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Spectroscopy and Spectral Analysis
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WER . AT TR RY B ER 1 5B W AR A 1 A i
RGBT . EZHEAT BRIk 25177 %
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1.2 #EARNIE RS RN ST E

i B AR AR S 5K 335 s A SVC HR1024T {3 4 =X st 4
PG AF  ZALES LISl 350~2 500 nm, 2t 1 024
AP B, 350~1 000 nm %4 PEF<3. 5 nm; 1 000~1 850
nm G HER<9. 5 nm; 1 850~2 500 nm % 4 B R <
6.5 nm, AL METI R AS B 512 3@ E Y Si, 256 3@ IE 1
InGaAs Dl f 256 B AP & InGaAs =#R4r4H % . ¥ 5 # +
TCEM LT HART R, I LS B A& 0. 1~0. 25
mm EEAR , Zr BB 60 mm 2247 (35 W 35 SR I, o B4
T PEAT T8, LREERE 2 2 em, 76525 55 A UEAT 6 1% )
L A 1 G REIRACTAT ORI & DG AT VE SR U, T EOX o
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Table 1 Number of various samples
1% 24 25 % 554
1+ Al Bl Cl D1
KAk )Z A2 B2 C2 D2
JE A A3 B3 C3 D3

X G 1 AR ) AL R @ 5 SVC HR10241 Ji it 4 19 %
JURBATBEATI . BB A B IR S — 2 BT i i
AT RINVCRC 5 A XEOEIE R AT P i A B, 5 =20
X1 B AT R AE . FERAL U BN 350~2 500 nm,
RALI IR 10 nmo 55 DU 4 A AR 19 5 4% 't 3% i 2 10T
WG — SR e gt 2. FJ5 13 2] 12 SRR & BT X R
WETE M2, LS 216 N IBUE R

X A A D i 20 B e 3 8 4 2 R Y 5 ik
PEATAYTOT o SO i T DA HE — 25 A A T 2 O'G 9i% iH K f T
AT A R R o % v K R S WA A i D8 R A 1Y
H. ZHRGERBFIEN A ERSH. SWRMTER.
AURE L RIORL R /N AR AT DL SR B RN AR N R 3
BEHRA.

HABITESER

Table 2 Concentrations of REE in mineral samples analyzed

B i £ocE/10°°¢

i Ce Dy Er Eu Gd Ho La Lu Nd Pr Sm Th Tm Y Yb > IREE
Al 138.0 15.5 9.2 3.1 17.1 3.1 8.6 1.2 70.1 18.2 14.4 2.8 1.2 82.7 8.2  465.3
A2 157.0 34.6 20.3 5.4 382 6.8 181.0 2.4 155 39.7 31.7 6.2 2.6 196.0 17.0 754.4
A3 121.0 12.3 7.6 2.4 13.6 2.5 590.0 1.0 53.9 13.7 10.2 2.2 1.0 66.7 6.9  374.0
Bl  130.0 13.1 7.8 2.2 8.1 2.6 830 1.0 734 18.9 13.5 2.5 1.0 62.3 6.9  426.4
B2 71.6 10.4 6.5 2.4 1.7 2.1 56.9 0.9 50.2 12.8 9.2 .9 0.9 545 6.0 298.0
B3 196.0 17.2 9.5 3.4 20.2 3.2 8.3 1.2 827 2.2 17.2 3.2 1.3 75.8 8.4  543.7
Cl 1180 10.2 6.6 2.0 1.9 2.1 69.7 0.9 5.9 140 8.1 .8 0.9 61.6 5.8 365.4
C2 86.7 34.6 20.0 5.4 324 6.8 141.0 2.4 122.0 31.6 23.6 5.9 2.6 191.0 16.4 722.3
C3  120.0 42.5 23.3 7.2 41.9 8.0 152.0 2.7 167.0 41.9 37.3 7.6 3.0 198.0 19.3 871.7
DI 171.0 110.0 61.8 16.2 106.0 21.4 146.0 6.9 407.0 105.0 90.1 19.0 7.8 193.0 49.2 1510.3
D2 211.0 122 7.3 2.2 161 2.4 72,9 1.0 658 16.9 12.4 2.3 1.0 60.1 6.6  490.1
D3 104.0 10.7 6.6 2.1 11.5 2.1 50.5 0.9 47.8 12.1 8.8 .9 0.9 52.7 6.0 318.6
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B IEAR DGR o [T UA 2 T 3 A 8 AR SR I 5 A k[ ) A O
SYMT. RIS @A Ik R T A R B S 15 A
H—METEETRZEM R, JEE THCWEBR, 8
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0. 80 B, FINLERE L 24 0. 8I<KR*<C0. 90 Bf, Fil&h R

