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Factors affecting release and capture of fluorine in

coal during oxygen bomb combustion
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Abstract:In order to explore the release and capture laws of fluorine in coal during oxygen bomb combustion, the key factors that lead to
the low determination results of high—ash and high—fluorine samples were revealed. Selecting coal samples with different ash and fluo-
rine contents as the research object, the the influence of coal quality characteristics on the maximum flame temperature and the vapor/fluo-
rine ratio at this temperature in the oxygen bomb was analyzed by using the thermodynamic state function method. The effect on the release
and capture rate of fluorine was also analyzed. The results show that the maximum flame temperature and the vapor/fluorine ratio of
the combustion environment is directly affected by the calorific value of the sample, and the effective heat obtained in the fluorine decom-
position process is the key factor affecting the release and capture of fluorine. The release and capture rate of fluorine in high—ash and
high—fluorine samples can be improved by adding benzoic acid to increase the calorific value and reduce the fluorine content of the sample.
The fluorine release and capture rate of high—ash and high—fluorine samples can be increased from 52%—-70% to 85%—100% by raising
the theoretical maximum temperature to 2 800 K, achieving the full release and capture of fluorine. This study can provide a basis for ex-
panding the scope of application of oxygen bomb combustion method to determine fluorine content, and also provide a basis for fluorine fix-
ation in the application of high fluorine coal.
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Table 1 Proximate and ultimate analysis of coal samples
Tlv b/ % TLR T/ % ST AL
FE i Quei,a/ (MJ = kg™") i
M, A, v, C H N S, 0* Fo/(pg-g)
F-1 0.79 9.62 19.61 78.44 4.24 1.28 2.40 3.84 31.10 78
F-2 1.03 10.65 10.48 80.56 3.61 1.40 0.34 3.44 31.11 68
F-3 0.93 20.71 16.68 66.58 3.43 0.86 3.55 4.87 25.94 118
F-4 0.96 33.71 23.00 53.30 3.51 1.06 0.46 7.96 20.73 250
F-5 0.97 48.74 16.77 41.24 2.70 0.72 0.27 6.33 15.86 885
F-6 2.02 55.52 11.66 30.26 1.96 0.44 3.97 7.85 10.79 1490
o+ 2RI E
2 RIEEEREIR B 5 51
Table 2 Ash composition of coal samples
g it 3 H % Fy/
[a]3]
Si0, AL O, Fe, 0, Ca0 MgO S0, TiO, K,0 Na, 0 P,0;  (pg-gh)
F-1 45.43 36.34 5.66 3.74 0.29 2.25 1.45 0.31 0.25 0.46 56
F-2 44.75 33.55 5.75 4.40 0.79 2.75 1.70 0.46 1.05 0.59 129
F-3 37.53 31.18 10.30 6.04 0.55 5.14 1.41 0.43 0.32 0.37 39
F-4 46.18 34.46 3.81 3.82 0.99 2.29 1.67 0.81 0.30 0.50 94
F-5 66.43 21.34 1.61 0.82 1.26 0.39 1.37 2.50 0.24 0.42 325
F-6 51.37 37.20 2.52 1.06 0.77 1.30 1.04 1.15 0.68 0.01 437

1.2 HMEERERSMESE

PRI — 7 iR &, (0 FHHVE 29 3 000 J Y3845
YOXNTFE S A TR ZE BN E . ZEEH A 1 mol/L &
FALENTA I 20 mL, #% 18 GB/T 213—2008 ( f A4 &
AT i ) B S0, I A 2 2.8 ~3.0 MPa,
JSUKJE T K CE 15 min DL b 2218y S

JE BT R F 0 4E 3 min UL b HE SR A
1 mol/L EAAALANA W 20 mL B9 B WIIERS)E
HEE R U P SO W AT PR R AT R A B &
100 mL FREMGEAR T 4 FH 25 8 7K T Pk 4R Bt A RE |
HEWA R Be IR IR, Ve W I R N 100 mL £ I 4%
e,
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BB AR AR A R (3) A (4) 1AL,

AQ, = anct,d,c , (3)

