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NGHIEN CUU CHE TAO VAT LIEU CAN TIA GAMMA
TREN NEN NHU'A EPOXY E-128. PHAN II- ANH HUONG
CUA THANH PHAN PON PEN HIEU QUA CAN XA

Vii Ngoc Toan'", Nguyén Vin Hoéngl, T6 Phuong Linh®, Nguyén Quang L)'/2

Tém tit: Birc xa gamma gdy ra nhiéu hé luy doi véi sirc khée con nguwdi nhw mét s6
bénh cap tinh, man tinh, thdm chi tir vong néu cwong dé Ién hodc thoi gian tiép xiic dai.
Nhiéu logi vt liéu da duoc nghién cuu, thu nghiém va ung dung dé che chdan birc xa
gamma cho cdc doi tuong khac nhau. Bai bao ndy gici thi¢u két qua nghzen citu danh
hwong cua thanh phan don toi hi¢u can xa cua vat liéu composzte trén nén nhya E-128.
Két qua cho thdy, viéc tiang ty 1é chat don tir 10 % lén 15 % gitip gia ting hiéu qua che
chdn phong xa. Mau vat ligu co thanh phan PbO ‘BiO3:WC (15 %) cho hiéu qua can xg
10,43 % véi nguon ®Co va 9,19 % véi nguon 3 Cs. Hiéu qua cdn xa ciia mau vt liéu nay
dat 77 % va 73 % so voi hiéu qud cdn xa cua tam chi day 0,25 cm.

Tiwr khoa: Vat li¢u can xa; Vat liéu composite; O nhiém phong xa.
1. MO PAU

O nhiém phoéng xa 1a sy tiép xtc ngoai ¥ mudn véi cac chat phong xa - nhimg nguyén tir ciia
céc nguyén to trong hop chat co kha nang phat ra phong xa. O nhiém phong xa xuat phat tir hai
nguyén nhan chu quan va khach quan nhu: sy cb tai nha may dién hat nhan, thir vii khi hat nhan,
that lac ngudn,... [1]. Du tir nguyén nhan nao thi 6 nhiém phong xa déu gay anh huong khong tét
tdi ste khoe con ngudi khi chung vuot ngudng cho phép. Khi nhlern VAo co thé, tuy theo muae do
céc tia phong xa co thé gdy nén cac bién doi ¢ nucleic va nhlem sic thé, gay | r6i loan tong hop ADN
va ARN, cac protein, khang thé lam e ché su phan chia té bao gay t6i chet té bao. Mtrc do tac dong
s€ phu thudc vao luong chat, suét liéu, loai chit phoéng xa, cach thurc tlep xuc va khoang thoi gian
tiép xtic [6].

Trude day, thé gidi di timg chimg kién nhiéu sy ¢d xay ra tai mot sb nha may dién hat nhan,
dién hinh 1a sy c6 tai Chernobyl nim 1986 va su ¢6 tai Fukushima nam 2011 gy ra cac dam
may phong xa ma hau qué ctia né dén hién nay van chua duoc giai quyét triét dé. Ngoai ra, su
phat trién cta cac loai vii khi hat nhan, cac thiét bi s dung nguon cung voi cac hoat dong xu ly,
khai thac phong xa,... di va dang tao ra nhiéu nguy co vé 6 nhiém phéng xa, c6 anh huéng
nghiém trong toi strc khoe con nguoi va moi truong xung quanh [1, 2, 5].

