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ABSTRACT

Studying thermoluminescence (TL) phenomenon suggests the potential
applications of this phenomenon in the radiation field, especially in
identifying irradiated product samples in Vietnam. Determining the
right radiation dose will help to check the safety of irradiated products
in the market and to ensure the health of the consumers. This paper
demonstrates the foundation of the irradiated product detection using
thermoluminescence equipment in order to give more sufficient
assessment on the application of this phenomenon in practice.

TOM TAT

Nghién ciru hién twong nhiét hupnh quang cho thdy tiém ndng img
dung hién tugng nay trong linh viec phdng xa va dac biét la trong viéc
xdc dinh mau chiéu xa & Viét Nam. Xdc dinh ding liéu chiéu sé kiém
chitng dwoc tinh an todn ciia san pham chiéu xa trén thi truong va dam
bao sitc khée cho nguwoi tiéu ding. Bai viét nay néu ra co sé ciia viéc
xdc dinh mau chiéu xa trén thiét bi nhiét huynh quang nham déanh gid
ddy dii hon vé kha nang vmg dung cia hién tiwong nhiét hupnh quang
trén thyc té.

1 PAT VAN BE

Chiéu xa thyc pham 1a mot trong cac cong nghé

trong mang tinh thé. Phuong phap TL ap dung lén
cac mau va da phat hién rang cac mau khong bi

st dung nang lugng cua tia phong xa cé tinh buc
xa ion hoa dé xir 1y thyc pham nhdm ning cao chat
lugng vé€ sinh va an toan cho sin phém. Thuc
phim, néng san chiéu xa da dugc chung minh 1a
lanh tinh va mang lai nhiing loi ich kinh té - x4 hoi
to 16n. Tuy nhién, vin dé dat ra 1a bang cach nao dé
nhan biét duge san phém da chiéu xa hay chua
trong khi mau chiéu xa va khong chiéu xa khi quan
sat truc tiép khong khac gi nhau. Xuat phat tir nhu
cdu trén, phuong phap nhiét huynh quang TL can
duogc nghién clru va ap dung

Trong nhiing nam gan day, linh vuc TL duogc
nhiéu nghién ctru trén thé gidi quan tim do nhing
Umg dung thyc tlen ctia n6 trong do liéu phong xa,
dinh tudi cac ¢ vat, xac dinh khuyét tat xay ra
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chiéu xa c6 cac dinh phd TL rét thip trong khi cac
mau da chiéu xa cac dinh phd cao va ting dan theo
lidu xa (Correcher et al., 1998). Day 1a phat hién
quan trong trong viéc xac dinh mau da chiéu xa. O
Viét Nam, van dé ndy van chua duogc quan tdim va
hién chua c6 nghién ctru ndo. Hién tai khu vuc phia
Nam chi ¢6 Vién Hat nhan Pa Lat va Trung tdm
Hat nhan TP.HCM c6 day di may moc phuc vu
nghién ctru nay.

2 GIAI QUYET VAN PE

TL 14 hién tugng phét ra anh sang tir cac chat
cach dién hodc chit ban din khi ching duoc nung
noéng. TL thuc chit 1a sy phat sing vi nhiét khi
electron bén trong vét hip thu nang lugng birc xa.
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Ba yéu td can thiét cho viéc phat tin hiéu
huynh quang:

- Dz‘iuNtién, vét liéu bi kich thich nhiét phai la
chat ban dan hodc chat cach dién, vat liéu la kim
loai khong phat ra tin hi¢u TL.

— Tha hai, vat liéu phai cin thoi gian dé
hap thu nang luong trong suot qua trinh phoi chicu
birc xa.

— Thu ba, viéc phét tin higu TL can phai dugc
khéi dong bang sy nung ndéng vat chat. (Hoang
Duc Tam et al., 2009).

