N

404

02047

koW ¥ 5Ok W A

Spectroscopy and Spectral Analysis
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Fig. 1 Roughnesses distribution expressed by Rq of two levels
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in the wavelength range of 8 ~13 pm
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Table 1 The SiO, content of samples
G5 SiO; ik /% 1 HE g 5 SiO; i/ %
1 41. 45 8 62. 34
2 48.58 9 65.95
3 53.68 10 66. 44
4 54. 65 11 70. 26
5 55.55 12 72.08
6 56.79 13 74.22
7 59. 54 14 83.59

2 #R50He
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BRI IRLLAMOGIE A 3 AN ML RURRAE L 4300 o B A0 BE AR
J#1F (Christensen features, CF). 4% ¥ 7 4% fif (reststrahlen
features, RF) 1% ¥} 4F {E (transparency features, TF), CF
R AE 2 A S G R R AR S H BT T R B DG i R AE
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55 PCHOR B . B AR i it 2 b BT Y A I A

T B SERRE BE X BRI LA TS R AE R 5 e, K R —
B WS T 5 AR e BEOBLBE B Rq el /N B KHES . 4K
WA 14 Pl M3 CF, RE R TF $RAE 5 B i MUk B2 A2 1k
TR 0 K 2 . RS ST A A R A B I g RS L EE
mk 2 s,
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Table 2 The maximum change of emissivity with

roughness in the feature bands

=2 CF ¥4 RF $51E TF $EAE
1 0.001 3 0.138 8 0.061 9
2 0. 000 6 0.083 9 0.026 9
3 0. 000 3 0.059 3 0.038 3
4 0. 000 6 0.098 8 0.028 2
5 0. 000 5 0.109 1 0.041 7
6 0.001 3 0.132 2 0.035 4
7 0. 000 3 0.132 1 0.035 2
8 0. 000 8 0.085 8 0.020 6
9 0.001 9 0.170 0 0.064 8
10 0.000 1 0.140 2 0.042 1
11 0. 000 5 0.117 4 0.042 7
12 0. 000 2 0.097 5 0.027 1
13 0. 000 9 0.158 1 0.051 9
14 0. 000 3 0.132 2 0.047 0

R 2 O AN . T LR A A T 4
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Fig. 4 The fitting result of NDI and SiO,

content in the smooth surface
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Table 3 The SiO, content inversion result

v o) . et HLBE
ae  apw sy RWSO, R B RHCSO: R B
i/ % /% R i/ % /% IR
1 41. 45 3.21 44.09 2. 64 i 41.39 0. 06 g
2 48.58 2.92 46. 25 2.33 i 47.89 0. 69 i
3 53. 68 2.75 51. 57 2.11 i 58.02 4. 34 2=
4 54. 65 2.72 53. 84 0.81 B 54. 40 0.25 i
5 55. 55 2.69 54. 82 0.73 w 56. 76 1. 21 w5
6 56. 79 2. 66 55. 96 0.83 i 59.75 2.96 s
7 59. 54 2.58 60. 40 0. 86 5 55. 85 3. 69 ps
8 62. 34 2.51 66. 10 3.76 P 65. 87 3.53 ps
9 65.95 2.43 70. 05 4.10 P 62. 81 3. 14 S
10 66. 44 2.42 67.96 1.52 5 65. 66 0.78 S
11 70. 26 2.34 69.77 0.49 w 68. 43 1. 83 5
12 72.08 2.30 70.02 2.06 w 72.17 0.09 E
13 74.22 2.26 75.01 0.79 5 71.49 2.73 o=
14 83.59 2.11 79.29 4.30 & 84.62 1. 03 %

HLBE B BR B A SO, & BRI IRZE R T —.
T I 2O /) R R 8 70 I 95 A TR v ) 53 W 2 R o B RS B Y 56
B [, SIO, B i U A AR UL R B R RS JE O E 1Y B

CL) AR M %k 2 55 O 1 R i 5 | 1Y SO, 5 5 S i R 22
AR A o RELRE 2R R R TR A 2 R B B T S A
RN+ 3 R L [ IR A RO IR . e
fRATREAE I, KM FRAL K, RF ALK, WK, W FbEx
TET TEG 2 AL B I 23 1Y) 25 UK S S Rt /0 T A IRt BT 3 WAL B Y O
TRCE, ATIFEAR T 6T XS LB, S B o6 A A fe.
HLBE B2 51 0 6 85 0 i Atk il SiO, & ik S 8 A B 2
AL BIA B RZE .

