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ANH HUONG CUA THOI GIAN TRE LEN CUONG PQ PHAT XA
VACH PHO Al1 (396,152 nm) KICH THICH BOI LASER XUNG POI
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TOM TAT

Bai bdo nay khdo st anh huéng thoi gian tré giita hai xung ciia mét laser xung déi tac dong
Ién cwong do phé phdt xa ciia vach phé Al I (396,152 nm) trong mdu hop kim nhém D16. Mau
hop kim nhém D16 dwoc bin phd trong khong khi bang cdch sir dung laser xung doi Nd:YAG
hoat dong & budc song 1064 nm voi thoi gian tré khdc nhau cia cdc cdp laser xung déi. Dua
trén co s6 dé, dé thi thé hién sir phu thugc cuong do ph(f phdt xa cua vach phé Al 1 (396,152
nm) vao thoi gian tré ciia nguon kich thich laser xung déi.

Tir khéa: Cuong dg phdt xa; laser xung déi; vach phé Al I (396,152 nm).
ABSTRACT

In this paper, the effect of time delay between two pulses of a double-pulse laser on the emis-
sion spectrum intensity of spectral line of Al I (396,152 nm) in the aluminum alloy D16 samples
was investigated. The aluminum alloy D16 samples were bombarded in the air by using double-
pulse laser Nd: YAG operating at wavelength of 1064 nm with different time delay periods.
Based on the measured spectral data, graphs showing the dependence of emission spectrum
intensity of spectral line of Al I (396,152 nm) onto the time delay of double-pulse laser excita-

tion source were formed and analyzed.

Keywords: Emission intensity; double-pulse laser, spectral line Al I (396,152) nm.

1. MO DAU

K§ thuat pho laser phat xa nguyén tir (La-
ser-induced breakdown spectroscopy - LIBS)
1a mot k§ thuat phan tich quang phd (dwa trén
cac dir liéu phd: budc séng, phan bd pho,
cuong d¢ vach phé, do rong vach phé) su
dung ngudn kich thich 1a chum tia laser xung
dé ban pha vat mau. Duéi tac dung ciia xung
laser, vat chat trén mau s& chuyén thanh thé
plasma, cic nguyén ti, ion chuyén lén trang
thai kich thich va hinh thanh phd vach phat xa
chtra thong tin cla vt mau. Trén thuc t& LIBS
c6 nhidu ung dung va cé thé thuc hién bang
nhiéu phuong phap khac nhau [1,2]. M6t sb
ung dung quan trong cua LIBS nhu phan tich
su phan b theo 16p cla cac nguyén t6 bén

trong mau vat, nghién ctru su hinh thanh céc
vi hat co kich thudc nanomét, phan tich thanh
phan cu trac cia mau, ...[2.3]. Trong tat ca
tmg dung cua LIBS thi cudng d6 vach phd
phat xa 1a dit liéu quan trong nhit ma chung ta
can phai xem xét. Mot s6 nghién ctru sir dung
tac nhan kich thich 1a laser hai xung duoc
dung trong k¥ thuat LIBS (double pulse laser
induced breakdown spectroscopy-DP LIBS)
d3 cho két qua 1a cudng d6 vach pho phat xa
va d6 nhay cta vach phd ting dang ké so vdi
laser xung don [2,4,5]. Trong rat nhiéu nghién
ctru st dung k¥ thuat LIBS, kim loai Al la
nguyén td duge su chu y dac biét cua nhiéu
chuyén gia. S& di nhur véy 1a vi nguyén t6 kim
loai nhém 13 mot trong nhitng nguyén to da
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vi lugng c6 mit hau hét trong céc co thé song
va nguyén t6 nay 1 mot trong céc nguyén t6
duoc tmg dung rt nhiéu dé lam vat liéu ché
tao trong cac nganh nghé, linh vyc khac nhau.
Bén canh do, viéc khao sat su ¢c6 mit va ham
lugng cua kim loai nhém trong hop kim ¢é do
bén cao va trong mau vat 1a quan trong [2],[3].
Ta da biét, dir liéu vé cuong do phat xa cua
kim loai nhdm néi riéng va cua cac nguyén
t6 noi chung phu thudc rat nhiéu vao cac yéu
t6 nhu ndng do nguyén tir c6 trong méu, diéu
kién khao sat cua moi truong (nhiét dg, ap
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Sut, ...), cac dac trung cua chum laser kich
thich (d¢ dai xung, nang luong kich thich, thoi
gian tré) [1,2]. Chinh vi vy, khao sit sy phu
thudc cua cudng do vach quang phd phat xa
vao cac yéu té nhu méi trudong, ngudn kich
thich phd, ... va dac biét 1a dic trung cta
chum laser kich thich 1a viéc 1am can thiét.
Tuy nhién, hién nay van chua c6 nghién ctru
cu thé ndo vé anh hudng thoi gian tré cua laser
xung d6i tac dong 1én cuong d6 vach phd phat
xa cta vach Al I (396,152 nm) trong mau hop
kim nhom D16 khi st dung k¥ thuat LIBS.