RIF s Y R =0, 90 i, 100 4% SR 4.

2 ER5vHe
2.1 BEREEFMTESH

1Ca) MR ATE W] WL 6305 21 40 Ik 21 40 I B N (350 ~
2 500 nm) {Y GG M4, AR R R & AR R Y 5
BRSNS AR R, B BT A AR AR B O 5 il 2k S e AR —
B W WO E N, BT A R Y RO S A A . 7E 370
nm 745 B B — AR I RRAE RIS J5 » 7E 400~ 650 nm Z
) 5 3 2 ) BT JE R — AN BEY . Z 5 TE T L0 A i BT
il R A B m . JF B sh B ok, B 7L W] B i
WA . 7E 2 100 nm J5 {14 IF 45 9% 3 F B, S S 5 38 i ek
%o TEDRE Y S0 R B0HE 1 SR AR R BRI TR
T RRAE W B — 2 B, W 1B TR, RTLAE BT
370, 950, 1400, 1 900, 2200 nm T/ B & B AE U 4 .
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Fig. 1

The spectra of 12 samples

(a); Raw spectral curve; (b): Continuum removed spectral curve
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X HE A 1 J I S 5 il 2k R HEAT % 2 4 L R S Y R
Sk il AT R A B, 58 B WRBCRFAE B B E A S AL,
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4 b X A B - AR — 5 AR 12 SRR R B S S 2
SRAERL b, XI5 AR AR WA T SR R X R SR ke A
H RS RRAE

U T AR IR BCTR B 1 TS A

R'HQ =1—RW
i RTH QO R Wi A xR BE . RO R 55 A U BT X )i
RS
A XoF 052 WA 3% R4 2 S o, 5 AR AE R 4 P 4k T T
FEW B 370 nm LbJG g 5, AH X IR TR B R At Dk B
TN W LA R AR SRS A T IS N A
HHER.
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B2 SAHERBARHRHMZE
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Fig. 2 The relative reflectance and depth at the five diagnostic absorption wavelengths
(a): Relative absorption depth 370 nm; (b): Relative absorption depth 950 nm; (c): Relative absorption depth 1 400 nm;
(d) : Relative absorption depth 1 900 nm; (e): Relative absorption depth 2 200 nm
x3 BIERNS MHERKFHENRE
Table 3 The corresponding depths of five diagnostic absorption features
K /nm Al A2 A3 Bl B2 B3 C1 C2 C3 D1 D2 D3
370 0. 583 0. 682 0. 447 0. 704 0. 700 0.583 0.714 0. 643 0.470 0.476 0.737 0. 609
950 0. 059 0. 094 0.102 0. 158 0.077 0.023 0.091 0.105 0.027 0.022 0.127 0.028
1 400 0. 069 0. 157 0.053 0.186 0.072 0.025 0. 088 0.095 0.014 0.134 0.171 0. 024
1 900 0. 166 0.243 0. 060 0.229 0. 155 0.105 0.178 0.172 0.052 0.243 0.242 0. 085
2 200 0.112 0. 187 0. 040 0.209 0.110 0. 049 0.123 0.126 0.047 0. 149 0.191 0.053
2.3 BRRIGENEESN B B 10 A B AR AR 1 5200 2 S0 5 SR B
2.3.1 HABMHEEZT LIRS EH fH A ST R APERI T , 15 3] T LR PR

