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SCIENCE - TECHNOLOGY

NGHIEN CUU THANH PHAN HOA HOC CUA LOP VAT LIEU
CAN XA TREN A0 TAP DE BAO HO CAN XA TIA-X

DUNG TRONG Y TE

RESEARCH ON THE CHEMICAL COMPOSITION OF THE RADIATION RESISTANCE LAYER

ON X-RAY PROTECTIVE APRON FOR MEDICAL USE

TOMTAT

fio béo ho can xa tia-X [a mét loai trang bi khdng thé thiéu cho c4c nhan vién y
t€ va bénh nhan khi st dung céc thiét bi bic xa ion héa nhu: chiéu chup X-quang,
chup CT cdt I6p, xa tri ung thu... Trong d6 16p 16t giita ca do la vat liéu t6 hop dam
nhan chiic nang can xa. Nghién ciu thanh phan héa hoc cia 6p can xa nay dé thay
dugc nguyén ligu nao dem lai khd ndng can biic xa tia-X cho do, diing nd 1am co sé
khoa hoc cho viéc Iva chon va cac nghién ctiu o bao hd can xa. Két qua nghién cliu
4o can xa Longkou Double Eagle 0,35mmPb da xac dinh dugc do day hinh hoc clia
l6p can xa la 0,96mm, do cting nén ShoreA la 76S0A, khéi lugng dién tich la
0,446g/cm?” Vat liéu clia [p ¢n xa ¢ thanh phan héa hoc gom bay nguyén t6: C, 0,
S, As, Zr, Ba va Pb. Trong do bon nguyén t6 kim loai ndng As, Zr, Ba va P cling vdi
cac hgp chat Pb0, PbS,, BaS0; la céc chdt c6 kha nang hap thu buic xa ion hda cao.
V6i ti 1& nguyén t6 chi chiém gan 44%kI nén do cn xa nay thugc nhom do chi.

Tirkhéa: Ao bdo ho cdn xa tia-X, tap dé chi.

ABSTRACT

X-ray protective apron is an indispensable equipment for medical staff and
patients when using ionizing radiation equipment such as: X-ray, CT tomography,
cancer radiation therapy... In which the middle lining of this apron is a composite
material that performs the function of radiation resistance. Research the chemical
composition of this radiation resistance layer to see which materials bring the
ability to block X-ray radiation for this apron, use it as a scientific basis for the
selection and research of radiation protective aprons. The research results of a
Longkou Double Eagle apron 0.35mmPhb have determined that the geometric
thickness of the radiation resistance layer is 0.96mm, the ShoreA compression
stiffness is 76S0A, the area weight is 0.446g/cm? The material of the radiation
resistance layer has a chemical composition of seven elements: C, 0, S, As, Zr, Ba
and Pb. In which four heavy metal elements As, Zr, Ba and Pb together with
compounds Ph0, PbS,, BaSO, are substances with high ability to absorb ionizing
radiation. With the percentage of lead element accounting for nearly 44 %weight,
this x-ray protective apron belongs to the group of lead aprons.

Keywords: X-ray protective apron; Lead apron.
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Lé Phic Binh'”

KY HIEU
Ky hiéu Ponvi
0,35mmPb mmPb

Y nghia
Do can xa tuong duong véi
l4 chi do day 0,35mm.

%kl % Ty 1& % tinh theo khai lugng.
CHU VIET TAT

Tia-X Tia ron-gen.

EDS, EDX Phan tich quang phd tan sdc nang lugng

tia-X
(Energy-dispersive X-ray spectroscopy).

1. GIGI THIEU

Ngay nay viéc st dung nang lugng buc xa nguyén tu
dang la xu thé cta thai dai nhdam nang cao va cai thién chat
luogng cudc séng clia con ngudi. Nhiéu ky thuat buc xa ion
hoéa da va dang dugc Uing dung rdng rai trong linh vuc y té
nhu: chiéu chup X-quang, chup CT cat I&p, xa tri té bao ung
thu... [1]. V&i nang lugng 16n va kha nang ion hda nguyén tu
cao nén buc xa ion hda con 1d mét tac nhan lam tén hai suc
khée con ngudi va cé thé dan dén ti vong do nhiém buic xa
qua liéu. Bén canh cac lgi ich to I6n ma cac ky thuat buc xa
dem lai thi van dé an toan buic xa do cac tac dong khéng
mong mudn cla tia buc xa gay ra clng la van dé rat dang
lo ngai. Do d6, khi lam viéc hodc hién dién trong moi
trudng cé buc xa ion hda can phai tuan tha cac quy dinh vé
an toan buc xa [2, 3]. Tiéu chudn Viét Nam TCVN 6561:1999
vé an toan buic xa ion héa tai cac co s& X-quang y té€ da quy
dinh: cdc nhan vién lam viéc trong moi trudng co tia buc xa
ion hoa dé€ chuan doan, diéu tri bénh phai trang bi do tap
dé cao su chi cé d6 day can xa 0,25mmPb [4].

