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Table 1 Phase analysis from the calculation of at-HH synthesized under various conditions.

’ ' t HH (%) Alll (%) All (%) DH (%) Other (%)
(bars) °C) (min) FGD NG FGD FGD NG FGD NG FGD NG

2 130 60 90.73+4.76 | 91.24+4.02 - .36+0.24 | 0.1940.10 | 3.27+0.34 | 3.86+0.25 5.64+1.79 | 4.71+1.57

2 130 120 91.5543.91 | 90.98+4.32 | 0.11 23 | 03140.15 | 2.9340.21 3.02+0.27 | 4.88+1.67 | 5.69+1.24

4 150 60 93.2043.83 | 93.04+3.77 | 0.24+ .29 | 0.88+0.40 | 0.80+0.15 1.0740.10 | 5.13+1.33 | 4.99+1.58

4 150 120 93.56+4.32 | 92.67+4.14 | 0. / +0.56 | 0.92+0.27 | 0.0940.03 | 0.20+0.05 | 4.87+1.47 | 6.02+1.50

5 156 60 91.90+3.98 | 93.66+3.75 | 0.86%0 & ' 9 1.29+0.31 - - 6.24+1.68 | 4.59+1.84

5 156 120 92.144+4.16 | 92.97+3.46 | 1.09%0 __»_0 " +0042 | 1.4240.51 - - 5.806+1.25 | 4.98+1.38

6 163 60 94.25+3.49 | 93.5743.06 | 1.27 : +0.33 1.8740.28 - - 4.22+1.30 | 3.71+1.27

PP

6 163 120 90.2213.11 | 94.0114.07 | 2.7610.51 AT 1.6810.43 1.9340.61 - - 5.3441.64 3.15+1.42

6 163 120 90.2243.11 | 94.01+4.07 23 + + = 1.93+0.61 - - 5.34+1.64 | 3.15+1.42
a-BSP 89.65+4.12 .82+1.20 4.32+1.53

7

P = pressure, T = temperature, and t = time

FGD = Flue gas gypsum briquettes, NG = Natural gypsum, o.-BSP

AUHANENINYINS
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Table 2 The suitable grinding conditions of synthetic ot-HH (feeding size =~ 2.0 mm 10#).

Additive Dipping time | Feeding rate Median size (pLm)
(min) (g/min)* Lab autoclave Production
FGD NG FGD NG
a-HTGS 7.8342.97
- - 15 - 7.76+0.35 - 7.65+0.26
25 .68+0.38 - 7.59+0.26 -
Sodium 3 7.68+0.29 - 7.43+0.29
succinate 7.60+0.32 -
7 - 7.40+0.16
7.81+0.31 -
15 - 7.76+0.14
7.60+0.26 -
Succinic 3 - 7.59+0.17
acid 7.51+0.31 -
7 - 7.55+0.26
7.48+0.26 -
15 - 7.71+0.17
7.77+0.19 -
Magnesium 3 - 7.49+0.20
nitrate 7.68+0.28 -
7 - 7.62+0.17
3 7.47+0.24 ;
15 j 20 7714080 ; 7.60+0.20
‘_ﬁ 7.56+0 44 - 7.49+0.31 -
Mixture of ﬂ u El,]; Vl 3 YJ? : E’;ﬂ)ﬂ I. : 7.74+0.52
Sodium “ 2 7.85+0.65 - 7.80+0.30 -
Succinate and_ 7 15 ¢ . Qa0 | A 7.65+0.70
AR asRIiw Il e |
nitrate 15 20 - 7.69+0.19 - 7.57+0.38
(1:1) 30 7.60+0.46 - 7.71+0.14 -

# Lab grinding machine (FRITSCH Rotor Speed Mill Pulverisette 14), 15,000 rpm, 12 teeth, sieve = 1 mm.




Table 3 Phase analysis from the calculation of ot-HH synthesized under various conditions.

Additive Dipping time HH (%) Alll (%) All (%) DH (%) Other (%)
(min) FGD NG FGD FGD NG FGD NG FGD NG
o-HTGS 86.87+4.35 4.7312.47 - 4.40+1.76
- - 93.03+3.40 | 93.21+3.76 | 1.32+0 oo 1.64+0.24 - - 3.26+1.46 | 4.09+1.82
Sodium succinate 3 94.49+3.86 | 93.5243.20 - - 4.68+1.42 | 6.01+1.64
7 95.16+3.32 | 94.51+3.42 - - 4.43+1.24 | 4.76+1.72
15 95.204+3.93 | 95.37+3.93 Z"?‘\'\h - - 4.28+1.40 | 3.73+1.61
Succinic acid 3 94.87+3.55 | 93.37+4.20 <0.0 \ 0.3740.13 - - 4.62+1.23 | 5.90+1.73
i 96.02+3.84 | 94.80+3.24 <0.01 0.39+0.20 - - 3.7241.45 | 4.81+1.67
15 96.2243.70 | 96.0443.46 0.9140.35 - - 3.08+1.67 | 3.05+1.49
Magnesium nitrate 3 94.53+4.06 | 93.48+3.21 - - 5.26+1.83 | 6.20+1.71
7 95.02+3.51 | 94.2343.96 - - 4.65+1.53 | 5.20+1.34
15 95.2343.78 | 95.4443.36 _1 (?0. Tﬂ- ﬁ& ) 410. 74 0.87+0.22 - - 4.53+1.29 | 3.69+1.50
Mixture of 3 94.76+4.11 | 93.64+3.50 [q; <0.0T 7 " < EI_lﬁq‘ 6+0°11 %2 - - 4.88+1.72 | 5.89+1.35
Sodium succinate/ 7 95.52+43.21 | 94.62#43 I A o - - 4.20+1.90 | 4.98+1.79
e TS PR PP AT | BT
Magnesium nitrate 15 95.8743.60 | 95.70+3.46 <0.01 <0.01 0.4240.19 | 0.3140.15 - - 3.71£1:59 | 3.99+1.61
(1:1)

FGD = Flue gas gypsum briquettes, NG = Natural gypsum, a-HTGS = Co mmercial product




Table 4 Physical and mechanical properties of o.-HH synthesized under various conditions.