X, AQ S 1 BBt A b i, )y m R AU DY R

BRI IRYI i g5 Q. N TTIRT (IR ) 7 43
MR B TSR L I 1/ g

20,= X, [cmar. @

K, AQ, 5 2 BBl AR fb it 1 SR AL 5 B 4%

SRR R LTS R R M CO, \H,0 Fl 0,4155;

ny WA ST B IR mol; C, | (B) N4 B
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Z%0,1/(mol - K) J/(mol - K*) J/(mol - K);R K
WP E 8 ,8.314 1/ (mol - K)

H TS R B ik ) 55 A S Te I Ag 4, VA7 A
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AQ, + AQ, =0, (6)
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AQ,, #5(4) THA; B SN B ALY K ¥Rt )
GIRLEE (T,) THE 2 375.15 K MBS0 251
PR AL AQ, ;@ Z£35H 375.15 K THE 2= 7P
T (), BI Ik B 40 A 28 75 IR A4S B G 4R i AR
b AQ;.
AQ, =n, C, (H,0,0) x (375.15K - T,) +
nAH, (H,0,T), (9)
AQs =n, J h

375.15 K
A, n ARV 7K VR & mol ;Ep’m( H,0,0) A7k
SEHIEEJRIEE )/ (mol - K),298.15~373.15 K Iy
75.61 J/(mol - K)'™ 5 AH  (H,0,T) H/KALE T B
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(12),
(n, + n(H,0)%a,(H,0)

[p” % }X

[V-(n, +n(H,0)b,(H,0)] = (n, + n(H,0))RT,,
(11)

- 7.3037In T. +

7 258.2

In p, = 73.649 -

4.1653 x 10°°7%, (12)
A, n(H,0) g SR A beadt A 7= Az, BRIV K R
i ,mol;n_+n (H,0) b B /KK &, mol;a,(H,0,g) .
by Hzo,g)fﬂ?ﬁ{%ﬂéﬁ'ﬁ,f’a « m®/mol>F1 m*/mol .,
HT T 405 N R Bl 1] 5 b S oA 4, BRI AE

K (13) S A AR

AQ, + AQ, + AQ, + AQ, =0, (13)

R3 SBEEREEARTREELE

I A R T 25 T RS SRS VRICT Al
T T, IR KIS o, TR RS plo
2.3 AMAFRSEBIGIE

B UE AT A AR AT EE M | LR RRARVEY) 5
GBW (E) 130035 A | i BEFERRIAL 5 4, HAE 25 5
Pk R ENE S 26 459 J/g, S & BN
4.91% TEZARNL K3l 25 447 J/g, FIHIRT 2
B 43 5] 3R HOH AR S 3 25 B 300 em® 4] 46 i B
T,9298.15 K A JI2H 2.84 MPa B 2544, I 5
0.343 7 mol /S P 78 MR 1Y B e KA BE T, Sz
T BRET] po TR IR T OZ T
BRI g, B BRI 2R 500 00 45 8] 5
I FRAHSC AT 2 B0 UL 35 3 T R I 5 Sk
[21]%F HeAE Bl L35 4,
B

Table 3 Molar constant pressure heat capacity of gas and Van der Waals constant

JRE IR 5 JR B 2 B 120

T L
%ﬁ -3 6 -2 —6 3 -1
a/(J+ (mol - K)™1) b/(J - (mol - K2)71) ¢/(J - K-mol™) ag/(107(Pa - m®) +mol™)  by/(107°(m’ + mol™))
0, 29.957 4.184 -1.674 138.2 31.9
€O, 44.141 9.037 -8.535 365.8 42.9
H,0(g) 29.999 10.711 0.335 553.7 30.5

Hra.b.cidif 298~2 500 K,
R4 FERSTEHRBAHLERILE
Table 4 Comparison of calculation results between

this model and literature model

i { T,/K Pun/MPa T./K FHCHAK
Pt ¢/mol
ABAG A 2 498 26.398 551.54 0.477 0
SCHRTFAE 2 466 27.168 536.51 0.433 5
EAH 32 -0.770 15.03 0.043 5

H135 4 AL I ) SRR B 45 2R 5 Sk
SEA AN B foe e il AR X R 220 1.30% (e K

FEFIAHAR2E A 2.83% TR0 -1 T 5 AH X i 25
2.80% JRIF-M K PR AR X 2554 10.03% , Ui B A
ARSI 2R R S5 3 (0 JOE B R IR T, 57K
WA T ELAT Al HEE
2.4 HEENTHEHER

