55 A7 B 8 Xt F % W Vol.47 No.8
2018 4 8 H ACTA PHOTONICA SINICA August 2018

doi:10.3788/gzxb20184708.0847004

Ko & ERHOLTE T A A 55 B AR A 52 i

WEAR A ES AT B A AR, T RE
(1 o E B2 B 2 RO R B A 52 BT, &8 230031)
2 HEBEHAR RS, G 230026)
(3 Ak A TR A BR A R S HA A LR EBH 457001)

H EAHNENEHIRRRENEEFRRTER AT RIS ENEAFTIFERFE T HRAFRY
vhyx&ﬁil?]7}</\/\§T#%anU|7€\m% K EAR S B R E AT Call 422.67 nm &R E M %

B RAEKETH TR, Bt Call P All XA WL EEUE R ZEZAAETARARAKSIS T THE BT

ﬂ‘%iﬁ/m ,31# B Lorentz ¥4 Call 422.67 nm LA F R T RBE KRS AT E2BEEE T HRG YT EE
FREREN EEKS ST M L ERE FETARBERGLTEEAERRER . EAF A H A

BUETEZINERABRKEF ERRAKRSESENERFE TRAHZBAHIRA AN F T 469 Mc Whirter

AAE, AR EAFABERTAR T RRAKSAEEFERG A we)& L5 E.

KB . BB RS T HMAFFEFAEFETHRBE ;R TEE R ZTH

RESES.0657.3 0433.4 SCERARIAED : A MEHS.1004-4213(2018)08-0847004-8
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Abstract: By preparing seven kinds of rock cutting samples with different moisture content, experiments
were conducted to study the effect of moisture content on laser-induced rock cuttings plasma properties
and the method for correcting the concentration of each element in different moisture content. The
variation of the intensity of the Ca 422.67 nm line with the moisture content of the rock cutting samples
was studied. The average plasma temperature under different moisture contents was calculated by the
Boltzmann-plot of the four lines of Ca II and Al 1. The electron density of the plasma with different
moisture contents was obtained by using Lorentz fitting of the Ca 422.67 nm line. The results show that
with the increase of moisture content, the spectral intensity, plasma temperature, electron density all
decrease linearly and there are also great differences in the quantitative analysis results of the calibration
free models for each element, but the laser-induced cuttings plasma with different moisture content all
meet the Mc Whirter criterion of local thermodynamic equilibrium and the calibration free model can be
used for the analysis and simple correction of moisture content effects.
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F1 Cafl AITEHELRSH
Table 1 Characteristic lines parameters of Ca and Al
Element  Wavelength/nm A /10° E./eV E./eV g
Call 315.89 3.10 3.123 349 7.047 169 4
Ca ll 317.93 3.60 3.150 984 7.049 550 4
Ca ll 393.37 1.47 0 3.150 984 4
Ca ll 396.85 1.40 0 3.123 349 2
All 308.22 0.587 0 4.021 484 4
All 309.27 0.729 0.013 893 8 4,021 650 6
All 394.40 0.499 0 3.142 721 2
Al'l 396.15 0.985 0.013 893 8 3.142 721 2

HZA (. y) AT e B IR 2%
HEFIREE T & AlLF Ca B354 & FIRIR R, Nk 2 FTR.
£2 AAKSCETEEFHhEE

Table 2 Plasma temperature under different moisture contents

5

V-1 1 AR P A R AR AR b AR X (5 ARG A K A R T

Moisture/ % Al plasma temperature/K

Ca plasma tcmpcraturc/K

Average plasma tcmpcraturc/K

0
0.29
0.55
0.86
1.13
1.50
2.04

14 696.08
13 236.07
11 063.97
10 611.00
9 082.13
7996.79
6 765.60

15 598.01
13 701.95
10 791.41
9 908.43
8 690.27
7 536.22
6 443.85

15 147.05
13 469.01
10 927.69
10 259.72
8 886.20
7 766.51
6 604.73

H1 R 2 R 3 AT, Bl 7K 73 5 ek B 18 A5 88 T A I RE 45 2 i R AT, O LK 235 o T 2 45 B AR
JEHA B RN SCE R R BGA R T 0.9 PLLE.

