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TOM TAT

Nghién citu ndy trién khai va so sanh cdc
phirong phdp xir Iy phé dwa trén ky thudt gamma
tan xa dé xac dinh mdt phdn cach gitta cdc chat
luu khong hoa tan dung trong binh chira. Hé do
gamma tan xa bao gom: mét nguon ¥ Cs hoat dé
5 mCi, ong thiy tinh hinh tru dwong kinh 6,5 cm
dung cdc dung dich va mot dau do Nal(Tl)
7,62x7,62 cm dwoc bé tri dé ghi nhdn cdc tia
Tir khoa: mat phan cach, gamma tan xa, Nal(Tl)
MO PAU

Trong nhitng nim qua, cung véi su phat trién
manh mé& cua nén cong nghiép, nhu cau vé ky
thuat do va giam sat muc chit long ung dung
trong day chuyén san xuat ngay cang nhiéu, doi
hoi vé tinh lién tuc, 6n dinh, an toan va co dong.
Hién nay trén thé giéi ¢ nhiéu ky thuat dé xéac
dinh mat phan cach gitta hai moi treong khong
hoa tan ciing nhu giam sat myuc chat long duoc ap
dung rong rai, c6 thé ké dén nhu: ky thuat siéu
am, k¥ thuat gamma truyén qua, ky thuat gamma
tan xa [1, 2], ... Mdi ky thuat déu c6 nhiing wu
diém riéng, trong do ky thuat gamma tan xa co
cac wu diém dic trung:

Khoéng 1am anh huéng dén hoat dong cua day
chuyén san xuét, c6 thé 4p dung trén nhiéu loai

gamma tin xa ¢ géc 120°. Hai trong s6 ba
phirong phdp xit Iy ¢6 két qua khd tot véi ¢ sai
biét I6m nhdt so véi thuc té la 5 mm. Ngodi ra, két
qua con cho thdy tinh kha thi khi sir dung mdy
phdn tich don kénh trong hé do gamma tén xa dé
xac dinh mat phan cach giita cac moi truong
khdéng hoa tan.

dbi twong do khac nhau vé vat liéu, hinh dang va
kich thudc.

Khong can tiép xtc truc tiép voi dbi twong
do, do d6 c6 thé do trong nhirng diéu kién ma ddi
tuong can do nam trong moi truong khiac nghiét
nhu: nhiét d6 cao, ap suat Ién, méi truong doc
hai, ...

Chi can tiép can tir mot phia cua dbi twong
do nén to ra wu thé khi ddi tugng do co kich
thuac lon.

V6i nhiing uu diém néu trén, ky thuat
gamma tan xa dd dugc ung dung mét cach réng
rdi. Tuy nhién, cac hé do trong cong nghiép hién
nay str dung ngudn phong xa cé hoat d¢ I6n, gay
ra nhitng han ché vé mat an toan buc xa va qué
trinh bao quan hoac di doi [1-3]. Do do, nghién
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ctru nay dugc thuc hién nhiam xac nhan tinh kha
thi khi st dung ngudn cé hoat d6 nho (c& mCi)
trong viéc xac dinh mat phan cach gitra cd&c moi
truong khong hoa tan bang ky thuat gamma tan
Xa.

Trong nghién ciru nay, ching t6i st dung ba
phuong phap xur ly phd: dung cuong do tan xa
Compton mét lan, ding cudng do tan xa nhiéu
lan va dung cuong do tan xa tong (mot lan va
nhiéu lan) dé xac dinh cac mat phan cach. Véi
thoi gian mdi phép do 1a 7200 giay, phuong phap
dung cudng do tan xa mot 1an khong thé xac dinh
vi tri cua cac mat phan céch, tuy nhién hai
phuong phap con lai cho két qua kha tot véi do
sai biét 16n nhit so vai thuc té 14 5 mm.

VAT LIEU VA PHUONG PHAP
Co so 1y thuyét

K§ thuat gamma tan xa dya trén qué trinh tan
xa Compton cua tia gamma lén vat liéu. Qua
trinh nay dién ra trong ba giai doan (xem Hinh
1):

Giai doan 1: Photon tir ngudn di dén diém
tan xa P (duong «)

Giai doan 2: Qua trinh tan xa tai diém P.

Giai doan 3: C&c photon sau khi tdn xa tur
diém P di qua 16p vat liéu x> va tién vé dau do
(dudng B).