I FAG 2 A 0 2 R, A3 B SRR B i
1.000 0 b, AN )3 56 A5 7 A0 LIR B ok R 11 e v
KIGURPE T, K RIE p,,, JXBK IS n(H,0) |
TR ETIRE T, SRRV BT p, TR 7K
Hot o, B ZRILES,

x5 AEAERANFEBTHER
Table 5 Calculation results of thermodynamic models of different samples
RS, T,/K p.../MPa n(H,0)/¢g T./K p./MPa n/g R
(n,+n(H,0))/g
F-1 2 966 29.720 0.387 564.27 12.889 10.052 10.439
F-2 2 973 29.678 0.333 563.99 12.864 10.061 10.394
F-3 2 647 26.408 0.316 552.19 11.532 8.357 8.673
F-4 2278 22.744 0.323 538.10 10.139 6.631 6.954
F-5 1 909 18.963 0.251 521.00 8.734 5.019 5.270
F-6 1 469 14.522 0.195 497.58 7.207 3.328 3.524

X T i PARFAE AR | S e S A b id e Ui
JE ) KPS R R3O0 SRR S ARV E TR

SN U 38 i AN AN ) o i 9 2 YRR AR o ) o4
e R it AV, I R B9 R e BT 25 i Y
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Table 6 Calculation results of models under different conditions
e wiE/ PR T,/K Prar/ MPa n(H,0)/g T./K p./MPa n/g R
g i/ g ‘ (n+n(H,0))/g
0 1438 14.166 0.162 494.83 7.056 3.192 3.354
0.50 0.5 2 453 24.874 0.383 546.59 11.000 7.566 7.948
1.0 3189 33.186 0.604 576.08 14.507 11.887 12.491
- 0 919 8.955 0.081 455.34 5.349 1.471 1.552
0.25 0.5 2 089 21.067 0.302 527.79 9.494 5.873 6.174
1.0 2916 30.186 0.523 566.01 13.206 10.196 10.719
0 1 204 11.811 0.125 479.17 6.277 2.382 2.507
0.5 2 286 23.131 0.347 539.50 10.322 6.763 7.110
0-30 1.0 3063 31.801 0.568 571.55 13.905 11.093 11.661
1.5 3 650 38.881 0.789 593.04 17.094 15.382 16.171
= 0 785 7.612 0.063 441.09 4914 1.073 1.136
0.5 1 997 20.108 0.284 526.15 9.183 5.452 5.736
0.2 1.0 2 847 29.439 0.505 563.41 12.892 9.797 10.302
1.5 3482 36.935 0.726 587.35 16.197 14.097 14.823
0 940 9.176 0.098 457.86 5.433 1.539 1.637
0.5 2 099 21.200 0.319 531.35 9.606 5.923 6.242
030 1.0 2919 30.273 0.540 566.52 13.269 10.262 10.802
1.5 3536 37.610 0.761 589.50 16.532 14.557 15.318
o 0 638 6.152 0.049 421.59 4.430 0.665 0.714
0.5 1 896 19.072 0.270 521.36 8.813 5.031 5.301
02 1.0 2771 28.632 0.491 560.62 12.564 9.381 9.872
1.5 3422 36.271 0.712 585.43 15.907 13.684 14.396

3 GRS

3.1 SRR EERENERNHE

T 1 g FEATE AR RS SR \NaOH 1%
W R, T WSO TP ) R B s BT
ARG e VRS AR, R R R R e K e 1
AN FR I IR F .0 FIFEC(14) FIEC(15) X
TR R AE R m kIR Ay HFATITEE S5 R 0
*£7,

in-liquid

n= ; (14)
leal
Fin*liqui(l + Frcsiduc
g =1 = i T T 000, (15)
Fall

2, SRR i AR TP RS IORM R % % 5 m,,
HTHEIRAE, U s F, o F AR I TR T R 47 R
T, g F e M AR R B3 T T R SR AR T L, g
Fooh 1 g BES P RUBTR, pgo
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Table 7 Fluorine migration of coal with different ash

contents after oxygen bomb combustion

N Fiiquia” Fresiane” (F, in-liquid
AL /% N’ %
pg g Frsidue )/ g
F-1 77 — 77 98.72 —
F-2 65 — 65 95.59 —
F-3 119 — 119 100.85 —
F-4 202 17 219 80.80 12.40
F- 535 113 647 60.45 26.89
F-6 870 249 1119 58.39 24.90