(2O WA HLRE BE 55 90 N 8 Rq™ B B P 51 58 Al B 38 5
25 o R ORURE BEARK 20 D WA SR G (RS G0N B Ry (I HY 25 1L

P B H R, B B R AT Rt A % 8. T
SO, ik S 38 6 1 AR Hh DA Sy S A (R RS B8 A A A RO
HURE E 250 Re oA 245 8 R SIO, iz R, i
BB AR H IR

(3% 1A o TR A 32 2 T A 5 35 3 SR R 2 7 1 R i
BEAE G A AHY) . 51 SO R 22 . 2 Bk A 3R T HDRE
2 H Rq BGIH S TEARIE HFR A AORSH HF 0T
G2 Hoxd 2 T RLRE JEE 10 OF A 58 3 . IR E AU AUAR 43
Rq (65073 WA HUREBE S5 9, JFR 00 A 21 [ s A MRS 2
SR R BRI - 22 A doe /M A AL R 2 3 R Y 13,804
RHIRERR S RE . WL, &2 — BT R AR
TR 25 IO R TR AL TAT Py o A PR 2 A S8 B ik

COBRE 0 B0 o0 A 8 B SR ) Si0, & B3R 22
XA A 2 R AT DN 0K N LA T R . RS T



57

e 5 4 AT 21s7

FF TR . TR RE 0 SiO, B4y FI IR RE BT 76 K ek
A AR AR AL SO, AT B B 25 RAUE . st R m T
Bt g B Si0, 1 2 A B 8 B . 51 A 3 ks
7%, NI 25 & iR 2T E I B AR iR 22 . itk
FUEMERE.

3 45 i

P i #6025 GOHLAE 26 14 Bk il ke . 04
HARLLAPETE R AE - 4 HURE B2 A S 5% i S Si0, & it R
RR AT GBI 15 LT 258

(DALRE B Rq 0938 %t RE FRAE X380 3% A2 4T 2538 i 5%

— B i AR 1755 06 9 TR R SRR B0 B R 22 (E O 0. 17 CR X
P 42.900) o XA 2E(E 2 X ROE BT R A R AR K . R
T 280

(2 A [l S5 GOHEL B J3E R AT 5 i S Ny SO iR 22/, P
PR 2 1. 8806« K AR A UK i S BORS HE AR 4% 196 2 b B 0™
FRAT AL AR HE IR 22 TR .

(D LBERBAH BYAN R WL B SO, 3 80K
3. 5T A EE KR . R B AR 5 47. 300

R 25 R KRS JEE A2 o 5 i SHO, 55 d A S 0 JE
SHERT R R R, A B ST R B SR AT

Bt ORI A X B E R B WAl A B X A T

WA B o P SHLRE B Rq i1 1. 05 pm SN E] 2. 47 pm, 453 [F] PR ) 5 58 RO

References

[1] Wyatt M B, Hamilton V E, Jr M S, et al. Journal of Geophysical Research Planets, 2001, 106(E7): 14711.

[ 2] YAN Bai-kun, LIU Sheng-wei. WANG Run-sheng. et al (EI#1HE, X265, Fid4d:, %), Geological Bulletin of China (3 Fiil 4)2) . 2006,
25(5): 639.

[ 3] LIU Dao-fei, CHEN Sheng-bo, LU Peng(Xl|i& &, [E3E). % M. Acta Geoscientica Sinica( HiBR2#4%), 2015, 36(2); 119.

[ 4] Nair A M, Mathew G. Planetary and Space Science, 2017, 140(Jun. ) : 62.

[ 5] WANG Dong, LIU Shan-jun, MAO Ya-chun, et al(E %, X|3%%, B4, 55). Spectroscopy and Spectral Analysis(J%ii% 2% 5615 5
Hr), 2018, 38(7): 2101.

[ 6] Kirkland L E, Herr K C, Adams P M. Journal of Geophysical Research Planets, 2003, 108(108);: 343.

[ 7] Osterloo M M, Hamilton V E, Anderson F S. Icarus, 2012, 220(2): 404.

[ 8] Hardgrove C J, Rogers A D, Glotch T D, et al. Journal of Geophysical Research Planets, 2016, 121(3): 542.

[ 9] Rost E, Hecker C, Schodlok M, et al. Minerals, 2018, 8(11): 475.

[10] Becker F, Ramanantsizehena P, Stoll M P. Appl. Opt., 1985, 24(3); 365.