Hinh 1: Tong quan vé may quang phé laser phét xa nguyén tir LSS-1 (a)
va cau tao cum quang-co cua no (b)

Trong bai bdo nay chung t6i khao sat su
phu thudc cuong do phat xa cia vach phé All
(396,152 nm) vao thoi gian tré cia laser xung
d6i. Két qua nghién ciu cho thiy ring, ban
dau cudong do vach pho phét xa ciia vach Al T
(396,152 nm) tang dan khi thoi gian tré cua la-
ser xung d6i dugc thay doi ting dan; dén mot
gidi han nao d6 cuong do phat xa cua vach
phé khao st khong ting nita, tham chi giam,
khi thoi gian tré cua laser xung d6i van dugc
thay ddi tang dan. Két qua cu thé va phuong
phap nghién ciru sé dugc trinh bay & phan tiép
theo cua bai bao nay.

2. PHUONG PHAP NGHIEN CUU

Trong nghién ctru nay, chung t61 st dung
may quang phd phat xa hai xung LSS-10
khéo sat trén mau hop kim nhém D16. Pay la
may quang pho st dung ngudn sang kich thich
laser Nd:YAG vé1 bude song 1064 nm. Hinh
anh vé may LSS-1 trong phong thi nghiém
va thong s6 k¥ thuat cua né duoc gidi thiéu &
hinh 1 va bang 1.

M San pham cia céng ty LOTIS TII — Lién doanh Nhat
Ban-Bélarut



Bing 1: Thong s6 kj thudt ciia may quang pho LSS-1
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TT Thong sb k¥ thuat

1 Nguon kich thich: Laser hai xung
Nd:YAG; Budc song A=1064 nm.

2 | Tan s6 lap xung: /=10 Hz

3 | Sé lwong cac nguyén t6 khao sat <90.

4 | bg dai xung = 15 ns

s | Thoi gian dich chuyén gitra hai
xung: 0 + 100 ps

6 Pham vi budc song phan tich: 190
+ 800 nm

7 Tiét dién nhd nhét ctia chum laser
trén bé mat mau: 50 pm

8 | Nang lwong bom cua laser: 8 +20 J

9 | Nang lugng cua xung laser: 10+ 80 mJ
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Vat mau dugc chon trong nghién ciru nay
12 hop kim nhém D16 c¢é ham lugng nguyén
tir Al dat 94,7 — 90,8 % [6] . Theo dit liéu phd
ctia Vién Tiéu chuan va Cong nghé Quéc gia
Hoa Ky - NIST thi Al ¢6 nhiéu vach phé dac
trung, trong dé ¢6 vach phd AlT(396.152 nm)
[2,7,8].

Khi mau D16 bi kich thich bi mot tac nhan
laser xung d61 thda man diéu kién kich thich,
nguyén tir Al s& nhan nang luong va chuyén
lén trang thai kich thich. C6 nhiéu trudng hop
cac dién tir 16p ngoai cung nhan nang lugng
va chuyén lén trang thai kich thich. M6t trong
s6 céc truong hop d6 1a mét dién tir cia phan
16p 3p s& chuyén 1én mirc kich thich cao hon.
Cac sb hang so d6 16p ngoai cling & trang thai
co ban la 3s?3p. Dua vao cac dac trung lién
két (L,S) [7] va cach xac dinh nang luong kich
thich ctia nguyén tir Al I [9], chung toi thiét
1ap dugc so dd cau tric phod tinh t€ cac muc
ning lwong ciia Al I nhu hinh s6 2.