Su da dang clia cac loai hinh ky thuat trong y hoc buc xa
da kéo theo su da dang vé ching loai 40 bdo ho can xa
dung trong y té. Theo tiéu chuan cta Buc DIN 6857-1 thi
cac loai 4o can xa s dung trong ky thuat x-quang c6 3 cap
do day can xa tuong duong chi la: 0,25mmPb; 0,35mmPb
va 0,5mmPb tuy thudc vao tinh chat ctia méi trudng buc xa
[5]. Khdo sat thuc té & thi trudng Viét Nam cho thay, do can
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xa dugc cung cap hién nay kha da dang va phong phu vé
ki€u dang va dé day can xa tuong ducng chi. Trong dé ca
ba cap dé can xa néi trén déu dang dugc phan phéi va st
dung rong rai.

Ao tap dé can xa tia-X (tap dé can xa tia-X/X-ray apron)
la loai 4o c6 thiét ké kiéu tap dé khong ¢é, khéng tay. Tam
vat liéu can xa chi bé tri & than trudc clia tap dé nén kha
nang che chan buc xa chi c6 & phan than trudc tur vai dén
qua dau g6i va mot phan hai bén sudn clia ngudi mac. Loai
do nay it gay can tr& hoat déng clda nguoi mac, nhe va
thodng mat han so véi cac loai 4o bao hd can xa quay kin,
hay 4o c6 ¢6, c6 tay nén ching dugc st dung kha phd bién.
Kiéu dang co ban cta o tap dé can xa dugc gidi thiéu trén
hinh 1.

i

er vy A A eriemy

Hinh 1. Ki€u déng co ban cla tap dé can xa tia-X

Trong sang ch& US7304105 da chi ra kha nang can xa
clia cac loai vat liéu khac nhau. Vat liéu chi c6é kha nang can
buic xa ion héa cao han nhiéu lan so vai thép, bé tong va
cac kim loai cé khéi lugng nguyén tr thap hon né. Tap dé
can xa c6 cdu trdc cla do ba I8p, trong dé 16p cb chiic nang
can xa nam giia, hai I6p boc ngoai dung dé bao vé I3p can
xa. Lop can xa la vat lieu composite (vat liéu t6 hop) co
chda cac kim loai ndang nhu: chi (Pb), vonfram (W), bitmut
(Bi), antimon (Sb), thiéc (Sn)... Tuy theo thanh phan héa hoc
c6 trong I6p can xa clia 40 c6 chia nguyén t6 chi hay
khéng dé phan do bao hd can xa d6 vao nhém 4o c6 hoic
khoéng chi [6]. Trong sang ché US7041995 da dé xuat loai do
can xa dung cho linh vuc chudn doan béng tia-x st dung
nguyén liéu chi hodc oxit chi lam chat liéu hap thu burc xa,
polymer nén trong vat liéu t6 hgp la cao su tu nhién hodc
cao su téng hgp [7]. Trong nghién clu gidi phap tao ra vat
liéu can buc xa khdng chi cho do can xa tia-X, tac gid Mc.
Caffrey cung cadc dong nghiép da thr nghiém trén nhiéu
nguyén té kim va hgp chat cta ching nhu antimon (Sb),
bitmut (Bi), vonfam (W), bari (Ba), sunfat bari (BaSO,) va chi
(Pb) v&i nhiéu phuong an két hop khac nhau gilra cac thanh
phan kim loai khéng chi dé so sanh véi kha nang can xa cla
vat liéu chi. K&t qua nghién ctu cho thady, tly theo tinh chat
cla buic xa ma cac t6 hop kim loai khac nhau c6 kha ning
can xa khac nhau, trong d6 c6 nhiéu phuong an cung dat
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dd can xa tuang duang chi nhung I6p can xa c6 khéi lugng
dién tich thap hon so vai phuong an can xa dung kim loai
chi [8].

Két qua nghién ciu téng quan da cho thay, do bao hé
can xa tia-X co cdu triuc 3 16p, trong d6 I6p gida la 16p vat
liéu can xa. Lop nay co chia cac kim loai nang va hgp chat
cla chung dé€ hap thu nang lugng clia bic xa va dem lai
cho né kha nang can buc xa ion héa. Vi vay, nghién ctu
thanh phan héa hoc cla I6p vat liéu can xa trén o bao hé
can xa giup nhan biét nguyén liéu tao ra ching va biét do
dé thudc nhom cé hay khdng chi, lam ca s& dé lua chon khi
st dung, gii phap tai ché va lam co s& khoa hoc dé nghién
cliu san xuat ching.