Dipping Setting time (min)* Flowability™* Flexural strength?
Additive time pli > Initial I'inal (cm) (MPa)
(min) FGD NG FGD NG FGD NG FGD NG
a-HTGS 11.140.10 18.524+0.8 0 23.50+0.05 12.67+0.89
f’f .
Sodium succinate 3 10.8+0.09 | 10.9+0.10 | 11.2640.56 48+1. ®W3+1.75 17.10+0.09 23.20+0.04 12.79+0.97 | 12.25+1.10
8.10+0.05 7 10.940.07 | 10.9+0.07 | 12.254+0.84 2.48+ h A2+1.56 17.00+0.06 23.0540.10 13.53+1.36 | 13.03+1.43
15 10.94+0.06 | 11.0+0.08 | 14.42+0.60 | 14 4wl .33 .03+1.93 17.7540.07 23.55+0.05 13.84+1.18 | 13.82+1.20
J‘lle
Succinic acid 3 10.0+0.05 | 10.6+0.06 | 14.57+0.52 | 13.48+0.47 ”2. 4.39+1.66 16.30+0.10 22.95+0.09 13.06+1.31 | 12.85+0.68
e
1.90+0.10 7 10.14+0.08 | 10.6+0.08 | 16.45+0.38 | 15.5 _0.@%&53; 29.36+1.79 16.00+0.05 22.95+0.04 14.144+0.71 | 13.98+0.95
1’5 10.2+0.10 | 10.74+0.08 | 17.36+0.42 | 17. *?, H 3.50+2.04 16.00+0.05 22.90+0.06 14.36+0.75 | 14.60+1.18
Magnesium nitrate 3 10.8+0.06 | 10.9+0.04 | 7.16+0.80 1.63 17.30+0.08 23.5040.11 12.90+0.79 | 12.19+0.82
3 a
7.00+0.05 74 10.9+0.08 | 10.9+0.06 | 5.10+0.49 | =5.53+0.65 11.53+2.02 11%:54+1.47 17.40+0.05 23.3540.10 13.39+1.43 | 12.88+1.01
Con [V
15 11.0+0.05 | 11.0+0.07 4.20iﬂ8u Hlfﬂ)ﬂ ﬂﬁlﬂ &I qﬂlaﬁ 17.25+0.07 23.20+0.09 13.57+1.57 | 13.71+1.15
Mixture of Sodium 3 10.840.05 | 10.9+0.10 I0.0SiOgZ 9.16+0.62 ‘2].53_451.45gh 18'23i]'54¢4' 17.00+0.06 23.30+0.07 13.01+1.42 | 12.62+0.91
T 30001 LD
Succinate/Magnesium 7 10.9+0.03 | 10.9+0.02 | 10.3040.27| 9.36 5541.22 031 L17.40+0.04 | 23.20+0.06 | 13.76+1.26 | 13.46+0.83
3 ]

Nitrate (1:1) 15 11.0+0.06 | 11.0+0.05 | 10.57+0.48 | 10.04+0.29 | 21.17+1.38 19.40+1.43 17.30+0.05 23.00+0.03 14.00+0.78 | 14.02+1.38

FGD = F lue gas gypsum briquettes, NG = Natural gypsum, o-HTGS = Commercial product

* Condition of setting time testing - Room temperature 22°C, Water temperature 20°C, Humidity 71%, W/P = 0.37, + Larfarge method, # DIN 1168

¢el
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Table 5 Amount of hemihydrate analyzed from both Infrared Moisture Determination

Balance (IMDB) and Calculation.

Sample Cycle wt% HH (IMDB)* wt% HH (Calculation)
FGD-T FGD-G NG FGD-T FGD-G NG
Sodium succinate 1 98.501+0.48 | 99.20+0.53 | 98.20+3.41 | 96.01+3.75 | 97.114+4.02 | 95.27+3.41
(10 min) 2 98.20+1.75 | 98.90+0.38 | 98.00+3.53 | 95.71+3.42 | 96.85+3.99 | 95.0143.53
3 98.00£1.63 | 98.50+1.46 | 97.90+4.26 | 95.43+4.16 | 96.42+3.48 | 94.88+4.26
4 97.70£1.48 1 OB 2% 475 | 97.7043.47 | 94.87+4.05 | 96.383.55 | 94.5143.47
5 97.50 2.5 ‘ ) // 97.50+3.58 | 94.3843.37 | 95.71+4.13 | 94.25+3.58
6 197.50 TA54w97202:3.45 | 94.1443.88 | 95.42143.79 | 93.83+3.45
7 9780+1.73 0%3.22 | 93.99+4.24 | 95.15+3.46 | 93.47+3.22
8 93.40+3.53 | 95.07+3.36 | 93.31+4.11
 Sodium succinate 1 96.24+3.70 | 97.11+4.02 | 95.98+3.12
(14 min) 2 95.90+3.21 | 96.85+3.58 | 95.76+3.89
3 95.58+4.18 | 96.42+3.40 | 95.15+3.26
- 95.1543.39 | 96.38+4.14 | 94.72+3.74
5 94.74+3.42 | 95.7143.32 | 94.49+3.36
6 94.1744.00 | 95.42+3.47 | 94.0243.75
7 93.654+3.36 | 95.15+3.96 | 93.61+3.23
8 96.30+4.18 | 93.19+4.27 | 95.07+3.58 | 93.32+4.18
Succinic acid 1 00+1.45 | 94.36+3.51 | 95.70+4.17 | 94.01+3.08
(3 min) 2641.94.17+3.43 95.66i3.38 93.92+3.39
’re' 4.02+3.68 | 95.58+3.46 | 93.84+3.75
4 60+2.3% | 93.9143.59 | 95.47+3.20 | 93.75+3.46
5 95.50+1.65 | 96.50+2.24 95.50i2. 93.80+3.87 | 95.39+3.81 | 93.63+3.85
Tl 96,3030 195 4042:68 493,21 +3.41 | 95.3043.79 | 93.52+3.60
ﬂ ﬁ E ﬁzﬁ 9,, gqt?jﬂ 3ﬁj4‘20 95.254+3.35 | 93.47+3.30
Y 8 94.80+2.23 |96.00+3.30 9I4I1=.I‘Qi2.73 93.3613‘3} 95.10+3.76 | 93.38+4.28
Succiniﬂiwq a Q ﬂ? a ﬂﬁ Sﬂg()i(] | !1ﬁ I6.77i4.31 94.58+3.7
7 min)q L10€1.307F97.80+1.34 | "96:70+2.30495.06+3 83%706.48+4.25 | 94.30+3.46
3 96.601+2.43 | 97.50+2.53 | 96.30+2.63 | 94.83+3.57 | 96.19+3.78 | 94.16+3.35
4 96.20+2.24 | 97.20+2.14 | 96.10+2.65 | 94.44+4.23 | 96.01+3.50 | 94.02+4.12
5 95.70+2.43 | 96.904+2.37 | 95.9042.52 | 94.14+3.14 | 95.90+3.47 | 93.82+3.39
6 95.3043.11 | 96.70£3.21 | 95.5042.47 | 93.65+4.09 | 95.78+3.39 | 93.75+3.47
7 94.90+2.78 | 96.50+2.65 | 95.2043.16 | 93.45+3.89 | 95.40+3.36 | 93.52+3.65
8 94.301+2.54 | 96.20+2.45 | 94.90+2.55 | 93.22+3.36 | 95.1242.45 | 93.444+3.34

*Infrared Moisture Determination Balance (A&D Company Limited AD 4713, AD4712)
FGD-T -Mae Moh flue gas gypsum briquettes, FGD-G - Lippendorf flue gas gypsum briquettes




Table 6 Phase analysis from the calculation of o.-HH synthesized under various dipping cycles.