X P RS Y R @R T 2 Jn R Pk [ A A B
B9 0 3 2o B A Rk S R O R R AE 5 W R e 2 ]
PIAH R KRR . 2T 5 ANFRAE ¥ BL (370, 950, 1 400, 1 900,
2 200 nm) (Y BUAE . 328 F 42 M 1D Jy 1 g 57 T AR R B
JE AL

REE(B) = 37. 67b, + 35. 962b5, — 14. 1226y —
15. 888by55 — 7. 649hy5; + 251. 699 (D
Horbs bos Doy s bios s biss Tl sy 23 BT 1 FE O IE B By
370, 950, 1 400, 1 900 F1 2 200 nm 4b i 52 41 % ,

A T SN R v B S B0 X L LI 3 () TR LU E
e R* 50,69, DR BN EAR . AT RE AR 6 i A 52
BT HRMTH, WATRERZ R I L.

2.3.2 HAEHELSETL T AKBEEA

M5 0K L RES+ /A4 TG W s b it 8% &
TE AT W G-I 2140 56 385 38 P ™ AR R A W iUk B . 2 B 43
B G ALN RO A R RN R A RR AR SR Tl 2R 2
AR S A AR AS o i 300 3 o X A R S 0 I A AT . & B A
MG N E & T REAREE . X OB B SRR A R
T 1 AT A G M 43 7. ] Pearson A8 3¢ R $U#E 47 M 1
AT T W E VRS . 45 R R, AT I OGIE B g 340, 350,
360, 370, 390, 400, 420, 480, 550 I 760 nm Ab [ 7 51 2 (4
SHABH T EEARBNLESR, HEHEER 0
FEAE R I /NTF 0. 05, TEBWI A8 i HLAT 0 25 A9 AH G

REE(B) = —95. 0246, —122. 845b, +234. 0965 — 164. 173b, +
382. 44205 + 347. 36605 — 0. 2850; — 738. 2560, +
209. 76015 + 48. 7by; (2
ot by by byy bis bss bss brs bes biss by 43 54T 340,
350, 360, 370, 390, 400, 420, 480, 550 Fll 760n m 4k ¥ 2

1600{ (a) ) \
R4EHE=0.690 LY R=0.954

s o
2 E|
£ g
3 =
g o0 2 900
3 o
& 3
5] =%

200 200 ¥°

200 900 1600 200 900 1600

Measured value Measured value

B3 REEZEMINESTNEHSE
(a) s FRAEWRUCHE @R 5 (b) o WT DL SBARAE 1% a4
Fig. 3 Scatter diagram of measured values
and predicted values of REE content
(a): Modeling by characteristic absorption spectrums;

(b): Modeling by visible light spectrum

R R o S A b RS WO X L L 3 () TR LR
W ZEERINOR B, R FTIEE T 0. 954,



%5 it 2% 5561 4t 1575

T4 ARXBLEERSHEREHL 7115 Bt E, Al 81 (La) . 4 (Ce) . 85 (Pr).

& 2B Pearson 183X 14 (Nd . i (Pm) . £ (Sm) . #(Ew . 2L (G, # (Tb) . %

Table 4 Pearson Correlation between visible bands (Dy) ., %k (Ho) . $H(Er), $£(Tm) . 5 (Yb) . & (Lw, X #F

and total rare earths content of samples N RICE . W R S5 Tk R Ot B AR ] WOk B A

Pearson A &1 Sig. (HLI]) Pearson #H 56 1Sig. BRI TERFEFRRE W, 40 Nd, Pr, Er 1 Ho 7£ 0] DL % I B WUk Ry

