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Analysis of coal mine environment corrosion tendency based on

fuzzy comprehensive evaluation method

LI Shuaigian', GUO Zhongping', WEN Zhuoyue', XIE Zhonghui’, HOU Zhengtao®, LI Peng’
(1. College of Energy and Mining Engineering, Shandong University of Science and Technology, Qingdao 266590, China,
2.Shaanxi Zhengtong Coal Industry Co., Ltd., Xianyang 713600, China)

Abstract: The coal mine environment is easy to cause corrosion damage to the anchorage material in long-term use because its complex-
ity, which threatens the safety of roadway support. To characterize the corrosion characteristics of coal mine environment, the corrosion
factors and corrosion tendency of coal mine environment were studied. The environmental characteristics and main corrosion factors of
coal mine were analyzed based on field investigation. The multi-parameter coupling evaluation method of coal mine environmental corro-
sion tendency is designed by analytic hierarchy process-entropy combination weighting and membership degree analysis. The environ-
mental corrosion tendency grade of underground roadway in Gaojiabao Coal Mine was determined by industrial application test. The res-
ults indicate that the coal mine environment can be divided into three categories: water environment, atmospheric environment and sur-
rounding rock environment, including 9 main environmental corrosion factors. By index weighting analysis, the weight of water environ-
ment was determined as 0.648 295 62, the weight of atmospheric environment was determined as 0.229 673 09, and the weight of sur-

rounding rock environment was determined as 0.122 031 29. Nine influence indexes of main environmental corrosion factors in coal mines
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were put forward by membership analysis, such as pH influence index, Cl influence index and SOi_ influence index. The membership
function of each main environmental corrosion factor was constructed. Combined with index weighting and membership analysis, the
multi-parameter coupling evaluation method of coal mine environmental corrosion tendency was designed, the environmental corrosion
tendency of coal mine is comprehensively judged by environmental detection, index quantification, evaluation index determination and en-
gineering criterion comparison. The environmental corrosion tendency of the north wing return air roadway, the west wing concentrated
auxiliary transportation roadway, the west return air roadway, the 3403 transportation roadway and the 3407 transportation roadway in
Gaojiabao Coal Mine were determined as grade V, grade III, grade II, grade III and grade IV by applying the multi-parameter coupling
evaluation method of coal mine environmental corrosion tendency. Comparing the results of roadway environmental evaluation and indus-
trual corrosion test, it can be seen that the evaluation method can accurately evaluate the corrosion characteristics of coal mines environ-

mental. This study can effectively evaluate the mine environment and provide guidance for the anti-corrosion support of coal mine road-

way.

Key words: coal mine environment; corrosion factor; corrosion tendency; fuzzy mathematics; evaluation method
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Fig.1 Schematic diagram of coal mine environment
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3 JRAIRES S SR A a1 53 A
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PR

1, Iy <2
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VR 220 B R e 3 7 A AN RS2 W), IR 5
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e T8 N O AR, 51 A CUZMTEEL 1
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i
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1, Io- > 0.25

3)SO; MR, B /KIREE TR SOT IR EE R
PETH T K. 3IATRE BT Lo 2 SO Xt
1 A 358 J6 ol 00 1] e 2 VR U o Lo A2 XN SOF B
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I sor =

ZE TR
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FR
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1, Isor > 0.5
4)DO FMHEEL. DO 1E R 8 LA il iy 32 22
Z 53, R0 PR i ) P i 2 A K PR B
S I I B K R se BT 1 DO R R 5L
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5T, 51 DO FEMATE AL 1y 22718 DO XD PR5E 1
ol o) P ) S5 S B, = (14) IR

0.043ID0, IDO <4
0.138150—0.383,

I, Ipo>10

4 <Ipo <10 (14)
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20 K BA T, 51 BE TR 1 Fn I
AR IR PR S5 88 el 1 P SR B, =R (15)
i

