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Abstract: Poor quality desulfurization gypsum and fly ash not only occupy land resources but also cause environmental

pollution. By analyzing the structure and composition of inferior desulfurization gypsum and fly ash, the feasibility of forming low
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strength geopolymer as a filling material for factory foundation is studied. The results showed that low—quality desulfurization
gypsum and fly ash can form low strength geopolymers under alkaline stimulation, with a structure mainly composed of polymers
as the skeleton, which are bonded by overlapping calcium aluminate, filling and wrapping desulfurization gypsum and fly ash
micro aggregates; After mixing at a mass ratio of Dg : Fa = 50 : 50, adding a mass ratio of 3% sodium hydroxide can form a
geopdymer backfill material with good load—bearing capacity, and it has good water stability, with the expansion performance
having negligible influence; When the on-—site test mixed material (Dg : Fa=50 : 50) is laid with a thickness of 30 em and
rolled 8 times, the compaction degree can reach 0.94, the compression modulus can reach 10. 74 MPa, and the 7-day light
dynamic penetration number is over 70. The bearing capacity of the plate load test can reach 150 ~200 kPa, and the deformation
modulus can reach 52.7~56.5 MPa; Engineering applications have shown that the final settlement of the building ranges from
35.44 to 44.07 mm, and the average settlement rate of the two monitoring cycles is less than 0. 01 mm/d. This research holds

significant reference value for expanding the application of geopolymer in the field of engineering backfill, and provides a new

technical model for achieving " reducing waste with waste" in sustainable geotechnical engineering construction.

Key words: inferior desulfurization gypsum; fly ash; geopolymer; filling material; resource utilization of solid waste

0 35

il 75 T 1] i V5 45 4 1 R 2 O A 55 P PR BOR 1 TR
NHERE, BRI TR B AR (A KA~ Bk
WA ) BB, SN AE (FGD gypsum)
S5¥rE K (Fly ash) (=B AR ST SR, %
PR T DA Bt AL R RE AN A2 | HEAF 8 BRORLAL L) K
FAOBHEREIR AL S5 R) 8, R BB A 8 55 0 K e
K KAy, WAL AU R, Tk s
T A R as A SR A I A IR XA
R A, BEAT AR B R AL 5K IR s g
PRI, RIS 45 Jo 5t A A B R S R ¢ 5 Ak AR T AR
XRJEIEH AT, AR, Ry HEE LA EE
=9

FEMEBATE R IR B 5E SR A, Ma 555
AR B0 4 A7 5 A S L ECRE R R AT T R Ak
eboe, Ak ER AN L R IR BNV B b R I R [
TRy, e BB BN 4 A 8 AT A —
S LT R A s Xiao 25814 PRI M AR Sk
K (CGFA) TFIEIRE M, #isE 1B OB IR
AV e e AR 2 BEAT AT, Hu %51 He 4517
I3 TR MRS YR e R R I AR S
TIOMESAARAE , IEX5 48 B Bl SOl R K - 7K e 1k &
P TIEe S b, B T — RS RUR
] P A1 2 25 508 5 B A B e TR B A S BURY
YRR e AT TR A5, BESE T KU 5N [
LA ) I A 5 Ry O TR 6 J JEE R o R ) i B

