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Mix design and performance analysis on the fly ash based geopolymer
material for repair

Deng Xin. Xu Fang, Zhu Xinping, Chen Qian, Ni Mingliang
(Faculty of Engineering, China University of Geosciences, Wuhan 430074 ,P. R. China)

Abstract: We used two kinds of industrial waste of Fly ash and blast furnace slag as major raw materials,
and modules of sodium silicate ranging from 1. 2 to 1. 8 as the activator to manufacture geopolymer. We
conducted the orthogonal experiment in five-factor and four-level form, and studied water to binder ratio
(W), alkali-activator proportion (S), blast furnace slag replacement ratio (B) and the module of sodium
silicate (M) on the four essential properties including the fluidity, setting time, compressive strength and
tensile bond strength of the geopolymer used in green materials for construction mending. The relation
between mix design and performance index of the green repair material were investigated by range analysis
and factor analysis. By synthetic analysis, an excellent geopolymer-based green material for construction
mending could be manufactured when W, S, B and M were 0. 28, 0.14, 0.4, 1.2, respectively.
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Table 1 The chemical composition of fly ash and blast furnace slag %
JER SiO, Al Oy Fe; Oy MgO Na, O K, O MnO TiO, e it

LIRS YR 50. 34 35.97 3.711 0.552
Ky 34. 32 16. 06 0.334 8.6

0. 45 0.812 0.053 1.361 1. 953
0. 44 0.508 0. 326 0.813 3.559

R2 KEBEESH

Table 2 Main parameters of sodium silicate

S BLE W Na:O/%  SiO:/%

TJo 2 3% W 3.23 39. 50 8.81 27. 40

1.2 EXREAR

T UK S B (W) (B R 148 1 (S) 0 B LR
KB LA Bk 35 3B (MD AE S W B R . Keun-
Hyeok 25" iy 5% 25 B R WK K HL /T 0. 3 1, &
J A B & 0 B R B PR R RE A . AE A IR P,
KK HE a2 0. 26~0. 32, B 0. 02, /N T
SEHSURN Deb AU BT 2 K BB B ACAE 1.4 A2
LREs & M RE AT M R S A R fE AR R
WL KBS RECH 1. 2~1. 8, BB 0. 2, X F Ok
oSilEr 3 RN R A SRR S I S (DN R T e
AW, NFTHBE ARG Lt S
Bk B2 SRR, AR A AT R i S A 1R B
WORRB R S 8% ~17% Z (Al BBk 3%, B

By IR B EAE 1000 ~4000Z ] BBy 1000, R
TR R UK E AR it % o R T
ZEA . RS P F KPR I 3.
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Table 3 The factors and levels of orthogonal test

A MRS TBEK KSR
KF KK , -
B/ % /% Bk
1 0. 26 8 10 1.2
2 0.28 11 20 1.4
3 0.30 14 30 1.6
4 0.32 17 40 1.8
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MRS WA G RO R 1 R, A
24 PIE 7K B AR R0, NaOH 0B T 7K B3 1 23 7%
H R B e R A — B K TR R H A
FMEEAR R K B A B 5 B ]

MR IE SR K B J7 58, — 3Lt AT 16 45,
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Fig. 1 Preparation process of geopolymers
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Table 4 The performance results of orthogonal experiment

T ¥ IR 7K H PLIEHR JE/MPa i 4558 i / MPa WEE/ W REER
se KK H A e B 3 d 74 3d 74 mm i) /min ] /min
1 1 1 1 1 13.33 20.07 0. 54 1.12 0. 00 63 93
2 1 2 2 2 32.60 36. 00 1. 45 1. 86 0. 00 68 83
3 1 3 3 3 31.17 48.43 1.08 2.05 13. 00 45 60
4 1 4 4 4 42.63 49, 83 1. 32 1.13 16. 90 46 58
5 2 1 2 3 15.67 27.50 1. 09 0.76 10. 70 18 33
6 2 2 1 4 8. 37 17.70 0. 82 1.02 0. 00 80 95
7 2 3 4 1 52. 60 59. 90 1.72 2.00 18. 60 60 80
8 2 1 3 2 27.37 29.57 1.92 2.08 15.00 117 147
9 3 1 3 4 19. 20 32. 20 1.01 1.28 15. 60 35 50
10 3 2 4 3 40.73 50.07 1.08 0. 81 17. 80 27 52
11 3 3 1 2 8.57 20.03 0.98 1.19 22.00 198 228
12 3 4 2 1 15.73 23.73 1.18 1.98 17.70 195 255
13 4 1 4 2 27. 80 36.97 0. 66 1.27 20. 00 20 40
14 4 2 3 1 33.57 36.57 1.63 1.12 19. 80 65 95
15 4 3 2 4 18.63 26.52 0.92 0.74 21. 40 58 88
16 4 4 1 3 8.57 14.13 0.75 1.33 15. 80 258 288
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1.8 Z AR A X i 8l JE JL -7 A 2 . Bl & 1 45
HKPAE 0. 14 ity T 8l BE AL . WRIR A R R WY,
SR AR AL AT DA S R KR G LT R A ROk
TR Bl RE L TR K R 5 R AR AR KL i E TR
A HKF
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Table S Range analysis of fluidity

Wi 3l B/ mm
W 2% /mm
w S B M
Ki; 7.48 11.58 9.45 14.03
Ky; 11.08 9. 40 12. 45 14. 25
Ks; 18. 28 18.75 15.85 14. 33
Ky 19. 25 16. 35 18. 33 13.48
R; 11.78 9. 35 8. 88 0. 85

Ky Koy Ky K RS IR BOKF g 1.2.3 .4 I 3 3 BE 1 3
{H R AR SRR .