2. PHUONG PHAP NGHIEN CUU
2.1. Déi tugng nghién cuu

Baoi tugng nghién clru trong bai bao nay la thong sé ky
thuat va thanh phan hoéa hoc cua I6p vat liéu can xa trén
tap dé bdo ho can xa loai Longkou Double Eagle 0,35mmPb
dugc san xuat tai Trung Quéc, dang dugc ban va st dung &
Viét Nam. Theo d6, 40 mau nay c6 kha nang can buc xa tia-
X tuong duong cla Ia kim loai chi day 0,35mm. Trong d¢,
I6p vat liéu can xa clia 4o la tdm cao su méng, c6 d6 mém
déo cao, dugc cat theo kich thudc cta than trudc tap dé,
dugc boc ngoai bdi hai I6p vai bao vé nhu gidi thiéu trén
hinh 2.

Hinh 2. Tap dé bdo hd cén xa Longkou Double Eagle 0,35mmPb
2.2. Phuong phap nghién ciu

Nghién ctiu ly thuyét cac van dé vé buc xa ion hoa, an
toan burc xa ion hoa va thanh phan cau tao vat liéu can bc
xa clia 40 bao ho can xa tia-X duing trong y té.
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Thuc nghiém xac dinh mot s6 thong s6 ky thuat clia lop
vat liéu cdn xa clla 40 mau theo cac tiéu chudn qudc té,
dugc thuc hién tai cac phong thi nghiém tiéu chudn cla
Truong Pai hoc Bach khoa Ha Néi.

Thuc nghiém xac dinh xac dinh thanh phan hoéa hoc ciu
tao nén I6p vat liéu can xa ctla 40 mau bang phuong phap
hién vi dién ti quét, st dung kinh hién vi dién ti quét FE-
SEM S-4800 Hitachi tich hgp phé ké EDS. Thuc nghiém xac
dinh pha tinh thé trong thanh phan cau tao theo phuong
phép nhiéu xa ké EDX, s&t dung may nhiéu xa D8 ADVANCE
- Brucker AXS. Céc thi nghiém nay dugc thuyc hién tai cac
phong thi nghiém tiéu chuan ctia Trudng Pai hoc Khoa hoc
Tu nhién- Pai hoc Qudc gia Ha Noi.

3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Mt s6 théng sé ky thuat cta I6p véat liéu can xa

Két qua do do day hinh hoc, dé ciing nén ShoreA, khoi
lugng dién tich cla I6p vat liéu can xa mau dugc dua ra
trong bang 1.

Béng 1. Mot s6 thong s6 ky thudt cia I6p vat lidu can xa mau

NPT Mau do Trung

Thong s6 ky thuat ] ) 3 A 5 | binh

D4 day hinh hoc (mm) 0,9 | 097 095|096 |096 | 0,96
D0 cling nén (SoA) 76 75 76 | 76 | 77 | 76,0
Khai lugng dién tich (g/cm?) 0,446 | 0,445 | 0,447 0,446 | 0,445 | 0,446

S6 liéu thi nghiém trong bang 1 da cho thay, dé day
trung binh clia I6p vat liéu can xa la 0,96mm. Sai léch cla
do day & cac diém do so véi gia tri trung binh téi da la 1%.
D6 ciing nén ShoreA c6 gid tri trung binh la 76SoA. Sai léch
doé clng & cac diém do so vai gia tri trung binh t&i da la
1,3%. Khéi lugng dién tich trung binh cta 16p vat liéu can
xa la 0,446g/cm?. Sai léch khéi lugng & céc vi tri do so véi
gia tri trung binh chi 2%o. Diéu nay cho thay 1&p vat liéu can
xa cé cau tric va dé day hinh hoc kha déng déu.

3.2. Thanh phan c3u tao 16p vat liéu can xa trén 4o mau

Két qua thi nghiém xac dinh cac thanh phan hoéa hoc
tao nén I6p vat liéu can xa trén 4o mau dugc thé hién trén
hinh 3.