il

M, A5 LT DURR AR 43 K Ve AU 4538 . Sarah ST
FHEE A0 T A TS 41 7 A S K, P 1
R EAOK I TR BE LAY AT AT 1, — 2L fF 5T
TSR ARG A0 BB 2R e A UL Ak % 4R T A i 3R
ArRUAERL TSR RE IR o PR A R AR B A K
SERGT LB RL ) A b i BRI R i e
O BRT AT AR K AL EAT TAESE, JRHE R
AU WIS T B IR £ 85 X UK e KA
Rtk KoKAL = i Wy R s e, K Aead R rh, i
BRI 1 25 5 7K U8 B B ) i o3 A HIHE A Al A7
A, MKV BIZEEER]; SRERSE T LUBE K AN
Sl R R B O DRy SR ISR, K GG T T R
BBAHE WSOk, WE5E T AR SN B 7 Xl ke
AOPCRSRIE | ORI 1 . BOMIE S A FL 254 B4 52
REE I W T MR IR BB R A 1 5
AR ok T o LA (AR R TR SR PR R R R
SEU LI TS e MgO — G A Ak B 7 YR Ve Sy
WA S, BRIE IR AL B AR T 106 31 5 ok b
PRI APER A 5 SR RABHAE S X0k Hfy
e I3 ) 1 5 A 08— T Gk BRI M B3R 45 W g 2 5 o
FRPESEAT OGS, WEST 1 B A0 A 0 S A A5 R O
Te- WGP BR S ) (RFG) 5 BT -5 3O
AR B P Rl BRSSP OR T 8 &8 i DO U iR
L AR v VR REHEATOF ST, 07 A S Al H B v
FIR SR @R EE R R, e i 1k O [ A e it T A
SRR RATEE  BLAE A EEA R
AR AR 1, T B A v 4k A4 Bl 1 A 055



4 19

SRPHE 2 BUBBRAT T 5 By 5 2R

AT RABCR T, e AR R AR )R
SR EE AR AR E MR Tk e £ B R
BRSO R AT AN L BT . KR
B 7 d PURIRBEALE | ARl R K K XHR
BELPURSR RN, Oy PR S BAE REE LS
PR, HE— 2030 R FISE A 1 58 4 A 25 A
JREIWFTE S

HAT LR B, [ A AN 2 0 2 35 I T 58 3 B IR
JEER . WESEER IS A R Ty, AR R R A
anAHEE . PEREROAR E OB 41 T FUBM B, X TR
WIMERFI 25 o . AR PR L RS 1R 22 B BB A RORS
BRI, K FLAE A I SE A R B W PRAL S VR 5T BRI
RESSFJ7 T A AT T 85 /0, IR T4 b1k A b 5 2R 5 S
PSSR A AR . PAER RIEHORE 10 RAFH 45
JRBEBE A1 AR BRI B R A D A R, 48 2 T
M TR BRAE A 1] PR B IR AL B R AR, I 5
FORMRRE AW AL, B R4 ) S 07 ML B K A
Ay W ENSHY T 2%, FRIEAGRTE
NaOH A& AE IS, RS2 Jm B9 T 8% 7 58 I K0 AR
TETE

1 R ES RIS

1.1 0%
1.1.1 A dE
BB A B TR AT YR H LR 1, 2,
*1 BRMASTRAR

Table 1 Element composition of desulfurization gypsum

EHTML FETAS kEvas

e - % lasoay
S 24.58 17.25 61.37 S0,
Ca 27.61 15.50 38.63 Ca0
0 47.81 67.25

S s 100. 00 100. 00 100. 00
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Table 2 Composition of mineral components of desulfurized gypsum

eer /B4 s B/ %
Gypsum Var=2 Ca (SO,) (H,0), 78.8
Calcium Sulfite Hydrate
oulh CaSO, + 0. 5H,0 17.2
WFRES KA o ’
Quartz 19 Si0, 3.9
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Fig. 1 Energy dispersive X—-ray spectroscopy analysis of
desulfurization gypsum raw material ( EDX)
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Fig.2 X-ray diffraction pattern of desulfurization gypsum (XRD)
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Fig.3 Energy dispersive X-ray spectroscopy analysis of
fly ash raw material (EDX)
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Table 3 Composition of fly ash elements

EE CINTAED e T HA LAY E S feaeat
/%

C 8.96 16. 01 32. 85 C. Co,
Al 2.96 2.35 5.59 Al, 05
Si 8. 66 6. 61 18.53 Si0,
Ca 2.35 1.26 3.29 Ca0
Fe 30. 90 11.87 39.75 FeO
0 46. 17 61.90

B 100. 00 100. 00 100. 00
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Fig.4 Fly ash X-ray diffraction pattern (XRD)