2.2 REMEIZERITIE

XF 16 ZH A 1Y 0] 458 1) (] 0 24 B i [R] 25 2R 3 A7
WM A g 36 6 TR . Hi 26 6 AL B
B I ) 288 i) ) 3R R Y 4 Ry S>B>
W>M., B &35 5 A by B R i 22 (6 K
TR Eb T 7K 3 8 A 50 ) A 2 1L o 3 W i & R B
AR B ER RS a BE LS B ) A I R . HBE
S5 I H] PR 2R A5 bR 0 A B 7 8T 5 DR 3R R ) R [R] A
LB I [A] 1 52 1) 3 — B0, Bl AR K R L R B )
5 5 (15 T 1S A0, Bl G 0 Ry HBCARC 258 T 7K B AR A
() S TR/ o AT DASE S 3R T BRI A R 45 = T A
AR I ) 58 1Y 545 PR 22 R 0 19 B 45 I 1]
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Table 6 Range analysis of setting time

W) EE B (8] /min

2R B} ] / min

% 2 /min
w S B w S B M
K, 55.50 34.00 149.75 95.75 73.50 54.00 176.0 130. 75
Ky, 68. 75 60. 00 84.75 100. 75 88.75 81. 25 114.75 124.50
K, 113.75 90. 25 65. 50 87.00 146. 25 114.00 88. 00 108. 25
Ky; 100. 25 154.0 38.25 54.75 127.75 187.00 57.50 72.75
R; 58. 25 120. 00 111. 50 46. 00 72.75 133 118. 50 58. 00
2.3 HEBELERITIE RA Y098 B B 5 BRI ET R R LA 3 R

X 16 AIRAER 3 d A7 d i H 5 BE 45 R HEAT R
22 BT AT A RN 7 R, AR T WL S e BT
JESRFE R 2R BRI F A B>S>W>M, # #; 5t
fRFNY 3 d T HE 3R B Y 52 Al 25 2 31, 2, 4 il K
JiE HE B % 7 5 R K B S A RO 25 (E Y 3. 5.
3.2 R AT A5 BRI EE Y 7 d B Hs R B 04 5 e A
2202 31,23, 43 B K L B % 45 K B 8
RO 2519 3. 1.3. 3 A1 7 4%, AT UL, 0 B R 2
AP 5 B Y 2 4 R L O HL L R % A S K b

FBT BRI R G PR . 3 d T d i)k
590 JEE ) PR R R AR o M 45 R N 4 B s ol Bl A
Ty BRCP AR 19 38 0+ T s o 38 A R it 1 o iy i 4. i
A KB L PR3 T 70 Hs 5 B2 A 50 1) DS 4
IKPEBEREAE 1. 2~1. 8 B}, 7K 3 385 A5 50 % e 5t
JLPBA R, B AR B B AE 0. 11 Fl 0. 14 1,
DU 58 S5 AR B8R R WA R 4B 4 O 0. 11~
0. 14 I, Pt 5 BE ALK
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Table 7 Range analysis of compressive strength

3 d FL ISR/ MPa

7 dHUE T E/MPa

T

w S B w S B M
K, 29.93 19.00 9.73 28. 80 38.58 29. 20 17.98 35.08
Ks; 26.03 28.83 20. 65 24.10 33.68 35.10 28.43 30. 65
Ks; 21.05 27.75 27.85 24.05 31.50 38.70 36.70 35.03
Kij 20.15 23.58 40.93 22.20 28.55 29. 30 49. 20 31.55
R; 8. 88 9.83 31. 20 6. 60 10. 03 9. 50 31.23 4.43
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JE /N R F R R R AE 0.3 B RS &5 5
JEBAS R . R WFFe 45 R R 0 Ry AT D g
PR A R R b SR ) 1 B (LS X R R
G55 (1 BTk A /D L B R B S 30 L HE
SR 23 B Z 3G 0 AR AR X A48 KPS LA ARG
RS BREAR . X R 0B — R Al
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Table 8 Range analysis of tensile bond strength

3 d AL fioRs £ 8 i/ MPa

7 d iR £ R/ MPa

2
w S B w S B M
Ky, 1. 46 0. 83 0.77 1. 1.54 1.11 1.17 1.56
Ky, 1. 39 1.05 1.16 1. 1.47 1. 20 1.34 1. 60
Ks; 1. 06 1.18 1.41 1. 00 1.32 1.50 1.63 1.24
Ky 0.99 1. 29 1. 20 1.02 1.12 1.63 1. 30 1.04
R, 0. 40 0. 47 0. 64 0.27 0.43 0.52 0. 47 0.56
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Fig. 2 Factor analysis of fluidity
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Fig.3 Factor analysis of setting time
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Fig. 4 Factor analysis of compressive strength
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Fig. 5 Factor analysis of tensile bond strength
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BEN 0. 14, 5 By Ry 0. 4 K IR FERECN 1. 2
B il 2 A R A PR RR R AR ANk 9 P, AR

9 AT I H IR M SR 5 ) R A R B A AR R fE
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A LU S PR TR b
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Table 9 Performance of the optimal proportion

B . \ ) ) 3 d Bt iR 7 d B 3 d K45 7 d K%
i 3B/ mm W) EE I [H] /min ZLBEI A /min
J& /MPa J& /MPa J& /MPa B /MPa
18. 6 60 80 59.9 1.72 2.00
[ 4] Temuujin J., Minjigmaa A, Bayarzul U, et al
3 & ®

1) 7K B8 EC 8 A9 455 ik b 3R 45 W 14 3k sl BB
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