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TOM TAT

Chum electron nang lugng cao phat ra tl cac may gia téc ngay cang dugc iing dung réng rai trong
xUt ly thuc phdm, y té, bién tinh vat liéu, d6i mau déa ban quy va xU ly méi trudng gébm nudc thai,
khi thai va bun thai. Chum electron phat ra ti may gia téc chi hitu hiéu trong viéc xUr Iy bé mat vi
kha nang xuyén sau thap, do do khi can xur ly khoi vat liéu cé mat dé mat cao chum electron dugc
ban vao bia nang dé chuyén déi sang tia X theo ca ché phat bic xa ham. Trong béo cdo nay, hiéu
sudt chuyén déi tia X dugc xac dinh bang thuc nghiém do liéu hap thu gay ra bsi chum electron
va chum photon két hop m6 phédng MCNP4c2 cho céc bia khac nhau, véi cac muiic ndng lugng
chum electron téi bia 5 MeV, 7,5 MeV va 10 MeV. Két qua mé phdng MCNP4c2 va do thuc nghiém
do liéu bang liéu ké phim cho thay hiéu sudt chuyén déi phu thudc vao vt liéu bia va nang lugng
chum electron tdi. Hiéu suét chuyén déi cao nhéat khi st dung bia hdn hop Ti — Hy0 - Pb, véi két
quad tuong Ung vai cac muc nang lugng 5,0 MeV, 7,5 MeV va 10,0 MeV la 5,57 %, 7,12 % va13,54 %.
Bia hdn hop Ti — H,O - Pb ¢6 tinh ting dung thuc té cao vi bia dugc cdu tao vai 3 16p vat liéu vé
boc Ti c6 chic néng chiu luc, chiu nhiét, nudc giai nhiét dugc luan chuyén gilr I6p Ti va Pb dé gidi
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nhiét cho bia.

Tu khoa: may gia toc electron, chiéu xa thuc pham, bia chuyén déi tia X

GIOI THIEU

Hiéu sut bia chuyén ddi electron — photon tit chum
electron nang lugng cao I dugce tinh toan, do dac
nhdm muc dich ché tao bia c6 hiéu sudt chuyén d6i
cao nhit st dung dé xi Iy thyc phdm?, y t& bién
tinh vat liéu c6 mat do mat cao. Ngoai ra, xac sudt
phat photon con dugc st dung d€ danh gid phin ning
lugng khong dugc hip thu? trong san phdm chiéu xa
(ndng lugng thoat ra dudi dang photon). Géc bay va
cudng d6 phat photon cling dugc stt dung dé tinh toan
va thiét ké che chin an toan cho nhan vién btic xa va
dan ching xung quanh co st buic xa.

Bia chuyén d6i tia X dugc tinh todn cho ning lugng
5,0 MeV va 7,5 MeV trong4, phén bd goc ctia chim
btic xa ham sau bia dong va bia volfram dugc nhém
tac giad Kazuaki Kosako mé phong va do dac cho cac
mtc ning lugng electron 18, 28 va 38 MeV°. Trong
bai bdo nay, nhém tac gia da tinh todn chiéu day bia dé
do liéu electron trén bé mat bia, liéu photon trong gitia
cac bia nhdam xéc dinh hiéu sudt chuyén d6i electron
- tia X © tai mtic ning ligng 10 MeV cho bia don chit
va 5,0 7,5, 10 MeV cho bia hén hgp.

PHUONG PHAP

Mé phoéng va tinh toan chiéu day bia
chuyén ddi cho chum electron nang lugng
10MeV

Bia chuyén d6i dugc tinh todn dya trén do xuyén siu
ctia chum electron 10MeV dé€ ddm bao chdn hoan toan
chiim electron chi cho tia X xuyén qua®. D¢ xuyén
sdu ctia chum elctron 10MeV phu thudc vao mat do
va chiéu day bia vat liéu. Mat d¢ va chiéu day bia dugc
déc trung bai mot dai lugng duy nhét 13 méat do mit,
r4 (Area Density):

pa=p xd[g/cm?] (1)

Chiéu day bia dugc xdc dinh tii dudng phan bé liéu
theo mét d6 mit da dugc do dudi méy gia téc UELR-
10-15S2 véi hai dau quét chiéu 1én hai mat cta bia
trong Hinh 1.