Theo nghién ctru truge day [4, 5], cuong do
chum photon tan xa di dén dau do duoc tinh boi
cong thuec:
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Hinh 1. Qua trinh tan xa mét lan ciia photon 18n vét
liéu [6]
Goi I1 va I 1a cuong d6 tan xa trén vt liéu
1 (mét do p1) va vat liéu 2 (mat d6 p2). Tu cong
thae (1) suy ra:
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Cong thirc (2) dugc viét lai thanh:
I, _p, lexp[-aT] a

. = 5
, p, l-exp[—azT] a ©

2 1

Tir cong thie (5) c6 thé thy: khi tan xa trén
hai vat liéu c6 mat do khac nhau thi cuong do
chim tia gamma tan xa s& thay doi (ting hoic
giam) phu thudc vao sy thay doi mat do. B thi
biéu dién su thay ddi cua cuong do chum tia
gamma tan xa theo d6 cao cua vi tri do theo binh
chira hai mdi truong cd mat do6 khac nhau (moi
truong 1 ¢6 mat d6 lon hon méi truong 2) cd
dang nhu Hinh 2.
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Ving chira moi truong 1
Vung chira mat phan cach
L4 Ving chita moi truomg 2|

L

So6 dém

1
-
n

Ls ]

v v v v v v
Chiéu cao theo binh chita Don vi do dai

Hinh 2. Cudng d6 gamma tan xa thay ddi theo chiéu
cao binh chira hai méi truong c6 mat do khac nhau

Céac duong thang Li, Ly, Ls twong tng Véi
cac duong lam khép 6 tirng vung cua binh chura:
vung chira moéi trueong 1, vang chira mat phan
cach, vung chira méi truong 2.

L,:I=a +b x (6)
L,:1=a,+b,x (7
L,:1=a,+b X (8)

Trong d6: I 12 s& dém (cuong do tan xa), x la
d6 cao cua vi tri do theo binh chira. Cac hé sé a, b
thu dwoc tir qua trinh 1am khép. Goi hy, hy lan
luot 14 hoanh do giao diém cua cac dwong thang
(L1, Lz) va (Lz, L3).

a -a
h=—— ©)
bz_bi
a -a
h,=——2 (10)
* b,-b,

Céc sai s6 cua h; va h, duoc tinh tir cong
thic truyén sai so:

2 2 2 2 2
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) (bz-b1) (bz_bl)
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Vi tri mat phan cach gitra hai méi truong
duoc cho la gié tri trung binh cua hy va hy:
h: h1+h2
2

Sai s6 cua h dugc tinh bai:

(13)

6, =—,[c’ +0 (14)

B6 tri hé do

Nghién ctru nay str dung nguon ¥Cs hoat do
5mCi va dau do Nal(Tl) c6 kich thudc tinh thé
7,62 x 7,62 cm. Cac binh chira dung dich cé dang
hinh try duong kinh 6,5 cm, 1am bang thay tinh
va c6 bé day 2 mm; céc binh chira nay déong vai
trd lam bia tan Xa trong cac phép do. Cac dung
dich dwoc st dung bao gom: glycerin, xing,
nuéc, dau hoa. Hé do dugc bd tri dé ghi nhan
chim tia gamma tan xa ¢ goc 120° véi thoi gian
7200 gidy cho mdi phép do. Truong chiéu tir
ngudn phong xa duoc chuan tryc bang mot dng
chuan truc c6 duong kinh trong 1 cm. Ngoai ra,
géc nhin bia tir ddu do ciing dugc chuan truc
bang mot khe hep ¢6 bé rong 1 cm (Hinh 3).

Ong nhan quang
dién

Hop chuin trye
dau do

Nguén Cs-137

60°

Ong chuan
truc nguon

Hop chira ngudn

Hinh 3. M6 hinh h¢ do gamma tan xa

Khi tién hanh cac phép do, binh chira dugc
gitt ¢6 dinh, ngudn va dau do duoc di chuyén doc
theo chiéu cao cua binh chira bang mot hé co hoc.
Vi tri do ban dau tai chan binh chta; sau mdi
phép do, ngudn va dau do dugc dich chuyén tinh
tién dan 1én cao. O viing cach xa mat phan cach
gitra cac dung dich, mdi buéc dich chuyén 1a 2,5
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cm; khi d&én gan mat phan cach, mdi budc dich
chuyén 1 0,5 cm.
KET QUA VA THAO LUAN

Truéc khi xi 1y dé tinh cuong do tan xa mot
Ian va nhiéu lan, cac phd tan xa duoc trir phong.
Pho phong duge do trong diéu kién c6 nguon
phéng xa va binh chaa rong. Hinh 4 minh hoa
mot pho tan xa sau khi da trir phong, trong d6 ¢
su Xuat hién cua dinh tan xa mot lan, nhiéu lan va

dinh tia X dic trung cua chi.
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Hinh 4. Phd tan xa trén binh chtra dung dich sau khi
trir phong

Sau khi trir phdng, cac phd tan xa duoc xir ly
bang chwong trinh Colegram d¢ tach dinh tan xa
mot 1an va nén tan xa nhiéu lan, dong thoi thu
dugc cac thong tin vé dién tich (cuong do) tuong
ung (Hinh 5).

