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Abstract Using laser-induced breakdown spectroscopy (LIBS), the main elements in fly ash, including C, Si, Al, Mg and
Fe, are measured. KBr is employed as binder to press the fly ash powder to pellets. The differences of fly ash plasma
characteristics in different gas environments (CO,, air, N,, Ar ) are analyzed, and their effects to unburned carbon
measurements are studied. The results show that the spectral intensities obtained in argon are the highest among the four
environments, and intensities in nitrogen take the second place. The intensities in air atmosphere are just a little less than
those in nitrogen, while those in carbon dioxide are the least. Furthermore, carbon element in CO, disturbs the unburned
carbon analysis extremely. Comparing the plasma temperatures in different environments, plasma in CO, atmosphere get the
lowest temperature, implying it is the hardest to induce in CO; .

Key words  spectroscopy; laser-induced breakdown spectroscopy; gas environment; fly ash; plasma; spectral
characteristics

OCIS codes 300.6365; 300.2140; 300.6170; 300.6210

1 B = e NANE Y e I R G €Y O R
ERP IR A R R e T R ML R 52 4 Ik s B s SRR R b 32 4T ) — T B R 2B R AR

RS B 2013-11-04; Y EIMEM TR HHER: 2013-12-09
EE&WHE: BEKAARAES (51206055,51071069)
TEER v : JERR (1971—) . 55 A 4, 30452 S sy G0 T RR 0, 32 0 DA 400 0 73 8 il HE 0 498 48 0 4k 25 1w 1 F 5%
E-mail: syl1971@163. com
* BIEBKE Ao E-mail: jdlu@scut. edu. cn

0515002-1



i

# ot

I HL TR A R AR TR B A O — I S AR
KL s RO & ik i — B R A% 50 09 8 B AR BRIk
I AR X Bl B 26 5 vk — AP AE AR R CRAE
BHE BN 43 B B ] R DA B BT DN 5 kL g S
bR T oL S JLAS /NS DL B S @, AT — B 7E T4
— Pl e S I S R s AT RO AT R A A B Y
Tk AR08 . B AR R ARG T B Bk i 1Y T
2 A O AR U LD AR Ry
S AE o IO WO I RO P s R R D B
T 14) R AT RIS B0 D8 A AN 1) R i ke N IR B sk
D6 R 2 e TR A T D R N TR
ASCTR S HL TR 245 73 R S TR H = o8 T 7 A ) R T
Sy T AN 9 i 2 AR TR P R R
RN B D 3 AT 00 AR A E 1 B R AR
HAE R sy SRR T TCOBTE O R BRSP4 10k
FL, 007 R BFE K 00 R A0 P SR B R A T A O
S Ok IE B R (LIBS) J& — Fiobr 5 1 & 5 6 3
SIHTEE AR S DL RE PR £ 00 2 [R) ISR A A
T % 22 30 FH T R Rt RO e o ) A

Huf LIBS X} C e R iy st £ C 1
193.09 nm K& C1247. 86 nm W 4514k . i KK i
WICE Fe 4k Fe 1 247. 95 nm 4 2% C 1
247. 86 nmi% Ly N E & T BTk A IR
2£HNMDMUV)IXE CT193.09 nm, K7 DUV X
1) 3 2R HR I L 373 CCD 450 25 19 96 15 -5 i B AR AIK
Ivi) B 480 A0 1) A7 78 75 I — 2 IR 3R ok T
T AR A SR B LA 5 e AR P R S R
TCORAE L 2 AL SRR B & A AP B e
S AR AR 235 i) OB ik St 1 ME A B L IR G
BENETS RN SO IW/E IR UN R dRif A

VI 2235 O IR 88 SRR AN [FRE i OG5 5 56
BRI AL R I BEIE . Bl A kAR
WOk B R (R A AR S0 40 i Uk B8 R
FEL X AN [ 285 Bk 76 2= 19 5L & SR Ol 3% N 43 R 5ok
TERCRHLEI MR, R R T bk R O
DA B BRE i S 38, 28 i SR GRAD e UK
CRA AR FIRE & A (58 SO ME G2 vh S
WFIE T OGS WA B TR TEA 8] <A i 4R
SHREOL . BTSN X B A A N AR M
BEHBOETE T 5 8 OIS AT 1TSS, R BiE
21 SiE 3R I R] 0GR CER B RE 98 W 3 o 1 4 1 £
L s DT 2 555 J0 K % & B 9K A ) . Nakamura
SEU e 4 TR R S S A e G A AR I B R

R VAR VAR SO MIE S 5 T A RS HEM
JE 96 TR T & SO0 1 s m RRUR OB
SR BE e HOUOR A AU S AR ORISR
Bk, TESRBEST TR AR 1400 Pa i 15 31 &
HEH BE T R X R 45 A T LR 40T 1 AR T

h T BFSE BB SR X LIBS I B KK Y 5
AW FEAR R IR SR CR S & IR . ik
B AR R A R SR Tk
BB LA AR L X B A B R TR BR 8E R
TR 55 TR 22 5 JF W0 9E SR BER
PRt LIBS {5 €K A 5% b