0.013L, I, <20
ps =14 0.05[-0.75, 20<I, <35 (15)
I, L,>35

6) 0 BE R WA 5 K0 . AT R X I R R
Ty ORI R R, il TRZE LT
A5, SRR MR HL e FORT I FHIXHR
X RREAT BRI M e e M SR B, =X (16) B
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2.833Igy—1.55, 0.6 < Iy <0.9 (16)
8y +8.2, ILy>09
T SARFE TG EL T KA AT XA [ A

Ak Az i 25 AR AR SR 322 CO,. NO,. SO,
NH,. H,S, B Bk 5 Fp A RT3 4K poe BIIEIE
BUE Tog (=100 000p,6) Fe /NI KA 15 5L <
e R TRZE KA, 5l AR
FEEL w, TR TG Y SRR TR B0 PR 58 1 1ok
ot e PSR T B, = (17) fis o

{ 0.175Irg, Ipg <1

M7=

0.251}{}.{, IRH <0.6
He =

0.275Ih—0.1, 1< Ipg <4 (17)
1, Ig>4
8) BB ISR, N A E s R R
BB Le Fom PR 150 H B A LB B 2R
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M6 L s T I FIEB 15 R BN S A58 8 T it
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g =1 —0.2330c +2.25, 6<Ipc <9 (18)
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) B s MFa 4. SRib R A B ]
it JaR i I S AP R Rl A S el PR 0 R O
KA I B AR B A ) 6 T 0 B psu BB IE 5L

18 Isu(Isw=100pgy ) F s 7 L5 PR 5 v & Bl ) Jox
WO R TRAE KO AT, 5 AW
FEEL wo KR IG5 B R B P58 T i ]
PSR 2, 40X (19) i
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to=1 0.551Ig,—1.478, 3.0<Igy <45  (19)
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3.2 MBI R TRRFITEIERR
AT KRG | KA LA P Je s
FBEEREE R b PR 2 R BRI T Db ) 2 1) A
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W; (Wi 15 + Wiap)

K Wy~ W, 53l s K B B i ) KRB
JE bt e | L2 A5 T b A0 o) %o A 45 T o 1 )
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DO X 7K PR S e A6 ] AR 52 M AN L W, ~ Wy 0 I3
NP1 AN I Rl T AR R W N o O a2 51
(L 16) RS2 VAT W, ~ Wy 00 387 L B 08 2R
T BT ) [543 RSO0 L AR i ] P S A

£2 BT REEMERETRHELR

Table 2 Engineering criteria for corrosion tendency in coal mine environment
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Fig.3 Multi parameter coupling evaluation method for corrosion tendency in coal mine environment
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Fig.4 Corrosion status of anchoring materials
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Table 3 Parameter data of main environmental corrosion factors in coal mines
CUTRIMRIE/ SO igukpr/  DOFHEMRE/ Ty WmEL R [
Koo g (mg - L) (mg L) (mgeLh) ¢ e % BERRC
K, 8.540 484.446 1363.100 2.3 2786.465 35 85 4.41x107° 5.26x107° 5.54
K, 7.029 174.193 841.729 5.7 2346.991 24 62 7.92x10"%  3.81x107 348
K 6.788 104.071 935.090 1.4 2644.823 31 53 1.85x10°* 8.47x1077 2.93
K, 7.344 88.086 298.278 7.2 1869.976 29 64 8.27x107* 5.53x107 3.66
Ks 8.170 162.000 1250.000 7.4 1816.000 32 67 3.38x10°° 6.72x10°° 4.10
F4 EBRTEENEEREZWRESME
Table 4 Occurrence characteristics of main environmental corrosion factors in coal mines
K IpH ICI- ISO%’ IDO Iz IRH IPG IPC ]SM
K, 8.540 0.174 0.489 2.300 35 0.85 4.410 9 5.54
K, 7.029 0.074 0.359 5.700 24 0.62 0.792 9 3.48
K 6.788 0.039 0.354 1.400 31 0.53 0.185 7 2.93
K, 7.344 0.047 0.160 7.200 29 0.64 0.827 7 3.66
K 8.170 0.089 0.688 3.500 32 0.67 3.380 6 4.10
5 A N A AT URE IO, FH S WL 1k B SR FH 26 B i T B A AT R AR 1 1 e R i B
TEAE TN 75 P G Ve BEA TR G5, T DRI W R = (21) R,
) 10% YN .7 CH,COONH
ﬁ%il}’ﬁ OE/J @&@l‘ (’ﬁl( 3 4) / r h= 365000 (21)
K25 °C, VR 10 min, Bl 55 5 55 o8 00 4
FFIRAE st T3, BCABET46 P T4 24 h, IFXT T8 Ao b R EFFAEE S B PRI B, pm; m, AT IR
Je BT A T BT I JERET T, g5 m, WA S i, g (i
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Table 5 Influence index of main environmental corrosion factors in coal mines