E‘)inh tan xa mot
lan 223.7 KeV

Sé dém

higregy
s

)

E (KeV)
Hinh 5. Dinh tan xa mot lan va nén tan xa nhiéu lan
duogc tach bang Colegram
Xac dinh mit phan cach giita hai moéi trueong
glycerin - xiing
Trong thi nghiém nady, hai dung dich:
glycerin (p = 1,26 g/cm®) va xing (p = 0,75
g/cm®) duoc cho vao binh chta, mit phan cach
gitra hai dung dich nam ¢ d6 cao 22,10 + 0,05 cm
cua binh chira. Két qua vé dién tich dinh tan xa
mot lan, dién tich nén tan xa nhiéu 1an va sé dém
téng dugc trinh bay trong Bang 1.

Bang 1. Két qua xu 1y phé trong cac phép do xac dinh mat phan cach glycerin — xing

Do cao theo binh Dién tich dir}h tan xa mot Dién tich nér‘l tan xa Dién tich téng
chira (cm) lan nhi€u lan
5,00 + 0,05 43031 + 207 38434 + 196 81453 + 285
7,50+ 0,05 42435 + 206 39012 +198 81432 + 285
10,00 £ 0,05 41564 + 204 39500 + 199 81055 + 285
12,50 + 0,05 42249 + 206 37928 + 195 80167 + 283
15,00 + 0,05 38556 + 196 38797 + 197 77365 + 278
17,50 £+ 0,05 40723 + 202 35676 + 189 76381 + 276
20,00 + 0,05 41070 + 203 30227 £ 174 71292 + 267
21,00 +£0,05 38965 + 197 32415 + 180 71384 + 267
21,50 + 0,05 43155 + 208 27014 + 164 70171 + 265
22,00+ 0,05 40561 + 201 24371 + 156 64914 + 255
22,50 +£ 0,05 37182 +£193 19499 + 140 56675 + 238
23,00 £ 0,05 35666 + 189 15005 + 122 50670 + 225
23,50 + 0,05 30884 + 176 23994 + 155 54879 + 234
24,00 + 0,05 33223 +£182 19314 + 139 52528 + 229
25,00 +£ 0,05 35776 + 189 16140 + 127 51907 + 228
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27,50 £ 0,05 33299 + 182 17888 + 134 51185 + 226
30,00 £ 0,05 33189 + 182 18804 + 137 51980 + 228
32,50 £ 0,05 35697 £ 189 17153 +131 52849 + 230
35,00 £ 0,05 35744 £ 189 18553 + 136 54282 + 233
37,50 £ 0,05 35933 + 190 16988 + 130 52909 + 230

Dua vao Bang 1, dd thi biéu dién su thay ddi ciia cuong d6 tan xa theo d6 cao ciia vi tri do theo
binh chtta dugc trinh bay trong Hinh 6.
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Hinh 6. Sy thay ddi cuia cudng do tan xa trong phép do xac dinh mit phéan cach glycerin - xing

Céc diém mau den ng véi nhiing vi tri do nghién ctru ndy chi sir dung cudng do tan xa
trong ving chira glycerin, cac diém mau dé tng nhidu lan va cuong do tan xa téng dé xac dinh
VGi viing chira mat phan cach va cac diém mau mat phan céch glycerin — xang.
xanh ung véi ving chira xang. Doi véi cuong do
tan xa mot lan, khong c6 su chénh léch nhiéu
gita hai moi truong, do d6 kho c6 thé xac dinh vi
tri mat phan cach. Di voi cuong do tan xa nhiéu
lan va cuong do tan xa tong, su chénh léch giita
hai mo6i treong la kha rd rang. Do d6, trong
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Bang 2. Két qua xac dinh mat phan céach giira hai méi trudng glycerin — xing

h (cm) oh (cm)
Phuong phap ding cuong do tan xa nhiéu lan 21,58 1,09
Phuong phap ding cudng do tan xa tong 21,93 2,75

Sai khac vé két qua cuia hai phuong phép so
véi thuc té 1an luot 14 0,52 cm va 0,17 cm. So véi
duong kinh 6ng chuan tryc ngudn va khe chuan
truc dau do 1a 1 cm, muc sai khac nay chiém ti 1é
dudi 52 %. Ngoai ra, két qua tir hai phwong phép
cing c6 sy chénh léch khong nhiéu.

