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Research on the variation law of coal electrical parameters under

different temperatures and detection frequencies
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Abstract: Most of the existing research on the influencing factors of coal electrical parameters are
carried out under fixed frequency or low frequency and high temperature conditions. There is a lack of
research on the influencing factors of coal electrical parameters under ultra-wideband frequency and normal
temperature conditions. Therefore, there are certain limitations in the research on the influencing factors
of coal electrical parameters. To address this problem, in order to study the influence of coal electrical
parameters on the selection of ultra-wideband radar wave mine detection frequency band under different

conditions, the Concept-80 ultra-wideband dielectric spectrum test system is applied. The system is set to

Y& B H#:2020-11-30; f& B H #7: 2021-02-05;; RAERIE : 0K .
BE& R : [F 5 E T % T 30 B 2 B (2018 YFC0808201) 5 [/ 5K [ 4R B2 2k & 0 H (51904234) 5 Bk P4 & A A8 A} = 2 Al F 52 31 %) BT
(2018]Q5080) s B P4 48 2 17 )T % Wit 24 BF 5 3 Jal 1l H (17JK0495) .
EERE A =T Q977 =) B WIS & A HUZ L T P58 05 16 9 B2 BOR 5 8 B L By K KR L E-mail : zhengxuezhao@ xust. edu. en,
Sl AR A IRRT EEIC. % ORFEIRE 55 AR T 0B S B J] T A shfh.2021.47(3):27-33.
ZHENG Xuezhao,XU Chengyu, WANG Baoyuan, et al. Research on the variation law of coal electrical parameters under different

temperatures and detection frequencies[J]. Industry and Mine Automation,2021,47(3) :27-33.



. 28 5 B %47 %

detect the relative permittivity, electrical conductivity and loss angle tangent values of coals with different
metamorphic degrees (lignite, long-flame coal and lean coal) at 0-80 ‘C and 500-1 000 MHz detection
frequency and analyze their variation laws. The analysis results show that the relative permittivity of coal
increases with the increase of coal metamorphic degrees, and the electrical conductivity and loss angle
tangent values of coals decrease with the increase of coal metamorphic degrees. The relative permittivity of
coal samples with different metamorphic degrees decreases, then increases and decreases again with the
increase of detection frequency, and the relative permittivity is positively correlated with temperature. The
electrical conductivity is positively correlated with both detection frequency and temperature. The loss
angle tangent value is positively correlated with temperature. However, the detection frequency does not
reflect the variation of loss angle tangent value well. Based on the variation law of three electrical
parameters at different temperatures and detection frequencies, and the comprehensive comparison of
influence of three electrical parameters on the transmission of ultra-wideband radar waves in coal, it is
pointed out that the frequency of 550-650 MHz performs best when using 500-1 000 MHz ultra-wideband
radar waves to penetrate the coal body for detection at 0-80 °C, and the detection frequency should decrease
as the temperature increases. The conclusion of this study can provide a reference for the selection of ultra-
wideband radar wave mine detection frequency band under different conditions.

relative permittivity; electrical

Key words: coal metamorphic degrees; electrical parameters;
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Table 1 Industrial analysis and elemental analysis results of coal samples %
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Fig. 1 JSP-24 powder tablet press
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Fig.2 Sheet molded coal sample

1.2 ZBHERE

S5 25K FH Concept—80 #8 5 7 A1 HE, 3% 1 328
ARG, A 3 . SLEMAE Y 500~1 000 MHz,
T8I e AR e AT S FHIR B AR A 5 °C/min,
A AR B A 50 MHz,
1.3 BEAfm X

H I3 M 2 800 32 B O vk A EE AR R
BT R I R R I D R RS i B B
OMTIEN AR . AR IR LG Sk TR A TR R R AR
FRORT BE e RS W BHL BT 2 M i . 1 Sl e L AR
SRR ARG AL 2 )2 3 0 % 12 3] EA991A FHHT
A3 AT ASCRY TE AR 8 ek D B E B Y FR A2 R
Tob R 1 R A B B () %) 728 A o DA 0 R 52 R BELA
I B 3 U BT 145 M A 250 2% o T A S0 AR 1 A
XoF A HLH R

