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Abstract: Sludge gasification slag(SGS) was designed to prepare backfill concrete which was used to completely

replace the coarse and fine aggregate in concrete, which was applied in laboratory and practical engineering

simultaneously. The results show that the good water absorption of SGS can play the role of internal curing in concrete

as aggregate, and improve the interface transition zone of concrete, which indicates the feasibility of the application

in backfilling concrete. Response surface method was used in the concrete proportioning design and the optimal mix

ratio is obtained in this experiment as follows: sand rate is 60% , the proportion of 5—10 mm particle size in coarse

aggregate is 60% , and the pre-wet water consumption is 90%.

Key words : sludge gasification slag; backfill concrete; flow performance; compressive strength; interface

transition zone
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Table 1 Chemical composition(by mass) of sludge gasification slag

Unit: %
SiO, ALO, Fe,O, MgO CaO Na,O K,O MnO TiO, P,O; 1L
47.27 15.23 4.66 3.65 7.31 1.48 2.14 0.10 0.56 11.67 5.93
* * Quartz 0.30
# Feldspar —— Incremental porosity
v Hematite 025 T o Cumulative porosity
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Fig.1 XRD pattern of sludge gasification slag
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Fig. 3 Pore characteristics of sludge gasification slag
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Table 2 Particle gradation of SGS in different particle size ranges

Individual residue ratio(by mass)/ %

Size range/mm

20 mm 16 mm 9.5 mm 4.75 mm 2. 36 mm 1.18 mm 0.6 mm 0.3mm  0.15mm
0-5 0 0 0 5.22 27.72 24.02 15. 06 16.08 4.94
5-10 0 2.05 8.97 84.83 4.15 0 0 0 0
10-16 0.79 3.52 93.74 1.95 0 0 0 0 0

R3 TEHEXEFRSEEHWIENZFERE

Table 3 Physical and mechanical properties of sludge gasification slag particles in different particle size range

Size range/  Bulk density/(kg-  Apparent density/ 1 h water absorption Cylinder Softening Sediment percentage
mm m ) (kg'm ) (by mass)/ % strength/MPa coefficient (by mass)/ %
0-5 826 1940 16.9 1.2
5-10 751 2081 18.5 0.8

10-16 695 1739 20.8 1.5 0.8 0.8
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Table 4 Chemical composition(by mass) of cement and fly ash
Unit: %

Material  SiO, Al,O, Fe,0, CaO MgO SO, Na,0O K,0 IL

Cement 19.7 5.3 3.4 62.3 2.3 0.5 0.8 2.1 3.6
Flyash 53.7 28.1 11.6 3.5 0.8 0.4 0.8 0 1.1

%5 RRATEEERBESKAE

Table 5 Test independent variable factor code and level

Level
Code Factor
—1 0 1
w,/ % 50 55 60
w,/ % 40 50 60
W,/ % 80 90 100
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Table 6 Mix proportions of sludge gasification slag backfill concretes

Unit:kg/m’

