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Preparation of xonotlite using red mud and fly ash after
removal alumina as raw materials
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Abstract: The xonotlite was prepared by hydrothermal method using sub-molten salt red mud (SRM) and sub-molten salt
fly ash (SFA) as raw materials, and the effects of ratio of raw materials, liquid-solid ratio and reaction time on the
synthesis and morphology of the xonotlite were examined. The results show that the synthesis of xonotlite is promoted
with the increase of doping amount of SFA incorporation, liquid-solid ratio and reaction time under the condition of 220
°C and n(Ca0)/n(Si0,) of 1.0. The optimal conditions are as follows: doping amount of SFA greater than 40% of the total
mass, liquid-solid ratio 35 mL/g and reaction time 9 h. Under such conditions, the spherical particles are formed by the
winding of xonotlite single crystal whiskers with diameter of 25—50 nm, length-diameter ratio over 20 are synthesized.
The mechanisms of the growth of xonotlite whisker, formation of spherical particles and the internal structure
characteristics of the spherical particles were analyzed by scanning electron microscopy (SEM), transmission electron
microscopy (TEM) and back-scattered electron imaging (BSE). The results show that the forming of hollow structure of
the spherical particles is probably related to the wrapped crystalline state SiO, by precursor formed in the initial reaction
stage.
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Table 1 Chemical component of SRM and SFA

6Ca0+68Si0,+H,0=6Ca0-6S5i0,-H,0 (1)
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Mass fraction/%
Component
SiO, Ca0 Na,O Fe,0, AlLO, TiO, A/SY
SRM 26.99 29.84 11.90 8.51 1.04 6.31 0.04
SFA 33.26 34.42 15.88 1.03 0.99 1.75 0.03

1) A/S is mass ratio of Al,O5 to SiO,.
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Fig. 1 Schematic diagram of high-pressure experimental
apparatus: 1—Thermocouple; 2—Furnace; 3—Electromotor;
4—Pressure meter; 5—Autoclave cover; 6—Air evacuation
valve-sampling point; 7—Cooling tube; 8—Agitator
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Table 2 Description of tested formulations in terms of content
of SRM and SFM

Mass fraction/%

Sample c/s?
Red mud Flyash A/S Fe,O; TiO,

SRM 100 0 0.039 851 1.19 6.31
SRM-FA10 90 10 0.037 7.76 1.18 5.85
SRM-FA20 80 20  0.036 7.01 1.17 5.40
SRM-FA30 70 30 0.036 6.27 1.16 494
SRM-FA40 60 40 0.035 552 1.15 449
SRM-FA50 50 50 0.034 477 1.14 4.03
SRM-FA60 40 60 0.033 4.02 1.13 3.57

1) C/S is mole ratio of CaO and SiO,.
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Fig. 2 XRD patterns of product synthesized with different

amounts of SFA as admixture
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Fig. 3 SEM images of product synthesized with different SFA incorporations: (a) SRM; (b) SRM-FA20; (c) SRM-FA40;

(d) SRM-FA60
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Fig. 4 XRD npatterns of product synthesized at different

liquid-solid ratios
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Fig. 5 SEM images of product synthesized at different liquid-solid ratios: (a) L/S=25; (b) L/S=30; (c) L/S=35; (d) L/S=40
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Fig. 6 XRD patterns of product synthesized at different

reaction times
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Fig. 7 SEM images of product synthesized at different reaction times: (al), (a2) 1 h; (b1), (b2) 3 h; (cl), (¢2) 5 h; (d1), (d2) 7 h;
(el), (e2)9h
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Fig. 8 TEM image of xonotlite whiskers produced at 220 ‘C for 9 h from SRM-FA50 and SAD pattern of crystal in TEM image
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Fig. 9 BSE image of product synthesized at 220 ‘C for 9 h
from SRM-FA50: (a), (b) Hollow particles; (c) Solid particles
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FE DL BERAT T AN ) 1) B SOPRAORE , - it 5 4] 6
A ILI S10, B g, —J7 1, 43 R0RL B
TG S i1, ORI I 20— AR
KA T RER ISR AN o« B S A0 A K Rk L 2
28, BIACRBRLHISRE—k, 25 MNRETE 3~5 h
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