T—M e B2 —FE i 2 s 3— (RIR R IR 4% 5 4 — A R ALH 455 — HL A
AR 5 6 — WA AL UM 7 — WA A8 K % 58 —E4991A BT #1145
99— FEHL 10— RG] — LRl 12— BRI RS,

3 Concept—80 #i % i /i HL 1% A R 48
Fig. 3 Concept-80 Ultra-wideband dielectric

spectrum testing system

C

srza @
C. 265% (2)
Co :Eog (3)

e, BERERARXT A 38 F/ms C SRR
BiHL 7S FsCo MM E S B Fre, BN HB
WRGF/ms S Ry EE R AR AR, cm® 5 D
[ JE VT R B TR . mms e, A MR Y ED 2 A R
. F/m,
AR A BEAE B4 AH XS A v, 8 B e, 0TS I8 I AY A 9
AT DUAT R
o= ¢cw 1)
Ko P BEAE R A B 5%, S/ms o MR,
rad/s,
AR A5 B AE A X A H v BEORN A H i R B (R T LA
o B RE AL FE AR IE DDA
tan 0 = e, /e, 5



. 30 -

5 B

%47 %

X 6 A A FEf . ()
2 ZRERSHESN

2.1 BEHARATA B R TR

1E 0~80 C .500~1 000 MHz &4 F , #844  K
K L I B 9 I A AH X A E R R G R n 14—
Kl 6 s,

——0 —30C —60°TC
422 ——10C ———40TC ——70°C
420L —20C ——50C ——80°C
4.18
4.16
4.14F
4.12
R 4.10F
$E 4.08F
2 4.06F
S0k
E 4.00F
3,981
3.96
3.94
392+
3901
3'88 . L ) L )
500 600 700 800 900 1 000

Hi#/MHz
B 4 0~80 °C.500~1 000 MHz #1540 %+ - v % %k
Fig. 4 Relative permittivity of lignite at
0-80 “C and 500-1 000 MHz

—0 ——30°C ——60C
- —10C —40C —70°C
——20C —«50C —807C

ot S S LS ST T ST SR
N N = T S N o L =R =
T T T AT T T LT
” »

(=3
(=)

XA B 5
9L 19 09 00 L0 L 2 L9 03 00 L0 12 L2 0 L3 0

600 700 800 900 1000
% /MHz

B 5 0~80 C.500~1 000 MHz T K 4 5 B AL X A H 3 %%
Fig.5 Relative permittivity of long flame coal at
0-80 °C and 500-1 000 MHz

——0 30T ——60°C
480r . 10C ——40°C —70°C
478} ——20C —50°C ——80°C

500 600 700 800 900 1 000
% /MHz

6 0~80 °C.500~1 000 MHz %% 8 H (% 41 % £ L 7 %L
Fig. 6 Relative permittivity of lean coal at
0-80 °C and 500-1 000 MHz

ME 4 7] F W, 5 A AH 6 A B w B T TE
3.92~4. 20, AR AL FREEE /N A 500~1 000 MHz
SRS NI, NI 5 RTE KR G A X A R

BUNT A TR 3. 15~3. 30, 8L B 4% A Jm &
e FABE AN /IME . M 500 MHz JF UG o A XA o 3 8k
ZB .7 530~650 MHz 22 8] . Al X A B 3 4 28
15 B B A 0 0 R ) 3% T e L 2R 8 T A
757 MHz W}ty 8 — DR 0 T B, 78 757 ~
1 000 MHz, A XJ A H 8 FOR G T B 2 5 /ME . A
Kl 6 Al & . 28 8 B AE X A R RS b TE
4.56~4. 78, Fifi & W 12000 A A 4 s B R R R
= =S e = I E DO I N B
500~602 MHz 22 F f&, 7F 602~705 MHz 2 Ji]
Z20% I F+. 7 705~1 000 MHz 28 T [,