Sample | Cycle HH (%) Alll (%) All (%) DH (%) Other (%)
FGD-T | FGD-G | NG FGD-T | FGD-G | NG | FGD-T [ FGD-G | NG | FGD-T | FGD-G | NG | FGD-T | FGD-G | NG
o-HTGS 87.41+4.16 R 8.06+2.32 - 4.80+1.54

Sodium 1 96.014+3.75 | 97.1144.02 | 95.27+3.41 <0.01 <0.01 <0.01 1 0.75+0.22 | 0.461+0.12 - - - 3.64+1.73 | 2.14+1.61 | 427+1.44
succinate 2 95.714£3.42 | 96.85+3.99 | 95.01+3.53 <0.01 <0.01 < .3540.10 | 0.75+0.21 - - - 3.83+1.56 | 2.80+1.46 | 4.24+1.30
(10 min) 3 95.43+4.16 | 96.42+3.48 | 94.88+4.26 <0.01 <0.01 37+ 5+0.04 | 0.4140.14 - - - 420+1.39 | 2.93+1.32 | 4.71+1.11
4 94.87+4.05 | 96.38+3.55 | 94.51+3.47 <0.01 <0.01 0£66+0. D.26 | 0.7440.26 - - - 4474146 | 3.21+1.28 | 4.75+1.64
5 94.38+3.37 | 95.714+4.13. | 94.25+3.58 <0.01 <0.01 0.85+ 0.4140.18 - - - 477+1.35 | 3.94+1.74 | 5.34+1.38
6 94.14+3.88 | 95.4243.79 | 93.83+3.45 <0.01 <0.01 44 4 [ 0.594+0.23 - - - 5.42+1.40 | 3.78+1.21 | 5.58+1.76
7 93.99+4.24 | 95.15+3.46 | 93.47+3.22 <0.01 <0.0 -+ 0.434+0.09 - - - 5.46+1.16 | 4.31+1.45 | 6.10+1.59
8 93.4043.53 | 95.0743.36 | 93.31+4.11 <0.01 <0.01 ax 0.76+0.36 - - - 5.70+1.93 | 4.50+1.36 | 5.53+1.42
Sodium 1 96.24+3.70 | 97.11+4.02 | 95.98+3.12 <0.01 <0.0 < i 11| 0.81+0.25 - - - 2.94+1.47 | 2.02+1.69 | 3.21+1.39
succinate 2 95.90+3.21 | 96.85+3.58 | 95.76+3.89 | <0.01 <001 / ' 5040.0 i 0.32+0.17 5 s - 3.60+1.50 | 2.28+1.27 | 3.92+1.03
(14 min) 3 95.58+4.18 | 96.4243.40 | 95.15+3.26 <0.01 <00 Q| 1 | 0.56+0.09 - - - 4.17+1.55 | 2.37+1.33 | 429+1.78
4 95.1543.39 | 96.38+4.14 | 94.72+3.74 <0.01 <0.01 001 W 21 0.36+0.22 - - - 4.15+1.42 | 2.77+1.51 | 4.92+1.46
S 94.7443.42 | 95.7143.32 | 94494336 <0.01 <0.01 <go3 "{ 16 | 0.76+0.30 - - - 4.88+1.38 | 3.21+1.57 | 4.75+1.38
6 94.1744.00 | 95.42+3.47 | 94.0243.75 <0.01 <0.01 _()l‘ﬁﬁ ': +0.04 | 0.66+0.16 - - - 520+1.90 | 4.00+1.48 | 5.32+1.45
7 93.65+3.36 | 95.15+3.96 | 93.61+3.23 <0.01 <0.01 ()a‘ ﬂ:y 0.92+0.18 | 0.51+0.24 - - - 5.84+1.41 | 3.7741.36 | 5.88+1.13
8 93.19+4.27 | 95.07+3.58 | 93.32+4.18 <0.01 <0.01 < ()_H‘__:T_’ 0.32+0.09 | 0.85+0.28 - - - 6.05+1.73 | 448+1.45 | 5.83+1.99
Succinic 1 94.36+3.51 | 95.70+4.17 | 94.01+3.08 <001 <001 A +0.16 | 0.46+0.18 B B . 4.94+1.85 | 3.99+1.55 | 5.33+1.95
acid 2 94.1743.43 | 95.66+3.38 | 93.92+3.39 <0.01 <. .80+0.26 - - - 5314142 | 3.79+1.20 | 5.28+1.46
@3 min) 3 94.02+3.68 | 95.58+3.46 | 93.84+3.75 <0.01 < 0.60+0.12 - - - 5.51+1.60 | 3.91+1.99 | 5.56+1.63
4 93.9143.59 | 95.47+3.20 | 93.75+3.46 <0.01 <0. g 0.26+0.06 - - - 5.55+1.51 | 4.15+1.69 | 5.99+1.23
5 93.80+3.87 | 95.39+3.81 | 93.63+3.85 <0.01 <0.0 <0. +0. 0.76+0. 0.30+0.09 - - - 5.82+1.98 | 3.15+1.73 | 6.07+1.58
6 93.7143.41 | 95.30+3.79 | 93.52+3.60 <0.01 <0.01 p <0.01 0.5040.20 | 0.81+0.24 | 0.47+0.11 - - - 5.79+1.14 | 3.89+1.72 | 6.01+1.63
7 93.534+4.20 | 95.25+3.35 | 93.47+3.30 <0.01 Q1 wr HQLG et 0,42+0. 14 - - - 5.66+1.42 | 3.82+1.35 | 6.11+1.17
8 93.36+3.32 | 95.1043.76 | 93.38+4.28 <0.01 zﬁl& ﬁm 0 7 gnf]oﬁiozz - - - 6.2141.65 | 4.32+1.42 | 6.15+1.35
Succinic 1 952143.54 | 96.77+4.31 | 94.58+3.77 | <001 | 8k0.01 <001 | 0414028 | 0.20+0.03 | 0.55+0.19 g S - 438+1.77 | 3.03+1.50 | 4.87+1.68
acid 2 95.06+3.33 | 96.48+4.25 | 94.30+3.46 <0.01 <0.01 <0.01 6310, 0,- 0.23_| 0,76+ - - - 431+1.11 | 2.82+1.58 | 5.40+1.52
(7 min) : 3 94.834+3.57 | 96.1943.78 | 94.16+3.35 %Owrlﬁﬁ n<§0 Mﬁ‘) IO‘ %j?EJO’Z]J OE - - - 4.85+1.36 | 3.17+1.65 | 5.40+1.40
4 94444423 | 96.01+3.50 | 94.02+4.12 <@0 <0.01 <0.0 0.2140.11 | 0.5440.20 | 0.76+0.19 - - - 535+1.45 | 3.36+1.44 | 5.22+1.22
] 94.1443.14 | 95.90+3.47 | 93.82+3.39 <0.01 <0.01 <0.01 0.6440.15 | 0.53+0.19 | 0.65+0.09 - - - 5.2241.58 | 3.17+1.39 | 5.53+1.76
6 93.65+4.09 | 95.78+3.39 | 93.75+3.47 <0.01 <0.01 <0.01 0.39+0.06 | 0.43+0.11 | 0.5340.18 - - - 596+1.78 | 3.79+1.26 | 5.72+1.11
1 93.45+3.89 | 95.4043.36 | 93.52+3.65 <0.01 <001 <0.01 0.624+0.07 | 0.41+0.16 | 0.88+0.24 - - - 5.93+1.50 | 3.99+1.32 | 5.60+1.48
8 93.2243.36 | 95.1243.45 | 93.44+3.34 <0.01 <0.01 <0.01 0.45+0.12 | 0.26+0.04 | 0.85+0.17 - - - 6.33+1.66 | 4.62+1.74 | 5.71+1.88

FGD-T = Mae Moh flue gas gypsum briquettes, FGD-G = Lippendorf flue gas gypsum briquettes, NG = Natural gysum




Table 7 Physical and mechanical propertics of a-HI synthesized under various dipping cycles.

