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~ TINH TOAN CAC THONG SO PONG HOC '
TU PHO NHIET HUYNH QUANG CUA MAU BOT OT CHIEU XA

NGUYEN DUY SANG’

TOM TAT
Phé nhiét huynh quang thu duoc tir mau bét &t @A chiéu xa 1& mét dwong cong phire
tap tuan theo mé hinh déng hoc béc tong qudat. Céc dinh phé dwoc xir |i theo phuong phap
“Glow Curve Deconvolution” (GCD) va “Peak Shape” (PS) dé tinh todn cac thong so
dong hoc nhu: do sau bay (E), bac dong hoc (b) va tan s6 electron thoat khoi bdy (s). Bai
bdo dA trinh bay mét s6 két qua ban dau vé sw phu thuéc cdc théng sé trén vao lieu chiéu
va thoi gian bdo qudn. Phwong phdp c6 thé sir dung dé nghién Citu cdc mdu thwe pham
khac va sir dung dé xac dinh liéu chiéu céc thuc phc‘fm chiéu xa.
Tirkhoa: nhiét huynh quang, thdng sé dong hoc,thuc pham chiéu xa.
ABSTRACT

Calculation of kinetic parameters from thermoluminescence glow curves
of irradiated chili powder samples

Thermoluminescence glow curves obtained from irradiated chili powder samples are
complex curves following general order kinetic model. The spectrum peaks are handled by
the method of "Glow Curve Deconvolution™ (GCD) and "Peak Shape" (PS) to calculate
kinetic parameters such as thetrap depth (E), the order of kinetic (b) and the frequency
factor (s). The article represents some first results of mentioned parameters dependence on
irradiated dose and storage time. Mentioned method could be used for studying other types
of irradiated food and for determining their irradiated doses.

Keywords: thermoluminescence, kinetic parameters, irradiated food.

1.  Giéi thiéu

Phé nhiét huynh quang (TL) thu dugc tir thiét bi doc nhiét phat quang (TLD) dua
trén sy phat sang cua cac khoang chat dugc tach ra khoi thuc pham, gia vi khi bi kich
thich nhiét [1]. Viéc khao sat tong quan va tng dung phuong phap nhiét huynh quang
trong thuc pham chiéu xa voi mau 1a bot 6t dd duoc nghién ciru trong [2]. Muc dich
cua vi¢c xac dinh cac thong sd dong hoc nhiét huynh quang hodc khao sat hién tuong
nhiét huynh quang ¢ cac mau thue pham chiéu xa nham xac dinh lidu chiéu twong (g
V6i cac mirc thong sé dong hoc va sy thay ddi cua cac thong sb nay theo thoi gian bao
quan miu. C6 nhiéu phuong phap dé tinh todn cic théng s dong hoc tir viée xur Ii phd
nhiét huynh quang nhu gia ting ban dau (IR), toan bo dién tich (WGP), dinh phd (PS),
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lam khop (GCD), tach dinh (CGCD). Trong bai béo nay, ching t6i s dung phan mém
Origin dé xir Ii pho TL thyc nghiém va dung phuong phap GCD va PS dé tinh toan cac
thong s6 dong hoc cua phd. Phan mém Origin 1a ¢6ng cu xir Ii s6 liéu rat tién dung
dugc nhiéu nguoi st dung dac biét trong xtr i pho va phéan tich dir ligu.

Tur viéc phén tich phé TL cua mau bot ot, cac thdng sd dong hoc cua phd nhu do
sau bay, bac dong hoc tan so thoat electron tir biy ciia phd di duoc xac dinh. Cac
thdng s nay ciia mau theo thoi glan ciing dugc tinh toan va so sanh nham danh gia
dugc su phu thudc cua cac thong so dong hoc vao thoi gian bao quan mau. C6 thé ap
dung phan mém Origin cung phuong phap GCD va PS cho phan tich phd TL cua cic
mau thuc pham khéc ing dung trong x4c dinh thyc pham chiéu xa, cac dac trung, tinh
chét cia mAu, dinh tudi cho ¢ vat.