ZEAXT LI 4—F 6 AT LIS DA R 8598 . | A8
o A R HRE 4 R X6 A FL SO R LB A R A AL T B
JE S, 3 AR b A A A YRR X A R RO D
FR A Tl 73 A B3 2 P T A A B 5 Ak o A R
S B A X A o w B N 3 Rl R Y A A
F, 0 I o R i A S R AT B A L
550 MHz A 45t ] — D /NE. R s B JF, 1E
750 MHzZ J5 #B 20 i) T B o 3 g2 R A SRR 1 A X A
H RS AR BB AR A OG> L SRR R L A Al
T A SRR I (] HL AN B H 3 1 A2 A A8 Ak i DA
X A v B 2 B R 000 1) 386 o 2 R
A0 A0 23 0 T PN O A 3 R R 1 R X A
HROBR ARE R 23 52w AR fE LA . TR Ry B A A
Xof A R BSOBR Ry o RT R E JB 1) R WA T B A% i
Vol A K AR B T S L BT LA TE 0~80 C AT
et FH 8 T 7 B Ak U o 38 AR E AT BN 2E R 550 ~
650 MHzs{ 850~1 000 MHz #7 Bt & 13 . H. % M 47
2R T8 4 7 I o L T e T BRI
2.2 WM FEEMNHENR

1E 0~80 °C ,500~1 000 MHz 414 F . #84#  K
JAREA 2 B e R K A R i T 9
i

1.07x107
5| —0 —~—30°C ——60°C
9.84x107” . j0'C 40T ——70C
9.02x10F —20C —~-50C —80TC
= 8.20%107°
s 7.38x107
wn -5
§6.56><10
¥ 5.74%x107
® 4.92x107° y
4.10x107° |

500 600 700 800 900 1000
A%/ MHz
K 7 0~80 °C.500~1 000 MHz P SHR

Fig. 7 Electrical conductivity of lignite at

0-80 “C and 500-1 000 MHz



2021 5% 3 # HFEZE . ARABELRMNAE TR AR TAAZFR

e 31 o

6.65%107

S| ——0  ——30C —60°C
434x10 . —loc 40T —70C
4.03x107°F ——20°C ——50°C —80 C

~3.72x107°

E 3.41x107°
o 3.10x107°
1@ 2.79%107

500 600 700 800 900 1000
P /MHz

B8 0~80 °C.500~1 000 MHz T K44 H i § %

Fig. 8 Electrical conductivity of long flame coal at
0-80 “C and 500-1 000 MHz

o —0 ——30°C ——60°C
6.60x10°r —~—10°C —~40°C ——70C
440%10°6L ——20C —50C ——80°C
2.20%107°

0
-2.20x107°
- —4.40x107°
—6.60x 1070 it

~8.80% 107 \\

-1.10x107°
i -5
1.32x10 TR

-1.54x107
-1.24x107°
500

cm-)

N

HSR/(S

600 700 800 900 1000
% /MHz

K9 0~80 °C.500~1 000 MHz F %7 4 i g 5 3%

Fig.9 Electrical conductivity of lean coal at
0-80 ‘C and 500-1 000 MHz

M7 al & AR A0 2. 79 X107 ~
103210, Fifi 25 A A6 48 Jon iy 48 0K, 19 R B R 8 X
10° JFBEE RE T mmg K. WK 8 ATAE . KA
PR SN 132X 10 ° ~4.5X 10 °, H B & ¥
SR A8 1 IR B O 3. 12X 107 L [Al R B
HEETHE TR, B9 I F L 7E 80 ‘CLUF,
TR R KA /N T 0L )8 T IR, B L,
TEIEAUF 80 “C I 248 M 1) v S A B AT 40 #r . JF LG
PRy AR M 5 i AR A # o § 3y 1. 09 X
1077 ~4. 7X 107", AR AL 34 Sl /N Jm 38 K 38 K
@) R 1. 1X10°°,