Hién c6 nhiéu loai vat liéu duoc sir dung dé phong chdng 6 nhiém va ngin can (che chén) tia
phong xa nhu tam chi, cao su, vira barite, gach chéng phong xa RS, hop kim, dung dich,... Hon
20 nam gin day, the h¢ vt liu composite can xa phong xa (c6 chira chi hodc khong chira chi)
Xuat hién va dang tiép tuc nhan dugc su quan tdm cua nhiéu nha nghién ctru do nhu’ng uu diém
vé co ly tinh, ty trong, d6 thuan tién khi ché tao- lip dat, gia thanh, an toan v6i moi trudng,...
Thanh phan cua vat liéu compos1te can xa thuong bao gom nhua nén, chat do6n, chét hoa deo,
chét hoa rin, sQi gia cuong, phu gia,... Chat don thuong la cac nguyén t6 kim loai, hoac mudi,
hodc oxit ctia cac kim loai cé ty trong cao, trong khi d6, nhua sir dung thuong phai c6 ham lugng
hydro cao. Thanh phéan ciing nhu ham lugng chit don anh hudng 16n t6i cac tinh chat co 1y va
hi€u qua che chin phong xa cua vét ligu.

Kha nang che chén phong xa cta vt liéu composite phu thudc vao loai va ham lugng chét
don cho vao ciing nhu ché do gia cong ché tao mau. Viéc dwa cang nhiu chat don vao trong
thanh phan don ché tao s& gitp tang hiéu qua che chian phong xa tuy nhién lai anh huong téi tinh
chét co 1y cia vat li€u cling nhu lam cht don va nén nhya kho tao thanh mot pha déng nhat khi
tron hdn hop [3-5]. C6 thé noi, hién nay tia gamma dang 1a ddi trong duoc tip trung nghién curu
nham tim ra cac h¢ vat liéu che chin hiéu qua. Loai tia nay, tuy theo mirc nang lugng deu c6 kha
ning ddm xuyén rit manh, tic dong nguy hiém trong mdi truong khong khi va trong co thé. Nhim
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gop phan da dang hoa céc vat liéu che chén tia gamma, bai bao nay gidi thi¢u két qua nghién ctru
budc dau v€ sy anh hudng cia ham luong cling nhu thanh phan chét don dua vao don cong nghé
dén hi€u qua che chan tia gamma cua vat liu composite can xa trén nén nhya E-128.

2. THUC NGHIEM VA PHUONG PHAP NGHIEN CUU

2.1. Héa chit va dung cu
2.1.1. Hoa chat

- Nhwra epoxy E-128 (Trung Quéc), duong lugng epoxy la 184-190 g/eq;

- PbO (Chemapol - CH Séc) d¢ tinh khiet 99,0 %; )

- Al,O5 (Xilong Chemical Co., Ltd - Trung Quoc) d9 tinh khi€t 95,0 %;

- BaSO, (Xilong Scientific Co., Ltd - Trung Quoc) do tinh khiét 98,0 %; )

- B4,C (Shanghai Macklin Biochemical Co., Ltd - Trung Quoc) d¢ tinh khiét 98,0 %, kich
thudc hat 1-10 pm; ) )

- Bi,03 (Shanghai Macklin Biochemical Co., Ltd - Trung Quoc) dg tinh khiét 99,9 %, kich
thudc hat <5 pm; ) )

- WC (Shanghai Macklin Biochemical Co., Ltd - Trung Quoc) do tinh khiét 99,9 %, kich
thudce hg}t <1 pm; ) )

- Chat hoa deo dioctylphtalat (DOP) (Trung Quoc), tinh khiet phén tich;

- Chat dong ran PEPA (Trung Qudc), tinh khiét phan tich.
2.1.2. Dung cu va thiét bi nghién curu

Bdng 1. Dung cu va thiét bi nghién ciru.

TT)| Dung cu TT)| Thiét bi
1 [COc nhya dung tich 500 mL 7 PPipet thé tich 5 mL va 10 mL
2 [Khuon gd kich thudc (30x15x2) cm | 8 [Can phan tich OHAUS, d6 chinh xac 107 g (M)
3 [Tam kinh kich thudc (1x1) m 9 [May do pho hong ngoai TENSOR II (M¥)
4 [Bang dinh 10 l;/é%}é 7d(oM‘;1)Ic xa gamma Radiagen X2000 code
5 |Que khuay 11[Mot sb trang thiét bi nghién ciru khac
6 Ong dong dung tich 25 mL, 50 mL va 12 Mot s6 vat tu, dung méi khac san co trong phong
100 mL thi nghiém

2.2. Phwong phap nghién ciru
2.2.1. Phuong phdp ché tao vit liéu composite

- Can 80 g nhya E-128 va 20 g chét hoa déo DOP viao trong cbc nhya 500 mL, khudy déu
trong vong 30 phdt.