2.1 M0 hinh gidi thich co ché dong hoc TL
(McKeever S.W.S, 2000)

2.1.1 Mo hinh dong hoc bdc 1 - M6 hinh
Randall Wilkins

Céc qua trinh vat 1i chi phdi hién tuong TL bt
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nguén tor sy dich chuyén cua cac hat mang dién
(electron va 13 tréng) gitta cac mirc ning luong
duoc tao ra do su sai khac vé& mat cu trac tinh thé -
cac khuyét tat caa vat liéu. Hinh 1 1a so dd cAu tric
vung nang luong don gian nhit mo ta hién tugng
TL. Ving dan va vung héa tri dugce tach roi ra boi
ving cam. Biy nam trén muc can bang Fermi va
do vy no hoan toan tréng rdng trong trang thai can
bang (trude khi hap thy bire xa), né duogc goi 1a thé
bay electron. Nguoc lai, tim tai hop nim bén dudi
mirc Fermi nén n6 dwoc chiém diy céc electron va
duogc goi 14 thé bay 15 trong.

V6i nang lugng birc xa hép thu (hv)o > Ec — E,
(16n hon bé rong ving cdm) s& dan dén qua trinh
ion hoa cac electron hoda tri tao ra cac electron tu
do trong ving dan va cac 15 tréng tu do trong ving
hoa tri (dich chuyén 1).

Ving dan L
431 .-.-:T:iﬁ:-:3:3:-:-:-.-.-.-.-.-.-.-:-:-:3:-:35353:-:- LR,
o_LE
T Tam bat
4 Huynh quang (hv),
Y ______ Mirc cn bing
Fermi E;
, R ,
Photon hip thu —§— Tam tai hop
(hv), 3
E.
Qf - Ving hoa tri / O /

Hinh 1: Gién db ning lwgng dé giai thich qua trinh chuyén mirc

Kha nang tai hop truc tiép cac electron va 15
trong qua Vung cam it xay ra hon tai hop gian tiép,
nhét 14 d6i v&i chét ban dan va chat cach dién co
ving cim rong. Vi vy qua trinh tai hop xay ra,
dau tién céc 15 trong bi bay ¢ tdm tai hop R (dich
chuyén 5). Su tai hop dién ra qua viéc huy céac 15
trong bi by boi cac electron ty do (dich chuyén 4).
Trong mau nay, néu sy dich chuyén tai hop 1a do
bdi buc xa thi qué trinh nay dugc xem la sy phat
huynh quang.

Ngoai ra, cac electron ty do ciing ¢6 thé bi biy
tai mirc T (dich chuyen 2). Trong truong hop nay,
su tai hop chi co thé xay ra, néu electron bi bay hap
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thu du nang luong (E) dé quay tr¢ lai ving dan
Thot gian song cua electron va 16 trong 14 rat ngan
va n6 bi bt boi cac tim twong tng (nguoi ta goi
mau lac nay & trang thai kich thich). Nhu vay, qua
trinh phat huynh quang s€ c6 thoi gian tri hodn
bing thoi gian cia cac electron trong biy, co
phuong trinh sau:
E

p= Tl =se ¢ )

O day p duoc dinh nghia 14 x4c suét giai phong
electron khoi bay do tac dong nhiét, s: hé s6 tan s0
thoat c6 thir nguyén gidy- 1. Y nghia vat li cua hé s6
nay: bay bat dugc xem nhu mét ho thé duge dac
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trung badi hé s6 tAn sb thodt s, s 14 tich cta tin s6 va
cham dién t& v&i vach hd thé va hé sb phan xa. Do
vy c6 thé xem s c6 do 16n bang tin s6 dao dong
clia mang tinh thé.

Mo hinh Randall Wilkins 1a8 mé hinh don gian
nhit mo ta duong cong TL duoc dua ra vao nim
1945 trén co s& céu trac vung nang luong (xem
Hinh 1) dua trén hai gia thiét co ban sau:

— Trong ving cAm chi ton tai mot loai tim bt
va tam tai hop.

— Cac electron bi kich thich boi nhiét va thoat
khoi tim bt chuyén 1én ving dan va tai hop ngay
v6i cac 16 trong trén tim tai hop, chung khong
bi bét trd vao cac bay hodc tai hop véi cac tim
tai hop.