4d

3d

2S12 2P112

2P32 2Ds2 2Dss2

Hinh 2: So do cdu triic phoé tinh té cdc mirc nang heong cua nguyén tir Al 1
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Dua vao so d6 hinh 2 ching ta biét duoc
ddc tinh phat xa cua nguyén tr Al I véi céc
mirc ning lugng va cac vach phd cy thé tuong
mg. Trong s6 d6, vach ph6 dic trung Al I
(396.152 nm) 1 do phép chuyén tir s6 hang
’Sy, (3574s) vé s6 hang ’P, (3s?3p). Day la
vach c6 d6 nhay cao, rat d& nhan biét va it bj
nhiéu trong cic tmg dung cua LIBS [2, 3, 8].

Trong nghién ciru ndy mau hop kim nhom
D16 duoc gin vao cum quang-co cua may
quang ph6 LSS-1 trong khong khi ¢ nhiét do
phon. May quang pho dugc thiét 1ap cac thong
s6 nhu sau: nang lugng E = 12 J; thoi gian ban
xung laser thtr nhit sau khi khoi dong laser
t, = 130 ps; thot gian tr:é gilta xung laoser thu
hai va xung laser thir nhat dugc thay doi trong
khoang At =0 =+ 19 ps; sb laser xung déi bin
vao vat mau n = 5 xung. Thoi gian tré cua la-
ser xung d6i kich thich dugc diéu chinh tang
1 ps sau mdi lan bén phé vat mau. Chung ta
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can chi y, mdi thanh phén laser xung trong la-
ser xung d6i dugc chiéu thing, vuéng goc véi
vat mau. Phuong tic dong cua céc xung laser
1én vat mau dugc mo ta nhu hinh 3.

7 JoseT

1 dase]

Hinh 3: Phirong tdc dong cua cdc xung laser
lén vdt mau [10]

Vi mdi mot gia trj thoi gian tré cia laser
xung d6i kich thich, chung t6i thyc hién 3 lan
va do cudng do phat xa trong ca 3 lan, sau d6
1y trung binh cong. Dit liéu pho dugc may
tinh ghi lai mot cach tw dong thong qua phan
mém chuyén dyung ctia hang LOTIS TIL.

3. KET QUA VA THAO LUAN

Trén co sé dit liéu phd thu duoc ching t6i
da dung d thi biéu dién su phy thudc cudong
d6 phét xa cta vach phd Al 1 (396,152 nm)
vao thoi gian tré cla laser xung dbi kich thich
¢ hinh 4a va 4b.

Cwimg 3 (T)
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BOOOD i I(a.u.}

S At (us)

] 1 ¥ + 4 ¥ + +—>
o 2 4 6 8 10 12 14 16 18 X
Thai gian delta (t)

Hinh 4: Sir phu thue cuia cuong do phet xa vach p{zéAl 1(396,152 nm) vao thoi gian gré~ cua laser xung doi:
a. Cuong do vach phé moi lan do; b. Cwong do vach pho trung binh.
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Hinh 4a thé hién két qua thyc nghiém trong
ba lan thuc hién v6i mdy quang phd LSS-1.
Céac duong bifu dién trén hinh 4a cho thy sy
bién thién cudng do phat xa cua vach phd Al T
(396,152 nm) khi thoi gian tré cta laser xung
d6i duoc thay do6i taing dan. Hinh 4b 13 biéu 46
sir dung s6 liéu trung binh cia ba lan do.

Tir cac do thi 4a, 4b ta thiy khi thoi gian
tré ctia laser xung déi kich thich tang tir 0 dén
8 us thi cuong do phat xa cua vach phé All
(396,152 nm) ciing tang tuong ddi nhanh, va
cuong do phat xa dat cuc dai khi thoi gian tré
duoc diéu chinh tai gia tri 8 ps; Sau d6 cuong
d6 phd phat xa giam nhanh chong mac du thoi
gian tré ctia chum laser xung déi kich thich
van ting (trong tng thoi gian tré At > 8 ps).