Theo Hinh 1, chum electron nang lugng 10MeV chi
xuyén qua 5,0 g/cm?, do d6 bia chuyén déi tia X dugc
thiét k€ v6i mat d6 mit ndm trong khoang: 11,0 <
pa < 17,0 [g/cm?], va bé day bia: 11,0/p <d <
17,0/p [cm].

Khi d6, liéu do dudgc tai tAm cua bia khi chiéu xa hai
mat trén may gia t6c UELR-10-15S2 chi do tia X tao
ra.

Bia chuyén d6i dugc thiét ké phit hgp cho céc vat liéu
khéc nhau, mo hinh thi nghiém dugc mo6 phong bing

Trich dan bai bao nay: Tuan N A, Tao C V. Danh gia hiéu suat bia chuyén ddi electron-tia X sit dung
trong xt ly buic xa. Sci. Tech. Dev. J. - Nat. Sci.; 4(4):737-743.
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Hinh 1: Dudng phan bé liéu theo mat d6 mat dugc
do trén may gia téc UELR-10-1552

MCNP4c27 (Hinh 2) d€ tinh liéu trén bé mit bia (chi
do electron tao ra) va gitia tim bia (chi do tia X tao ra)
dé xdc dinh hiéu suét chuyén déi electron - tia X.

Hinh 2: M6 phéng MCNP cho cdu hinh chiéu mau
trén may gia téc electron UELR-10-15S2.

Trong giii liéu ddu vao (Input File) ctia chuong trinh
MCNP4c2, nguon electron dugc mo ta la mot chum
tia song song hudng thing xudng bia, kich thudc
ngudn: 40x2 cm. Bia dit cach ngudn 40 cm va chung
dugc dich chuyén tiing budc qua vi tri nguén electron,
budc dich chuyén 1,0 cm. Liéu hép thuy trén bé mat bia
va liéu hdp thu tai tim bia dugc 14y tong liéu trong cac
giti liéu dau ra (Output File).

Thuc nghiém do liéu

Dung cu va thiét bj do

Thiét bi do li€u gom liéu k& phim B3000, hang san xuét
GEX, bic, véi giailiéu 0,5+ 3,5 kGy, sai s6 5%. Liéu
ké phim do liéu hép thu théng qua do den phim khi
bi chiéu b&i chum electron hoic tia X 8.

Liéu k& phim dugc do do den trén mdy quang phd
GENSYS 20, hang san xuét Thermo Science, may do
dugc hiéu chuén 6 thdng/lan. Bing quy chudn tu do
den phim sang liéu hdp thu dugc cung cip bdi hang
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san xudt. Liéu k& phim B3000 va hé do GENSYS 20
dugc cho trong Hinh 3.

Ngudn electron tii may gia téc UELR-10-15S2,
CORAD-Russia, v6i muc ning lugng 10 MeV, cdng
sudt 15kW, hai dau quét véi bé rong quét cuc dai
50cm.

Chudn bi bia tao tia X

Hiéu suét chuyén déi electron - tia X dugc do dudi cic
bia (Hinh 4): nhua polypropylene (PP), nhém (Al),
sit (Fe) va chi (Pb) d€ xac dinh sy phu thuc ctia hiéu
sudt chuyén d6i vao mat do cua bia. Bé day cdc bia
dugc tinh todn theo cong thiic (1), cac gia tri dugc
cho trong Bang 1.

