IERZEFR

Chinese Journal of Engineering

R ERERATTHIEE AR B R R PR
RIE ZEA X FE NEIE Hdhan BSF
Mechanism and performance of coal spontaneous combustion with a halide carrier inorganic salt inhibitor

ZHANG Yan-ni, HOU Yun-chao, LIU Bo, DENG Jun, LIU Chun-hui, YANG Jing—jing, WEN Xin-yu

AL

TRIE, s, XU, X2, XUEHE, A ddh, IO T s EhaUATCHLER B AR RO DL S PERE(D]. TRERR 2740, 2021,
43(10): 1295-1303. doi: 10.13374/j.issn2095-9389.2020.12.25.001

ZHANG Yan-ni, HOU Yun-chao, LIU Bo, DENG Jun, LIU Chun—hui, YANG Jing-jing, WEN Xin—yu. Mechanism and performance
of coal spontaneous combustion with a halide carrier inorganic salt inhibitor[J]. Chinese Journal of Engineering, 2021, 43(10): 1295-
1303. doi: 10.13374/}.issn2095-9389.2020.12.25.001

TEZR 3 View online: https://doi.org/10.13374/j.issn2095-9389.2020.12.25.001

LT RE RSB HAN S R

Articles you may be interested in

AN A 6 MU BT B8 [ A A B0 g 2 e

Comparison on the solid—state desilication kinetics of silicon manganese powder by microwave heating and conventional heating

TARERF2E2AR. 2017, 39(2): 208 https://doi.org/10.13374/j.issn2095-9389.2017.02.007

SR B BRSO 32 B P B RE A

Key functional groups affecting the release of gaseous products during spontaneous combustion of coal

TAERF2AR. 2020, 42(9): 1139 https:/doi.org/10.13374/j.issn2095-9389.2020.02.17.001
BEG A R ] —ou i Gk R il 48 S MERE

Preparation and properties of a binary composite water—soluble salt core for zinc alloy by die casting

TRERMF2E4R. 2017, 39(11): 1692 hitps:/doi.org/10.13374/j.issn2095-9389.2017.11.012

Effects of normalizing process and nitriding process on the microstructure, texture, and magnetic properties in low—temperature

grain—oriented silicon steel

TRRIE22H. 2019, 41(5): 610 hitps:/doi.org/10.13374/j.issn2095-9389.2019.05.007

TREREAXT S AR TR 1E (1) 52 ) S b L
Effect and mechanisms of sodium carbonate on the auto—carrier flotation of scheelite

TRRLESA. 2019, 41(2): 174 https:/doi.org/10.13374/1.is5n2095-9389.2019.02.003

e DB R S R SRS
Experimental study of the self—healing property of damaged salt rock by Brazilian splitting

TRRIE22H7. 2020, 42(5): 570 https://doi.org/10.13374/j.iss12095-9389.2019.06.04.001


http://cje.ustb.edu.cn
http://cje.ustb.edu.cn
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2020.12.25.001
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2017.02.007
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2020.02.17.001
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2017.11.012
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2019.05.007
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2019.02.003
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2019.06.04.001

TRRRL2EEIR, 46 43 42, 45 10 81: 1295-1303, 2021 4F 10 A
Chinese Journal of Engineering, Vol. 43, No. 10: 1295-1303, October 2021
https://doi.org/10.13374/j.issn2095-9389.2020.12.25.001; http://cje.ustb.edu.cn

b R AR TCHLER FELAE A B AR ML R Ve

;ﬁiﬁiﬁ%%lﬂﬁ)@, 47%%%&1,3), 5‘(,] T%,‘_I,S)’ X]‘g 51,3)’ idﬁ%ﬁl,?&), 7}:5]&%&%1,3)’ }‘_‘En'L‘Q;r%“‘l’?’)