2. Vit liéu va phuong phap nghién ciru
2.1. Sé liéu thue nghiém

Phé nhiét huynh quang ctia mau bot 6t 1a phd ciia khoang chét silicat dugc tach ra
tir bt 6t. Viéc phan tich Va tach khoang silicat dugc thuc hién theo dung quy trinh tach
khoéng theo tiéu chuan qudc té vé do phd nhiét huynh quang cua thyc pham c6 thé tach
khoéang silicat [7]. Khoang Chat silicat tach ra tir bot ot duoc kiém tra bang phuong
phap XRD [2]. Céc s6 liéu vé phd TL lay tir viéc do miu bot 6t trén thiét bi Rexon UL-
320 dugc thyc hién tai Phong Thi nghiém An toan birc xa thudc Vién nghién ciru Hat
nhan Pa Lat. Mau bot 6t sau khi chiéu xa dugc bao quan can than trude khi do phd TL.
Thoi gian bao quan méu cho hai 1an do 1a 15 ngay va 30 ngay sau khi chiéu xa.

2.2. Phwong phdp nghién ciru
2.2.1. Phuong phap GCD

Phuong phap lam khop duong cong trong phan tich phd thyc nghiém véi sy hd
trg ciia may tinh bang phuong phap GCD d4 tré nén pho bién trong sudt hon hai thap ki
qua [5, 8, 11]. Puong cong TL 1a loai duong cong c6 hinh dang phrc tap tuan theo cac
phuong trinh dong hoc bac nhat (1), bac hai (2) hodc bac tong quat (3). Hai gia tri do
dugc tir thyc nghiém 1a cuong do TL cuc dai Iy va nhiét d6 cuc dai Ty dugc cho boi
cac phuong trinh dong hoc:

(i) Bdc nhdt:
E T-T T? E T-T 2kT 2KT,
I(T) = Iyexp 1+ 220 — o eap (0 ) (1-50) = 224 ()
(i1) Bdc hai:
E T-Ty\ [T ET-Ty _2kT 2kTy -2
I(T) = Alyexp (kT Ty ) o2 EXP (kT Ty )(1 E )+ 1+ E ] (2)

(iii) Bdc tong quat:
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_ b E T-Ty T2 E T-Ty 2kT
11y = tubp=iexp (75, ) [0 = D enp () (1-57) + 1+
b

2kTy] b-1
(b - 1= ™ @
Viéc tinh toan can xac dinh tham s6 FOM cho béi (4)

) |YEx _Yfitl
FOM = =BL2exp ~jit] 4

XpVrit 4)

trong d0, Yexp VA Ysit 1a dir li¢u thyc nghiém va li thuyét cua ham lam khop.
2.2.2. Phwong phap PS

Phuong phéap PS con ¢6 tén la Chen [4] 1a phuwong phap dugc st dung dé xac dinh
cac thong so dong hoc cua phd TL. Phuong phap nay dua trén nhiét do cuc dai Ty,
nhiét do ban dau T, va nhiét 6 cudi T,. Hai gié tri T, va T, lanhiét do duoc 1ay & mot
ntra cuong do cuc dai (Hinh 1), dya vao hinh dang phd c6 su tang hodc giam quanh
dinh pho ma theo Chen ta c0 thé xac dinh dugc cac thong s6 dong hoc

Hinh 1. M6 ta phuong phap PS
kT2
E = (V") = ba(2KTy) (5)

trong do, o twong g thay cho 1, 8, va o; quang nhiét do dau cta bé rong nira dinh © =
Twm - Ty, quang nhiét d6 sau cua bé rong ntra dinh 6 = T, - Ty, va quang nhiét d6 gitra
=T, - T,. Cac gia tri cua c, va b, dugc xac dinh nhu trong (6)

¢ =151+ 3.0(u, —0.42)

b, = 158 + 4.2(u, — 0.42)

cs = 0976+ 7.3(u,y — 0.42)
b(g =0
Co =252 +102(u, — 0.42)
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b, =

lo b

Hg =—= (T, = Ty)/ (T, — T1) (6)

trong d6, 1y goi 12 thdng sé hinh hoc dic trung cho tinh dbi xtimg dé xac dinh bac dong
hoc cho phd TL. Bac dong hoc dya trén dang dinh phd. Gia tri twong tng cia Ly cho
bac dong hoc bac nhét va bac hai 1a 0.42 va 0.52. Pinh phé TL tuong ing vdi phuong
trinh dong hoc bac hai thi phd co dang ddi xtng, trong khi dinh phd mg voéi phuong
trinh dong hoc bac nhat hoi léch vé mot bén. [10]

Gid tri ctia tan sb thoat electron khoi biy duge tinh theo phurong trinh (7):

s=( BE )exp(k—ET) [1+(b—1)2ki]_1 (7)

kTp? E

trong do, B la tbc do gia nhiét, b la bac dong hoc.
Ngoai ra, Balarin[3] con dwa ra hé sé y theo phwong trinh (8):