REE REE REE REE fEfe i 2 . A BB AR M R 50 8 T A — T &R

by 0-559 0.030 b 0.784 0. 001 B 5 AT L T i 9 L P B B S S R 2 TR B A DR . R R

b DO OOLS g B 0,782 0,001 R RART . 15 FIR £ 00 % 5 IR B B R A 7 1

bs 0. 760 0. 002 by 0.784 0.001 ﬂRZ yJJjQ:J:Og(i’%5)yﬁﬂ;*”ﬁﬁﬂ%j“ﬁ&ﬁkf&?@é‘ﬁ@

SRS (R Uy S 6 2% 0 R OHCR AR« 520 5
bs 0.774 0.001 b2 0.734 0.003

MER B AEELXAM,. R° ¥R TF 0.89

(B 1,
2.3.3 HABMEIAETEZTETLAMB AR

i L In R AR TR A R P B R R T RO 57 F

RS I5HBE—RKRITREESMITAREERFRZ BNLEER
Table 5 Linear model between 15 rare earth elements and partial visible band reflectance
i+t % TR R?

c Ce = 0. 7046y + 6. 3785, — 20. 5106 — 49. 3485, -+ 73. 0996, — 242. 832b; +240. 3296y — 28.969b1; — 4. 8380 +
N 8. 362045 +110. 292 :

Dy=—2.724by —7.431b; + 6. 2465 — 8. 176b, — 6. 878bs + 36. 7447 —27. 379by + 11. 335615 + 0. 197by; + 2. 512b43

Dy —59. 286 0-968
. Er=—1.454b; —4. 3666, +3. 60b; 4. 2286, — 4. 27765 +22. 06467 — 16. 3296y +5. 909615 +0. 805y +1. 341bis — (o
T 32.302 ‘
. Eu=—0. 4145 — 1. 0216 +0. 93b; — 1. 0856, — 0. 867b; -+ 4. 6827 — 3. 764by + 1. 847b15 — 0. 0726 +0. 86560 —
u .
7.605

d Gd=—2. 621y —8. 579, +7. 954by — 7. 5456, — 1. 476b5 +28. 42b — 25. 476y +11. 028b15+0. 233bs2 +2. 385015 oo
g —50. 165 '

H Ho=—0. 5096, — 1. 4886, + 1. 25365 — 1. 5096, — 1. 43bs + 7. 584b; — 5. 682by + 2. 143by5 + 0. 07663, + 0. 471by5 — 0. 968
o .
11. 506

L La=—11. 3075, —16. 7950, + 3. 8625; —20. 8886, +93. 204b; —59. 920y —42. 3016y + 11.823bys + 1186500 — .,
@ 1. 333643 +62. 588 :

Lu Lu=—0. 1650y —4. 82b; +0. 417b3 —0. 4396, — 0. 405bs + 2. 351b7 — 1. 8by +0. 64615 +0. 035b52 +0. 145645 — 3. 273 0. 967

Nd=—5. 5780, + 6. 747b; — 22. 035b3 — 49. 299b, — 49. 36bs + 121. 975b; — 66. 795by + 78. 109615 — 21. 305b3, +
Nd L _ 0. 967
12.533b43—295. 626

Pr=—2.2116, —7. 383b; +5. 549b3 — 8. 71564 — 10. 977bs + 28. 827b7; — 11. 498bg + 6. 39015 + 0. 566,55 + 2. 716043

br —50. 869 0- 966
Sm  Sm=—2.223b —6. 4896, 4. 733b; —6. 9985, — 10. 65605 +23. 408 +5. 513b15 0. 248bs +2. 5655 — 44. 431 0. 970
oy Tb=0.477b,— 1. 268b,+1. 04863 — 1. 499b, — 1. 221b; 5. 79667 — 3. 909109 + L. 836615 +0. 026bs2 0. 456bs — oo
9.978 .
- Tm=—0. 18461 —0. 5465, +0. 46503 —0. 5146y — 0. 5345 +2. 7646 — 2. 0646 +0. 742015 +0. 0392, +0. 166bis — oo
m .o
3.914

v Y=—18.266b; —22.022b, +58. 12965 — 20. 679b4 + 150. 274bs — 35. 118b7 — 154. 173bg + 44. 4115 +13. 7390, — 0. 915
3. 895b43+50. 766 ’

vh Yb=—1. 18161 —3. 4836, +2. 957b5 —3. 178b4 —3. 262b5 +16. 8567 —12. 417by +4. 477b15 +0. 26902, +1. 06164 — o
23. 861 .