- Can mot luong xéac dinh bot kim loai hodc oxit/mudi kim loai hodc hon hop oxit va muéi
kim 10~ai vao ¢oi st va nghién nho, sau d6 d6 toan bd vao hon hgp nhya da tron. Tiép tuc khuay
tron hon hop & nhiét d6 phong thém 1 gio va de yén hon hop trong vong 1-2 gio.

- Thém 8,112 g chit hoa ran PEPA vao va khudy déu hon hop trong 15 phit.

- Vira khuay, vira d6 hén hop ra khuon da dugc chuén bi san va deé yén ¢ rlhiét d6 phong trong
vong 24 gio, khi vat liéu kho hoan toan tién hanh thao va danh dau mau. Mau vit liéu thu duge
6 kich thuéce (14x15x0,5) cm, sau d6 dugc dem phan tich hi¢u qua che chan phong xa.

2.2.2. Phuong phdp déanh gid tinh chdt cia vit liéu ché tao duwoc

Phén tich pho hong ngoai ciia cac mau nhya epoxy E-128, DOP va PEPA trén may Tensor Il
(Brucker) bang ky thuat ép vién véi KBr tai Phong Phan tich/Vién Hoa hoc - Vit liéu.

2.2.3. Phwong phap danh gia hiéu qud can xa cua vat liéu ché tao duoc

Thir nghiém kha ning che chan birc xa gamma nang lugng thap véi nguon *’Cs va nguon GOQO
(phat tia gamma, thuc nghiém tai Vién Hoa hoc - MOi truong quan su/BTL Hoa hoc). Nguon
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137~CS phat tia gamma c6 hoat d¢ khi khong che phén 1a 16,22 uSv/h, khoang cach tir detector t6i
méu 1a 21 cm, tir mau t6i nguon 1a 5,4 cm. Ngudn *Co phat tia y ¢6 hoat d khi khong che chan
1a 1,284 uSv/h, khoang céch tir detector t¢i mau 1a 21 cm, tir mau té¢i nguon la 5,4 cm.

Hiéu qua can xa (H) dugc xac dinh theo cong thirc:

H=(1-A¢/A,) x 100 (%)
Trong d6: + H 1a hi¢u qud can xa (%); y
+ Ay la hoat 6 phong xa cua bé mat mau khi dat vat liéu can xa (uSv);
+ A, la hoat d6 phdng xa cua bé mat mau khi khéng c6 vat liéu can xa (uSv).
3. KET QUA VA THAO LUAN
3.1. Két qua nghién ciru pho hong ngoai ciia cic thanh phan vat li¢u composite

Pho hong ngoai cua cac mau duoc do trén may FT-IR Tensor II (Brucker) bang ky thuat ép
vién v6i KBr. Trén pho xuat hién cac bang song hap thy ddc trung cho dao dong cua cac nhom
churc ¢6 mat trong phan ti. Cu thé nhu sau:

Dbi voi miu nhya epoxy E-128, & (cm™): 3443 (von); 3055 (Ve mom); 2966; 2928 va 2873
(Verno); 1607, 1509 va 1458 (Ve—c thom); 1246 va 1035 (Vs a5, c-0); 831 (Soops ch)-

Dbi v6i mau DOP, & (cm™): 3070 (Ve tom); 2959, 2929 va 2862 (Ven no); 1728 (Ve=o); 1599,
1580 va 1462 (Vc=c thom); 1273 va 1123 (Vs as, c-0); 743 (Soop, cH)-

Dbi véi mau PEPA, & (cm™): 3419 (van); 1633 (8nn); 1485 (8cn), 1321 (Vo).