4

50

40

30

u l

20

Ty trong (%kI)

10

_J === )| )

CK OK SK AsL ZrL BalL PbM

Hinh 3. Bi€u d6 thanh phan héa hoc tao nén IGp vat liéu cdn xa mau
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(Chu thich: cac ky hiéu K, L, M diing sau ky hiéu clia cdc nguyén t6 héa hoc C,
0,S, As... 1a tén cla cac Ip dién t trong cc nguyén tl do dugc- Theo ngudi lam
thi nghiém).
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Biéu d6 trén hinh 3 da cho thay I16p vat liéu can xa trén do
mau c6 bay nguyén t6 chinh, bao gém: C, O, S, As, Zr, Ba va
Pb. Trong d6 bén nguyén t6 kim loai As, Zr, Ba va Pb thudc
nhom kim loai ndng, day la cac chat kha nang hap thu bic xa
ion héa cao. Anh toa do nguyén t6 thu dugc bing phuong
phap quét EDS ciing cho thay su phan bd cla cla bay
nguyén t6 nay tuong déi dong déu trén toan bo dién tich
mau dugc quét. Diéu nay cling giai thich cho sy dong déu vé
khoi lugng dién tich clia I6p vat liéu can xa mau.

K&t qua quét mau cling da xac dinh dugc ti 1é phan tram
khéi lugng cda tiing nguyén t6 tao nén I&p vat liéu can xa
mau nhu gidi thiéu trong bang 2.

Bang 2. Phan trdm khdi lugng cac nguyén t6 tao nén 1Gp vat liéu cdn xa mau

) Phan tram khéi lugng (%kI)
Thanh phan
Toa dd quét 1 Toadd quét2 | Trungbinh
Cdchon (CK) 28,36 26,50 27,43
Oxy (0K) 16,38 18,18 17,28
Luu huynh (SK) 1,85 1,59 1,72
Asen (AsL) 0,32 3,70 2,01
Ziriconi (Zr L) 3,96 0 1,98
Bari (Bal) 5,86 5,32 5,59
Chi (Pb M) 43,27 44N 43,99
T6ng cong (%kI) 100 100 100

S6 liéu thi nghiém trong bang 2 cho thay: nguyén té As
chiém 2,01%kl, nguyén té Zr chiém 1,98%kl, nguyén t6 Ba
chiém 5,59%kl va nguyén té Pb chiém 43,99%KkI. Téng cong
b6n nguyén t6 nay chiém khoang 54% khoi lugng toan bd
cla tam vat liéu. Do nguyén t6 Pb c6 ham lugng dén 44%kl,
nén 4o can xa nay thudc nhém o chi. Téng khéi lugng ba
nguyén t6 con lai la 46%kl, bao gém: C chiém ty lé
27,43%kl, O chiém ty 1& 17,28%kl va S chiém ty 1& 1,72%KkI.
Day la cac nguyén t6 tao nén thanh phan cao su nén va
hap chat ctia cac kim loai ké trén.

Thong qua phd nhiéu xa tia-X con tim thay trong thanh
phan cdu tao héa hoc cla I6p cdn xa c6 pha tinh thé cda
cac hgp chat PbO, PbS,, BaSO.. Diéu nay cho thdy, cac
nguyén t6 Pb va Ba khéng chi & dang nguyén chat ma con
& dang hgp chat vsi nguyén t6 O va S.

Nhu vay, trong thanh phan héa hoc tao nén I6p can xa
cla 40 mau c6 bén thanh phan kim loai ndng la As, Zr, Ba
va Pb cling véi cac hgp chat clia ching la PbO, PbS,, BaSO,
la cac chat cé kha nang hap thu tot buc xa ion hoa nhu da
thdy trong nghién cliu téng quan, nén ching la nhiing
thanh phan nguyén liéu dem lai kha nang can buc xa tia-X
cho 40 mau.

4, KET LUAN

Lép can xa trén 3o can xa Longkou Double Eagle
0,35mmPb véi d6 day can xa tuong duong chi 0,35mmPb
c6 d6 day hinh hoc la 0,96mm, khoi lugng dién tich la
0,4469/cm?, 6 ciing nén ShoreA 1a 7650A,
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Thanh phan hoa hoc tao nén I6p can xa clia 40 mau
gém bay nguyén té 1a C, O, S, As, Zr, Ba va Pb. Trong d6 ¢6
b&n nguyén t6 kim loai ndng la Pb va Ba, As, Zr va cac hgp
chat cta ching la PbO, PbS,, BaSO, ddm nhan chinh chic
nang hap thu buc xa ion hoa cua ao.

Ao can xa mau thudéc nhém 4o chi, vi vay can tuan thu
cac quy dinh vé viéc st dung va tai ché san phdm c6 chi va
kim loai nang dé han ché kha nang nhiém doc kim loai
nang cho ngudi mac va gay 6 nhiém méi trudng.

Két qua nghién ctu nay la moét co s& khoa hoc cho
ngudi st dung, ngudi kinh doanh va cac nha nghién ctu 4o
bdo hoé can xa tia-X.
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