H e 7 Al IR T 25% RS F-1~F=3,
TRILT- 42 38 R T4l 4, B S 4 4 & 1T 5K 95% ~
100% ; 51 T IR BT 25% ke S F-4~F -6, SRRk
T4 3 S B K 43 T i Bt 3, i o ) ok
A BE R AR LT [RIEE, AT F-4~F-6 1)
TR AR R AL R, 2% B K A0 38 e W R A AR AR Ay RS
kA,
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AN, TR/ T 25% 0 1ERE F-1~F-3 Ul
B RFEAATRARE 93% ~ 110% ; % T IKAY KT 25%
MIERE F-4~F-6, I HE RN 58% ~T7% ., Vi &R
S5 PRI W ISR T T o TR AR B N I AU AL
Yy, AR RE T mT i R G T SR SR R ORI A 2
AR R T I A I A R 0 AS A s i, T SR Ak

B TE I N
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~ MR E
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Fig.1 Fluorine release and capture of samples with

different quality
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FH AR ) F A 58 42 03 i s BRI . R
Hh G A7 T =R ARE B¢ 1) 178 3601 O an 1l 2 s, 6
MHERRTE 1 088 K 2218 58 & KAL) , T AR &84
fif I AP AT A3 B A K s K TP R BR A R
F o S5BmK s M 2@ e F, B8 B EM

K,
1600
= - &5 Fy o
01400 | e KARF, ’/
e 1000F %
= 7/
& 800 7
]]IIHH-] =- //
=S g
B 200 I —
#® o«
4 7" /
O ™ n n b 1 1
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W3 1%

B2 #EVARAESRYAARLRASE

Fig.2 Relationship between F, F , and ash content

al

in coal sample
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= 4200
ﬁ 90 =
: 150 H
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= 80 1=
§ 4100 %
70 + b
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Fig.3 Relationship between calorific value and fluorine

release

S SR P L RRT AR5 BT T A R AR R

T SEC N BRI R B OC R ANTAT 4 B SRR T

ARARAELAE A ITT 7, SRR B T v 55 S 5 AL
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= 159
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Fig.4 Comparison of fluorine content in residue and coal

ash after oxygen bomb combustion

3.3.2 HEKMEENABERMEERNY
A TR) F B AR o B RO B A R S A b
W KGR A O, Wil 5 TR, 24 KGR TR
2800 K ZE 4B e AR fe i . b KA TR
fIKTF 2 800 K i, FURE 5 I A 4 % i e oo KA L
T 0, A B = Ok TR B T AR R ) I R
PRe st B8 i i S R, 5 Sk TP oR BB R
R 9 T B 4 R KM TR B, 4 0 o8 4 it B R T
1 100,1 4001 600 K fRRAER S BREREE" | BRER
PV SE e R B — 3, H M R KO TR
T2 800 K B, I BE#R 7, KA F-5 F—6 IR
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Fig.5 Relationship between maximum flame temperature
of different oxygen bomb combustion and fluorine release

and capture rate
3.3.3 AMFEEENABRHEAMEERN D N
SRR S5 PR R ) RS T AR S A {4 P K
TR AL VR IR A ZR R RS RN
TR TG AR AN RV St 8 YT T 5 R
AR AR WA 6 FR,

Ao FRFGAEMEARFEEEL S ABERHELX R
Fig.6 Relationship between gas—liquidequilibrium
temperature and fluorine release and capture rate of

different oxygen bombs

TPl 6 I R T A T RSP s T %o SRR
THOFIAR B 28 A0 52 T 55 1905 0 e A Ui B ) 1 TR
—3, 5B 6 nIA E B R R R AR H R, A
SO PR L R IR AR 13 230 T, Fe e KO TR B
BNy 1 000 K, 1M ¥ 8T il FE A 43 513 K 30 ~
50 K, Vb I VR T- f Jak B2 52 i R R A R T S i
2 HIE IO THAE 5 v i B R A e 0 1
BORABA
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