8

Yy =7= (T; = Ta)/ (Tyy — T1) (8)
trong d6, y = 0.7 — 0.8 twong tmg véi phuong trinh dong hoc bac nhét va = 1.05 — 1.20
tuong ung voi phuong trinh dong hoc bac hai. Cac gia tri khac cua y twong tng vaoi
phuong trinh dong hoc bac tong quat.
3.  Két qua va thao ludn

Puong cong TL nhan dugc tir mau bot 6t chiéu xa véi lidu gamma 8 kGy bao
quan & 360 h sau chiéu xa cho dinh c6 nhiét d6 cuc dai ¢ 473 K va bao quan ¢ 720 h
sau chiéu xa cho dinh c¢6 nhiét d6 cuc dai 6 471 K (Hinh 2)

50 . - . - . . y
FOM = 3.57 %
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=
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Hinh 2. Lam khép phé cua mau dwoc chiéu xa 8 kGy bdo qudn ¢ 720 h
bang phuong phap GCD
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Duya vao dé cao cua dinh phd c6 thé thiy cuong do dinh cuc dai giam dang ké sau
thoi gian dai bao quan (Hinh 3) do hiéu ung fading (hiéu itng ma cuong do dinh phd
giam theo thoi gian bao quan).

60 8 kGy |

50

40

30

TL (a.u.)

20

10

100 ) 150 ' 200 ' 250
Temperature (°C)
Hinh 3. Phé TL ciia mdu bét &t dwoe chiéu xa 8 kGy bdo quan sau 360 h va 720 h

Két qua chi ra ring mau sau khi 1am khép phd cac thong s dong hoc tuan theo
phuong trinh dong hoc bac tong quat. Cac thong s6 E, b va s dugc tinh toan dya trén
viéc 1am khép phd theo phuong phap GCD dugc cho bsi Bang 1. Cac két qua cho thay
sau thoi gian bao quan, cac thong so6 dong hoc déu tang 1én. Gié tri E ctia mau bao quan
& 360 h 14 0.956 so voi gia tri E clia mau bao quan ¢ 720 h 14 0.9991. Gia tri s ctia mau
bao quan ¢ 360 h 12 3.89 x 10°s0 v&i gid tri s ctia mau bao quan & 720 h 13 10.1 x 10°.
Gia tri b cia mau bao quan ¢ 360 h 14 1.59 so véi gia tri b clia mau bao quan & 720 h 14
1.61. Gia tri 1am khép FOM ciia miu bao quan ¢ 360 h 1a 3.46 tot hon so voi gia tri
FOM ctia mau bao quan ¢ 720 h 14 3.57.

Béng 1. Cac thdng s6 dong hoc ciia mau bét 6t chiéu xa 8 kGy
duorc tinh bang phuwong phap GCD

Thaoi gian 1

bio quan Twm (K) E (eV) s(s) b FOM
360 h 473 0.956 3.89 x 10° 1.59 3.46
720 h 471 0.991 10.1 x 10° 161 3.57
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Phuong phéap PS dugc 4p dung cho phd TL ciia mau bot 6t chiéu xa 8 kGy Véi
thoi gian bao quan sau khi chiéu xa khoang 360 h va 720 h. Céc théng sb vé hinh dang
pho TL duogc cho trong Bang 2. Céc két qua cho thay sau thoi gian bdo quén, cac thong
s6 hinh hoc nay c6 su thay d6i dan dén cac thong s6 dong hoc thay ddi. Céc gia tri E, s,
Ly Va y duoc tinh theo phuong trinh tir (5)-(8). Cac gia tri E va s dugc cho trong Bang
3. Cac két qua cho thay sau thoi gian bao quan, cac thong sb dong hoc theo phwong
phép PS ting 1én. Gid tri E ctia mau bao quan & 360 h 12 0.973 so véi gia tri E ctia mau
bao quan 6720 h 12 1.011. Gia tri s cia mau bao quan & 360 h 14 6.52 x 10° so v&i gia
tri s cia mau bao quan & 720 h 14 29.5 x 10°. M6 hinh dong hoc ciia phd nhiét huynh
quang xac dinh theo phuong phép PS la md hlnh bac tong quat dua vao gia tri pg, v nam
trong ngudng bac tong quat (Bang 2) hodc b nam tir 1 dén 2 (Bang 3). Theo phuong
trinh (6), giad tri b & phuong phap nay, b, = 1, b;= 0, nén b dugc xac dinh theo b, , b
clia mau bao quan & 360 h 12 1.859 so véi gid tri b cia mau bao quan & 720 h 14 1.902.