Sample Cycle Setting time (min)* Flowability+ Flexural strength#
Initial Iinal (cm) (MPa)
FGD-T | FGD-G | NG FGD-T | FGD-G | G FGD-T | FGD-G | NG FGD-T | FGD-G | NG
o-HTGS 17.13+0.59 3345421 23.50+0.05 12.75+0.95

Sodium 1 13.5040.56 13.2240.48 13.0940.22 27.36+1.75 27.15 17.10+0.02 21.50+0.02 23.204+0.08 13.55+1.18 13.76+1.32 13.15+1.28
succinate 2 13.1740.31 13.04+0.47 12.3240.46 26.12+1.58 .1040.05 21.50+0.06 23.204+0.06 13.30+1.29 13.53+0.75 13.02+0.98
(10 min) 3 12.204+0.45 12.354+0.59 11.50+0.37 25.37+1.34 5+0.06 21.50+0.04 23.2040.05 13.16+1.36 13.26+0.99 12.94+1.16
4 11.3640.27 10.3340.39 10.1440.52 22.50+2.26 +0.04 21.4540.03 23.1540.05 13.024+0.96 13.10+1.14 12.76+1.27
5 10.4740.36 9.53+0.38 9.26+0.49 21.12+1.49 +0.05 21.40+0.01 23.1540.02 12.87+1.03 12.93+1.19 12.63+0.86
6 10.08+0.54 9.1440.26 7.5940.38 20.2142.11 +0.07 21.40+0.05 23.15+0.03 12.76+1.26 12.80+1.26 12.50+1.39
7 9.3240.16 8.46+0.58 7.36+0.17 18.02+1.49 .06 21.40+0.06 23.10+0.04 12.60+0.88 12.69+1.27 12.39+1.15
8 7.45+0.38 6.30+0.24 6.47+0.40 14.10+1.55 +0.02 21.35+0.04 23.10+0.05 12.49+1.23 12.55+1.03 12.29+1.24
Sodium I 14.5640.56 14.3440.29 14.2940.50 29474193 .03 21.8040.03 23.5540.02 13.69+1.35 13.9040.76 13.65+1.27
succinate 2 13.3040.33 13.2540.52 13.4940.26 27.36+1.50 +0.06 21.80+0.05 23.5540.07 13.54+1.18 13.7141.05 13.50+1.16
(]4 min) 3 12.0740.56 11.59+0.46 13.11+0.42 25.35+1.86 0.02 21.7540.06 23.5040.04 13.31+1.01 13.52+1.18 13.25+1.25
4 11.1440.37 11.3610.41 12.2610.18 23.264+2.00 5010.04 21.7540.05 23.5040.00 13.16+1.22 13.2741.36 13.07+1.19
S 10.46+0.54 10.24+40.39 11.4740.29 21.2542.21 50+40.04 21.70+0.03 23.50+0.05 13.00+0.96 13.1141.20 12.96+1.09
6 10.1940.35 9.40+0.32 9.58+0.49 19.08+1.52 ' 7.45+0.05 21.70+0.02 23.4540.05 12.85+1.20 12.90+1.15 12.82+1.20
7 8.43+0.16 7.5240.33 9.1440.39 17004211 16.59+1 M= 17.45+0.03 21.7040.04 23.4540.02 12.67+1.09 12.76+0.93 12.53+0.89
8 7.2940.47 7.36+0.58 8.361+0.14 |5.391I.(>6h 15 7 .lgf.:,, 5 401+0.06 21.65+0.04 23.45+0.04 12.46+0.87 12.6040.74 12.40+1.11
Succinic 1 15.2540.21 14.3640.32 14.20+0.47 29.30+1.5 : 21.3040.02 23.0040.05 13.10+1.15 13.50+1.21 12.95+1.09
acid 2 14.13+0.48 13.20+0.56 13.4640.17 28.43+1.7 95 21.30+0.04 23.0040.02 13.01+1.23 13.35+1.14 12.81+0.91
(3 min) 3 13.0940.51 13.01+0.47 13.1140.46 27.36+1.84 s .04 21.2540.05 22.9540.07 12.91+1.27 13.16+1.32 12.7340.86
4 12.3940.63 12.414+0.50 13.0040.38 26.3142.11 25.38+1. +1. 15. .03 21.2540.05 22.9540.04 12.76+1.22 13.00+1.01 12.60+1.35
5 12.15+0.33 12.2440.27 12.3740.52 24.52+1.38 2.3.26t2.20 25.38+1.59 15.90+0.04 21.20+0.06 22.9040.01 12.61+1.05 12.80+1.13 12.55+1.20
6 12.00+0.24 11.47+0.56 12.1140.40 24. ] ; 1 - ¢+ 21.20+0.04 22.90+0.03 12.53+0.98 12.72+1.25 12.41+1.18
7 11.36+0.26 11.39+0.38 11.50+0.41 22.%@ ﬁ% ﬂgﬂ qum 21.2040.06 23.8540.05 12.40+0.84 12.61+1.34 12.34+0.75
8 10.46+0.49 10.27+0.57 11.18+0.39 20.394) 93 19.57+1.58 23:57+1.77 15.85+0.05 21.1540.07 23.8540.02 12.31+1.30 12.48+1.07 12.26+1.03
Succinic 1 17.004+0.56 16.45+0.37 16.10+0.31 3526+1.76 3447419 5,02+].3 p 15} .06 710+0.02 22.9540.03 14.01+1.31 14.38+1.17 13.94+1.06
acid 2 15.11+0.22 14.5340.38 I5.31¢0.42ﬂ Wq@ \aﬂﬁ ylﬁfq glﬁﬁiq AEO.M 22.9540.01 13.80+1.19 14.09+1.05 13.76+1.25
(7 min) 3 13.26+0.52 13.1440.39 14.2240.46 ] 8.47+1. S9+2.1 9.46+1.65 15.90+0.05 21.0540.06 22.9040.05 13.65+1.02 13.80+1.23 13.53+1.10
4 12.4240.27 12.3640.25 13.1040.48 26.36+2.21 25.20+1.38 26.53+1.90 15.90+0.02 21.0540.03 22.9040.06 13.47+0.89 13.65+1.27 13.3241.07
5 11.35+0.54 11.2140.36 11.4640.59 24.01+41.93 23.36+1.49 24.43+1.88 15.854+0.06 21.0040.04 22.9040.04 13.30+1.19 13.47+1.06 13.16140.91
6 11.04+0.27 10.47+0.47 11.2440.17 22.43+1.91 22.26+1.56 22.36+1.74 15.854+0.06 21.0040.05 22.8540.08 13.19+1.25 13.3140.93 13.09+0.81
7 10.3740.53 10.10+0.59 10.35+0.35 20.59+1.80 21.10+2.19 21.43+2.07 15.80+0.03 19.95+0.05 22.8540.05 13.01+1.06 13.17+1.26 12.92+1.11
8 9.561+0.16 9.47+0.38 9.00+0.47 19.35+1.69 20.02+1.86 19.534+2.20 15.80+0.04 19.95+0.06 22.8040.03 12.95+1.14 13.00+1.34 12.91+1.03

FGD-T = Mae Moh flue gas gypsu m briquettes, FGD-G = Lippendorf flue gas gypsum briquettes, NG = Natural gysum
* Condition of setting time testing - Room temperature 22°C, Water temperature 20°C, Humidity 71%, W/P = 0.37, + Larfarge method, # DIN 1168
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Table 8 Effect of curing temperatures on the physical and mechanical properties

of composite materials.