Tir cac két qua IR cho thdy, nhya nén,’ chat hoa déo va chg"it hoa ran c6 cac nhom chire phu
hop véi cong thirc cau tao da dugc cong bo, cac pic thu dugc sac nét, co6 cuong do tot.

Chat luong cua cac thanh phan bot don gom PbO, Al,03, BaSO,, B.,C, Bi,0;, WC lay theo
cong bd ciia nha san xuét.

3.2. Két qua nghién ciru ché tao va danh gia anh huéng ciia mot s6 yéu t6
3.2.1. Khdo sat hiéu qua can xq cua tam chi chudn

Nhu ching ta da biét, thanh phan cua bot don tron vat lidu can xa thuong duoc sir dung la
cac kim loai, mu6i hodc oxit cua chiing, trong do, phd bién nhat 1a chi do kim loai nay c6 kha
nang che chan phong xa tot va pho bién trong ty nhi€n. Tuy nhién, chi ¢6 nhiéu nhugc diém, dac
biét 1 khoi lugng ri€ng cao dan t6i vat liéu thu duge co ty trong 16n, gdy han cheé trong viéc vén
chuyén va tmg dung vat li¢u. Ngoai ra, chi c6 doc tinh cao, khi sir dung s& anh hudng téi moi
truong ciing nhu ste khoe cua con nguoi. Do do, yéu cau dt ra cho cac loai vat liéu composite
che chan phong xa hién nay la giém thicu toi da viéc sur dung chi trong don che tao.

Trong nghién ctru nay, cac mau san pham dugc do hiéu qua che chan phong xa dé so sanh véi
hi€u qua che chan phong xa cua tam chi chudn véi do day 0,25 cm. Hi¢u qua che chan phéng xa
clia mau tAm chi chuén dbi v6i 02 ngudn phong xa %Co va 137Cs néu trén dat 1an luot 1a 13,08 %
va 12,55 %.

3.2.2. Anh heomg cia thanh phan chdt dén toi hiéu qua che chan phong xa

Dé khao sit anh huong cta thanh phan chat don téi hidu qua che chan phong xa, chiing to1 da
thay d0i cac thong sb trong thanh phan don nhu sau: st dung mot hay nhiéu oxit/mudi kim loai,
¢6 phdi tron cung mudi chi hodc khong v6i ham lugng chat don 1a 10 % va 15 %. Hiéu qua can
xa cla cac mau duoc danh gia v6i ngudn phong xa *°Co va s,

a. Vi ngudn *°Co:

- B4i véi mau st dung 10 % chét don:

+ DPdi voi miu chi st dung PbO lam chét don véi ty 1€ 10 % khéi lugng, hi¢u qua can
xa dat 5,98 %.

+ Pdi voi miu st dung két hop 2 trong cac mudi hodc oxit: PbO, CB,4, BaSO,, Al,Os; WC,
Bi,0; vdi ty 16 5 % mdi loai, két qua cho thiy viéc phdi tron ty 16 1:1 hai hop phan chét don khac
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nhau s& tao ra cac san phdm composite co hiéu qua che chin phong xa khac nhau. Dit liéu thu duoc
phii hop véi ban chit ciia cac hop phan chit don dua vao. Ban than ngudn %Co sir dung trong
nghién ctru ¢6 hoat do thap, do do, viéc danh gia hiéu qua che chin phong xa it nhiéu s& co sy sai
khac so voi viéc thir nghiém ¢ hoat d6 16n hon. Viée phoi trén 5 % WC véi 5 % Al,O; khong mang
lai hi¢u qua che chin phéng xa (chi dat 3,27 %). Trong khi do, viée phdi trén 5 % PbO véi 5 %
Bi,Os da gia tang hi¢u qud che chin phong xa cua tim composite 1én 6,23 %. Gia tri thu dugc khi
pho1 tron 10 % chét don 1a kha thap, dat khoang 50 % so voi tam chi c6 do day 0,25 cm.