Xac dinh mat phén cach giira ba méi truong
nuéc — dau héa — khong khi

DPé xac nhan mot 1an nira vé kha ning xac
dinh mat phan cach gitra cic méi trudng cua hé

do, mot thi nghiém khac duoc thuc hién. Trong
thi nghiém nay, cac chét long duoc st dung la
nuée (p = 1 g/cm?) va dau hoa (p = 0,78 g/cmd).
Vi tri cac miat phan cach nudc—dau hoa va dau
hoa—khdng khi lan lugt nam ¢ d6 cao 16,00+
0,05 cm va 26,00+0,05 cm cia binh chua.

V6i cac budc xur 1y twong tw nhu trén, két
quéa vé su thay d6i cudng do tan xa theo do cao vi
tri do duoc trinh bay trong Hinh 7.
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Hinh 7. Sy thay d6i ciia cudng do tan xa trong phép do x4c dinh mit phan cach nudc — dau hoa — khong khi

Cuong do tan xa mot 1an van khong cé su
chénh léch nhiéu giita hai méi truong nuéc va
dau hoa, vi vay van chi sir dung cudng do tan xa

nhidu lan va cudong do tan xa téng dé xac dinh vi
tri cac mat phan cach. Cac két qua dugc trinh bay
trong Bang 3.
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Bang 3. Két qua xac dinh mat phan cach gitra cac méi trudng nudc — dau hoa — khdng khi

hnudc-déu (Cm) hdﬁu-khl’ (Cm)

Phuong phap dung cudng do tan xa nhiéu lan

16,37 £1,53 25,87 £5,70

Phuong phap ding cudong do tan xa tong

15,85+ 2,82 25,86 + 3,51

Sai khéc vé két qua xac dinh mat phan céch
nuéc-dau hoa lan luot 12 0,37 cm va 0,15 cm; Véi
mat phan céch dau hoa—khdng khi cac sai khéac
nay 1a 0,13 cm va 0,14 cm. Céc sai khac nay déu
dudi 14 % so véi duong kinh 6ng chuan truc
ngudn va do rong khe chuan tryc dau do. Mot lan
nira, két qua tir hai phuong phap khéng co su
chénh léch nhiéu.

KET LUAN

Bai bao di trinh bay vé tng dung ky thuat
gamma tan xa dé xac dinh mat phan céch gitra cac
moi truong khéng hoa tan théng qua mot hé do cu
thé do ching t6i thiét lap. Cac két qua tir phuong
phdp s dung cudng d6 tan xa nhiéu lan va
phuong phap sir dung cuong do tan xa tong déu
cho thay su phi hop rat tét so vai thuc té, véi sai
khac Ion nhat 1a 0,52 cm: khoang 50 % so Vvdi
duong kinh éng chudn truc ngudn va

do rong khe chuan tryc dau do. Piéu nay da
ching to6 kha ning tng dung ky thuat gamma tan
Xa Véi ngudn cé hoat do ¢& mCi trong viéc xac
dinh hoic giam sat muc chat long trong cac binh
chira. Bo chinh x4c mong mudn cua cac phép do
c6 thé dugc tly bién bang cach sir dung cac dng
chuan truc co kich thuéc phu hop. Ngoai ra, két
qua tir hai phuong phap trén khong chénh léch
nhiéu cho thay sy 6n dinh cua két qua, ddng thoi
¢6 y nghia 16n khi tmg dung vao day chuyén san
Xuit cong nghiép: bang viéc sir dung phuong phap
ding cuong do tan xa téng, nén c6 thé dung bo
phan tich don kénh va thiét 1ap cira s6 niang lugng
bao trim toan bo ving phd quan tam dé liy sé
dém (cuong d0) tan xa tbng ma khong can phai
qua cac budc phan tich phd.

Loi cam on: Nghién ciru duoc tai tro boi Pai hoc
Quoc gia Thanh pho Ho Chi Minh (DHQG-HCM)
trong khuon kho Pé tai ma so B2015-18-03.

Determination of the interface between
Insoluble environments using gamma

scattering technique

Vo Hoang Nguyen
e Tran Thien Thanh
e Bui Duc Quy
¢ Nguyen Quoc Minh
e To Hoang Duy
e Lo ThaiSon
e ChauVan Tao
University of Science, VNU-HCM

ABSTRACT

In this study, we deploy and compare
spectrum processing methods based on gamma
scattering technique to determine the interface
between insoluble fluids stored in the container.
The gamma scattering measurement system

included: a 5 mCi radioactive source of ¥’Cs, a
cylindrical glass vase with a diameter of 6.5 cm
containing the fluids, and a Nal(TI) detector with
a 7.62 x 7.62 cm scintillation crystal. The
detector was arranged to obtain the scattered
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photon beam at the angle of 120°. Two of the
three processing methods showed good results
with the biggest difference of 5 mm. In addition,
the results also show the feasibility of using SCA
Keywords: interface, gamma scattering, Nal(TI)
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