1) PR R A2 AR S TR, TE% 710054 2) [ 4 PR R B2 525 & MU I A 300 %, 154 710054 3) PR RHE K%
B P 4 M R 3 T A SEH P4 710054
XRLEfFE#, E-mail: zyn2099@xust.edu.cn

BOE N TR SR AR IO AL ER B AR 0 SR AR 4 BELAE LB R AR, SR FH 22 8 B (DSC) TR T 7R R KA
MgCl, Fl i £h 3 AR TR = AR R BHAL T T, 5 A BRI R 4 B BERRAE | RRAE IR RE | PRI 26 00T L Al 45 2 SAs T L
. MRRLE R, W LK A E AR A —OH fE i 54401 H A)—COOH 45 Fa 17 Ak 1 7= 55 &4, 15 All—COOH 45t 1 ik
T 6 P08 5 s Mg 505 T I —COO—k A 5 A AEH, 2E 1 T —COOMg—, i Jili—COO—4 ) C=0 {ifi P38 55 72 11 £h 3 14
TCAILER I B BRI R EEHLE. R R AR i SR AR T HLER 5 DSC il 26 W AR 24 B 0L Bl o I, A A A e (3R B8 O
BT 50~60°C, T, EEGFET 90~ 100 °C ., SR ERRMLT 19~ 27 kIg!, i A SRS T RS G B MG fefe. #F
58 W 1 SR AR AR TCALER BEL AL 00 T A 2 i B 1 R sy AR

FHEIE K EREATCHLER; FEALT; S5 H R DSC; F#TEfL e

SHAES TD7522

Mechanism and performance of coal spontanecous combustion with a halide carrier

inorganic salt inhibitor

ZHANG Yan-ni"*»™, HOU Yun-chao"®, LIU Bo"®, DENG Jun"?, LIU Chun-hui'>, YANG Jing—jingl’3), WENXin—yul’3)

1) College of Safety Science and Engineering, Xi’an University of Science and Technology, Xi’an 710054, China
2) Key Laboratory of Coal Resources Exploration and Comprehensive Utilization, Ministry of Land and Resources, Xi’an 710021, China
3) Shanxi Key Laboratory of Prevention and Control of Coal Fire, Xi’an University of Science and Technology, Xi’an 710054, China

X Corresponding author, E-mail: zyn2099@xust.edu.cn

ABSTRACT Coal spontaneous combustion seriously restricts the safe production of coal mines, and adding an inhibitor is one of the
effective methods to prevent coal spontaneous combustion. To improve the pertinence and high efficiency of the inhibitor, this paper
considered the intrinsic properties and external conditions that affect the occurrence of coal spontaneous combustion, combined with the
characteristics that the rare earth hydrotalcite can effectively improve the thermal stability, coupling, and flame retardancy of the coal
and the halide inhibitor. The halide inhibitor can enhance the permeability, dispersion, and uniformity of the rare earth hydrotalcite as a
carrier. The halide carrier inorganic salt inhibitor was prepared. To study the inhibition mechanism and performance of the halide carrier
inorganic salt inhibitor on coal spontaneous combustion, differential scanning calorimetry (DSC) was used to test the variation law of
parameters, such as stage characteristics, characteristic temperature, thermal effect, and apparent activation energy in the process of coal
spontaneous combustion under the action of a rare earth hydrotalcite, MgCl, and a halide carrier inorganic salt inhibitor. Test results
reveal that the OH of the rare earth hydrotalcite laminate can generate a weak hydrogen bond with acidic functional groups such as

—COOH in coal molecules so that the activity of the acidic functional groups is weakened. Mg®* complexes with —COO— in coal

Y #s B #5: 2020-12-25
B2 A: FEE S AR %W H (2018YFC0807900) ; % H R BH =24 % MW H (51674191)


mailto:zyn2099@xust.edu.cn
mailto:zyn2099@xust.edu.cn
mailto:zyn2099@xust.edu.cn
mailto:zyn2099@xust.edu.cn
https://doi.org/10.13374/j.issn2095-9389.2020.12.25.001

- 1296 -

TRERHEZR, 5 43 4, 55 10 4]

molecules to form —COOMg—, resulting in the weakening of the C=0 activity in —COO—, which is the main mechanism of the halide

carrier inorganic salts inhibiting coal spontaneous combustion. The endothermic peak of the DSC curve appears as a double peak or

multi-peak after the addition of halide carrier inorganic salts to the coal sample. Compared with the raw coal, the peak temperature is
shifted back by 50-60 °C, the T, temperature is shifted back by 90-100 °C, and the total heat release decreased by 19-27 kJ-g'.

Furthermore, the apparent activation energy of each stage of the coal body is effectively improved. Results revealed that the halide

carrier inorganic salt inhibitor could effectively inhibit the reaction process of coal spontaneous combustion.