Nhu viy, ta co thé thiy rang toc do giai
phong electron do nhiét bang voi toc do tai hop.
Téc do giai phong electron do nhiét ti 1¢ voi mat do
electron trén bay theo thong ké Boltzmann. Phuong
trinh md ta sy thay ddi mat do dién to trén bay
duoc viét nhu sau:

d
7" =(1-0,)pn @

n 1a mat do electron trén by, 0, la xdc sudt
electron bj bt lai vao biy (trong mé hinh Randall
Wilkins o, =0). Phuong trinh (2) vi vay duoc

viet lai c6 dang:

_E
% =nse T (3)

Trong dé: k 13 hing sfi Boltzmann; £ 1a nang
lugng kich hoat cua bay bat electron.

Khi nhiét d6 tang, cac electron dugc giai phong
nhiéu hon va qué trinh tai hop xay ra lam giam
ndng do cac 15 tréng va lam ting cudng do TL. Khi
cac electron bay it dan, tdc do tai hop cling giam va
theo d6 cuong do TL cling giam theo. Qua trinh
nay tao ra dinh TL dac trung. Thong thuong, trong
cac thi nghiém loai nay, nhiét d§ tang theo ham
tuyén tinh cia thoi gian. Méi quan hé nay dugc
biéu dién dudi dang:

T=T,+pt 4)

. o dT
& day [ 1a toc do gia nhiét (Zd—), Ty la
t

nhiét d6 ban dau ctua mau. LAy tich phan tir ¢ = 1,
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voi diéu kién dau T =To, n = ny, Kkét hop véi
phuong trinh (4) cho két qua:
r £
B ~ipfe”
I(T)=nyse e o Q)

bay 1a phuong trinh m6 ta cuong d¢ dong nhiét
phat quang theo md hinh Randall Wilkins bac nhét.
Puong cong nhiét phat quang tudn theo co ché
dong hoc béc nhét nay co tinh bat ddi xng: su suy
giam cudng do nhiét phat quang Gng véi mién
nhiét d6 T > T, dbc hon phan cuong do phat xa
tang ng voi T' < Tax

2.1.2 M6 hinh dong hoc bdc 2 - M6 hinh
Garlick Gibson

Theo moé hinh Garlick Gibson: Cac hat mang
dién c6 thé bi bat tro lai v6i xac suit bat lai bang
xé4c sudt tai hop. Hinh 2 minh hoa cho mé hinh
dong hoc bac hai. Electron bi kich thich do tac
nhén nhiét do chuyen lén vung dan (chuyén dich
1). Chung c6 thé tai hop véi 10 tréng trén tam tai
hop (chuyen dich 3) kem theo phat huynh quang va
c6 thé bi bét lai vao tAm bét (chuyen dich 2).

Vung din

—_—

Vung hoa tri

Hinh 2: Gian d6 md ta chuyén ddng bac hai va
tong quat
Theo m6 hinh dong hoc ndy, trong truong hop

didc biét, xac suit bit tro lai bﬁng xac suat tai hop,
khi dé:

E
kT
I(t)= —% =n’s eN (6)
_E
Hay [(t):—%znzs'e kT 7
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. s
Trong d6 N 1a mat d6 bay, s'= W Nghiém

cua phuong trinh (7) cé dang:
2

_E r _E
I(T)=nls'e 7 / 1+(n0s'/ﬂ)fe “dT | ®)

5

Piéu kién cuc dai cua biéu thuc (8)
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E

T _E
1+(nys/ ,b’)je AT |= (kT n,s'l BE)e = (9)

%

Tur nhiing phuong trinh trén, chiing ta c6 nhén
xét nhu sau: trong biéu thirc (9) c6 sy xuat hién cua
np — ndéng do ban dau cua cac electron trong cac
bay, diéu nay co nghia rang vi tri dinh nhiét phat
quang T thay d6i theo ndng do cua cac electron
trong cac bay. Khi ny nho, vi tri ctia dinh nhiét phat
quang s& nam & nhiét 46 cao hon so véi khi ng 16n
(Furetta C. 2003).