Bdng 2. Cac thdng so hinh hoc ciia mau bét 6t chiéu xa 8 kGy
duwoc tinh bang phwong phap PS

Thoi gian

bio qean | T2 T2(K) Tu(®) | t() | 8(K) [ 0®) | | ¥
360 h 443 502 473 30.065 | 28.495 | 58.560 | 0.486 | 0.947
720 h 442 499 471 28.542 | 28.188 | 56.731 | 0.497 | 0.988

Béng 3. Cac thong so dong hoc ciia mau bét 6t chiéu xa 8 kGy
duwoc tinh bang phwong phap PS

Thoi gian E (eV) s (sh)

bao quian | E_ Es E, S, S Se b,
0.964 | 0.987 |0.969 |4.59 x10° | 9.44 x 10° | 5.53 x 10°

360 h 5 1.859
E=0973 §=6.52x10
1.011 |1.042 |1.032 |1.64x10%°|4.23 x 10| 2.99 x 10%

720 h 5 1.902
E=1.028 $=295x10

Ca hai phuong phap cho thdy phd clia mau bot ot déu khép theo md hinh dong hoc
bac tong quat. CAC gié tri tinh toan E theo thdi gian bao quan ciia miu bot 6t cua hai
phuong phap GCD va PS khac nhau khong nhiéu. Két qua cho thay cac thong s6 E, b, s
tim duoc déu tang theo thoi gian bao quan 360 h va 720 h, biy ning luong sau hon, cac
electron thoét ra khoi bay nhiéu hon. Nhan thay, viéc gi4 tri E gia ting theo thoi gian bao
quan duoc so sanh v&i phuong phép gia ting ban dau (IR) trong Bang 1 cia bai bo [6] la
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pha hop. Ngoai ra, khi sir dung phuong phéap GCD cho méau khong chiéu xa va chiéu xa 4
kGy, cac gia tri E thu dugc ciing tang theo thoi gian bao quan (Bang 4).
Béng 4. Cac thdng s6 dong hoc ciia mau bét 6t khéng chiéu xa va chiéu xa 4 kGy
dwoc lam khép bang phwong phdap GCD

Liéu chiéu| Thong sé 360 h 720 h
E (eV) 0.897 0.960
0kGy | s(sh 1.56 x 10° 2.80 x 10°
b 1.989 1.990
E (eV) 1.00713 1.10783
4kGy | s(sh 0.15 x 10" 4.22 x 101
b 1.991 1.993

Két qua thu dugc khi do phé TL phu thude rat 16n vao khoang silicat dugc tach ra tur
bot 6t. Theo tiéu chuan [7] thi phd TL thu dugc sau khi tich khoang va do 1a dang phd c6
mot dinh nang luong. Viée tach khoang néu thuc hién ding quy trinh, phd ciia miu khoang
thu dugc chi gdm mét dinh ning lwgng, va vi vay viéc 1am khép phd ciia mau bot 6t trong
nghién ctru nay dugc thyc hién 1a dang phd dinh don. Trong trudng hop viée tach khoang
khéng tt, mau bi nhidm ban, trong mau con ton tai mot sé khoang chat khac ngoai khoang
chét silicat, phd TL c6 thé khéng do dugc, hodc phd thu duge 12 sy chdong chap ciia nhidu
dinh ning luong, viéc tach dinh pho 14 can thiét dé tinh cac théng so riéng cho timg loai
dinh phd twong tmg véi timg loai khoang chét. [12]

4.  Kétluan

Nghién ciru da tinh dugc cac thong ) dong hoc ctia mau bot 6t chiéu xa bao quan
& 360 h va 720 h sau khi chiéu xa. Két qua cho thdy cac théng sé nay déu ting theo
thoi gian bao quan cta méau. Dya vao két qua céc gia tri cia do sdu by, tan sb thoat
electron ra khoi bay ta co thé xac dinh tinh chiéu xa cia méu, liéu da chiéu 1én mau,
thoi gian bao quan ciia mau sau khi chiéu xa dén luc do TL. Xac dinh gia tri bac dong
hoc cho két qua vé mé hinh dong hoc va hinh dang ctiia phd TL ctiia miu can do. Ap
dung thanh c6ng hai phuong phap GCD va PS dbi véi viée tinh cac thong sb dong hoc
s& 1am co s¢ ung dung cho cac mau thye pham, gia vi khéc. Viéc tinh toén cac théng sb
dong hoc tur phé TL nham xac dinh cac dic trung, tinh chét ciia mau can tiép tuc duoc
di sdu nghién ciru va tmg dung doi voi cac mau khac nhitng mau ma ta c6 thé do dugc
pho TL.
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