Properties Curing temperature (°C)
20 40 50 65 80
Compressive strength (MPa)

1 day 1.8 3.5 3.9 5.0

3 days 2.0 6.8 8.7

7 days 13.7 15.1

14 days 16.1 17.3

28 days 21.2 19.5

Bulk density (g/cm’)

1 day 1.20 1.22

3 days 1.27 1.29

7 days 1.36 1.37

14 days 1.47 1.48

' 28 days 1.53 1.50

Porosity (%)
1 day 26.71 26.11
3 days 26.04 25.67
7 days 25.07
14 days 24.77
28 days ; 22,95
Volume change (%) .. :

1 day i! 0.10 -0.09 -0.08

3 days g, -0.13 -0.12

7 days Eﬂﬂ qf n ﬁs -0.07
l4days  q * *.06 -0.01 0.00

28 ‘gays -0.03 2 U . 0.01

. 0.0
Qo™ M 0 SN BT O [ ™~y
Specimen : diqet A S0ImETIha;g 50, I

q




Table 9 Effect of B-HH content on the physical and mechanical properties of composite materials.

Properties Amount of B-HH (wt%)
0 30 40 50 60 70 100
Flowability (mm) 198 185 154 110 73 50 50
Compressive strength (MPa)

1 day 0 1.8 2.8 35 52 6.6 9.0

3 days 0 | sa4 6.1 8.3 11.3

7 days 1. 76 9.5 10.4 12.6

14 days 2.0 4 7 10.8 1.7 14.0

28 days 8 12.6 13.5 16.5

Bulk density (g/cm’)

1 day 1.26 1.28 1.32

3 days 0 1.29 1.31 1.34

7 days | 132 133 137

14 days R 1= 1.34 1.35 1.38

28 days 2 1. 280 34 137 138 1.40

Porosity (%) - -
1 day 0 4 £ 2575 | 2506 | 24.75
3 days ' = 70 | 2525 | 24.80 | 24.40
7 days 28.87 T} 25.10 | 24.80 | 2470 | 24.25
14 days 2462 | 2452 | 23.95
28 days 12423 | 2407 | 2347
Volume change (%) ‘

1 day 0 -0.10 -0.08 -0.0 -0.05 -0.03 0.00

3 days fo | -0.15 o -0.05 -0.02 0.01 0.02

7 days Oﬁa 0wl ﬁow H&] @ 0.04 0.06
14days Q) -0.17 -0.06 -0.05 0.02 0.03 0.07 0.09

28 day -0.14 083 -0.0 0 07 W 0,09 0.15

|
3
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Table 10 Performance of the mixtures of fly ash-lime and various amount of B-HH under water

(20°C).
Immersion period Amount of B-HH (wt%)
(day) 30 40 50 60 70 100
Compressive strength (MPa)
- 12.6 13.5 16.5
1 day 10.3 10.7 11.2
3 days 9.5 7.1 4 days*
7 days 6.4 7 days* -
14 days 11 days* - -
28 days - - -
Water absorption (%)
- 18.49 20.73 23.85
1 day 20.21 23.90 28.92
3 days 22.65 28.63 4 days*
7 days 26.40 7 days* -
14 days 13 days* - -
28 days - - -
Volume change (%)
- 0.07 0.09 0.15
1 day 0.15 0.19 0.37
3 days 0.21 0.33 4 days*
7 days 0.38 7 days* -
14 days 13 days* - -
28 days - - -

Lea = Leaching

ARIAATUUMINYAE




Table 11 Effect of additive on the physical and mechanical properties of composite materials cured at 20°C.

Properties Non additive CaCl, (wt%) Na,CO; (Wt%)
[ 2 3 4 [ 2 3 4
Flowability (mm) 185 173 1 122 103 168 135 112 50
Compressive strength
| day 1.8 2.1 ; 4.8 4.1 5.6 7.6 2.9
3 days 2.0 33 5 % 6.4 5.3 7.3 9.0 3.8
7 days 2.6 4.1 7.8 6.9 9.8 11.4 4.6
14 days 3.4 10.1 8.5 11.6 13.6 6.0
28 days 6.8 ; 13.9 11.8 15.9 18.7 3.7
Bulk density (g/cm”) -
| day 1.18 1.2 "*;w 127 1.24 1.26 1.30 1.20
3 days 1.19 I 5 L 129 126 1.30 134 1.21
7 days 1.19 1.2 % 131 1.29 1.32 1.36 1:25
14 days 1.21 1.28 £30 - 1. 1.35 1.32 1.35 1.39 1.29
28 days 1.28 1.32 XA, 36 1.39 1.36 1.41 1.46 1.32
Porosity (%) .
1 day 27.93 25.27 25.81 25.58 24.88 27.30
3 days 27.74 26& . 87 25.03 25.63 25.12 24.51 26.53
7 days 27.32 25.6% o 25.37 25.21 24.88 25.16 24.78 24.30 26.14
14 days 26.82 ﬂ ﬂsg ’J ww ‘wzﬂs" ?4.63 24.82 24.43 24.12 25.20
28 days 2498  lg 24. 24362 2;59 24.:2 24.40 24.10 23.64 24.76
Volume change (% : - : -
e | SARNRINTUNRIINYVAY| e | on | o | on
3 days 015 -0.16 -0.18 -0.17 -0.19 -0.25 -0.20 -0.22 -0.24
7 days -0.10 -0.14 -0.11 -0.13 -0.14 -0.20 -0.15 -0.16 -0.19
14 days -0.06 -0.11 -0.08 -0.10 -0.09 -0.14 -0.10 -0.11 -0.16
28 days -0.03 -0.07 -0.06 -0.05 -0.06 -0.10 -0.07 -0.04 0.02




163

Table 12 Physical properties of mechanically accelerating composite materials cured at various ages.

Properties
Curing time Compressive strength Bulk density Porosity Volume change
(MPa) (g/em’) (%) (%)

- 79.9 13.74 0

6 hours 80.3 13.73 0

12 hours 80.8 13.70 0
1 day 81.5 13.68 -0.011
3 days 13.45 -0.003
7 days 12.40 0.006
14 days 11.12 0.009
28 days 9.97 0.010

Table 13 Performance of 28- day.s mec

o e I
T *‘xfw

rating composite materials under water (20°C).