L]
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Nhiét 45 (°C)
Hinh 3: Dudng cong theo md hinh bic 1 dwgc tinh v6i E = 1,0eV, s=10" s va § = 10°C/phit. Duong
cong bac nhat nay dwogc tinh véi nong do hat mang di€n ban dau la: (1): 1,05 (2): 0,8; (3): 0,65 (4): 0,4;
(5): 0,2 va (6): 0,05 (don vi chung 1a 10 hat trén m?)
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Hinh 4: Pudng cong theo md hinh bic 2 dwgre tinh v6i E = 1,0eV, s=10" s va f = 10°C/phit. Duong
cong bic hai nay dwgec tinh véi nong d§ hat mang dién ban dau la: (1): 1,0; (2): 0,8; (3): 0,6; (4): 0,4;
(5): 0,2 va (6): 0,05 (don vi chung 12 102 hat trén m?)
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So sanh cac duong cong nay trong hai truong
hop st dung mé hinh bac nhat va mé hinh béc hai
ta thdy ring cac dinh TL trong trudng hop béc
nhit khong dich chuyén theo nhiét do trong khi &
treong hop béc hai, dinh TL dich chuyén vé phia
nhiét d6 cao khi ny cang nho - diéu nay cho thy su
phu thugc cta dinh TL theo ny. Ngoai ra, cac dinh
TL trong trudng hop béc hai c6 tinh ddi xing theo
truc thang dung tdt hon so véi trong truong hop
bac nhét.

Nhu vay, c6 thé théy néu xac dinh duoc lwong
TL phat ra thi c6 thé x4c dinh dugc liéu buc xa ion
hoa di chiéu 1én mau. Pay chinh 1a co s¢ cia k¥
thuét do lidu bang phuong phap TL trong viéc xac
dinh miu d chiéu xa.

2.2 Do tin hi¢u TL

2.2.1 Chudn bi va xir Iy mau ding cho ky
thuat TL

Mau thyc phim phu hop cho k¥ thuat TL nhu
cac loai thao moc, gia vi, rau cu, ngil cdc, dong vat
cb vo va cac loai trai cdy c6 chira khoang chét
silicat. Viéc chon cac mau thyc phdm cho nghién
ciru TL dya trén kha nang chia tach lién quan dén
thanh phan v0 co cua mau. Nguyén 1y lam viéc cua
thiét biTL gan lién voi thue nghiém véi viée chuan
bi méu, do liéu hip thy, cach ly cac thanh phan vo
co va viéc chuan héa do luong TL .

Cac mau thuc phém dugc thu mua tir cac cho
sau d6 dugc dong goi trong tui nhya va dugce chia
thanh timg 16 nho. Mot trong sb chiing khong chiéu
xa, s6 con lai duoc chiéu xa véi bic xa gamma
theo tiéu chuén. Viéc chiéu xa mau c6 thé dung
may Cobalt-60.

Tuy theo miu ma ta xtr 1y nhiét thich hop, cac
mau thyc phim nhu lba, gimg, khoai tay, cii nghé
c6 thé gitt ¢ nhiét d6 méi truong (27 £ 2°C), vai
cac san pham dong lanh nhu tdm can bao quan &
nhiét do lanh (0 % 4°C).

