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TOM TAT

Trong cong trinh nay, phuwong phap gamma tan
xa sit dung nguon phéng xa *'Cs (5 mCi) va dau do
Nal(TI) véi gée tan xa 120° @é nghién ciru mét dg ciia
chdt long. Chiing t6i da sit dung cdc dung dich chudn
nhu nuée, H,SO4, HCI, glycerol, HNO;, ethanol va
xang A92 dé lam khop sw phu thudc cua dién tich
dinh tan xa mét lan, nén tan xa nhiéu lan va sé dém
t(fng theo mdt do chat long. Mdt do cua mau theo

dinh tan xa mét lan 1a 0,702 g.cm'3, nén tan xa nhiéu
lan la 0,783 g.cm'3 va s6 dém t(fng la 0,747 g.Cm's, do
sai biét cia cdc két qud thuc nghiém so voi gia tri
thue cia mau lan heot ld khoang 8 %, 3 % va 2 %.
Két qud nay cho thdy c6 thé sit dung dinh tin xq
nhiéu lan hodc sé dém t(fng dé xac dinh mat dg dung
dich.

Tir khéa: dinh tén xa mot lan, tén xa nhiéu lan, Nal(TI), mau do mat dé

MO PAU

Hién nay, cac hé do phong xa trong nhirng nghién
ciru phong xa modi truong, néng nghi¢p va cong
nghiép... luén dwoc bd tri cac loai dau do chuyén
dung nhu déu do tinh thé ban dan siéu tinh khiét hay
dau do tinh thé nhip nhay dé ghi nhan tin hiéu phong
xa. Trong d6, dau do tinh thé nhip nhay véi mic chi
phi van hanh t6i wu duoc s dung phd bién trong hé
do phong xa gamma bang hai phuong phap phd bién
]2 gamma tan xa va gamma truyén qua. Phuong phap
gamma tan xa va gamma truyén qua sir dung hé phd
ké gamma Nal (T1) dwoc sir dung rong rii va cho két
qua véi dd chinh xac cao.

Nghién ctru so sdnh phuong phdp gamma tan xa
V6i phuong phip gamma truyén qua trong viéc xéac
dinh mat phan cach hai moi truong long—long va 1ong

— khi, do dac mat d6 chét long [2] va nghién ctu cai
tién phuong phap tan xa Compton dé xac dinh nong
d6 dung dich [3] cta Priyada va cong su. Nhom
nghién ctru da tién hanh thuyc nghiém bang nguon
BCs ¢6 hoat do 4,2Ci vé6i dau do HPGe. Ddng thai,
chuong trinh MCNP4C ciing duoc st dung dé md
phong thi nghiém, so sanh cac két qua mo phong va
thuc nghiém. Cac két qua thu duoc cia nhom cho
thiy rang phuong phap gamma tan xa c6 d chinh xéc
t6t hon so véi do bang phuwong phap gamma truyén
qua.

Thyuc nghiém sir dung nguon phong xa phat tia
gamma c6 hoat 6 ¢& mCi dé do dac mat do vat liéu
sir dung trong cong nghiép bang phwong phap gamma
tan xa [1]. Két qua ciia nghién ctru cho thay tinh kha
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thi cua viéc sir dung ngudn hoat d6 ¢& mCi va dau do
d6 c6 do phan giai thap trong do dac xac dinh mat do
vat liéu.

Mot nghién ctru khac cta chang téi s dung
phuong phip gamma tan xa dé xac dinh bé day cua
vt liéu thép voi ngudn phong xa *'Cs ¢ hoat do 5
mCi va dau do Nal(Tl) 7,62 ¢cmx7,62 cm [4]. Ngoai
ra, chiing t6i ciing sir dung phan mém MCNP5 dé mo
phong va so sanh két qua mo phong va thuc nghigm.
Két qua cho thay tinh kha thi cia phuong phap
gamma tan xa Vi nguon hoat d6 thap ¢ mCi dé xac
dinh bé day vat liéu, ddng thoi véi ngudn hoat do
thap thi viéc che chin buc xa ciing dé dang hon.

Trong nghién ctru nay, ching toi da thiét lap hé
do thuc nghiém dé xac dinh mat do chit long bang
phuong phdp gamma tan xa tai goc 120° st dung
nguon phong xa B37Cs ¢6 hoat dd 5mCi. Thuc nghiém
xac dinh mat do trén cac 6ng chira chét long (nudc,

H,SO4, HCI, HNOg, glycerol, ethanol, xdng A92);
dua vao két qua do dac thyuc té dé suy ra mat do cua
chét long kiém dinh 14 dau KO.
VAT LIEU VA PHUONG PHAP
Co so 1y thuyét

Naéng lugng ctia birc xa gamma sau khi bi tan
xa Compton dugc tinh béi:

E
1+—°-(1-cosb)
m,c

Trong do:

E, la nang lugng cua birc xa gamma dén bia,

E 1a nang lugng ctia burc xa gamma sau khi bi tan xa,
mo 12 khéi luong cua electron,

¢ 1a van toc anh sang trong chan khong,

6 1a goc tan xa.