LRGN LI 7] 9 FEXT 3 FhRERE I 1 iy v
5 SR RIEAT OB R B e 7 SRR R
R S ARG T 2/ TR AR R R BT T
AR YA T 125 e A T L IR T S AR R DR )
TR 2 PR Sy g A Jor R IR A B O L LR BN L
AR XA PR R ACRE B . 3 R AR R B
FRAE AN [ 1 00 A0 3 L X 2 B e K
B HLl HE R L AR/ AN S AR A e
BT A [] 72 Jo e R A ) R 5 g 0 T 5 A L 2
5 TE A O o BRIV 00 3 Rl R L R Y Rl S R
Ko PR IR v, 5 R X H, 9 1 W A R

SR A2 3 U R R R BE M . T DL TE 0~
80 “CAAF T 500~1 000 MHz 1 98 75 ik
W 2F 375 AR IR AT 00 B N7 36 R A IR R, LR T A
1) T8 4 7 I o R T i T BRI
2.3 MEAESIAL A E A TACH K
1E 0~80 °C ,500~1 000 MHz &4 F . @4 . K
R B 98 I (1% 54 R A I WD AR b O an e 10—
Bl 12 BiR
40x107F o g 30T 60T

3.8x1072F ——10°C —~+-40°C—70C
36x102f ~—2C ——50C—380T

3.4%1072
3.2x1072
3.0x1072
2.8x1072
2.6x1072
2.4%1072
22x1072
2.0X10_2 1 1 1 1 |
500 600 700 800 900 1000

#iZR /MHz
K10 0~80 °C.500~1 000 MHz T # 1 f9 45 k6 fy IE {4

Fig. 10 Loss angle tangent values of lignite at
0-80 °C and 500-1 000 MHz

—30C —60°C

HFEA IEDIME

2.1x102. 0

L[ ——101C ~<40C —-70C
2.0x107°F ——20C —<—50C ——80C
1.9%1072F
1.8x 1072
& 1 7x1072
5 -1 of
o 1.6x107
E 1.5x1072
= 1.4x107F
1.3x 107
1.2x1072F
1.1x1072F
1.0X10_2 1 1 1 1 )
500 600 700 800 900 1000
HZR /MHz

Bl 11 0~80 C.500~1 000 MHz F 4 #4519 45 #E £ 1E YIA
Fig. 11 Loss angle tangent values of long {lame coal at
0-80 “C and 500-1 000 MHz

—30C —+60C

“40C —70C
«~50C —~80°TC

5.0%x107°F —0
4.0x107 . e
3.0x107}
2.0x107
1.0x107
0
-1.0x107>
-2.0x1073
-3.0x1073
—-4.0%x1073
-5.0x1072
-6.0x1073
-7.0x1073
-8.0x1072

=9.0x1077F TRX B

iR IEYIE

il

-1.0x1072F
-1.1x107

500 600 760 860 900 1 600
HiZ /MHz
12 0~80 °C .500~1 000 MHz T T 8 # $1FE f 1E W H

Fig. 12 Loss angle tangent values of lean coal at

0-80 °C and 500-1 000 MHz
W 10T . S 08 0 B FE A E ) (8
2. 11X10 *~3.96 X 10 *, il 5 0 3450 3 1) 38 i
FESEHER B I IR IE S 1. 85 107 3 FL B 24 1 %