2 5t 5

CORFE IR B AR R A R
IR BN 11.18% , R BB WK
Bk R AR AR A RO AR IBGZ A (1
0.2) g, JMAM PG H— I AFE KT &I 3
(815410) CHyLay, #yke 2 h J5 B e
AR LR 2 5 min, FF 2 TSR A 2=
TG (29 20 min)  EATFRFE . P UCRR I 1 T o 22
DA B A LU RO Ry 8 Bk o R A R A o T
HAE 30 mm By Fr ARAE b AT 0 A T AN RO i X
DA B« BOR ARG 455700 5 KA 5118 6 s R s i
FRFERE S5 50 2 KBr, 9280 Fiiff KK 5 KBr 4% #f
Fii kb 1+ 4R A IR R 5] IR R 5 g IR G FF
wi s M A 7 ALAE 18 MPa s F i 3 min, i 1%
JORHE S DA SE R .

H AT 0 R R AR B TR L s ) LIBS i &
RET R EER G . B R AR B Ik EO UL TR
AR BS FR 15 AR B CCD 350 2% 19 6 27 6 15 A
755 B RO % I, S 3% AT I O 1% Y [ A
175~290 nm, 43 #FEF K 0. 09 nm, 7E 7B EEEH T
S LADR S W, S TR R A A MR L S g
K FH 1064 nm A9 Quantel [k w06 EY . BOGRE &
51 mJ, M4 AR E fi 22 (RSD) 4 1. 45%, F2 & N
—4 mm, WL 45°, B EIE IR A 1.6 ps,
RAETTFE A 2 ms, R HBOGA I Q i th 5 S #HDt
WAL . S T 55 R G S RO B FRE R B S P
W), DAAR A R 47 0 J A2V L T 43 B 10 D6 i AR s 14k
H 400 YAk O VR AR 1S 19 55 B RO 1
S35 SRR A AT G R 25 M O 400 YRR SRR BE (9 B
AR 22 (SD) .

0515002-2



BRI A FR AT R 3 7 IR 2
reﬂect% X
o !
Nd:YAG laser : |l
S, ! ||
S N
computer o ;f\

Iaser controller i fiber optic spectrometer

1 LIBS 585 R G i A

Fig. 1 Schematic of LIBS experimental system

S 3 MAE AR R A VRV E AR E TR
AT

T B E KBr Rl 45 7565 6O B o0 3R K H A %
TCR MGG B TR N L JE AT T 4l KBr F K K-
KBr A FEA(E Ar FREH 19 LIBS S256 ., U ke
AR AE 192~248 nm BOEIE K WK 2 R

10000
)
C1247.86 nm g
o
—5000 &
+C1193.09 nm L g
| hl‘ f IWLU' —0 -
KBr

190 200 210 220 230 240
Wavelength /nm

K 2 ARG T CK-KBr iR & FE 5 5 KBr 44 &
i 5t He
Fig. 2 Comparison of Fly ash-KBr composite sample and

pure KBr sample spectra in Ar environment
M 2 W L R Y 52 86 45 4F 8 . 4l KBr £
A A OGIE XS L K -KBr 1R A FE OG5 . LT A R
fiEWE  JF HoRWLZE B T B FE X 4 C JUR I P&
2 S FoAtb oy B Bt FH 6 3% 1 6 19 45 A0 06 B 3iE T KBr
V59 R 450 I AN 22 R Wi S 55 70 AT

3 GRS

et H S BT 4 B TR FR <R R 2
RSO B R IEBAE L AF 180300 nm
e B B ORI N 3 R

[=2]
(=3
(=3
(=3
(=]

NS

S

(=1

S

(=)
Intensity (counts)

—20000
LA KL: = A?
saanly, N
acdlip w.../éA 3 “2
| s i ~ -
/—\JO2

180 200 220 240 260 280 300
Wavelength /nm

B3 4 FhERBE SR T RR-KBr 384 RE O
Fig. 3 Comparison of Fly ash-KBr composite sample
spectra in four different gas environments

B 3 AT GRS T B RO 1% 5 B fe i
(=R S 7 N NN N o NI B 7 R R N
Xt 85 B R G 7 AR R A I R L BR 4 B A O
T PRI R ) 0T A5 B A S AR R 5 e, 45 2R
FPETA TR E R R & TN, 46
TS 5] B 6 3% L LA K T 3% B o R B0 T
(NIST) , 3% HR i Be K 4y F 22 90 & C, Si, Al Mg, Fe
S5 55 AR DG I AE RS ik B E AR A3 AT T R S AT
I TG R W RHAE G | 38 R A3 i A Ry A i 26
HEAT TR A BERR IS L S Hn 3R 1 R,

F 1 ESHITRNSE

Table 1 Parameters of the analyzed elements
Wavelength Transition probability Lower level Upper level Degeneracy of
A /nm AL /(108 « 571 E./eV E./eV upper level g
C 1193.0905 3.51 1.263725 7.684766
C 1 247. 856 0. 34 2.684011 7.684766 3
Sil212.412
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