R4 BRRT RS ER

Table 4 Composition of mineral components in fly ash

AR /B S 2 AT/ %
Mullite A7 Al(Si, 03 78.3
Gypsum 15 Ca (504) (H,0), 4.6
Quartz £7 9 Si0, 17.1
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Fig.5 Scanning electron micrograph of desulfurized gypsum
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Fig. 6 Scanning electron microscope image of fly ash
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Table 5 Mix ratio design table / (kg/m®)
YA ' p= S\
| o BBLAE IR NaOH TR
(Z) (Dg) (Fa) (S8)
1-1 1071.4  459.2
1 - 786.4  786.4
1-3 482.9 1126.8
2-1 1071.4  459.2 15.3
2 2-2 786.4  786.4 15.7
2-3 482.9 1126.8 16. 1
1071.4  459.2 45.9
3 - 786.4  786.4 47.2
3-3 482.9 1126.8 48.3
. 4-1 1071.4  459.2 15.3
4-2 1071.4  459.2 45.9
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Fig.7 Results of material heat measurement

LERERW . & BB S A ORAE NaOH ¥
ERIR LR REBR BT W K IR T ORI R W] &
TR R TR E R T VR S N A 3.5 4%, SRR
TR ST 7 A%, SRITHAE NaOH I K T
FiARXS 5858, HLEGR B3R (0~2 h), Jilcfhis
RIGWALL



434 B RBLAE 4 BUBURRLA T S A D 5 R 5 Wy 05 ORI 55 B 19

H I 8 AT, 45 LA A F FUB B K, 7E NaOH
VTR T, MR I B REAS DY B AR SE A T A, TG
PERC AR UTEE Y | R &b A A 1Y 7K AR R 1R 55 A
IKACER TR 588 S . T A B 5 A BT 11 ) K A
A 55350 2 7K A 0 TR 5 48 e s 17 A I bR 1) 5 LA
FERRPEIREE T, 30 40 /K A ik 1R 505 A0 7K Ak 0 TR 05 6 e
H— kA Si—0-Si, Al-O-Al WL, JE BN Rk AR
VU TE A TR R DU T A S LR R A R RO, AR R
[—Si-0-Al—], WZ R, WL ZRIK N 85
WA R AT OB R U R e
BRI SR

T30 pm

E 8 fin NaOH [z R f5#1 #1#) SEM 43 #f
Fig. 8 SEM analysis of the material after reacting with NaOH

2.3 IBEHIAE

2.3.1 JE4ifE
WG TR, BFE . BRYIE & AR R

VI E 3 A, HATESSAE, AT SRS R
FE4f 48 b BE B (a) ) AR AL AR A, RE RS I D LR TR
B MRHERE R 40 B 5 H5 AR 3 IR P2, W
B9 (a) AIHI, JCEUEFMERT, 1BAMEHY K46
i f A | B TE, 7 90d FETRE, BN
70 : 30, 50 : 50 1 30 : 70 {RA AR AY fie 28 G A
Sk 14,26, 18. 11 K1 16. 32 MPa, Bt kbl 50 = 50
IRGABH RS R A

HE 9 (b) AIAL, KA NaOH 1F 4 i % 5 i,
BLL 70 = 30 IR G MBI EAERIETE 60 d 5, H
FEARRE R B TCI R RIS K 14%; NaOH A LG
1938 E 3%, AR Me 9%, F 25 H ik
RRNE R, $EE TR E RN, HIRA Mk
SOMECE | BB SR FE A SR FH K B R R
F, TRA AR da i B TC UL R I, R 2RI
R, BRI 5% ~15% , I, U8 IK3EEAEEIE
R TSR B W EE R, ToHk 8 B TR A AR R 46

Dg : Fa
——70 : 30

3 7 28 60 90 180
1 481/d
(a) TEEFIHREGHESFER EEL L

—~-70:30

-=.70 : 30 (1%E AR )
18 ¢ =70 : 30 ( 3%%EA AR )
—070 = 30 (1%KILIAWR )
=70 : 30 (3% KILIAW)

____________________

_______
=<

FEAARE R /MPa
=

3 7 28 60 90 180
1 7

(b) BEEEEA 70 : 30 #4RHA R E AR E R R 18 210 Bl 2%
B9 AEEHEEERERENHEE
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Fig. 10 Variation curve of shear strength index of mixed
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Fig. 16 Comparison chart of the age of light power penetration tests
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