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Abstract: Considering that heavy metal elements possess the characteristic of high-energy radiation shiel-
ding, chemical sludge containing 10% barium was used as raw material. Meanwhile, kaolin and analytical-
ly pure chemicals were supplemented as correction material. Through optimization design of the mix pro-
portion of raw material, the functional aggregate with low heavy metal release rate and excellent perform-
ance of radiation shielding was prepared in proper calcination system. The results show that, the function-
al aggregate bulk density reaches 2. 95X 10° kg/m®, water absorption is as low as 1. 57% , compressive
strength is as high as 82 MPa, barium ion leaching rate is 1 mg/1L., and the linear attenuation coefficients is

'. Therefore, the functional aggregate is expected to be able to replace barite ore in

as low as 0. 243 9 cm
the radiation shielding concrete.
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Table 1 Components(by mass) of sludge and kaolin %
Raw .

. ALO, SiO, CaO Fe,O; BaO Others * 1L
Material
Sludge 18.87 51.15 3.58 6.92 10 2.5 6.98
Kaolin  28.93 63.06 0.37 2.29 — — 5.35

% 3 Including MgQO, Ti0O, , K, 0, Na,O et al. The following tables

are the same.
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Fig. 1 Experimental diagram of y-ray shielding

2 HERITRERITIR

2.1 SEMPREHENTHE

WV KA EA —EAILY . R R
R AE IR PB4 i e v P BE R R A R B AR JE . 1 2
F14 T 1l 2 AT LB s b 4 W A5 TR e T E
B BE 4G il BE L X P BEAT T TG/DSC 23 #r » 45
mE 2 .

—— Mass/% 11
100 - DSC/(mW/mg)

90 [ N 0 T’:ﬂ
N 80 ) ™~ .E
<70+ NG 1=
2 60 L g
2 S0F S— -2z
S 40+ R =
= -3
30 S g
20 - ™~ g
-4 =
10 =

L L L L L _5

0 200 400 600 800 1000 1200

Temperature/°C
B2 WU gE G i 2
Fig. 2 Thermal analysis curve of sludge
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Fig. 3 Appearance of sludge aggregate
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Table 2 Raw materials proportions(by mass) of optimization %;

Sample code SiO, Al O, Fe,O; BaO Others m(Si)/m(AD

Al 55 27 3 10 5 2.0
A2 56 26 3 10 5 2.2
A3 59 23 3 10 5 2.5
A4 60 22 3 10 5 2.7
A5 62 20 3 10 5 3.0
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Table 3 Performance of aggregate with different m(Si)/m(Al)

Sample m(Si)/ Compressive  Bulk density/ Water
m(AD  strength/MPa (kg/m®) absorption/ %

Al 2.0 58 2.30 5.22

A2 2.02 76 2.25 4.62

A3 2.5 82 2.95 1.57

A4 2.7 78 2.76 1.69

AS 3.0 65 2.59 2.68
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Table 4 Performance of aggregate with different target temperature

Target . Compressive  Bulk Water
Holding . .

Sample temperature/ . ) strength/ density/ absorption/

o time/min

C MPa (kg/m*) %
A3-T1 1120 40 52 2.08 2.58
A3-T2 1150 40 59 2.45 2.03
A3-T3 1180 40 78 1. 94 1. 70
A3-T4 1200 40 82 2.95 1.57
A3-T5 1220 40 69 2.46 1.99
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Table 5 Performance of aggregate with different holding time

Target . Compressive  Bulk Water

) Holding . .
Sample temperature/ . ; strength/ density/ absorption/

R time/min .

C MPa (kg/m*) %
A3-K1 1200 20 59 2.43 2.54
A3-K2 1200 30 76 2.16 2.05
A3-K3 1200 40 82 2.95 1.57
A3-K4 1200 50 78 2.44 3.17
A3-K5 1200 60 66 2.51 3.15
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Fig. 4 Appearance of finished functional aggregate
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Table 6 Shield effect of aggregate for y-ray

. Attenuation Half-absorption
Sample

coefficienty/cm ™! thicknessd,,, /cm

Functional aggregate 0.2439 2.84
Basalt 0.048 1 14. 40
Barite 0.2617 2.65
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C-BaAl,Si,O4(Celsian)
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