Immersion period grties

(day) Volume change

(%)

- ‘124 0 1.93 0.002

ﬂUEIfJSVIEI INBNG| o

3 days 128.2 3 17 0.03

o

QANANINYMINGNY

14 days§ 137.0 0.09

28 days 142.1 5.69 0.15
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Table 14 Effect of the thermally and chemically accelerating method on the physical and

mechanical properties of composite materials.

Properties Non additive CaCl, 4 wt% Na,CO; 3 wt%
Curing (°C) Curing (°C) Curing (°C)
20 50 20 50 20 50
Compressive strength (MPa)

1 day 1.8 53 11.7 1.7 14.7

3 days 2.0 9.5 23.1
7 days 12.2 33.6
14 days 143 41.2
28 days 19.5 43.5
60 days 24.6 443
90 days 29.3 452

Bulk density (g/cm’)

1 day 1.30 1.44

3 days 1.34 1.54
7 days 1.36 1.67
14 days 1.39 1.77
28 days 1.46 1.81
60 days 155 1.81
90 days \ 1.65 1.81

Porosity (%) ‘ e

1 day ; 24.80 23.74
3 days 24.51 21.37
7 days ; ; 24.88 : 24.30 17.94
14 days - ‘ﬁ ; g 3 24.12 15.71
28 days ﬂ 998 Vl ﬁm ﬁ wﬂ ’] ﬁ;ﬁ 23.64 14.74
U ; 22.11 14.65 20.36 14.70
1Iﬁ 1§H5 14.65

1 dz;!l -0.10 -0.11 -0.11 -0.13 -0.13 -0.15

3 days -0.15 -0.17 -0.19 -0.21 -0.22 -0.25
7 days -0.10 -0.10 -0.14 -0.12 -0.16 -0.17
14 days -0.06 -0.02 -0.09 -0.07 -0.11 -0.08
28 days -0.05 0.06 -0.06 -0.01 -0.04 0.01
60 days -0.03 0.07 -0.03 0.02 -0.01 0.03
90 days -0.02 0.09 -0.01 0.05 0.01 0.03
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Table 15. Effect of the thermally and chemically accelerating method on the performance under

water of composite materials.

Immersion period Non additive CaCl, 4 wt% Na,CO; 3 wt%
(day) Curing (°C) Curing (°C) Curing (°C)
20 50 20 50 20 50
Compressive strength (MPa)
- 6.8 . 5 . 18.7 43.5
1 day ' 19.1 443
3 days 21.6 44.9
7 days 24.5 46.3
14 days 32.9 48.0
28 days 37.0 49.5
60 days 41.5 49.7
90 days 45.6 49.8
Water absorption (%)
- 7.89 3.10
1 day 8.76 3.36
3 days 9.23 3.75
7 days 9.69 4.69
14 days 10.48 5.26
28 days 12.20 7.19
60 days 14.73 7.20
90 days 16.21 721
Volume change (%)
- -0.04 0.01
1 day -0.03 0.03
3 days ﬂ -0.02 0.07
7 days ; 0.01 0.11
— . u .94 0.15
frm'] 03 fwil TINENE: | ..
60 da s 0.50 0.45 0.30 0.24 0.34 0.18
90 days 0.80 0.49 0.60 0.26 0.68 0.18
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Table 16. Effect of wetting/drying cyclic storage on the physical and mechanical properties of

composite materials activated by thermally and chemically accelerating method.

Properties Non-additive CaCl, 4 wt% Na,CO; 3 wt%
Curing (°C) Curing (°C) Curing (°C)
20 50 20 50 20 50
Compressive strength (MPa)
- 6.8 37.1 19:5 43.5
10 cycles 6.3 19.1 433
20 cycles 18.3 42.8
30 cycles 17.2 42.4
50 cycles 16.0 41.1
100 cycles
Bulk density (g/cm”)
- 1.46 1.81
10 cycles 1.46 1.81
20 cycles 1.45 1.80
30 cycles 1.44 1.80
50 cycles 1.44 1.79
100 cycles
Linear change (%)
- 0 0
10 cycles 0.07 0.01
20 cycles 0.14 0.05
30 cycles 0.26 0.07
50 cycles 0.42 0.11
100 cycles

Ll
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Table 17. Effect of the combination of 3 accelerating methods on the physical and mechanical

properties of composite materials.

Properties Non additive CaCl, 4 wt% Na,CO5 3 wt%
Curing (°C) Curing (°C) Curing (°C)
20 50 20 50 20 50
Compressive strength (MPa)

1 day 80.7 | 81.6 83.7 82.0 83.9

3 days 83.6 35 1 91.2 85.9 96.9
7 days 87.5 é 103.6 94.6 114.8
14 days 92 3. , 124.7 110.8 131.6
28 days 24.0 143.8 120.3 152.3
60 days | ' 146.8 123.6 154.4
90 days 10 2 149.5 127.4 154.5

Bulk density (g/cm”) .

1 day 4 2 15 2.14 2.15

3 days 2% - 2.16 2.15 2.17

7 days s n A 2.19 2.16 2.20

14 days 2 ) 1 2.23 2.18 2.25
28 days 219 Fo 0 2.7 221 2.29
60 days 2.17 2 0 2.8 222 2.29
90 days 2.17 ke e/ 2.28 2.23 2.29

Porosity (%) .

| day 0 13.53 13.55
3 days 6 112.93 13.41 12.20
7 days 326 12.40 12.91 1.97 12.70 11.03

14 days gl | 1 /) > 11.43 9.35

28 days ﬂ u ]ﬁ Elxin wﬂ’] ﬁﬁ 11.90 8.21

60 days q) 11.95 82 10.35 8.75 9.98 8.21
90 S ¥ J 1 u 8.20

Volume chahgg (%) | s d F L =

I dad -0.014 -0.002 -0.010 0.005 -0.008 0.010

3 days -0.010 0.002 -0.006 0.007 -0.002 0.012

7 days -0.005 0.006 -0.002 0.010 -0.001 0.015
14 days 0.001 0.009 0.001 0.014 0.004 0.020
28 days 0.003 0.015 0.007 0.019 0.001 0.022
60 days 0.005 0.016 0.009 0.020 0.012 0.022
90 days 0.008 0.018 0.010 0.024 0.013 0.022
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Table 18. Effect of the combination of 3 accelerating methods on the performance under water of the

28-day composite materials.