Bang 1: Bé day cac bia chuyén déi tia X

Bia Mat do, g/ cm? Bé day, cm
Nhuya PP 0,95 14,0

Al 2,7 6,0

Fe 7,8 2,0

Pb 11,3 1,2

Chiéu mau va do liéu electron va tia X trén cdc
bia chuyén déi

Duia theo két qua m6 phong MCNP, thong s6 may va
thoi gia chiéu mau dugc xdc dinh trong Bang 2, thi
nghiém dugc bé tri nhu trong Hinh 5 cho tét ca cac
1an chiéu bia. Liéu ké phim dugc dit trén bé mat bia
dé do liéu electron va dugc 1dy ra sau mdi lan chiéu,
con liéu ké phim dat tai tim bia chi dugc 14y ra sau khi
két thuc chiéu dé do liéu tia X.

Bang 2: Théng sé cai dat cho may gia tdc khi chiéu cac
bia

Thong s6 Gia tri
Ning lugng trung binh, MeV 9,8
Cong sudt dong, mA 960
Do rong quét, cm 50
Van téc bang chuyén, m/phut 0,5
Liéu tai bé mit bia, kGy 28,0
S$6 lan chiéu d€ do liéu electron 01

S8 14n chiéu dé do liéu X-ray 10

KET QUA VA THAO LUAN
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Hinh 3: Liéu ké phim B3000 trudc va sau khi chiéu xa va may do quang phd GENSYS 20

Két qua moé phéong MCNP cho phd electron,
phé photon (bitc xa ham) sau bia

Ph§ electron dugc xac dinh tai cdc khoang cach khac
nhau duéi dau chiéu electron clia may gia téc UELR-
10-1582, con phé photon dugce xéc dinh sau bia Al dit
cach nguon electron 10 cm. Két qua dugc cho trong
Hinh 6.

Két qua do thuc nghiém va mé phéng MCNP
hiéu suat chuyén déi electron - tia X

Hiéu sudt chuyén ddi ctia céc bia: nhya PP, Al, Fe va
Pb thu dugc tii thuc nghiém do liéu nhu trong Bang 3.
Hiéu suft chuyén d6i ctia céc bia nguyén chit va bia
hén hgp thu dugc tit mé phong MCNP duge cho
trong Bang 4.

Hiéu suét chuyén déi electron - tia X theo mét do va
theo nang lugng dugc cho trong Hinh 7.

KET LUAN

Céc tinh todn va do dac hiéu suit chuyén d6i ti elec-
tron sang tia X qua cac bia khac nhau tai mot co sg
chiéu xa da cung cdp bo s6 liéu can thiét d€ danh gid su
hép thu electron trong san phdm >, thiét ké va danh

gid an toan buc xa cho co s& va thiét ké bia chuyén d6i
v6i hiéu sudt cao. Theo dd, khi electron nang lugng
10MeV chiéu 1én céc vétliéu nhe (r < 1,0 g/ cm?) hiéu
sudt sinh photon la khong dang ké (0,7%), nhung khi
chiéulén cac vt liéu nang (Fe, Pb) hiéu suét sinh pho-
ton sé& cao (4,3% d6i véi bia Pb). Do vay, khi thiét
ké che chin!! khong nén sti dung vét liéu ning trén
duong bay ctia chum electron dé€ han ché hiéu suét
phat sinh photon ning lugng cao.

Két qua do dac két hgp mo6 phong MCNP cing cho
thdy do tin cay ctia phuong phap moé phong va ching
dugc st dung trong trudng hop khong thé do thuc
nghiém hodc viéc lam thuc nghiém quéd ton kém.
Trong bdo cdo nay, m6 phong MCNP dugc tinh cho
bia Al va két qua trung khép véi do thuc nghiém, sau
d6 tinh trén bia hdn hgp Ti - HyO - Pb tai cidc miic
ning lugng 5,0, 7,5 va 10,0 MeV. Két qua m6 phong
trén bia hén hgp cho hiéu xuét chuyén d6i electron -
tia X cao va chung dugc stt dung khi cdn chuyén tu
electron sang tia X khi can.