. 32

5 B

%47 %

T mig R . IE 11 ATE R AE R BRE M )
M 1.2X10 2~1.99X 10, |§E & 1 B F+ &5 i 1
K AEMN A 2l 500~775 MHz B 52 F R 78
775~1 000 MHz B 5 b F4-#a %, 76 F AL L T /2
R AR W R AR E S . K 12 AT E
S FE 80 °C LT B . 2 9 A5 A 45 FE A OE DIE A AR K
— AR5 /NT 0L )8 T RAUE B LA AE 80 CHE LT 1943
Mras AR ko bras 8, A MmEDIE R
5.03X10 *~3.96X10 °, b % T & mie k. 2
DA AT A AE 500~850 MHz B 8% {4 5 91T [ e 45,
f£ 850~1 000 MHz i , B & 52 B0 | T #4, Hofa] &2
B def B B, 9 B 2 S E A

T % Ay BT 10— &1 12 WT AR, AR BT R R
o R RRE A IE DA /N . X L 3 B REARE SRR £ I
YIE A A6 FL A & B, 3 Fl A %) 400 AR A1 1E D0 (6 34 A
T FBE 5% T AH G S v R S R 2 98 R B 45 AE AR E D
L B 5 A0 38 186 K 2 BS80S LT B R s A 4
b NIRRT S N GEL S N U &
B PP I W] TN [ AR T R R A 45LAE A E D)
{5 7 3 14 5 0 R S T 0 3 AT R N R AR e Ml S
IR R R I VI A8 k. DR BRE A IE B AN
RE AT Ry i 5 7 B 35 BT T R DU 00 Bk B 4 A

3 #ig

(1) A A X 1 v e B i 25 A8 T 2 8 K T
B L 4 R R A L O R AT i) o R Y
HURE A1 1 D) (L Bil 35 5072 Jo R R T 9/

(2) A [ 22 3t g B2 AR 1) A 6T 9 L S0
T 3R A B8 T SE W/ AR 3 O RN s i
LIEASEIER . TR 5 PR R 2 5 T A
KIKF . WABMIEVIME S R E R IEHSC AR H
TR AN BEAR e il S R A5 RS A IE UEL 9 22 4K

(3) AR 3 Mol L 1 2 B 7 A [ it 2 5 R0 0t
R B AL LR A XS [ 3 A M 2 o i
Wi FR I8 YA R T AR ) R e L At 0~80 C AR
T 500~1 000 MHz 8 i i ik i 2 125 5L 1A
AT 4RI I 355 #6550~ 650 MHz J51 5 5 4 . HL 44 I 3t
R e 5 10 Fif 4 I BE T e TR AR

% % Tk (References) :

C1] &2 BUE TR B, 5. N R A8 BT AR M A0 o 3 250
PELT ] PO 2B 241, 2019, 39(3) 1 469-474.
ZHENG Xuezhao, ZHAO Ju. ZHANG Duo, et al.
Study on dielectric constant characteristics of different
metamorphic coals[J]. Journal of Xi‘an University of

Science and Technology,2019,39(3) :469-474.

[2]

[3]

[4]

[5]

L6]

L7]

[8]

[10]

[11]

[12]

S22 L AR BN L AL BT R R A (R S AR
BRI & 5 4 47 [T ). T A 3 fk. 2020, 46 (10) -
99-103.

DOU Xueli, NIU Yonggang. YIN Peng, et al.
Measurement and analysis of underground ultra wide
band signal
Automation,2020,46(10) :99-103.

SCHE L HREE L FRA A L Al L RO A A R BRI 5
e e L], M 42 42, 2017,48(9) :85-88.
WEN Hu,ZHANG Duo.ZHENG Xuezhao. Research

path loss [ J]. Industry and Mine

progress and trend of life detection technology of
drilling and rescue in mine[ J ]. Safety in Coal Mines,
2017,48(9) . 85-88.

GRENEKER G. Very low cost stand-off suicide
bomber detection system using human gait analysis to
screen potential bomb carrying individuals[ C]//The
International Society for Optical Engineering of SPIE-
Proceeding, Orlando,2005,5788 :45-56.

CHALEB A, VIGNAUD L, NICOLAS ] M. Micro-
doppler analysis of pedestrians in ISAR imaging[ C]//
IEEE Radar Conference,Rome,2008;1-5.