Properties Non additive CaCl, 4 wt% Na,CO; 3 wt%
Curing (°C) Curing (°C) Curing (°C)
20 50 20 50 20 50
Compressive strength (MPa)
. 98.6 I 117.9 143.8 120.3 152.3
I day 99.7 143.9 122.9 152.3
3 days 101. . & 144.0 125.3 152.4
7 days —— () 7 - 144.4 128.7 152.9
14 days “187.0 144.8 131.7 153.5
28 days ; 45.9 133.8 154.6
60 days | ). ‘ 145.5 135.1 153.9
90 days 1 iTa 5.9 136.9 154.2
Water absorption (%) v [
- @ .9) 1.52 251 1.38
1 day 1 . - 2.7 1.68 2.51 1.40
3 days 3 o 2 1.73 2:83 1.38
7 days 43 = 3 1.76 3.34 1.39
14 days 4.75 2 1.76 3.65 139
28 days 5.50 MG = 1.79 4.17 140
60 days |\ S0 o 422 140 |
90 days L j 4.31 1.40
Volume change (%)
- 0.046 0.007 0.03 0.01 0.018
1 day e v 0.04 0.024
3 days ﬂ ﬁ ﬁm 5 s& ’] ﬁ‘i 0.07 0.031
7 days 0.12 0. 10 0.06 0.09 0.038
s
1 0.044
@mw MmNy |
60da s 0.17 0.11 0.15 0.07 0.14 0.05
90 days 0.18 0.12 0.16 0.08 0.14 0.05
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Table 19. Effect of wetting/drying cyclic storage on the physical and mechanical properties of

composite materials activated by the combination of 3 accelerating methods.

Properties Non additive CaCl, 4 wt% Na,CO; 3 wt%
Curing (°C) Curing (°C) Curing (°C)
20 50 20 50 20 50
Compressive strength (MPa)
- 98.6 120.3 152.3
10 cycles 120.1 152:2
20 cycles 119.5 152.0
30 cycles 119.1 151.8
50 cycles 118.3 151.6
100 cycles 115.9 151.3
Bulk density (g/cm”)
- 2.21 2.29
10 cycles 2.21 2.29
20 cycles 2.2] 2.28
30 cycles 2.20 2.28
50 cycles 2.19 2.28
100 cycles 2.18 2.28
Linear change (%)
- 0 0
10 cycles 0 0
20 cycles 0.002 0
30 cycles 10.0006 0.004 0
50 eyeles *0.0010 0.006 0.0003
100 cycles 04}91 0.007 0.0007

iild
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Table 20. Effect of lime mud and sludge waste content on the physical and mechanical properties of lime-containing composite

materials cured at 20°C.

Properties Standard Amount of lime mud (wt%) Amount of sludge waste (wt%)
10 30 50 100 10 30 50 70 100
Flowability (mm) 186 186 184 18 186 167 143 96 50 50
Compressive strength
1 day 1.8 1.7 1:5 9 1.6 1.4 1.0 0.6 0.3
3 days 2.0 1.9 1.8 1% 1.9 1.7 1.3 1.0 0.7
7 days 256 2.4 33 : ' 2.3 2.1 1.9 1.5 .1
14 days 34 3.1 3.0 N 3.2 29 2.5 2.1 1.8
28 days 6.8 6.6 6.4 | - 6.5 6.2 5.1 4.5 3.5
Bulk density (g/cm’) ﬁ‘:
1 day 1.18 1.18 117 < 2 1.18 1.17 1.16 1.15 1.14
3 days 1.19 1.18 1.18 / y ¢ 1.19 1.18 1.16 1.16 1,15
7 days 1.19 1.19 1.18 1118 _;_m'ﬂ.:i‘ 1. 1.20 1.19 1.18 1.17 1.16
14 days 1.21 1.20 1.20 1.19520 0 .18 1.21 1.20 1.19 1.19 1.18
28 days 1.26 1.25 1.24 1.25 1.24 1.22 1.20 L:19
Porosity (%)
1 day 27.93 28.35 28.92 29. .68 28.51 29.42 31.21 32.33 33.68
3 days 27.74 28.04 28.50 322 29.92 o 30.66 28.07 28.83 30.41 31.52 32.45
7 days 27.32 27.45 2 (u EE?JW] Ezmwm ﬁ66 28.26 29.06 30.02 30.98
14 days 26.82 27.00 2@9 760 : T 28748 27.04 27.43 27.80 28.51 29.08
28 days 24.98 25.34 25.70 26.05 ‘26.97 S 2 I 25.76 26.29 27.07 27.62
Volume change (%) ‘q WW—W i)
1 day -0.10 -0.10 9 -0.09 -0.12 -0.13 -0.12 -0.10 -0.11 -0.09 -0.07 -0.08
3 days -0.15 -0.14 -0.13 -0.14 -0.16 -0.17 -0.13 -0.11 -0.09 -0.07 -0.08
7 days -0.10 -0.11 -0.12 -0.16 -0.18 -0.11 -0.11 -0.09 -0.09 -0.08 -0.09
14 days -0.06 -0.07 -0.08 -0.10 -0.14 -0.07 -0.07 -0.07 -0.08 -0.08 -0.09
28 days -0.03 -0.05 -0.05 -0.06 -0.09 -0.10 -0.05 -0.06 -0.07 -0.08 -0.09

0L1
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Table 21. Effect of the thermally and chemically accelerating method on the physical and
mechanical properties of lime-containing composite materials.
Properties Lime mud 50 wt% Sludge waste 30 wt%
Non additive CaCl; 4 wt% | Na,COs 3 wt% | Non additive CaCl 4 wt% | NayCO: 3 wt%
Compressive strength (MPa)
1 day 6.4 8.7 10.6 8.2 113 138
3 days 8.6 12.3 155 11.0 16.2 20."
7 days L8 19.7 223 15.0 233 19.0
14 days 15.1 265 317 19.1 30.8 35.4
28 days 19.4 346 23.0 33.5 376 |
60 days 52 242 36.9 38.5 ;
90 days 26.8 40.6 388 §
Bulk density (g/om?) %
I day 1.30 1.34 136
3 days 1.35 1.39 1.43
7 days 1.39 1.53 1.61 !
14 days 1.45 1.65 1.69
28 days 1.50 1.70 1.75
60 days 1.53 1.74 1.76
90 days 1.56 1.79 1.76
Porosity (%)
1 day 25.80 24.60 23.68
3 days 25.02 23.62 22.64
7 days 23.91 22.05 21.12
14 days 23.07 20.12 19.20
28 days 21.86 18.54 17.11
60 days 21.38 17.35 17.02
90 days 20.38 16.47 17.00
Volume change (%)
I day X 78 -0.12 -0.11 -0.06 -0.07 -0.01
3 days Ej Q El)y] Wﬁ ’] ‘3.04 -0.01 0.00
7 days 20.10 ~0.09 -0. 01 0.02 0.01
14 days -0.01 €0.05 &4 | 00 0.03 0.01
28 W'] Qﬂ ‘j moad '] goﬂ ; 'I@ E 0.03 0.01
60 day, 05 0.01 0.02 = 0. 0.04 0.02
90 days 0.08 0.05 0.03 0.07 0.04 0.02
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Table 22. Effect of the thermally and chemically accelerating method on the performance under water

of lime-containing composite materials.

