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Abstract

The paper describes spectroscopic characteristics of plasma induces in the pulsed YAG laser
welding of alloys containing a large amount of volatile elements. The authors have conducted the
spectroscopic analyses of laser induced Al-Mg alloys plasma in the air and argon atmosphere. In
the air environment, the identified spectra were atomic {ines of Al, Mg, Cr, Mn, Cu, Fe and Zn,
and singly ionized Mg lines, as well as the intense molecular spectra of AIQ and Mg0 formed by
chemical reactions of evaporated Al and Mg atoms from the pool surface with oxygen in the air.
In argon atmosphere, Mg0 and AlQ spectra vanished, but AIH spectrum was detected. The hydrogen
source was presumabiy hydrogen dissolved in the base metals, water absorbed on the surface oxide
fayer, or H, and Hx0 in the shieiding gas. The resonant lines of Al and Mg were strongly
self-absorbed, in particular, self-absorption of the Mg line was predominant. These results show
that the laser induced plasma was made of metallic vapor with relatively low temperature and
high density.
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Table 1 Physical constants of diatomic molecules

Observed
(AlO) || Te(=Ee/hc)] wX. | Be a. | De(10fcm?) | r(nm) | Transition
Dcsxg Voo
B2s+ || 20688.95 | 870.951 3.52 10.6040{ 0.0044 1.16 0.16670| B=X, R
X2Z+ 0 979.23¢ 6.97 |0.6413; 0.0058 1.08 0.16179} 20635.22
u=10.0419507, D =527 £ 0.04¢eV, LP=9.5¢eV
MgO) (10%cm™)
B!z 19984.0 | 824.0 ! 4.7 |0.5823i 0.0045 1.14 0.1737 | B&X, V
XiZ+ 0 785.0 ¢ 5.1 |0.5743} 0.0050 1.22 0.1749 | 20003.7
u=9.5957762, Dh®=3.53eV
(AIH) (104cm™)
AITI 23763 | 1082.7 6.38691 0.7323 6.200 0.16480| A=X, R
X1Z+ 0 1682.6% 29.09 | 6.3907} 0.1858 3.565 0.16478] 23470.93
u=0.97153602, Do®<3.06 eV

Te : clectronic energy
B., a., De :rotational constants

ax, @X-.: vibrational constants
4 : reduced mass

Dy® ; dissociation energy in the ground state
units : cm! except for those listed otherwise
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re : internuclear distance

L.P : ionization potential



Potential energy

<--fo'"-->

Internuclear distance

(a) (b)

Fig. 8 Schematic potential energy diagram
for different vibrational transitions.

2} A, =3, ARSI B'<B'(0.6040<
0.6 413)9] 3¢, W= =t R7], H=EE Fd
FEoz g,

MgOE re'<r"9) Ao, 0 '>0 oA W=

= }Ql(ﬂj}%})ZOi X*i}i sk, B'> B
A WMEFH=E P7], IEE dngZos 7H4
5T}
AlHS] ZASolE=, A0 2 FE7F fAsh
AlORTH ARSI & g, F AIHERZL AlOR
o 7 EAolnE ﬁlaﬂﬂ Aol YA H
of A=A AN #F5E F7F Ao 2
Huh Al0E AUdeE FAL Exlolzz 3
Kol zbAo] FolA FHAFZY EeE7t YA
Hol o2 e JFFE7 #5HA Ao

olgj3 B ~¥EEZE, I AFTR FTL F
AFRAY AUAEETE SAFoZsA
ol &AA §713te=, 53] AL FEk2vie A
T2 ¢ gHdex 39 \41 o4 %] ] 74] °ll
¢ Fa3 48e & Aoz AtgEn.
5o & #YUE }%8}04 "—H7]'6‘-4 %*‘
e A0 2 Mg0, EEA #9719 &HAAE
AIHE RS A% PdaAEHS o &3td E
znle] 227t A= FA ASE & A

Fig. 99 A50832] #olA 7] —f—r—a}zu}oﬂxi

o

winioai Bie g

Ne ¥ -’65 €39 Ny T 470 450 Ne i l’&s]‘ii Fre i 405 M e

Fig. 9 Molecular structure of plasma induced
by pulsed YAG laser irradiation
on A5083(E£0=80]/pulse, 7 p=20ms).

