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Preparation and Properties of Tin Tailings Based High Strength Ceramsite
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Abstract: The high strength ceramsite was prepared by using tin tailings(T), lake sediment(L.) and fly ash floating

beads(F) as raw materials and sodium silicate as binder. The effects of heat treatment system and sodium silicate content

on the properties of ceramsite were investigated by the orthogonal experiment and single factor optimization experiment.

The results show that when the raw material ratio of T, L., F by mass is 65:25:10, the sodium silicate content is 325

ml./kg, the preheating temperature is 600 °C, and the sintering temperature is 1 120 °C for 15 min, the obtained high

strength ceramsite with a density grade of 600 shows the following performance parameters: the 1 h water absorption

is 0.41%, the cylinder compressive strength is 8.53 MPa. With the increase of sintering temperature, the phase

transformation of Fe,O,—~Fe,O,~MgFe,O, exists in the ceramsite. The addition of sodium silicate provides part of

the Si—O bond to form crystal phases such as sanidine, nepheline, which improve the strength of the ceramsite.
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Table 1 Chemical compositions(by mass) of raw materials

Unit: %
Raw material SiO, ALO, MgO Fe,O, CaO K,O SO, TiO, ZnO P,O; Na,O Other
T 38.41 12.38 18.25 12.06 8.53 3.29 1.78 1.19 1.18 0.28 0.13 2.52
L 49. 40 26.19 1.96 14.01 1.28 2.58 0. 30 3.46 0.02 0.33 0.19 0.28
F 58.08 34.55 0. 60 2.06 0.90 1.21 0.34 1.20 0.01 0.10 0.69 0.26
1—Si0,
2—Mg,AlSisO0 5
3—(Na,Ca),(Mg, Fe);Siz0,,(OH),
1 4—KFeMg,(AlSi;0,,)(OH)
3 5_A14.sssi1A4O9.72
2 6—ALS1,O05(OH
4‘ 5 »S1,05(OH),
/ # 4 1
0 10 20 30 40 50 60 70 80 90
260/(°)
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Fig.1 XRD patterns of raw materials
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Table 2 Raw material formulation of tin tailings-lake

1.3.2

sediment-fly ash floating beads

Unit: %
Raw material TLF75 TLF65 TLF55
T 75 65 55
L 25 25 25
F 0 10 20

5 1 1 1 1 1 1 1 75
=200 0 200 400 600 800 100012001400
Temperature/°C

B3 TLEF65AERERE AR TG-DTA £k
Fig.3 TG-DTA curve of TLF65 raw material ball powder
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Table 3 L,(3*) orthogonal experiment design and physical properties of ceramsite

A B C D Results
No. m(T):m(L) Preheating Sintering Sintering  Bulk density/ Apparent 1 h water Cylinder compressive
m(F) temperature/°C  temperature/°C time/min  (kg-m ?)  density/(kg-m *) absorption/ % strength/MPa
1 75:25:0 350 1100 10 660. 83 1497.64 0.27 7.6
2 75:25:0 450 1120 15 608. 60 1375.65 0.32 6.7
3 75:25:0 550 1140 20 538.17 1185.53 3.16 5.7
4 65:25:10 350 1120 20 558.09 1244.48 0.44 8.5
5 65:25:10 450 1140 10 484.71 1111.89 1.80 5.7
6 65:25:10 550 1100 15 592.82 1319.33 0.27 7.7
7 55:25:20 350 1140 15 385.61 890. 51 3.95 5.6
8 55:25:20 450 1100 20 497. 16 1161.40 0.37 7.0
9 55:25:20 550 1120 10 468. 45 1071.16 0.41 7.1
#4 ETHRBHHER
Table 4 Analysis of the orthogonal experimental results
Average
Property Factor — — — R Rank of influence
K K, K,
A 602. 54 545.21 450. 41 152.13 1
. B 534.84 530. 16 533.15 4.68 4
Bulk density/(kg-m )
C 583. 61 545. 05 469. 50 114. 11 2
D 538. 00 529.01 531. 14 8.99 3
A 1352.94 1225.23 1041.02 311.91 1
. B 1210.88 1216.31 1192.00 24.31 4
Apparent density/(kg-m *)
C 1326.12 1230.43 1062. 64 263.48 2
D 1226.89 1195.16 1197.14 31.73 3
A 1.25 0.83 1.58 0.74 2
) B 1.55 0.83 1.28 0.72 3
1 h water absorption/ %
C 0. 30 0.39 2.97 2.66 1
D 0.83 1.51 1.32 0.69 4
A 6.67 7.32 6.56 0.76 3
) ) B 7.26 6.45 6.83 0. 80 2
Cylinder compressive strength/MPa
C 7.44 7.44 5.66 1.79 1
D 6.79 6.69 7.06 0.37 4
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Fig.4 Effect of preheating temperature on properties of ceramsite
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Fig. 6 Effect of sintering temperature on the properties of ceramsite
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Fig.7 Macromorphology of ceramsite at different sintering temperatures
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Fig. 9 Effect of sintering time on the properties of ceramsite
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Fig. 10 Effect of sodium silicate content on the properties of ceramsite
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Fig. 11 XRD patterns of ceramsite at different sodium silicate contents
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14 7K B 388 5 7 e R T AL AR M e R R — B A
(NaAISiO,) i #5 47 (CaMgSi,Oy) , [ Bf 43 i Hy HoAth
& Si—O BRI AR T A oA 19 5 1k 8 it
T B M f1 (((Fe, Mg) SiO,) | 8 i B2 £h 23 A
(Fe,Si0,) MR (Fe,0,) 75 2 i F % 4k by 88 4 22
i A1 (MgFe,0,) |« & 2 # A (FeSiO,) 1 % % v
(Fe,O,) , [F] I & 86 2k M A 8 & Mg T & 199 o 43 1
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ZY RS S Cat BY A Si—O YY) I 5
£ RN A (Mg, Si0,).

3 g

(1) S8R W IR B K 5 2R 1) T = o
B 65% .25% . 10% , /K B B 48 1 0 325 mL/
kg , TR BE 4 600 °C, BE4E IR A 1120 °C, b4k it
] >4 15 min i, 7T 6175 1T h KR R 0.41% 4 15 58
J& h 8.53 MPa (1) b4 i 4 .

(2) $4h 3] B XoF Wi o 4 B B 1) 52 i) A
58 3 55 MK UK SRy e 45 UL BE T RROURL B 58 5 e I . B e
SR EE 5 B A I [R] 1 A2 Ak, SR P R TR SR EE /)N
AT 57 S 8 B R L i AR i A — .

(3) 7K 3% 1 X6F i b7 40 A 2 B 19 5% i 1k 0 7 oy
Wz 4y o I g $R R 4 Si—O B i AR R 2 5 A
IR T (B A A S A DT B T Bk Y
SR
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