Properties Lime mud 50 wt% Sludge waste 30 wt%
Non additive CaCl; 4 wt% | Na,COs; 3 wt% | Non additive CaCl; 4 wt% | Na,COs; 3 wt%
Compressive strength (MPa)
- 19.4 29.6 34.6 20.3 31.5 36.7
1 day 19.8 29.9 34.8 20.7 32.0 37.2
3 days 20.5 30.5 35.0 21.5 32.3 37.6
7 days 21.2 313 352 22.2 329 37.9
14 days k> 35.3 2.3 33.1 383
28 davs 22.8 33.3 38.6
60 days 253 36.9 38.6
90 days 27.8 40.5 38.6
Water absorption (%)
- 7.98 6.69 5.34
1 day 8.53 7.01 5.74
3 days 9.01 7.74 6.38
7 days 9.70 8.60 6.95
14 days 10.15 9.01 7.43
28 days 10.54 9.27 8.27
60 days Sy A 5 10.97 9.65 8.43
90 days s , e —=m— ; 11.16 9.83 8.50
Volume change (%) ' v

« ' 0.01 0.03 0.05
1 day - 0.03 0.04 0.06
3 days 0.05 0.07 0.09
7 days 032& 0.07 " 0.09 vO. 12 0.09 0.11
14 days ﬂ u&q Vl Ej?‘l Wﬂ”lnﬁls 0.10 0.11
28 days .16 0.10 0.12
60 days 617 0.168/ 0.10 0.12
" adnaniimangiay o |
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Table 23. Effect of wetting/drying cyclic storage on the physical and mechanical properties of lime-

containing composite materials activated by thermally and chemically accelerating method.

Properties Lime mud 50% Sludge waste 30%
Non additive CaCl, 4% Na,CO; 3% | Non additive CaCl, 4% Na,CO: 3%
Compressive strength (MPa)

- 19.4 29.6 34.6 20.3 31.5 36.0
10 cycles 18.9 28.8 34.0 20.0 31.4 35.9
20 cycles 17.3 33.2 19.6 31.0 35.6
30 cycles 16.1 19.2 30.8 35.2
50 cycles 18.7 30.5 35.0
100 cycles 14.8 26.8 31.7

Bulk density (g/cm’)

- 1.47 1.70 1.73
10 cycles 1.47 1.70 1.73
20 cycles 1.46 1.69 1.72
30 cycles 1.46 1.69 1.72
50 cycles 1.45 1.70 1.71
100 cycles 1.43 1.66 1.70

Linear change (%)

- 0 0 0
10 cycles 0.01 0.01 0
20 cycles 0.03 0.02 001 |
30cycles  feadoas .00 R o) 007 0.05 003 |
50 cycles W o 0.08 006
100 cycles 0.13 0.09 0.06 |

i
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Table 24. Effect the combination of 3 accelerating methods on the physical and mechanical properties

of lime- containing composite materials.

Properties Lime mud 50 wt% Sludge waste 30 wt%
Non additive CaCl; 4 wt% | Na,COs; 3 wt% | Non additive CaCl 4 wt% | Na-COs 3 wi%
Compressive strength (MPa)
1 day 80.8 83.0 83.7 85.6 86.3 87.1
3 days 82.6 87.8 91.7 89.3 89.5 92.6
7 days 90.5 95.2 100.6 94.6 99.6 105.5
14 days 100.0 118.8 106.3 115.6 121.6
28 days 109.4 114.4 123.6 133.5
60 days L7 %8 116.9 127.3 133.5
90 days 119.0 129:3 133.5
Bulk density (g/cm’)
1 day 2.16 2:17
3 days 2.16 2.17
7 days 2.17 2.18
14 days 2.19 2.20
28 days 2.23 2:25
60 days 2:23 225
90 days 2.24 2.25
Porosity (%)
1 day 13.61 13.22
3 days 13.17 12.91
7 days e e e e - 12.25 11.88
14 days e : 11.44 11.07
28 days 10.59 10.10
60 days 10.56 10.10
90 days 10.45 10.10
Volume change (%) 'qu‘
1 day -0.006r -0.003 0.000
3 da)q wq (&I | : EI QOﬂ ﬂl 0.000 0.001
7daysgq 0.002 0.005 0.008 |  0.002 0.003 0.006
14 days 0.006 0.009 0.013 0.003 0.005 0.007
28 days 0.010 0.015 0.019 0.003 0.006 0.008
60 days 0.012 0.016 0.19 0.003 0.006 0.008 |
90 days 0.013 0.17 0.19 0.003 0.006 0.008 J
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Table 25. Effect of the combination of 3 accelerating methods on the performance under water of
lime-containing composite materials.
Properties Lime mud 50% Sludge waste 30%
Non additive CaCl, 4% Na,CO; 3% | Non additive CaCl, 4% Na,CO; 3%
Compressive strength (MPa)
- 110.6 117.6 128.6 114.4 122.3 133.5
1 day 111.1 118.8 128.9 1154 123.7 133.8
3 days 112.4 119.8 129.4 118.0 124.7 134.3
7 days 113.6 130.5 120.3 125.5 134.5
14 days 115.7 131.1 121.8 126.2 134.8
28 days 118.6 5 122.8 126.6 135.0
60 days - 123.4 1276 135.0
90 days 123.5 128.4 135.0
Water absorption (%)
- 3.09 2.86 2.61
1 day 3.40 2.87 2.61
3 days 3.66 2.87 2.63
7 days 3.70 2.88 2.63
14 days 4.18 2.88 2.63
28 days 4.36 2.88 2.64
60 days 4.45 2.88 2.64
90 days 4.49 2.88 2.64
Volume change (%)
- \ Lji;i;;:;;&;;:;:;:;; = 0.004 0.008 0.007
1 day 'Vf: : ‘ y 0.01 0.009 0.008
3 days 'l 03 0.01 0.01 0.010 0.009
7 days .0.94& 0.02 0.02 0.011 0.009
14 days ﬂ u EJ(/J 0 n viz 0.012 0.010
28 days 07 .02 0.012 0.010
60 days 0.07 0.02@F 0.012 0.010
90 daQ wq i 0 S o012 0.010
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Table 26. Effect of wetting/drying cyclic storage on the physical and mechanical properties of lime-

containing composite materials activated by the combination of 3 accelerating methods.

Properties Lime mud 50 wt% Sludge waste 30 wt%
Non additive CaCl 4 wt% | NaxCO33 wt% | Non additive CaCl, 4 wt% | Na,COs 3 wt%
Compressive strength (MPa)
- 110.6 117.6 128.6 114.4 122.3 133.5
10 cycles 114.0 122.0 133.4
20 cycles 113.8 121.8 132.8
30 cycles 113.5 121.5 132.5
50 cycles 113.3 121.2 132.0
100 cycles 110.9 121.0 132.3
Bulk density (g/cm’)
- 221 2.22 2.25
10 cycles 2.21 2.22 2.25
20 cycles 2.20 2.22 2:25
30 cycles 2.20 2.21 2.24
50 cycles 2.20 2.21 2.24
100 cycles 2:19 2.21 2.24
Linear change (%)
- 0 0 0
10 cycles 0 0 0
20 cycles 0 0 0
30 cycles . 0.002 0.001 0.001
50 cycles . i 0.0 " 0.005 0.003 0.002
100 cycles  0.02 0.009 0.006 = 0.005 0.003 0.002
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