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Phase Transformation of Coal Tailing of Beneficiation with the Addition of
Na,CO; at High Temperature
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Abstract

To use a tailing obtained from coal beneficiation as a raw material for glass material, the behaviors of phase transformation
of the tailing was investigated according to sintered temperature with the addition of Na,COs. As a result of the experiment,
mullite was formed at 700~1,100 °C, and the mullite and the cristobalite just only existed at 1,450 °C. The glassification ratio of
the coal tailing was to be 97.9 wt.% at 1,450 °C with the addition of Na,COs to tailing weight ratios of 10 wt.%. However, in the
case of sample of coal tailing with 20 wt.% Na,CO; added, nepheline(Na,O-Al,05-2Si0,) was produced during the
re-sintering(2nd sintering) at 1,100 °C. From the results, the suitable addition amount of Na,COj; for glassification of coal tailing
was found around 10 wt.%.
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Fig. 2. Sintering schedule of coal tailing; 1 sintering ((A)
at atmosphere, (B) at 800 °C, (C) at 1,000 °C, and
(D) at 1,400 °C) and 2,4 sintering ((E) at 1,000 °C).
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Table 1. Chemical composition of coal tailing

Element SlOz A1203 F6203 CaO MgO KZO NaZO P205
wt.% 60.18 30.88 2.96 0.12 0.26 4.41 1.10 0.11
Table 2. Proximate analysis of coal tailing
Moisture mass (%) Volatile Mass (%) Ash (wt.%) Fixed carbon (%) cal/g
2.66 7.05 65.99 24.30 2,170
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Fig. 3. X-ray diffraction patterns of coal tailing at different
sintered temperature; (A) atmosphere, (B) 800 °C,
(C) 1,100 °C, and (D) 1,450 °C.
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Fig. 4. TG-DTA curves of coal tailing during sintering.

ARl E A 298 A 62, 2020



76

(1)25~100 °C : H S2R =) 3
(2) 100 ~ 500 °C : 3T &4 A4
(3) 500 ~ 700 °C : kaolinte E-5}]
(4) 700 ~ 1,100 °C : mullite AJ43
Al,05-Si0, nH,0 — 2A1,05-3Si0; + SiO, + mH,O
(5)>1,100 °C : mullite, quartz®] I+ 52435}
2Si0; + 3A1,05 — 2A1,05-3S10,

SiO, — non-crystalline

o] A 2aE Bl Aet {49 Hg, 12004
mullite@} quartzZ} 8 27 FEZ A= H, o= Q3]
A u] AP} otk A & 5 AUtk

£ Adoi= Aet H4S -521E3717] 18 NayCOs
A7¥sEAet Fig. 5= 27| t2 9] NayCO; 71 A
g 542 1,450 °CollA] /3% AZA 9] X-A 314 4
= YERH AL i} 4 A3}, Na,CO; H71go] S71gkl
ue} Aet wj49] fEjdalt S7leke A0 YRS
™, £35] 203} 15~30 F-29] quartz2} mullite2] X-A1 3]
A 037} Aok A& ER1E 4= Sl

Table 3 Fig. 59] X-A1 38 J4& A= A 4
I YeRH AL et £4 A, 1,450 °ColA] Nap,CO; 3
7keFo] S7Foll wet quartz@} mullite2 ZHASEAL T4l

of H"g&e] Ag=o] F7eke ALE YERTh 53,
Na,CO; 7Fgo] 10 wt.% ol/gollA] Agt w42 v]4d
37} 97.9 wt.% FHE Ao 2 UERT

Fig. 62 Na,CO; 10 wt.% A7} 1,450 °C AZAA|9]
nAE2E UEhd AAERE o2 T AT Fig.
5014 ERIgh Hje} ZHo] 10 wt.%2] Na,CO57}F H7He A
ZAA|9] o] AUgt A0 & Hol {Eapr} XPH AL

Jo
o
%

T o5 B3l Na,COs H717F Algt #419] {2
5} 9SS S3AFE A2 YElth I8Y quartz
2 /21 cristobalite®] YTt F-2]ok= o] FoIA| A=
et ool thgt 3714 A7 QT

Na;CO;9] 712 dofdl 72l 42849 QFgAd =<l
S 93t AROlA] B4l 31,100 °COllA] 23} AL AA]
SkIth Fig. 72 224 22419 X-A 314 A4S U
1.9lt}. A% A3}, Na,COs7H 10 wt% A7 Alet H49]
REShe AAZolE QPgE o2 G159 0L, NayCOs
7120 wt.% 347He Adgt 4 9] A 2.9 3%, n-nepheline
(Na,0O-AL05-28i0,)0] B =|gir}.

Fig. 82 Si,0-AL,0;-Na,02] 3AEAE Yeh 1 9]
o}, ZFO] NayCO59] 71 At w14 9] fj4k A4

B

(F < Q- Quarz
c : Cristobalite
m : Mullite

200

Fig. 5. XRD patterns of coal tailing with the different added
amount of Na,CO; at 1,450 oC; the added amount of
Na;COs : (A) 0.5 wt.%, (B) 1 wt.%, (C) 2 wt.%, (D)
5 wt.%, (E) 10 wt.%, and (F) 20 wt.%.

Table 3. The results of mineralogical quantitative analysis for coal gangue sintered with the different amount of added Na,COs

at 1,450 °C (unit: wt.%)

Addition amount of Mullite Cristobalite Quartz Amorphous phase Total
Na,CO;

0.5 20.8 3.1 1.4 74.7 100

1.0 19.1 33 1.8 75.8 100

1.5 13.6 24 1.4 82.6 100

2.0 13.6 2.7 0.8 82.9 100

5.0 6.2 24 0.2 91.2 100

10.0 - 1.9 0.2 97.9 100

20.0 - 1.1 0.2 98.7 100
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Fig. 6. SEM photo of coal tailing during sintering with 10 wt.% Na,CO; at 1.450 °C.
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Fig. 7. Phase transformation of glass powder of coal tailing
re-sintered at 1,100 oC with the addition of Na,COs;
(A) 10 wt.% and (B) 20 wt.%; n: nepheline(Na,O-
AL05-2Si0,).

sio,
(1723°C)

MNepheline
(1,000 =C}

Mullite

> /1950 °C)

Naz0 Alz0s
(2020°C)

Fig. 8. The ternary phase diagram in Si,0-Al,03-Na,0'”.
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