N LT

Fig.3
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Average plasma temperature under different moisture contents
23 KSEEMEBRFHRRTFEENS
MR 1 Stark B98I 15 2 7% N .. L %5 B A 20 e 98 2 IR A 78 O &

A pwin =2 X 10" " wN,
w0 g AR R 2 ) Al 43 R B T AR SCHR 17 b A5 R A3 3, AA pwan AR DL AR AE 1S L 1Y Lorentz 845 2k 98,

|

0847004~ 4

(6)



B L K R A OB T T S T R R 5 e
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Fig.4 Lorentz fitting of Ca line under different moisture contents
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Table 3 Electronic density and lowest electron density under different moisture contents

Moisture/ %  Electron density/cm® Lowest electron density/cm?®

0 2.11 10" 1.69 10"
0.29 1.88 10" 1.60 10"
0.55 1.80 10" 1.44 10"
0.86 1.62X10" 1.39x 10"
1.13 1.57X10" 1.30 10"
1.50 1.46X10" 1.21X10%
2.04 1.34X10Y 1.12X10%

HI 3 AT, L1 R R e IR 1 R B R K 23 B B BN A R L 0 TR D A LA T A A, K
SETE LA RS 4k SO RE B — 5 I BEE K o i A 3G 0 R 1 A Y AL S TR K O T e AR T
H/IN TR R K 73 R B T B U A [ K 2 BT A B T IR LR R 24 B Me Whirter AR
T LA R e AR B AN R] K 43 3 5N AR AT E A AT
24 ARKSSEHMKEBZIE

AR 20 C2) T A5 B 0F 7K 705 T AR At R R (ELR AR A TR K 20 5 i ML SR A i 2 A A SE B 19 7
P PRI 0 AN ] 7K 5 T SRAS A RE 5 YR B2 LABS I A 2 e 46 by 222 0K o3 35 B 1 AR i R L

TP o A 1 0 R b AR B R AT U — AR A B o T R TR A T AR PR AL Ca,
Si Al Mg PUFf 3280 5K R A VA — Al Ak 2 e s DU Ao s ) U 35 R AT IH — Ak, st (8) .

ZCSZ%ZU(T)eXp(qS):l )
RKGF AR & TR WK E N
U
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R (O AKX (D ARG FH & EUE 4 s,
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R4 AREAKSEET Ca Al Sifl Mg iREE

Table 4 Ca, Al, Si and Mg concentrations values under different moisture contents

Moisture/ % Ca/% Al/% Si/% Mg/ %

0 17.22 3.99 69.26 9.21
0.29 16.68 6.83 67.51 8.77
0.55 18.43 6.53 67.39 7.33
0.86 16.96 6.68 67.29 8.73
1.13 16.52 7.22 66.04 9.93
1.50 15.68 8.75 65.52 9.81
2.04 15.35 8.85 64.16 11.43

HIZ 4 ATAL AR 20 & 5 N A DR B A A —E M 22 5, JUHB R K 7 & B R A9 R 1 R A BOR Y
225 » PR XA [ K 70 5 1 e BE (B LAB IE.

M AR 738 R S8 T QR B i TR R SR F R R U (T B B AR A, B %
INLIE TE HA AR MEBE NI £ 7 X8 A [ K 20 35 T A 21 A9 A0 i i B2 (B0 A48 I, 1 1 4 300 2 46 0 A [
S Ky i N RE SV BE S DT S 7K 43 5 e X it Ve B2 B2 i P 45 I

AR F1 e b B R ) B 5L, 45 8 1 A o 114 70 3R T JBE AN ity P OGS L T 3R ) R R A [ 1) 25 1 A v ok )
B A FIAE At A K o3t R AR [ DRLIE AT LE e A R e A R R A T K 2 5 BT AR i R R e 45 Dy )
—Z Koy ST R A TR L SEBK 2 e XA A A R B TR A T B IE

fBEs M, g A A it o R TR SRR I 5 KRR R SR ML TR T IR P K A3 R ML
M —M’,

M.= N X 100% 10
BUHT, TR S5 B TR R SR S CL R
. 7M/o
(“71\4/] 1Dy
B T R 58 F IR/ M AE RS H K&, Bl
M 7M/cx7M/o><1 0
ML 00% (12)
PR I S OKRE S R M BRI BT R S A PR A R
M',
CXZM/CX (13)

(10~ (I3) A5 FE SR B Co 55— S K o0 & i TR R BE C o BV Bl OAS W] 7K 43 5 f A A o ok
FEZ A e &R
1—M,,
1M,
S KGO Mo R 0 B &K o & B HEAT R BE A 4018 TE TS 45 SR 3R 5 iR,
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Table 5 Ca, Al, Si and Mg corrected concentration values under different moisture contents

Moisture/ % Ca/% Al/ % Si/ % Mg/ %

C, C. (14

—_

0 17.22 3.99 69.26 10.21
0.29 16.73 6.85 67.71 8.79
0.55 18.53 6.57 67.76 7.37
0.86 17.11 6.74 67.87 8.81
1.13 16.71 7.30 66.79 10.04
1.50 15.92 8.88 66.52 9.96
2.04 15.67 9.03 65.49 11.67

PR e E B B ELAT — 5 1 JRy R S Q0 45 22 B IO, — T o0 3R MR EE T SR AN MR R e At T
R ITHIAE AT L T AR b 1 3 S Mt ELHERE Wi T A 2R i 3R 5 TR, TR OL R M E B IEE M S H K
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