VE: b1y Doy byy bys bgy by bos biss baos by B FEH T RE SOGIEIE By 340, 350, 360, 370, 390, 400, 420, 480, 550 Fl 760 nm 4k Y iz 5t
$
Note: b1, bz b3y bys bss b7y by s bis s boz s bys are the reflectivities at the wavelength of 340, 350, 360, 370, 390, 400, 420, 480, 550 and 760

nm, respectively
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Study on Hyperspectral Quantitative Inversion of Ionic Rare Earth Ores
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Abstract Spectral absorption characteristics are used in the analysis of soil, mineral and plant material composition with spectral
measurement technology. which is a hyperspectral remote sensing technology developed in recent years. It has many advantages.,
such as fast speed, high efficiency, low cost, low loss and so on. Rare earth is a strategic element with rich and unique physical
and chemical properties, such as magnetic, optical, electrical, etc. , which is widely used in aerospace, electronics, petrochemi-
cal, metallurgy, machinery, energy. agriculture and other fields. It is indispensable strategic material for the development of
high-tech and cutting-edge national defense technology and the transformation of traditional industries in the world today. In re-
cent years., As a result of the increasing demand and the enhancing value of rare earth resources, it has become an important re-
search area to discover how to detect rare earth resources rapidly in large area and implement rare earth mining properly.
Through spectral collection and analysis of rare earth minerals, this study carried out a series of researches on the correlation be-
tween rare earth elements and their chemical features. During the study, 12 rare earth mineral samples were collected from
Liutang rare earth ore area of Chongzuo City, Guangxi, and the corresponding reflectance spectrum data were measured by using
SVC HR10241 portable ground object wave spectrometer in laboratory. Continuous dispatch is implemented for the measured
spectral features of the samples, and relative absorption analysis is carried out for prominent diagnostic absorption wavelength.
Thus the linear relationship between the spectrum and the total content of rare earth elements and the contents of rare earth ele-
ments in ore samples was established according to its spectral characteristics. The results reveal that the five characteristic ab-
sorption bands of rare earth elements are 370, 950, 1 400, 1 900 and 2 200 nm in visible light and near infrared, respectively.
The intensity of the five absorption band is related to the total rare earth content linearly, with R* reaching 0. 69, also discovered
that the correlation between rare earth content and the visible light band is larger, and the correlation analysis between the visible
light wave band and the total rare earth content of the sample was carried out. The 10 bands which have the strongest correlation
with the total content of rare earth are 340, 350, 360, 370, 390, 400, 420, 480, 550 and 760 nm, respectively. The linear re-
gression method is used to get the prediction model of the reflectance value and the total sample content of visible bands with high
accuracy with R? greater than 0. 95. Also linear modeling is established by using the visible light wave band and 15 rare earth ele-
ments content values, with the correlation coefficient may reach above 0. 9, which also shows that each single rare earth element
has a strong correlation with the visible light wave region. By studying the spectral characteristics and chemical analysis of rare
earth mineral samples, a linear regression analysis was carried out for 5 diagnostic absorption wavelengths and the visible band
and the total rare earth element content of the samples, and for 15 kinds of rare earth element contents. The quantitative evalua-
tion model of rare earth content in ore samples is established. which has certain reference value for rapid quantification-semi-
quantitative evaluation of rare earth ores, and lays a theoretical foundation for extracting mineral information from hyperspectral
remote sensing of rare earth ores and elements. It provides a scientific and effective theoretical basis for the ultimate realization of
efficient exploitation of rare earth resources, reducing consumption and production costs at the source, reducing environmental

damage and pollution, and promoting the strategic development and utilization of medium-heavy rare earth resources.
Keywords Ionic rare earth ores; Hyperspectral; Quantitative inversion; Linear regression
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