[11] DZ 0130—1994. The Specification of Testing Quality Management for Geological Laboratories (Hb i " 7 52 5 28 I 32 i 3 4 F#0 78).
Beijing: Ministry of Geology and Mineral Resources of the People’s Republic of China(Jt 5t . HrAE A 2L F1E o Fimm p= %% ., 1994, 3.

Experimental Study on the Effect of Roughness on the Inversion of SiO,
Content in Iron Ore by the Thermal Infrared Spectrum

XU Ji-kun', LI Tian-zi""** , REN Yu-juan'
1. School of Surveying and Mapping Land Information Engineering, Henan Polytechnic University, Jiaozuo

110819, China

454003, China

2. School of Resources and Civil Engineering, Northeastern University, Shenyang

Abstract The precise determination of mineral chemical composition is significance to the exploitation and utilization of mineral
resources, and inversion of SiQ, content in iron ore by thermal infrared spectrum makes up for the shortcomings of the traditional
methods in terms of time-consuming and so on. The thermal infrared spectrum of iron ore, however, is affected by surface
roughness and other factors, which results in the decrease of the inversion accuracy of SiO, content. The recent study doesn’t
consider the influence of ore surface roughness on the inversion of ore composition and quantitatively inverted SiO, content in iron
ore by thermal infrared spectrum. The inversion result can’t provide any effective help for precise delineation of ore body range
and ore blending. Therefore, this paper aims roughness on the factor to influence the inversion of SiO, content in iron ore. Tak-
ing the “Anshan-type” iron ore in Liaoning Province as the research object, the samples are made into a total of 14 blocks of cy-
lindrical blocks with a diameter of 6 cm and a thickness of 1 cm, which formed a sequence according to their SiO, content. Two
levels of roughnesses are made on both sides of each sample, and the surface roughness is observed by using Surtronic S128
roughness meter. The infrared spectroradiometer Turbo FT is used to observe the thermal infrared spectroscopy emissivities of

samples. The correlation indexes between the spectral index and SiO, content are analyzed by the normalized index (NDI) to de-
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termine the sensitive bands of SiO, content of two grade roughness samples. Located at 8. 12~8. 13, 8.02~8. 03 pm, the corre-
lation coefficients are 0. 947 and 0. 972, respectively. A quantitative inversion model of the sensitive band and SiO, content is es-
tablished to analyze the effect of roughness on the inversion of SiO, content. The results show that: (1) The increase of rough-
ness Rq has a significant effect on the spectral emissivity of RF (Reststrahlen Features) characteristic regions. The average
roughness Rq is increased from 1. 05 to 2. 47 pm, so that the maximum difference between the rough surface and the smooth sur-
face emissivity of the same sample is 0. 17 (relative difference 42. 9% ). (2) When the same grade roughnesses are used for con-
tent inversion, the inversion error is small, and the average absolute error is 1. 88%. The inversion accuracy of most samples can
meet the error requirements of the geological and mineral industry standards. (3) The experimental results of inversion SiO, con-
tent accuracy are great higher than the inversion accuracy of 3. 57 % without considerating the iron ore surface morphology, and
the relative improvement accuracy is 47. 3%. Therefore, considering the influence of roughness is of great significance for impro-
ving the inversion accuracy of SiO, content, then it is of great significance to realize the precise division of iron ore and mine iron

ore resources reasonably and efficiently.
Keywords Iron ore; Thermal infrared spectral; Roughness; SiO, content; Quantitative inversion
(Received May 5, 2019; accepted Sep. 13, 2019)

* Corresponding author

(E# 2147 1)

. SWHLAHNK
KEHZe o N BV 38 WA 4642 . http: //www. sinospectroscopy. org. cn/meeting/extend. php? mid=24&.body_id=12
FARTR S NGB I R84 . http: //www. sinospectroscopy. org. cn/meeting/extend. php? mid=24&-body_id=13
ARV BITE RS EHER . CHBK . FgS S E BT SR E T4,

N BESHSEHBKRAR
HEL
5 2%, 13688385033 Email: wulan@scu. edu. cn
2554

WM A E . 7k 2% 15902844473  Email: zhang. liang@scu. edu. cn

W Q3. 2 18980877825  Email: atcpubs@scu. edu. cn

J7OW OBE 4% EFM 13520034335 Email: xiangfeng@bnu. edu. cn
t. ZREE

SWE M 6% R Chttp: //www. sinospectroscopy. org. cn)

2R AR B R A LG T P15 8 A o

EH L
R e 2
IR L 2
L 2 2O L R

b 9-R T
DY I 2 3 A I v
TEHEAFFALELELER A
I X5 oA K P s
2019 % 11 A 18 ®