DANH MUC CAC TU VIET TAT

MCNP: Chuong trinh mé6 phong chuyén cho biic xa
(Monte Carlo for n-Particle)
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Hinh 4: C4c bia chuyén déi dugc chiéu xa dudi may gia toc electron 10MeV UELR-10-1552

Bang 3: Két qua do thuc nghiém trén cac bia

Bia Ning lugng D,._ (kGy) Sai s6 DX-ray Sai s6 Hiéu sudt
electron (kGy) (kGy) (kGy) chuyén doi
(MeV) X-ray/e- (%)

Nhuya PP 9,8 £0,5 270,0 13,5 1,8 0,03 0,7

Al 9,8 £0,5 230,0 11,5 2,0 0,04 0,9

Fe 9,8 £0,5 266,0 13,3 4,7 0,09 1,8

Pb 9,8 £0,5 180,0 9,0 7,8 0,22 4,3

Bang 4: Két qua mé phéng MCNP

Ning lugng electron, (MeV) Bia chuyén déi Hiéu suét chuyén ddi X-ray/e- (%)

10,0 PP 0,56

10,0 Al 0,63

10,0 Fe 1,7

10,0 Pb 4,0

10,0 Ti-H,O-Pb 13,54

7,5 Ti-H,O-Pb 7,12

5,0 Ti-H,O-Pb 5,57
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Hinh 5: B tri thi nghiém khi chiéu bia chuyén déi tia X dudi may gia téc electron 10MeV UELR-10-1552
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Hinh 6: a) Phé electron tai cac khodng cach khac nhau dudi dau quét electron clia may gia t6c UELR-10-1552, va

b) phé photon sau bia Al véi cac khoang cach khac nhau
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Hinh 7: a) Hiéu suat chuyén déi electron - tia X phu thudc vao mat dé bia tai muc nang lugng electron 10MeV
trén may gia téc UELR-10-15S2, va b) hiéu sudt chuyén déi electron - tia X sau bia Ti - H,O - Pb theo cac miic ndng

lugng electron tGi

UELR-10-15S2: Ma hiéu clia méy gia t6¢ tuyén tinh
GEX: hang san xudt liéu ké phim

XUNG POT LOI iCH

Nhom téc gid cam két khong ¢6 mau thuin vé quyén

lgi va nghia vu ctia cac thanh vién

PONG GOP CUA CAC TACGIA

Nguyén Anh Tuin m6 phong MCNP, thuc nghiém do
liéu trén may gia toc UELR-10-15S2 x Iy s liéu va

viét bai bdo

Chau Vin Tao dua ra y tudng, ciu truc va chinh stia

van phong trong bai bao
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ABSTRACT

Recently, a high energy electron beam from accelerators studied on the application for foods and
medical devices irradiation, therapy, denature material, discolored semi-precious stones and degra-
dation of environment pollution (Gas, Water, and Sludge Waste). The advantages of electron beam
from accelerators are high power density and easy focusing on the target, but electron beam is
only useful to irradiate on the surface of the irradiation product because their penetration is short.
In order to irradiate high area density products, the X-ray converter is used to generate photon
(bremsstrahlung effect). In this article, converting efficiency and direction of X-ray emission is mea-
sured by film dosimeter and simulated by MCNP-4c2 code. Measurement and simulation results
show that converting efficiency depends on materials of the targets and electron energy, the con-
verting efficiency of Ti — H,O — Pb converter at electron beam energy 5.0 MeV, 7.5 MeV, and 10.0
MeV are 5.57 %, 7.12 %, and 13.54 %. Ti — H,O — Pb converter is made up of 3 layers of Ti wrap
material with the function of bearing, heat resistance, circulating cooling water between Ti and Pb
layers to cooling, so it is applied for the accelerator.

Key words: electron beam, food irradiation, X-ray converter

Cite this article : Tuan N A, Tao C V. Assessment of X-Ray converter for electron beam radiation
pro-cessing facility. Sci. Tech. Dev. J. - Nat. Sci.; 4(4):737-743.
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