Két qua nay c6 thé dugc giai thich nhu sau:
khi xung laser thir nhét cua laser xung doi dap
vao mau hop kim nhém D16, vét chat ving
nay bi d6t néng va nhanh chéng chuyén tir thé
rin sang plasma (c6 thé goi day 1a khdi plas-
ma th¢ nhit). Trong viing plasma ndng séng
nay nhoém ton tai chu yéu ¢ dang nguyén tir
va cac ion (Al*, Al*,...) trong trang thai kich
thich. Néu chi xét riéng céc nguyén tir Al I
thi nguyén tir nay cé thé ton tai ¢ rat nhiéu
trang thai kich thich khac nhau (xem hinh 2).
Cac trang thai kich kich tdn tai mot khoéang
thoi gian ngin, khoang 10 s, roi s& tro vé
trang thai c6 muic ning lugng thip hon va
ddng thoi phét birc xa cb bude séng tuong
mg. Nhung sau khi laser xung thir nhat twong
tac mot khoang thoi gian At rat ngan thi la-
ser xung thu hai cia laser xung doi lai dép
vao mau hop kim nhém D16 tai vi tri ma la-
ser xung thir nhat da dap vao. Xung laser thu
hai ndy tic dong vao khéi plasma thir nhét va
tao khdi plasma thtr hai ¢ vi tri sdu hon. Néu
thoi gian tré duoc diéu chinh dung luc dé ban
xung laser thir hai vao khéi plasma thir nhat
dang & trang thdi kich thich gian né vé thé
tich thi khdi plasma thir nhit nay s& c6 nhiéu
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nguyén t¢t Al duogc kich thich. Sau khoang
thoi gian séng cho phép, cic nguyén tir Al (&
trang thai kich thich 3s’4s-*S ) s¢ ddng loat
tro vé trang thai co ban (3s23p - P, ) vataora
vach pho phat xa c6 cuong do cao. Trong thoi
gian tuong tac do6, c6 rit nhidu qua trinh xay
ra trong ving plasma: qua trinh ty hp thy, ion
hod, qua trinh két hop cta cic nguyén td trong
khéi plasma (bao gdm cic nguyén t6 trong
mau va trong khéng khi), qua trinh bay hoi,
hiéu ¢mg chén,. .. s& lam anh huong dén cudng
d6 phét xa cua vach phd Al I (396,152 nm).
Xét vé mat dinh lugng thi cudong do phat xa
ctia vach phd Al 1 (396.152 nm) phu thudc vao
mat do nguyén tir Al c6 trong mau hgp kim
nh6ém D16 theo cong thirc Lomakin - Scheibe
[11]:
I=a.C’ (1)
Trong d6 I 1a cuong d6 vach phd khao sat;
C la ham luwong cia nguyén t6 khao sat trong
mau; a, b 1a cac hing sé phu thude vao ting
qué trinh phén tich cu thé. RS rang, dudi tac
dong ctia chum laser kich thich véi nang lugng
xac dinh (trong nghién ctru nay nang luong
bom la 12 J) thi ham lugng Al Al', Al%,...
trong khdi plasma s& c6 mot gia tri xac dinh
tuong Gng. Nhu vdy nghia 1a néu cudong do
chum laser kich thich 6n dinh thi ham lugng
Al va do d6 cudng do vach phd Al T (396,152
nm) 6n dinh. Tuy nhién, thyc té, duéi tac dong
cua chum laser xung d61, cac qua trinh xay ra
trong plasma phtrc tap hon nhiéu. Cac nghién
ctru vé dong hoc plasma va cac qué trinh xay
ra trong plasma chi ra ring: Dudi tac dong ciia
chim laser xung d6i, ving plasma tién trién
rit phiic tap theo thoi gian va dic tinh dong
hoc cta né phy thude chi yéu vao thoi gian tré
gifra cac xung laser [1,12]. Theo do, hiéu qua
kich thich ctia mdi cap xung laser phu thudc
vao phan bb khong gian cta ving plasma thir
nhét (do xung thr nhit gay ra) khi xung thir
hai tdc dong; Va do d6 phu thudc vao thoi gian
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tré giita hai xung laser trong mdi cip xung.
Diéu do da 1y giai tai sao cudng do phat xa cua
vach phd Al1 (396,152 nm) ting 1én roi giam
xuéng khi tang dan thoi gian tré (hinh 4).
Ngoai ra, phan b nhiét trong khoi plasma
r rang phu thudc vao phan bd khong gian cia
plasma thir nhat va th hai (do xung thir nhat
va tht hai gdy ra). Piéu d6 nghia la phan b
nhi¢t nay phu thudc vao thoi gian tré cla cac
xung laser [12]. Nhiét d6 va su phan bd nhiét
lai anh huéng dén cac qué trinh ion héa trong
khéi plasma. Qua trinh d6 dugc dinh lwong
hoa thong qua cong thire Saha [3, 13, 14]:

P _ ( 27m )/ (kY5 r{%} @)

1—x? h?

trong d6 x 1a d6 ion hoéa nguyén tr vi nhiét
(hay bac ion hod) dugc xac dinh theo cong
thirc:
. @)
Ny + N,

v6i P 14 ap suét khi (at); m 1a khoi lugng dién
tir (9,1.10-*' kg); h 12 hing s6 Planck (6,626.10-
3 J.s); K 1a hiang s6 Boltzmann (1,38.10%3
J/K): T 1a nhiét 6 khoi plasma (K); E, 1a nang
luong ior} hoa (J); N }é sO ion co trong mot
don vi thé tich; N, 1a s6 nguyén tir trung hoa.

Theo do, nhiét do plasma anh huong dén
qua trinh ion hda cua cac nguyén tir Al trong
mau. Dudi céc co ché tac dong khac nhau cia
chum laser xung doi (phu thudc vao thoi gian
tré giita hai xung trong mdi cip xung), qui
trinh ion héa cé thé chiém uu thé hon so véi
cac qua trinh khéc. Hi¢n tuong nay lam cho
mat d§ nguyén ta Al I giam di (méc du ham
luong tong cong Al, Al*, Al*,...trong palasma
van 6n dinh). D6 12 mot trong nhitng nguyén
nhan 1am cho cuong do phat xa ctia vach phd
Al T (396,152 nm) suy gidm khi At > 8 ps
(hinh 4).

Hon nita, khi tang thoi gian tré cua laser
xung doi qua 16n (thoi gian tré vuot qua 8 ps)

thi thé tich khoi phasma bung n6 qua murc 1am
cho cac nguyén tur, trong doé co nguyén tir Al ,
s& két hop véi cac nguyén tir oxi tro tao thanh
cdc ion khac hodc thanh céch lién két khac
va kém theo d6 1a qua trinh bay hoi, din dén
cudng d6 phat xa vach phd Al T (393.152 nm)
s& giam di.

Cubi ciing, phai ké dén anh huong cua qua
trinh t hp thu trong plasma Ién cudng do
vach phé phat xa. Trong qua trinh tic dong
ctia laser xung d6i 1én mau thi thoi gian va
muc do tuong tac ciia xung thir hai vdi vung
plasma thir nhét phu thudc rat nhiéu vao thoi
gian tré giira hai xung [1], [12]. Véi thoi gian
tré chua du 16n (At chua vugt qua 8 ps) thi
céc birc xa Al I (393.152 nm) chi can truyén
qua mot ving plasma hep dé dén dau thu may
quang phd; Khi At > 8 ps ving plasma thir
nhat mé rong lam cho mot luong 16n bic xa
dang khdo sat bi chinh ving plasma nay hap
thu 1am cho lugng photon dén dugc dau thu
giam va do dé cudng d6 vach phd khao sat
giam manh [1], [2], [3].

4. KET LUAN

Tu nhitng dir li€u, s6 liéu thuc nghiém va
d6 thi v& dugc cung véi nhitng phan tich &
trén chung ta khing dinh cudng d6 phat xa
cua vach Al11(396,152 nm) phuy thudc vao thoi
gian tré cia chum laser xung d6i kich thich.
Cu thé: Khi thoi gian tré cua laser xung kich
thich tang nhung chua du Ién thi cudng d
vach phat xa Al I (396,152 nm) s& tang dén;
Pén mot gia tri nao d6, khi thoi gian tré cta
laser xung doi ting du l6n thi cuong d§ vach
phat xa khong tang nita ma lai giam dan.

D6 ciing chinh 1a két luAn ma chiing ta can
phai quan tam khi &p dung LIBS thuc hién cac
nghién ctu khac nhu: Xac dinh ham lugng
nguyén to Al trong cac méu (méu nguoi, thuc
pham, than vo mdy bay,...); Xac dinh su phan
b cua Al theo 16p trong cau triic ctia mot thiét
bi, san pham ndo dé;... D6 ciing chinh 1a dinh
huodng nghién clru ctia nhom tac gia trong thoi
gian téi.
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