SMITH G E,WOODBRIDGE K,BAKER C ]J. Micro-
[ C J//IEEE
International Conference on Radar. Shanghai,2006.

XU Huang, LI Ying, ZHENG Jianguo, et al. Ultra-

doppler  signature  classification

wideband chaos life-detection radar with sinusoidal
wave modulation [ J ]. International Journal of
Bifurcation & Chaos,2017,27(13):1730046.

IR KRB A L SFL BT FDTD B H 0% 76 5
TR PELT]. M4, 2017,42(11) :2959-2967
WEN Hu., ZHANG Duo, ZHENG Xuezhao, et al.
Propagation characteristics of electromagnetic wave
based on FDTD in coal[]J]. Journal of China Coal
Society,2017,42(11) :2959-2967.

25 R MR A BE A O e R R S
PUIR B 53 B LT ). 0 22 42, 2017, 48(12) :218-220.
LI Fang, NIU Huiyong, LI Shilin, et al. Research
status and analysis of influencing factors of coal
dielectric constant[ J]. Safety in Coal Mines, 2017,
48(12) :218-220.

NELSON S O, FANSLOW G E, BLUHM D D.
Frequency dependence of the dielectric properties of
coal[ J]. Journal of Microwave Power, 2016, 15 (4) .
277-282.

MARLAND S, MERCHANT A, ROWSON N.
Dielectric properties of coal[]]. Fuel, 2001, 80(13);
1839-1849.

WA N AL B 224 A3 3R 58 Hh DX M Y 5
ma L) ], k% 4 5 B AR 2000, 27(6) :25-26.

XU Longjun, LIU Chenglun, XIAN Xuefu. Effect of

frequency on conductivity of coal in protruding



2021 %% 3 # AP DE REBRESIEMNIAET ARG EARAKTIMETR . 33 .

[13]

[14]

[15]

(16]

area[ ] ]. Mining Safety and Environmental Protection,
2000,27(6) :25-26.

TR . R Z L 2 O R H 5 R R O R i B
FElJ]. R B H AR ,2005,33(3) :42-46.

XU Hongwu. Measurement and test of seam electric
parameter and study on relationship between seam
electric parameter and coal petrology characteristics
[J]. Coal Science and Technology, 2005, 33 (3):
42-46.

LIU Haiyu, XU Liang,JIN Yan, et al. Effect of coal
rank on structure and dielectric properties of chars
[J]. Fuel,2015,153(1) : 249-256.

NI 5 W0 L% A5 g B o A A e T R
FE LT IR 4R . 2013,38(9) :1656-1661.

CAIl Chuanchuan, ZHANG Mingxu, MIN Fanfei,
et al. Study on the dielectric properties of coking coal
with high sulfur content[J]. Journal of China Coal
Society,2013,38(9) :1656-1661.

SIROMA Z. SATO T, TAKEUCHI T. et al. AC
ionic  and  electronic

impedance analysis  of

[17]

[18]

[19]

conductivities in electrode mixture layers for an all-
solid-state lithium-ion battery[ J ]. Journal of Power
Sources,2016,316:215-223.

T R ESEN SIS (D] R MR TR
#,2010.

MENG Lei. Experimental study on the electrical
parameters of coal [D]. Jiaozuo: Henan Polytechnic
University,2010.

T A 7 s o 48 G AR T R R K S A I AL I
IR WFFE D], K% - 3 B %, 2006.

LI Wanquan.

Moisture detection mechanism and

experimental  study of  transformer insulated

paperboard during drying [ D J]. Dalian: Dalian
University of Technology,2006.

R R T TR IR AR P A% R AL S 0 B A AT O
[D]. P44 . P4 LB R, 2018,

ZHANG Duo. Fundamental research on propagation
law of ultra-wideband radar wave in coal and
localization[ D]. Xian: Xi'an University of Science and

Technology,2018.