=AY A0 @ Mg0d A AWMEE 34 A &
d& Yeiidg, olE ZF W= Av 'sv v "
=0, 19 A|A2% v "=0, 1, 2, 39 Z T2 79

o2 yxo] A F Ut} ol &2 A 9

A B, AFAA BHAA kg B
$40l 7hs s,
4. A=
2% GTvE gF B2 VG dolA §RA
of #719E Behzetl el AFEFEAE o
sta, Az Be 2A7l ks FolA d71Fe

54 2 a5 GFEAS 33 ok Lo
A2%E 2939 o&3 go.

1) 5% oA7]Fo2A, Al, Mg, Cr5d F4
AT Mgel 171 o] A I A0, Mg0, AlHS] 2
AR Aol FAEHAL.

2) 4% 2¥EEH JUF AEe, #F2
2 dolA Fdo o G EFE EF
83, Z+E SR QoA ofF odr|ef AFE
g A=z Z dA8d.

3) FEgEA 29z A 2¥EHY Fx
sl Aol 2sl, Al09] 455.83 mm F Y59 WA 9
¥ Ego] FAHHUG.

4) Egt=vle 2xy AAYE Fo EYTFA
Fol, Crat Mge] FAARA, Mge] 17tol24d
2 A0, Mg0 283 AIH BAXo] FASH ol &

25 5S¢ & dAo

i

5) Al1¢} Mgle] ZdHoE A% 7155
<€ Yegdid. olRozRE, AR7]|AAE



AE AlS Mg} o Fdstn 1, &
gzule] LEE 23 LERIY0 dSH,
ol B ANNEFF AL, MgFol B2
2Y5E e 2L USE ¢ T UM

6) Al0%} MgOEAA L giV]|F 2 LFAE
el oy, ArE% 7t BYrIFdAAME
252 FATt. olF BEAML HolA ZA}oﬂ o
3 S Al 2 Mgrt tH7l-’7§-94 A4 9l 38
of o3 A4d Aolt.

7) ArBEZAVIE B4 FoA AlHEARA ] F
AHQow, 2 FPEE BN 7t2FY He

r
oo 1o oy mlm L

sk wel z4stA ¥Egd.
Fned
1. M.M.Collur, A.Daul and T.Debroy:“ Mechanism

of Alloying Element Vaporization during
Laser Welding” , Metallurgical Transaction
B, Vol.18B, pp733-740, 1987.

2. D.W.Moon and E.A.Metzbower:“ Laser Beam

Welding of Aluminum Alloy5456” ,Welding
Journal, pp.53s-58s, 1983.
3. A.Matsunawa, and T.Ohnawa:“ Beam—Plume

Interaction in Laser Materials Processing”
,Transactions of JWRI in Osaka University,
Vol.20-1, pp.39-15, 1991.

4. EHWRIL, FHEEKBE, FEER" L--
IR OBERFR” , v —¥ -5, Vol.
16-5, pp.252-266, 1988.

5. G.R.Harrison:“ Wavelength Table” , The

M.I.T. Press, Cambridge, 1969.

6. A.R.Stiganov and N.S.Sventitskii:“ Tables
of Spectral Lines of Neutral and lonized
Atoms” , IFI Plenum, New York, 1968.

7. A.N.Zaidel,V.K.Prokofev and S.M.Raiskii:
“ Tables of Spectrum Lines” , Pergamon
Press, Berlin, 1961.

8. R.W.B.Pearse and A.G.Gaydon:“ The Identi-

fication of Molecular Spectra” , Chapman

and Hall LTD, London, 1976.

9. P.AMolian and T.S.Strivatsan:“ Weld-

10.

11.

12.

13.

14.

15.

ability of Aluminium-lithium 2090 using
Laser Welding” Journal of Material
Science, Vol.25, pp.3347-3358, 1990.
BASYEE: ) - X : No.2, 13, 19, Eg
HRe> & —.

C.H.Corliss and W.R.Bozman:“
Probabilities for Spectral
, NBS Monograph

Experimental
Transition
Lines of Seventy Element”
53, pp.5, 185, 1962.
S.Bashkin and J.0.Stoner:“ Atomic Energy
Levels and Grotrian Diagrams” Vol. I,
North-Holland Pub. Co., Oxford, pp.388,
440, 1975

WM, FAEN, BUWET BTI XV

ooXHA  HBEBEHE Vol.18-5,
pp.207-215, 1992.
G.V.Marr:“ Plasma Spectroscopy” , Elsevier

Pub. Co., Amsterdam, Chap.V, 1968.
K.P.Huber and G.Herzberg:“ Molecular

Spectra and Molecular Structure IV,

Constants of Diatomic Molecules” , Van

Nostrand Reinhold Co., New York, 1979.