- D6i v6i miu st dung 15 % chat don:

+ D4i v6i mau chi sir dung PbO 1am chat don v6i ham lugng 15 %, hiéu qua che chin phong
xa dat 8,23 %.

+ Péi véi mau sir dung két hop 3 trong cac mudi hodc oxit: PbO, CB,, BaSO,, Al,Oz WC,
Bi,Oz voi ty 1€ 5 % mdi loai: két qua thu duge cho thdy viéc dua vao thanh phan mau _composite
03 céu tir chat don voi ty 16 khac nhau da lam tang hi€u qua che chan phong xa clia mau vat lidu.
Hiéu qua che chin phong xa tang dbi véi tung mau la khong gidng nhau, trong khoang (0,5 - 1,0)
% khi ting 5 % chat don. Hiéu qua che chin phong xa dat duoc cao nhat 1a 10,43 % khi két hop
PbO, Bi,O; va WC. Ngoai ra, hiéu qua che chin phong xa khi két hop (PbO, Bi, 05, BaSO,),
(PbO, WC, BaS0O,), (WC, Bi,03, BaSO,) ciing tuong dbi cao, lan luot 1a 9,13 % 8,57 % va 8,57
%. Két qua nay cho thay, hi€u qua che chan phong xa ciia mot s6 tim miu nay tu(rng du’orn voi

77% hi€u qua cua tam ch1 chuan day 0,25 cm (hidu qua che chén dat 13,08 % vé&i ngudn *’Co).
Nhu vay, d6i VO’l nguon %Co thi cac chét dén nhu PbO, WC, Bi,03, BaSO, cho hi¢u qua che
chén phong xa tét nhat khi phéi tron voi E-128, DOP va PEPA.

b. Vé&i ngudn *¥'Cs:

- B6i véi mau st dung 10 % chét don:

+ Pbi voi mau chi si dung PbO lam chat don véi ham lugng 10 % khéi luong, hiéu qua che
chan phéng xa dat 5,54 %.

+ Péi véi mau sir dung két hop 2 trong cac mudi hodc oxit: PbO, CB,, BaSO,, Al,O3, WC,
Bi,0; v4i ty 1& 5 % mdi loai, Kkét qua thu dugc cho théy, voi nguén B7Cs thi viéc dung 02 chét
don nhu PbO véi WC hodc Bi,O3 voi WC cho hiéu qua che chén cao nhat, dat (5,87-6,03) %.
Trong khi do, viéc st dung 5 % CB,4 voi 5 % Al,O3 hodc 5 % WC véi 5 % A1203 chi cho hiéu
qoua che chin phong xa kha thap (dat 3,45-3,56 %). Nhu vay, dbi voi ca ngu(‘)n Cs va nguf)n

Co thi viéc sur dung WC voi A1203 hodc CB, voi Al,O3 cho hi€u qua che chin phong xa thap

- B4i véi mau st dung 15 % chét don:

+ Dbi véi miu chi sir dung PbO 1am chét don véi ham lwong 15 % khdi lugng, hiéu qua che
chan phéng xa dat 8,07 %.

+ Péi véi mau sir dung két hop 3 trong cac mudi hodc oxit: PbO, CB,, BaSO,, Al,O3, WC,
Bi,0; v6i ty 18 5 % mdi loai, két qua cho thiy voi ngudn **'Cs thi viée ding 03 chat don nhu
PbO, Bi,03, WC cling dat hiéu qua cao nhit (tir 8,58 - 9,19 %). Hiéu qua che chin phong xa dat
cao nhat 1a 9,19 % d6i voi cac mau két hgp PbO, WC véi Bi,0; theo ty 1€ 1:1:1. Viéc tang ty 1¢
chat don 1én thém 5 % (tir 10 1én 15 %) gitp tang hiéu qua che chan phong xa ctia mau. Bén canh
d6 viée st dung CB,4 voi WC va BaSO, hoac CB, voi WC va Al,Oz hoac CB, voi WC va Biy0;
hodc CB, v&i BaSO, va Al,O; déu thu duoc vat lidu composite c6 hiéu qua che chén phong xa
thap (dat 6,28- 6,53 %).