2.2.2 Nguyén li chung vé do tin hiéu TL

Liéu ké TL 1am viéc boi su nung nong vat liu
TL va do luong anh sang phat ra tir birc xa photon
thong qua qua trinh kich thich bay electron ¢ vung
cAm ciia tinh thé. Cac miu chiéu xa dugc dat trén
gia nung va dugc dun néng thong qua bd nhiét
dién. Anh sang phat ra duoc cho di qua bo loc hoic
thiét bi tich séng noi ma dugc xir Iy dé chuyén doi
tan sO song photon phat ra sang dang phd nhin thay
noi ma sau d6 thu nhan thong qua thiét bi nhan
quang (PMT). Diu ra cua thiét bj PMT duoc tich
hop trong mot bd tich hgp. PMT duoc dung dé
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chuyén d6i thong lugng anh sang phat ra tir vat liéu
TL sang tin hi€u dién tr. Nhitng phdton tuong tac
véi am cuc quang, noi ma nang lugng tu nhiing
phéton dugc hap thu truyén cho 4m cuc quang va
chuyén d6i thanh electron. Electron ty do di
chuyén va thoat khoi bé mit. Dong electron sau do
dugc gia tbc dén dwong cuc phu dau. Duong cuc
phu dugc thiét ké sao cho niang lugng tap trung ctia
mdt chum electron s& cho két quéa trong sy phat ra
nhidu hon mot electron tr bé mit cua duong cuc
phu. Ong nhin quang c6 khoang 10 duong cuc
phu, sau khi khuéch dai trong khoang giira duong
cuc phu, electron dugc thu nhén ¢ duong cuc va tin
hiéu electron dwoc xtr 1y. So dd bd tri hé théng do
TL duogc chi trong Hinh 5 (Jensen, 1997)
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Hinh 5: So' d6 nguyén li hé do TL
2.2.3 Mot s6 két qua nghién civu véi thiét bi TL

Lan dau tién phuong phap TL dugc s dung
trong cac mau san phdm nhu gia vi, thao dugc, cha
la (Sanderson et al., 1989, Khan va Delincee,
1995). Khi tién hélnh nghién ctru xic dinh mau
chiéu xa vai liéu chiéu tang dan 1 kGy, 5 kGy, 10
kGy, 18 kGy, 21 kGy, nhan thiy cac miu khong
chiéu xa dinh phd TL rat thip trong khi cdc mau di
chiéu xa cac dinh phé cao va ting dan theo liéu xa
(Correcher et al., 1998). Tin hiéu TL s€ giam di
néu thoi gian kéo dai qua nhiéu thang (Autio va
Pinnioja, 1990). Nam 2001, Atta va cong sy da
nghién ctu chleu xa trén thit ga va ca bang k¥ thuat
TL, cic miu duogc chiéu xa boi ngudn gamma
Cobalt-60 véi lidu hap thu 1, 2, 3, 4, va 5kGy. Mau
dugc chiéu xa va khong chiéu xa & khoang nhiét
50°C dén 300°C duogc do bang thiét bi TL ¢6 toc do
gia nhiét 10°C/s, gia tri tang dan vé6i nhiét do va dat
cuc dai & 195°C cho moi truong hop. Cudng 6 TL
phu thudc vao lidu hip thu va gia ting theo lidu hap
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thu. Nam 2011, Sanyal da tién hanh nghién ctru xac
dinh chiéu xa trén miu 13 bot tdm va dat duoc
nhiéu két qua kha quan, véi lidu chiéu 2kGy c6 su
phan biét kha rd rang giita mau chiéu xa va khong
chiéu xa nhung cac dinh chiéu xa chiu anh hudng
boi nhiét do: dinh cao nhat & do cao khoang 225°C
(Hinh 6). Khi thay d6i liéu chiéu két qué thu dugce
clia nim mAau san pham trong do, san pham khong
chiéu xa c6 phd ndm & vi tri thap nhét, cac mau
khac dinh pho cao dan theo lidu chiéu (Hinh 7).

m Khéng chiéu xa

a5 5 * 2kGy

Nhiét huynh quang (dom vi tiy chon)

e
m
1

.

Nhiét dé (°C)
Hinh 6: Pinh TL thay ddi theo nhiét do
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Hinh 7: Pinh TL tiing theo lidu chiéu
3 KET LUAN

Nghién ctru cho thdy viéc van dung phuong
phap TL dé xac dinh san pham chiéu xa 1a rat kha
quan. Két qua nghién ctru cho thiy & mot s6 nuéc
trén thé gioi da ap dung phuong phap nay trong
viéc xac dinh chiéu xa va mang lai nhidu thanh
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cong. Vi vay, viéc van dung phuong phap nay la
can thiét & nudc ta, gitp minh ching d6 an toan
cho cac san pham, thuc pham di chiéu xa tao niém
tin cho cong ddng khi str dung.
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