KEY WORDS halide carrier inorganic salt; inhibitor; coal spontaneous combustion; differential scanning calorimetry; apparent

activation energy
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Table 1 Industrial analysis and element analysis of coal %

Proximate analysis Ultimate analysis

Mad Aad Vad FCad Cdaf Hdaf Nda Oda S daf

4.66 1584 3288 46.62 76.04 395 0.68 19.25 0.08

F2 BAATIECH S (BT 40

Table 2 Composition list of the inhibitor %
sumie et 10 [same et m et
1 0 100 7 20 0 80
2 1 99 8 20 1 79
3 3 97 9 20 3 77
4 5 95 10 20 5 75
5 7 93 11 20 7 73
6 9 91 12 20 9 71
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Fig.1  Test sample SEM: (a) sample 1; (b) sample 2; (c) sample 7;
(d) sample 8
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Fig.2 Test sample EDS: (a) sample 1; (b) sample 2; (c) sample 7; (d) sample 8
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Table 3 Heat release of test samples at different oxidation stages

Slow heat release stage

Rapid heat release stage

Total heat absorbed
Sample Total heat r?lleased/ (heat absorption stage)/
(Jmg™) (mg ) Heat releﬁsed/ Percentage of total Heat relefi]sed/ Percentage of total
(Jmg™) heat released /% (Jmg™) heat released /%
1 7431 1.72 29.49 39.69 44.82 60.31
2 88.76 1.6 30.02 33.82 58.74 66.18
3 98.6 0.12 25.46 25.82 73.14 74.17
4 94.48 0.13 21.68 22.94 72.8 77.05
5 103.83 0.31 27.37 26.36 76.46 73.64
6 98.13 0.48 33.53 34.17 64.6 65.83
7 63.09 1.17 19.22 30.46 43.87 69.53
8 49.17 1.06 15.63 31.79 33.54 68.21
9 53.31 1.08 16.18 30.35 37.13 69.65
10 55.37 1.6 17.73 32.02 37.64 67.98
11 47.11 1.77 16.06 34.09 31.05 65.91
12 48.68 2.31 16.18 33.24 325 66.76
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Fig.5 Apparent activation energy curve of the test sample during the slow heat release stage: (a) sample 1; (b) sample 7
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Fig.6 Apparent activation energy curve of the test sample during the rapid heat release stage: (a) sample 1; (b) sample 7
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Table 4 Apparent activation energy parameters in the slow heat release

RS PETEAR BAR L RES L

Table 5 Apparent activation energy parameters in the rapid heat release

stage
e Ap.parént Correlation
Fitting linear activation .
Sample . coefficient,
equation energy, E / 2
1 R
(J'mol™)
1 y=—6881.26298x+7.89178 57210.82042 0.90249
2 y=—9425.37165x+11.82431 78362.5399 0.98207
3 y=—8808.86618x+10.8194 73236.91342 0.96555
4 y=—7816.14674x+9.33284 64983.444 0.9513
5 y=—T7140.95942x+8.32359 59369.93645 0.93582
6 y=-7994.84827x+9.5651 66469.16852 0.94128
7 y=—9377.78707x+11.73499 77966.9217 0.97704
8 y=—10237.40606x+12.94076  85113.79398 0.95442
9 y=—8923.61423x+10.90617 74190.92871 0.94638

10 y=—10153.61359x+12.85178  84417.14339 0.9656

11 y=—10102.1723x+12.81694 83989.4605 0.9858

12 y=—10299.87431x+13.13003  85633.15501 0.96873

stage
s App arént Correlation
Fitting linear activation .
Sample . coefficient,
equation energy, E / R
(J-mol™)
1 y=-3392.23468x+3.47896 28203.0391 0.97832
2 y=—4771.26045x+7.20905 39668.25938 0.95058
3 y=—3677.22585x+4.10123 30572.45572 0.96386
4 y==3994.97463x+4.91556 33214.21907 0.97228

5 y=—4037.2746x+4.84162 33565.90102 0.9789

6 y=—4163.42638 x+5.24455 34614.72692 0.98845

7 y=—6428.62213x+9.04335 53447.56439 0.9187

8 y=—5443.14126x+7.62782 45254.27644 0.99003
9 y=—6140.78185x+9.03888 51054.4603 0.98428
10 y=—6653.1257x+ 9.91782 55314.08707 0.95261
11 y=—5802.11937x+8.25131 48238.82044 0.98814

12 y=—5623.12086 x+ 8.04004  46750.62683 0.9913
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