So sanh voi két qua déanh gia hiéu qua cua tam chi (kich thudc cua tam chi 1a (14x15x0,25)
cm), hi€u qua che chan phong xa ciia mot sé tim mau nay tuong duong v&i khoang 73 % hiéu
qua che chan cua tam chi 0,25 cm (hi€u qua che chan dat 12,55 % v6i ngudn 137Cs) Thém vao
d6, hiéu qua che chin phong xa khi phdi tron 02 hodc 03 chat don 14 cao hon so véi viée chi sit
dyng mot chat don. Nhu vay, d6i v6i ca 2 ngudn ¥Co va *¥'Cs, cac chat don PbO, WC, Bi,03
déu cho hi¢u qua che chén tot nhat khi phéi tron véi E-128, DOP va PEPA. Hi¢u %ua che chin
dbi vai nguon %Co cua cac mau 1a 16n hon so v&i ngudn 137Cs ¢6 thé 1a do ngudn ®Co c6 muc
ning luong thdp hon ngudn **'Cs.
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4. KET LUAN

D3 ché tao thanh cong vt lidu composite che chin phong xa (btrc xa gamma) tir nhwra E-128,
DOP, PEPA va mét s chét don.

Di nghién ctru anh hudng ciia thanh phan don dén hiéu qua che chan blrc xa gamma cua cac
mAu vt lidu ché tao. Két qua cho thy viéc tiang ty 1& chat don tir 10 % 1én 15 % giup ting hiéu
quéa can xa ctia vat lidu véi ca 2 nguon *°Co va *'Cs. Ngoai ra, ciing mét ty 1¢ thanh phan chét
don, viéc thay thé mot phan oxit chi PbO bang cac chat khac nhu Bi,O3 hay WC vira gitip han
ché lugng chi str dung vira gitp ting hiéu quéa che chin phong xa cho vat liéu. Hiéu qua che chin
dat cao nhét véi miu sir dung 15 % chat don chira PbO:Bi,05:WC vai ty 18 1:1:1 (10,43 % voi
nguén Co va 9,19 % véi nguén 137Cs). Gia tri hiéu qua can xa cia mau vat liéu dat khoang 77
% va 73 % so voi hidu qua can xa cta tim chi chuan day 0,25 cm.

Loi cam on: Cac tac gia tran trong cam on sy hé tro kinh phi cia dé tai cap Bé Quéc phong thuoc

Churong trinh KC.AT: Nghién ciru ché tao chat va phirong tién mé phong tinh huong hodc sw ¢é phéng xa
trén mat dat sir dung trong hudn luyén, dién tp.
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ABSTRACT

STUDY ON PRODUCING GAMMA RADIATION SHIELDING COMPOSITE ON E-128
RESIN. PART II: THE EFFECT OF UNIT COMPONENT ON SHIELDING PROPERTIES

Radioactivity is the phenomenon that some unstable atomic nuclei change on their
own, after which they release excess energy and emit nuclear radiation. Radiation can
originate naturally, artificially, or from solar energy. Radioactive pollution causes many
consequences for human health such as leading to some acute, chronic, or even fatal
diseases if radioactive contamination in large doses, therefore, a material with good
radiation shielding is required. The paper presents the results of research on the effect of
the unit component on gamma radiation shielding efficiency of composite materials on E-
128 resin. The results showed that the increase in the rate of fillers from 10 % to 15 %
increases the effectiveness of radiation shielding. The best radiation shielding
performance is when using 15% of PbO: Bi,Os: WC fillers (1:1:1 ratio), reaching 10.43 %
with ®°Co source and 9.19 % with **¥'Cs (efficiency equivalent to 77 % and 73 % of
standard lead plate 0.25 cm thick).

Keywords: Radiation shielding material; Composite material; Radiation pollution.
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