE W e = SN L K ol
o R SO [ A 94 e IOV &5 4 2 B (O 32 T BR A fiph R
Reas FHE CROPYFTE C, /3P TE4EEL D) B2 FLHE

1 Bl SEM ik 56

1.1 AR

B FH 7 U5 b R A B 1) I 5 T Dl A g L, A
LB R AR KN 43.6%; FLER LL R 1.16; W . B IR 73
A 39.2% F1 21.6%, 1B e I A5 (1) A7 AL 5T ot & 43 400
0.2%, JIt FH [ 4k 751 hy 56 Joi /K U 42 A I A 351 (i 7R 8 /K
Je : KBEE BBl REK=35: 121 LDMY
1.2 R A

Fae HRBE T 19 B b B JBGE 5 J 1 1 L 7KL B AR
K A BEALR, W ARG, 23 2
2 =R (39.1 mmx80 mm) P, B2 RS 2 ~ 3 mim
He A0 . B AR ESR 3 PR R (R EE 2045 °C) | fH IR
CHIXHRRE 709%+5%) ™ F 4k 324 B 3R

SR R T8 1 3R SEM IR 56 FH 08 A i
FHAR I A6 Sk 3R i ¢, 1E 6 AN 1 emx 1 em 1Y H
SR T L TH S WSS T, AR O [ E R A R AR AT 2
JE A , 0 4 A 45 0 3 B A WS A R AT A FL A
% 4 Ab 3 58 B, S FHARAS B 54k 6 3 0 W58 A I
FRICEAT AR 1 SO 254 R, SR 5 328 i AR A 2]
e AR R R A T A O 2 18
1.3 KFEH R

W 1R, L& K& w=50%. L35 W=
15% FIE ] 7=7 d S B4 (G5 S0), FFJEAH . ) SEM
RIS I 5 PR 3R I8 (45 SSO) Y SEM 45 S HEFT 4T 1,
LI A U U A o R 05, SR S 43 S O R LA U Ul
TEA R w4 5 S1—S4) . W,(%i 5 S5—S8) Ml T(%i
S9—S13) i} 1Y) SEM {5 .

®1 SEMRKAE
Table1 Test plan of the SEM

RS We/% W% T/d
850 0 50 7
S0 15 50 7
S1—s4 15 40, 45, 55, 60 7
S5—88 5, 10,20, 25 50 7
$9—S13 15 50 3,5,9,11,14

1.4 LR o 28
IPP RJ ] s 35 4% J0R: A FL B, I 22 b A1 R o
SR, A Sk B Ak A U Ok B AT AR 5T, ISR FHAE 34



2022 4 M W, G 3 R DR R A0 S U A OB PR B 5

- 03 -

P AR g % 3 Ao
2R A 38 ORI, 5 T 48 75 FLIE AR LB, Hop
S R4l v AR S L AL AR BUR DS, 2 BE PR ORI
AR BB AR, oI 48 B5OH T i 11 i Ve 90k 3
R RNE ) 7= W o -3 VTR G A LT N 2

2 IR ERMA
2.1 JEF IR e MIBEMERD LT B4R Ye SEM A

1 R 3R IR U6 (SS0) Al bR MERC Eb (S0) T [ 4k It (a) SO (w=50%, W,~0, T=0d )

JE iy SEM & (5 000 %) . i [&l 1(a) m] 501, WA Y ik: 3=
B A SRR R A, R ROR, ELFLBR S A, 1
AU (E 10) /Y SEM EE 22 BH « i 1R 1 (04 o 2
RN, HA SRR ORI R T . 53 A A Rk K R
RECRAEERR ) 378 I e ks 22 18], 5 = 1 AR IR I (1Y
2.2 AFEE AR ELR e SEM

2 2 AN [ % /K 32T [ Ak 9 U B9 SEM I (1 000
£5), W] B S Y B 2 K SR B, 1o

5.0k 20

A7, 3B R R 1 T e i B K R T (b) 80 (w=s0%, ;~15%, =7 d)
A 2 58, 5 7K 2R B0 0 AR T I A 7 £ o B1 EFREHELIEN SEM B
PETT /N T B ALY W, K A T X Fig.1 SEM graph of the waste sludge and solidified sludge

) rlfr'«kf*t-%%.:j

M

(a) S1 (w=40% )

[E {4

(3 _.r'_;_______‘_

1.0k 10

[ >=‘I.0k100um
(¢) S3 (w=55%) (d) S4 (w=60% )

2 FEEKETEWLRIELR SEM E
Fig.2 SEM of the solidified sludge under different moisture content
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Table 2 Contact area ratio of the solidified sludge under
different moisture content
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Re%s wo S n mp Z Sen  Rel
S1 40 1173991 0.448 0.431 123 170246 14.5
S2 45 1173991 0481 0472 103 156439 13.3
SO 50 1173991 0487 0479 168 112026 9.5
S3 55 1173991 0.512 0.513 109 101 842 8.7
S4 60 1173991 0.521 0.525 119 96 127 8.2
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Table 3 Contact area ratio of the solidified soil under different
dosage of the curing agent

RBHT W% sy n mp  Z  Sea  Real%
S5 5 1173991 0.548 0.539 169 88 840 7.6
S6 10 1173991 0.505 0.511 162 100879 8.6
SO 15 1173991 0.487 0.479 167 112026 9.5
S7 20 1173991 0.481 0.482 157 141446 12.0
S8 25 1173991 0.459 0.461 161 164565 14.0
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Fig. 7 Abundance of the solidified sludge under different dosage
of the curing agent
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Table 4 Contact area ratio of the solidified sludge
at different ages

KA 7d St n n3p VA Sca Real%
S9 3 1173991 0.548 0.538 167 85645 7.3
S10 5 1173991 0.524 0.512 156 91412 7.8
SO 7 1173991 0.487 0479 167 112026 9.5
S11 9 1173991 0438 0431 136 117039 9.9
S12 11 1173991 0.468 0.452 122 132245 12.5
S13 14 1173991 0435 0433 103 135532 15.4
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Fig. 9 Abundance of the solidified sludge at different ages
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