Sludge gasification slag

No. Cement Fly ash Pre-wet water Mixing water
0—=5mm 5—10 mm 10—16 mm
X1 165.0 385.0 616.9 197. 4 296.1 181.3 330.0
X2 165.0 385.0 740.3 157.9 236.8 182.6 330.0
X3 165.0 385.0 616.9 296.1 197. 4 181.3 330.0
X4 165.0 385.0 740.3 236.8 157.9 182.6 330.0
X5 165.0 385.0 616.9 246.7 246.7 161.2 330.0
X6 165.0 385.0 740.3 197.4 197.4 162.3 330.0
X7 165.0 385.0 616.9 246.7 246.7 201.5 330.0
X8 165.0 385.0 740.3 197.4 197.4 202.9 330.0
X9 165.0 385.0 678.6 177.6 266.5 161.7 330.0
X10 165.0 385.0 678.6 266.5 177.6 161.7 330.0
X11 165.0 385.0 678.6 177.6 266.5 202.2 330.0
X12 165.0 385.0 678.6 266. 5 177.6 202.9 330.0
X13 165.0 385.0 678.6 222.0 222.0 181.9 330.0
X14 165.0 385.0 678.6 222.0 222.0 181.9 330.0
X15 165.0 385.0 678.6 222.0 222.0 181.9 330.0
X16 165.0 385.0 678.6 222.0 222.0 181.9 330.0
X17 165.0 385.0 678.6 222.0 222.0 181.9 330.0
®7 AEEBHMEERELNEALL
Table 7 Mix proportions of backfill concretes with different aggregates
Unit: kg/m’
No. Cement Sand Aggregate Total water
C-SS 538 538 1305 242
C-TL 538 538 646 242
C-BS 538 538 625 242
C-WBS 538 538 625 362
®8 FRANEREBERLIMIEEEMRUEE
Table 8 Workability and apparent density of sludge gasification slag backfill concrete
No. Slump/mm Expansion/mm 2 h expansion/mm Apparent density/(kg-m )
X1 240 580 540 1491.1
X2 240 560 545 1565.3
X3 230 555 525 1508. 2
X4 220 560 510 1562.1
X5 170 310 255 1453.1
X6 210 420 395 1535.5
X7 230 575 525 1590. 6
X8 210 420 405 1572.3
X9 170 295 260 1506. 1
X10 220 410 405 1511.8
X11 250 565 545 1440.6
X12 180 420 410 1581.5
X13 220 430 420 1492.1
X14 230 460 435 1542.3
X15 220 440 415 1533.4
X16 230 435 410 1541.6
X17 220 420 400 1532.5




524 jeis

WM B % W

527 %

Al 3K 3] 200 mm DA b, 37 & FE 34 0] 3K 3] 400 mm LA
b W B AF YT R B AT 3K B 550 mm B E, HOE
2 hJE ¥ T R AR, U s U Rk i B T
MUE R B+ P AT AT v o T i — B A
[] PR 2R % TR Rk - AR B 5 e, DIVR B -8
FE A FE A 48 A5, il 4 Design Expert 8.0.6Trial %% 44
BEXT AP A O B R g e RN R0 K B L #E AT 3D A2
W or A5 RN E 4 BT

H A TT LA 2 0 K i b — g i) iR

(a) wy and w,

9
(=3
(=]

Expansion/mm
TS
3 S
ISERS

2
a3

60 100

FUH BB 5~10 mm A2 o L4300 2 60 %6 .40 %6 B4
JEE B A s ML B R 5~10 mm R AR b — E B i
RORN T K & L 4 R 5096 100 % B PR BE B
s M ab e — % B, R B 5~10 mm R AR b7 B AT
T KB 2 0k 40 % 100 %5 B 47 i J3E e A 5 24 91
T K B b AN AR B, B S8 FUR B R 2% e R IR R
JR& JE 1) 52 58/ HLLF— B0, 1008 F K 6 L TR e
R R e A I, R R T K A b
e LIHE R R

(b) wy and wy,

80

85

90
%5 Wyl %0

(c) wy and wy,

&l 4

A [a] PR 2R X 95 e A T [ IR B e R B ) 5 LR TR

Fig.4 Interaction effect of different factors on the expansion of sludge gasification slag backfill concrete
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Table 9 Compressive strength of sludge gasification slag backfill

concrete at 7, 28, 56 d

Compressive strength/MPa

AL A T e A Rk ] T B 1 1 % 5 g 525
60
[1C-SS 0
< 50 EA4CTL 2
a C-BS
2 EX C-WBS -
S 40 - — [
20 < o
5 2 Ll ZE
b= 0 & 5}
2 30 QA=
2 3 e 2 N
2 e Qe
[} o0
z, 20 |- = = §
g
1)
O 10
0
3 7 28
Curing age/d

No.
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X4 1.27 1.60 3.66
X5 0.65 0.77 2.80
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X7 0.76 0.86 3.98
X8 0.69 0.83 3.95
X9 0.98 1.13 3.35
X10 112 1.31 3.42
X11 1.01 1.05 2.36
X12 0. 66 0.75 3.98
X13 1.00 1.13 3.25
X14 1.04 1.22 3.50
X15 1.00 1.23 3.46
X16 1.07 1.24 3.53
X17 1.05 1.22 3.49
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Fig.5 Fitting curve of 56 d compressive strength and apparent
density of sludge gasification slag backfill concrete
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