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Table 1  Statistics of chemical compositions of phosphorus slag from 23 manufacturers in China %
WA Ca0 S0, AL O, Fe, 0, Mz0 P,0; F
E 45.84 39.95 4.03 1.00 2.82 2.41 2.38
5 H 2.41 3.15 1.95 0.85 1.51 1.37 0.21
% B0 41.15 ~51.17  35.45 ~43.05 0.83 ~9.07 0.23 ~3.54 0.76 ~6.00 1.37 ~2.41 1.92 ~2.75
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Table 2 Chemical compositions of raw materials %
SRR A Ca0 510, Al, 04 Fe, 0, 50, K,0 Na, O R,0 N
7K 62.33 20.55 5.99 4.06 2.63 0.66 0.05 0.48 2.03
EIrC Y 2.97 47.32 23.74 12.01 0.96 2.48 0.93 2.54 4.94
TR 47.68 35.44 4.03 0.96 0.15 - - - 0.13
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Table 3 Physical and mechanical performance indexes of admixtures

BHESM  AE/%  WERER/ (m® - ke TKEN/ % BEKEB/ % FGKkE/ % HPE/(kg-m™3)  S03/% 28 AR/ %
VAR CYR 13.1 352 95 4.9 0.2 2320 0.96 77.8
WKy 8.9 294 100 0.1 0.2 2920 0.15 82.0
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cementitious materials
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Fig.5 Effects of admixtures on mortar
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Table 4 Mortar strength test results

Fe BHEHSR % PSR/ MPa Pidfro 2/ MPa
IR Tl s doy 7d 28 d 90 d 180 d 7d 28 d 90 d 180 d

1 0 0 42.4 55.3 59.7 62.6 6.78 7.70 8.64 8.67

2 20 0 29.7 41.9 58.3 63.1 5.73 8.37 9.35 9.43

3 30 0 24.5 37.2 58.2 60.9 5.02 7.32 8.61 9.63

4 40 0 20.4 30.7 50.6 56.9 4.03 6.77 8.32 9.21

5 50 0 14.5 26.2 41.4 48.0 3.23 6.01 8.18 9.04

6 60 0 11.2 19.4 36.3 45.0 2.44 4.22 6.81 7.03

7 0 20 33.2 48.8 58.7 64.0 6.14 8.25 9.14 10.07

8 0 30 24.4 39.3 54.8 61.1 4.57 7.14 8.68 9.50

9 0 40 21.2 35.3 52.0 58.6 3.67 7.25 8.54 9.15

10 0 50 17.1 31.3 50.0 53.2 2.97 5.96 8.52 8.86

11 0 60 11.0 25.3 45.1 52.8 1.91 5.45 8.18 8.61
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Table 5 Test results of mixture performances and mechanical performances of concrete

gy ke BARY % pbses RKEY YRER/ AT ] P/ MPa BY iR 5/ MPa B3R 5/ MPa
T gk #ssky % (kgem73)  mm VIkE 2k 7d 28d 90d 180d 7d 28d 90d 180d 7d 28d 90d 180d
1 0 0 32 110 5.8 7 h 49 min 10 h 56 min  34.8 39.9 44.6 45.5 2.51 2.97 3.28 3.60 3.10 3.36 3.72 3.98
2 45 0 0 31 102 4.8 8hd4dmin 11h30min 25.536.1 42.9 44.1 2.12 2.06 2.98 3.19 2.94 3.12 3.46 3.96
3 0 30 31 101 4.9 10 h48 min = 14 h39 min 25.9 38.0 43.4 45.5 2.02 2.11 2.98 3.70 2.74 3.77 3.95 4.37
4 15 15 31 102 5.2  10h16min__ 13 h13 min_26.8 37.4 42.2 50.6 2.11 2.43 3.23 3.90 2.83 3.63 4.60 4.80
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Table 6  Test results of ultimate tension and compression elastic modulus of concrete
e KB BAIR % W BRBEff /10 PR L GPa
" IR [I3Tag s 7d 28 d 90 d 180 d 7d 28 d 90 d 180 d
1 0 0 85 95 104 112 37.6 38.9 39.3 43.0
2 0.50 30 0 89 96 122 123 32.4 39.5 43.5 43.2
3 ' 0 30 93 108 110 127 32.3 39.5 40.9 43.4
4 15 15 93 98 134 128 35.9 37.3 41.6 44.4
#7 REELAPIETHARER
Table 7 Test results of adiabatic temperature rise of concrete
G K BHE % AR FR WA IGR T C
- IR WKy B/ 1d 2d 3d 4d 5d 6d 7d 10d 14d 20d 28 d
1 30 0 19.5 14.1 19.4 21.8 23.6 24.7 253 25.7 26.1 26.3 26.6 26.8
2 0.50 0 30 19.5 13.5 19.0 21.5 23.5 24.4 25.0 25.3 257 25.9 26.2 26.4
3 15 15 19.5 13.9 19.2 21.7 23.6 24.6 25.2 25.6 26.0 26.2 26.5 26.7
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Fig. 6 Autogenous volume deformation curves
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Table 8 Test results of dry shrinkage

L0 ) % /10 -6
WalaE ki o % I AR/ 10
BB Wy 3d 7d 14 d 28 d 60 d 90 d 180 d
1 0.50 0 0 75 129 204 258 332 342 392
2 0.50 30 0 68 96 155 235 314 324 386
3 0.50 0 30 80 105 178 257 318 332 427
4 0.50 15 15 72 99 169 253 321 326 408
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Research on Phosphorus Slag Powder Replacing Fly Ash

in Hydraulic Concrete
LIN Yu-giang, LI Jia-zheng, YANG Hua-quan

( Research Center of Water Engineering Safety and Disaster Prevention of Ministry of Water Resources,
Yangtze River Scientific Research Institute, Wuhan 430010, China )

Abstract: Chemical composition, microstructure and morphologic feature of phosphorus slag powder, the effects of
phosphorus slag powder and fly ash as admixtures on hydration heat and strength of cementitious materials, and me-
chanics, thermology, deformation and durability performances of hydraulic concrete were completely researched and
analyzed. The results show that: phosphorus slag powder can reduce adiabatic temperature rise of concrete, which
is beneficial to the construction, temperature control and anti-crack of mass concrete; compared with concrete
mixed with fly ash, concrete mixed with phosphorus slag powder has a higher strength growing rate in late age, and
higher ultimate tension; phosphorus slag powder has no adverse effect on the performances of impermeability and
frost resistance of concrete. Phosphorus slag powder can replace fly ash partially or completely for application in

quantity in concrete.

Key words : phosphorus slag powder; fly ash; cementitious materials; hydration heat; hydraulic concrete





