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Study on the Occurrence of Ferrum in Coal by Ultrasound-assisted Sequential

Chemical Extraction

XIONG Jin-yu, LI Han-xu, DONG Zhong-bing, ZHANG Song, QIAN Ning-bo, WU Cheng-li
(School of Chemical Engineering, Anhui University of Science and Technology, Huainan 232001, China)

Abstract; To reveal the occurrence of Ferrum in coal, seven coal samples were selected according to the different contents of ferric oxide
in the coal ash, and the content of Ferric element was determined by atomic absorption spectrophotometer ( AAS) using nitric acid-
perchloric acid-hydrofluoric acid wet digestion. Modes of occurrence of ferrium in the seven coal samples were studied by AAS using
ultrasound-assisted sequential chemical extraction experiment (SCEE). Ultrasound promoted the contact of the extraction reagent with the
coal particles and enhanced the dissolution process by producing characteristic acoustic cavitations, which greatly shortened the
experimental time. The total amount of ferrium obtained by sequential extraction was approximate to the result of wet digestion, which
indicated the procedure of SCEE was reasonable. The results showed that the ferric element mainly occurred in forms of carbonate state,
Fe-Mn oxides state, sulfide state, sialic state and organic bound Fe in these coal samples. Among the various forms of these occurrences,
the content of carbonate was the least, below 3. 1% , while the content of sulfide was the dominant occurrence, ranging from 40% to
81.5%.

Key words :coal ; iron; mode of occurrence; sequential chemical extraction; ultrasonic
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Table 1  Proximate analysis and ultimate analysis of coal samples
ke TAb 5/ % TCE T/ % Qp,ud
M, Ay Viar FCq (O H.q Sy /MJ-kg!
A 1.51 14. 89 37.33 37.95 70.25 4.35 0.43 27. 86
B 11.09 11.47 45.26 42.99 61.01 4.50 0.50 21.55
C 9.99 8.09 33.01 55.42 68.72 3.15 0.52 26.04
D 7.09 7.94 37.76 59.43 69.52 4.00 0.50 28.20
E 2.74 20. 27 25.51 67.74 69.92 2.35 3.52 25.51
F 2.35 25.12 25.3 64. 86 65.48 2.71 2.43 25.30
G 2.54 20. 41 18. 40 63.29 79.96 3.15 2.50 25.08
D) M, 2 STFREOR Ty s Ay TRRIEIRGY 5 Vg THICIRFE R 5 FC A THREEE R C, 8 ATRBEHOCH; H,, B ATREET
%; Sl,a\] SR TR Qpua: 2R TR B0 R
F2 BHIRUFAR/ %
Table 2 Chemical composition of coal ashes/%
W Sio, Al, O, Fe, 04 Ca0 MgO TiO, S0, K,0 Na, O P, 05
A 52.26 38.19 1.85 2.05 0.36 1.49 1. 81 0.48 0.31 0.09
B 32.70 25.50 7.27 12. 60 4.46 1.35 12. 60 1.15 1.32 0.41
C 28. 80 18. 60 12.20 22.30 1.17 0.84 13. 40 0.55 0.95 0.23
D 30.43 13.76 18.11 26. 46 2.69 0. 64 1.95 0.70 1.37 0.08
E 38.8 33.30 15. 40 4.58 1.62 2.21 2.22 0.83 0.57 0.11
F 46.13 25.33 15.48 4.88 0.43 2.01 0.95 0. 40 0.12 0.27
G 34.20 23.90 21.48 8.73 0.92 2.02 1. 46 1.33 1. 46 0.07
1.2 SEEJrk JBE TR U T A Bk BRI AR 3
(1) P T e AR v ) Sk o UAEFATEE, [RIINHEZS 525
AT R R 2 ARG O IR (2) B AR IGL

1o S PR - A TR W R T M R R Y e A T i
0.1~0.2 g, =M TSR T, 2, 10 mL, Hf#5E
AIRFE AT 4 mL #hWR (1: 1) W, 2T K i%wc
THMEE, HEB  FRKERAEAFENKRE,

TAS-986 R i W W 43 D' BE 1100 s Herh Fe EIW&

0.500 0 gLkt

K B A B B B 5 A TR AR A B ik
TCE LU SR, FH TAS-986 7 J5 1 W 436 6 B i
I FEBCR T Fe BOHEBE , HF 73 T84 AP IR S 1 2k

. S HETABE SRR S e
BRIV, ad I SR R R SR IS SR BT

15 mL NaAc #Ei(1 mol-L™, FHACIHYpH = 5), Eig
HEATRE b, #0431 #30 min

15 mL 25% B HACHF (14 40.04 mol- L' $h A5
WEREE L A s 1), i AR h, B0 43 830 min
I 1 1
. "N 15 mL HNO; (2 mol-L")f115 mL HCI (1 mol-L™"),
B mE RS SRR b, 35,0430 min
[
Biibthss o 15 mL HF W, 7T, 15 mL
HNO; (5% )i #5fiE, i 38
FREGE M IE AL, BEA D IR
thiRE R M E,
kM A& 3 mL HNO3(0.02 mol-L™")#1
5 mL Ha02 (30%) ¥ (pH = 2)
fAbLE &
B1 ZENFRIGERERE

Fig. 1

Procedure of sequential chemical extraction
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Table 3 Experimental results of sequential chemical extraction of coal samples/pg-g~

1

JRERE CarS FeMnS SulS Sis OrgS Vgl o8y
A 11.5 195 810 795 95 1906. 5 2009
B 13 83 3300 625 30 4051 4206
C 5.5 1055 3750 1330 490 6 630. 5 6983
D 7.5 112.5 4070 3345 125.5 7 660. 5 8010
E 67 4100 12 030 600 154 16951 18272
F 7 849 12 480 13990 639 27 965 28 816
G 857 3020 14780 8 400 970 28 027 28 809
1) CarS ; BRIREL 45 75 FeMnS: BR5E BALYIEE A7 SulS LML A7, SIS MREIRELAS A ZS,; OrgS . AHLEEA S

WRIE 7 AR B R AL = AR T
HAIEA Fe MBI, 4R LA 2.

90
[ Cars
80 F SulS
EEE FeMnS
70 Sis

60
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A N HL %
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0 gEl % B 2o B 21 R 535

B2 MR Fe HARBAFRE

Fig. 2 Various occurrences of Fe in coal samples
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Table 4 Content of ferric oxide in coal ashes
prass A B C D E F G
PR =4 R i W% 1.85 7.27 12.20 18. 11 15. 40 15. 48 21.48
BRI M/ % 14.67 10. 31 7.28 7.38 19.71 24.53 19.90
WxM 27.14 74.95 88. 82 133.65 303.53 379.72 427.45
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B T B AR AE R S B X — T 45 R )
A LLA B ¢ A A5 E10. 146 7 ¢ K, 1 JEFE
263k 3% AL S HE U 15 2 8 1906. 5 pg, 3T H K
Fe,0,,1£52723.5 pg, HH WK T 1Y Fe,0, %N
1.86% ,5 XRF 7L 1.85% A —5. 1 g F
IHA0. 245 3 o JK, L HUAS 21 8k27 965 pg, B ALK
) Fe,0, BN 16.29% , W& & T XRF 10045 (Y
15. 48% . XULEBA ], OFF LA XRF 2oh i, i
Rk B BRI, FH 28 G Ak 27 2 O DN A5 1) &5 SR 4
HEWG. QB E P LA P B b & RS 1
R B A%t PR 3 Ml 1ol 1 0k, 45 SR L XRF i
R fi S e rh Ak ) LS B i

3 it
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