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Abstract: In order to construct the foamed concrete with low hygroscopicity meanwhile to recycle pyrolysis sludge
ash(PSA) effectively, the reasonable dosage of PSA, sodium methyl-silanol(SMS) and nano-SiO, was studied by
using orthogonal design in which the apparent dry density, thermal conductivity and 28 d compressive strength were
set as the measuring indicators. Then the physical properties of the foamed concrete with optimal proportion were
investigated. The results show that, if setting the apparent dry density and thermal conductivity as the measuring
indicators, the reasonable dosage of PSA, SMS and nano-SiO, are 30% , 1.5% and 3.0% , respectively. If taking
the 28 d compressive strength as the measuring indicator, the reasonable dosage of these three raw materials are 10%,
0.5% and 3.0% respectively. In addition, the results show the addition of 1.5% SMS reduces the hygroscopicity
of the foamed concrete by 90.6%—95.5% as compared to the control one without SMS. The thermal conductivity,
density and strength of the foamed concrete with optimal proportion meet the basic requirements of FC5 self-insulating
blocks.
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Table 1 Chemical compositions(by mass) of cement,
pyrolytic sludge and nano-SiO,
Unit: %

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

18.3 4.5 2.3 62.4 2.1

Cement 3.
11.7 44.3 2.7 5.

Sludge

nano-Si0, 99.5

5 1.5 0.3 2.6
7

15.7 7.2 6.1
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Table 2 Scheme of orthogonal test

w(sodium

Level (slud 9
evel - wisludge)/ % methyl-silanolate)/ %

w(nano-Si0,)/ %

1 10 0.5 1.0
2 20 1.0 3.0
3 30 1.5 5.0
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Table 3 Orthogonal test results

Mix No. A B C  Apparentdensity/(g-em *) Compressive strength(28 d)/MPa  Thermal conductivity/(W-m "K'
ABC, 11 1 0. 940 7.98 0.357
A,B,C, 1 2 3 0.902 7.38 0.335
AB,C, 1 3 2 0.866 6.59 0.289
ABC, 2 1 3 0.924 7.05 0.343
ALB,C, 2 2 2 0.881 6.69 0.288
ABC, 2 3 1 0.812 5.01 0.267
ABC, 31 2 0.889 6. 66 0.295
ABC, 32 1 0.877 5.93 0.291
AB.C, 3 3 3 0.808 4.55 0. 260
x4 EXRHKBRESNT
Table 4 Range analysis of orthogonal test results
Apparent density Thermal conductivity Compressive strength(28 d)
Parameter A B C Parameter A B C Parameter A B C
k1 0.327 0.332  0.305 k1 0.318 0.276  0.259 k1 8.260  7.200  6.410
k2 0.299 0.305 0.291 k2 0.238 0.247  0.249 k2 6.970  6.960  7.200
k3 0.282 0.271  0.313 k3 0.205 0.238 0.252 k3 5.490  6.570  7.110
R 0.045 0.061  0.022 R 0.113  0.038  0.010 R 2.770  0.630  0.790
Impact weight B>A>C Impact weight B>A>C Impact weight A>C>B
Optimal mix A,B,C, Optimal mix A.B.C, Optimal mix A B,C,
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Fig.1 Relationship between thermal conductivity, 28 d
compressive strength and apparent density
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Table 5 Compressive and flexural strength of foamed concretes
with or without sodium methyl-silanolate

agent A3B;C, without foaming agent

Clear borders without infilfration

(b) Hydrophobic effect

Compressive strength/MPa Flexural strength/MPa

Mix
No.

7d 28d 90d 180d 7d 28d 90d 180d

AB,C, 3.74 5.39 7.01 8.51 1.15 1.61 2.17 2.33
ABC, 4.12 6.08 7.75 9.84 1.19 1.75 2.23 2.58
AB,C, 585 8.82 10.31 11.96 1.69 2.43 2.86 3.03
ABC, 6.49 9.03 10.45 12.04 1.82 2.53 2.92 3.11

L BB WL BB At PN B A7 A0 R B9 FLAR . AR B R E 1
PR =2 AT L S g DU A A it 2 B , ATt 42
PP e O R RE 2 (RO IR R B R iR . H
Je, 7 4 o IR A I ) A 2 5 R R WO A Y TR R
ek Tt 0 T L3 i O L AR L X g R Y 0 T AR A
NS HEB,(1.0%0 AL EREEA ) 5 B, (1.500 AL fif i
B 5 PR R B Bl 22 AR T, T B, 5 B 22 v T
By, PRI, SR FHE A9 Y Ak Tt A7 B o3 YO R TR
b IV RE , H A BT R AR AL RS e R R A
ARG .

\ i N
LN
\\ 19

1K

7 " '- v : Y 3 \
AsB3Chwithout foaming agent "\ ‘\‘r RS
1.5% sodiumimethylsilanol :

(c) Pore structure(SEM)

B2 F SRR A G 5 OFE ARG K S8R
Fig.2 Entraining-air and hydrophobic effect of sodium methyl-silanolate
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Table 6 Hygroscopicity and thermal characteristics of foamed concrete

Hygroscopicity/(kg-kg ')
Mix No.

Apparent density/(g- Porosity(by Thermal conductivity/

3d 7d 28.d em ?) volume)/ % (Wem "K'

AB.C, 0.001 0. 004 0.009 0.81540. 027 67.2 0. 235-40. 009

A,BC, 0.022 0.057 0.096 0.92940.032 62.3 0.3504+0.011

AB,C, 0.008 0.011 0.020 0.91840. 045 67.0 0.3434+0.015

ABC, 0.021 0.043 0. 081 1.0034+0.071 64. 4 0.40140. 022
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Fig. 3 Dry shrinkage performance of foamed concrete
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