K i 23 2 Uy s U Iz s Uy

K, 0.173 0.569 0.969 0.099 1.000 0.858 1.000 0.150 1.000
K, 0.332 0.111 0.601 0.404 0.450 0.206 0.127 0.150 0.439
K, 0.364 0.059 0.587 0.060 0.800 0.132 0.032 0.619 0.173
K, 0.290 0.071 0.120 0.611 0.700 0.263 0.145 0.619 0.539
K 0.180 0.134 1.000 0.638 0.850 0.348 0.829 0.850 0.781

*®o6 BRI IMZEMMEETNER

Table 6 Evaluation results of environmental corrosion tendency in coal mines

K K, K, K, K, K
M FE R 0.546 0.266 0.231 0.304 0.427
JE ot ) 1 V&RR) M (%) T (i) M (p%) V4 (&)

BUEZE AN 6 HIXIAFT - 21H ) ; S AT lHE
R, m’; p NEEFFRREA R BE, ke/m’; ¢ Ry )8 ol
IFTE], do

RIS AT I IR AE B e BRI W26 7, R T
AL, BRI LR B R I3 M XU | Py
is Ak PH X XA | 3403 ia Btk | 3407 in B Ak S
SR IE A N E k100 d J5, HE i A B G 23,7,

10.8. 6.5, 13.1. 16.4 g, 1 2K F L1545 HAR 355
MRS58 3927, 178.9, 1077, 217.1, 271.7 um,
G55 B IR T Dl i) M A AR E (R 1), TN
R ] KU | PEEEAR s AR | VE IX XA
3403 izl As . 3407 1z i A5 PN PRI fel i ] 2 4 )
J VRS MA(PEE) . THRML) . MHPEE) .
V(R

®7 KB EATE HEHE R F TS R E

Table 7 Corrosion characteristics and annual average corrosion depth of test anchor rods

K BT B ST FrathiR/g AEF LB PR /um
K, _ RIZHI, KA KL 23.7 392.7
K, (S SR oYy o PNTEAR N O S N e 108 178.9
K, pre A LA AP R R SR BB LT85, mUIRIE MR 6.5 107.7
K, e e e IR, R AR 13.1 217.1
K, e e T FERIRB, FARE 164 2717

Xt H TN P P et 2 2R 5 T b 1) A A1 245
R, BRI B IR 45 R AT R S e
IEPRETIE AR

5 & i

1) BE TR IRAE A5, B BR B8 n] 9580 73 S 7K
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(DO B R L 0 TR 15 YRR [
BIENE . SRR 9 MR R I B R

2) A IR PR BT DA 1) M 22 ST PPN R AR A
F, K HZR - EA S WA AL T 24PN 5 bR
TERER™ PREE P 1) M PPN 1A 22 AN (A R

BRI T B BB Dl ) M 2 S AT

WINE” o VRO AR, KRB PR AL A PR
AR, A SRR 2 pR RO € A E AN R AR R AR R, 45
B AR bR 5 MR8 BRIV R 0 JRE0T P58 JE ol e P 2
(e crille

4) N7 TR PRI G A6 1) 1 22 2 R A AN T
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