Hinh 1. Qua trinh tan xa Compton mot 1an cua buc xa gamma trén bia

Trong Hinh 1, qu4 trinh tan xa cua tia gamma tir ngudn dén dau do duoc chia thanh ba giai doan [2], [3].
Néu chi xét cudong dd chum photon tan xa chi phu thude do day vat liéu (chit long chira trong dng nghiém duong
kinh D) thi cuong d¢ chum birc xa gamma sau khi bi tan xa:

D
| = KPJ‘EXP{_(MJLF*
0 p )coso,

} exp {—(@Jipt}dt‘ 2)
p )coso,
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. . E E L
bit a= (H(Eo) seco, + u(E) sec OzJp , trong d6 cac h¢ so suy giam khoi M va M . Bién doi
p p p p

phuong trinh (2) duoc:
K
I= 2 [1-exp(-aD)]p @)
5 K . . s
bat A =—[1-exp(—aD)], phuong trinh (3) tr¢ thanh:
a
|
p=— (4)

A

Phuong trinh (4) 1a cong thirc xac dinh méat do chat long bang phuong phip gamma tin xa. Sai s6 thuc

nghiém cua p dugc tinh bdi cong thirc truyén sai so:

o, :\/[%) A +(—#j oA (5)

Trong do:

c, = \ﬁ 14 sai s0 ctia cuong d6 chum photon tan xa I,

o 12 sai s6 cia A, duge xac dinh tir két qua lam khop bang chwong trinh OriginPro 8.1.

Bo tri thi nghi¢m

Ngudn phéng xa dugc sir dung trong nghién ctu
nay la ddng vi 137Cs ¢6 hoat d6 5mCi do hang Eckert
& Ziegler san xuat. Pau do duoc sir dung ghi nhan tin
hiéu photon trong nghién ciru 1a loai Nal (TI) cu
hinh 802-7,62 cmx7,62 cm, do hang Canberra Inc.
san xuat. Ong chira chat long sir dung trong cong
trinh nay 1a ng thuy tinh, dung tich 100 mL va c6
duong kinh 1a 2,05 cm. Chat long dugc sir dung la
nude, cac dung dich H,SO,4 HCI, glycerol, HNOs,
ethanol va xing A92 dé xdy dung phuong trinh

duong thang giita dién tich dinh phd gamma va mat
d6 chat long; mot dng chira dau KO sir dung 1am mau
kiém tra va mot dng réng dé xac dinh sé6 dém phong.

Hé do bang phuong phap gamma tan xa duoc b
tri v6i goc tan xa 1a 120°. Toan by hé do gdm mot
khéi ngudn **¥Cs hoat d6 5 mCi, khéi dau do Nal(T1),
ong chira chat long va tam chén chi. Tét ca duoc dat
¢ dinh trén mit phing ngang cach mat dat 50 cm.
Khoang cach tir ngué)n dén tam bia 1a 30 cm, tir tAm
bia dén dau do 1a 21 cm.
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Hinh 2. B4 tri hé do mat do chét long bing phuong phap gamma tan xa
KET QUA VA THAO LUAN

Pé xac dinh dugc mat do chat long cia miu dau  trong Bang 1, thir tu sap xép theo mat do tang dan tir
KO nhu 1a chat kiém dinh can thiét 1ap mdi lién hé  nho dén Ién. Phuong trinh duong thing thé hién quan
giita mat do chét long p va dién tich dinh tan xa mot hé giita dién tich dinh tan xa | theo mat do chét long p
1an 1. Sau khi xtr 1y phd, dién tich dinh tan xa mot lan  c¢6 dang:
trung binh 03 phép do cua mdi 6ng chét long thé hién

p=al+b (6)

Phong -

Phé chua trir phong

700 — Phd trir phong =
600 - -

~

7 224,9keV

S6 dém/kénh
1

T L T b T
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Nang luong (keV)
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Hinh 3. Phé phong va phd éng chita nudc tai goc tan xa 120°
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Bing 1. Két qua tinh toan dién tich dinh tan xa trén cac chat 1ong chuan

N , Mat d6 chuan Dinh tan xa Nén tan xa P
Mau chat long 3 s N S6 dem tong
(g.cm™) mot lan nhiéu lan
Xang A92 0,725 29040 + 98 50623+130 79666+200
Ethanol 0,773 31256 +£102 50154+129 81405+202
Nuéce 1,000 38852 + 114 57542+138 96393+220
HCI 1,148 42823 +£119 64207146 1070354231
Glycerol 1,229 45536 + 123 65955+148 111500+236
HNO; 1,364 47864 + 126 70533+153 118405+243
H,SO, 1,811 55818 + 136 88494172 1443154269

Tir dit liéu trong Bang 1, 1am khép theo phwong phap binh phuong t6i thiéu trén phan mém OriginPro

8.1, két qua lam khop duoc trinh bay trong Bang 2.

Bang 2. Két qua lam kh6p sy phu thude cia cuong do gamma téan xa theo mat do chat 1ong

Hésb a Hé so b R
Dinh tan xa mot lan 25733 £2045 11945 +2308 0,963
Nén tan xa nhiéu lan 35090 +1417 23556 +1612 0,990
S6 dém tong 60774 +1356 35628 +1537 0,997
Bang 3. S6 liéu danh gia mat do dung dich
Mat do Dinh tan xa mét lan Nén tan xa nhiéu lan S6 dém tong
chuan Gia tri Sai biét Gia trj Sai biét Gié tri Sai biét
0,763 0,702 + 0,093 0,783 + 0,059 0,747 + 0.030
(g.cm?) (g.cm?) oY (g.cm?) % (g.cm?) 2%
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Hinh 4. Lam khép su phu thude cudng do gamma tan xa vao mat d6 chét long

S6 dém cua chat long kiém dinh — dau KO sau
khi xtr 1y phd cho dinh tin xa mot 1an, nén tan xa
nhiéu lan va sb dém tong lan luot 1a (30010+£100),
(51023+130) va (81037+201). Gia tri mat d6 cua mau
chat long kiém dinh dugc trinh bay trong Bang 3.

Phép do dinh tan xa mot lan cho két qua co do
léch so véi gia tri thyc nhiéu nhat. Két qua cua phép

do nén tan xa nhiéu lan va phép do sé dém tong déu
c6 do léch so véi gia tri thuc gan nhu nhau. Tuy
nhién, c6 thé thdy két qua cua phép do sé dém téng
¢6 bién @6 sai sd tot hon phép do nén tan xa nhiéu
lan.

0.90 | Gia tri chuan

0.85

3

0.80

Nén tan xa
nhiéu lan

s

0.75

Mat do (g.em”)

0.70 -

S
~

Tan xa

0.65

0.60 _- mot lan -

0.55

Tong

So thir tu

Hinh 5. K&t qua danh gia mat do bang phuong phép gamma tan xa

Viéc xac dinh mat do chit long theo muyc tiéu da
dit ra trong phan dau coa bai bao ddi véi phuong
phép gamma tan xa bang dinh tdn xa 1 1an, nén tan xa
nhiéu lan va sé dém téng déu cho két qua twong ddi

chinh xé4c khi di chiéu véi gia tri mat do thuc té, do
sai biét déu dudi 8%.
KET LUAN
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Trong bai bao nay, ching t6i da trinh bay két qua
xac dinh mat do chét long bang phuong phap gamma
tan xa tai goc 120° trén cac loai chat long va xt 1y, so
sanh va danh gia két qua do dac qua xir 1y phd
gamma cua dinh tan xa 1 1an, nén tan xa nhiéu lan va
s6 dém téng. Két qua thu dugc cho thiy phuong phap

do gamma tan xa Vai viéc xur Iy phd nén tan xa nhiéu
lan va sb dém téng dang tin cdy dé xac dinh mat do
chat long.
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ABSTRACT

In this work, a gamma scattering technique using
B¥7Cs (5mCi) source with the Nal(Tl) detector is
arranged to record the scattered photon beam at
scattering angle of 120° for investigating the liquid
density. We used standard liquid such as water,
H,SO,4, HCI, glycerol, HNOs, ethanol and A92 petrol
to fit the single scattering peak, multiple scattering,
and total counts versus standard liquid densities. The

interpolating of the single scattering peak, multiple
scattering, and total counts of the testing sample at
scattering angle of 120° is 0.702 g.cm?, 0.783 g.cm?,
and 0.747 g.cm?, respectively. The discrepancy of the
experiment and true testing density is about 8 %, 3 %,
and 2 %, respectively. The result shows that multiple
scattering or total counts can be used to propose the
density measurement.

Keywords: single scattering peak, multiple scattering, Nal(TI), testing density

TAI LIEU THAM KHAO

[1]. O. Jahanbakhsh, S. Ashrafi, B. Salehpour ,
R.B.H. Abadi, N. Khaiiatali, Industrial scattering
densitometry using a mCi gamma-ray source,
Nuclear Instruments and Methods in Physics
Research A, 726, 47-51 (2013).

[2]. P. Priyada, M. Margret, R. Ramar, Shivaramu ,
Intercomparison of gamma ray scattering and

transmission techniques for fluid-fluid and fluid-
air interface levels detection and density
measurements, Applied Radiation and Isotopes,
70, 462-469 (2012).

[3]. P. Priyada, R. Ramar, Shivaramu, An improved

Compton scattering method for determination of

Trang 112



TAP CHi PHAT TRIEN KH&CN, TAP 20, $0 T1- 2017

[4].

concentration of solutions, Applied Radiation and
Isotopes, 70, 2421-2427 (2012).

H.D. Tam, H.D. Chuong, T.T. Thanh, V.H.
Nguyen, H.T.K. Trang, C.V. Tao, Advanced

gamma spectrum processing technique applied to
the analysis of scattering spectra for determining
material thickness, Journal of Radioanalytical
Nuclear and Chemistry, 303,1, 693-699 (2015).

Trang 113



