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XAC DPINH HE SO k) CUA MQT SO NGUYEN TO BANG KiCH HOAT
NEUTRON TU NGUON PONG VI Am — Be

Huynh Truc Phwong, Mai Van Nhon, Van Thi Thu Trang
Truong Pai hoc Khoa hoc Ty nhién, PHQG-HCM

TOM TAT: Phuwong phdp chudn héa k, (kg—INAA) trong ky thudt phan tich kich hoat
neutron, hé s6 ko la mot hang s6 hat nhén t6 hop va dwoc xdc dinh bang thic nghiém. N6 déng
gop mot phan rat 1om vdo do chinh xdac cua phwong phdp koy-INAA. Vi vy, thuc nghiém xdc
dinh cac hé s6 ky dwoc tién hanh ¢ nhiéu nguon neutron khac nhau dé so sanh két qua la rat
can thiét. Trong bai bdo nay, ching t6i xdc dinh hé sé ky so véi vang (k, a) cua cdc nguyén 16
mangan (Mn), cadmi (Cd), crom (Cr), kém (Zn), asen (4s), vanadi (V) bang kich hoat neutron
tir nguon dong vi Am — Be. So sanh cdc hé s6 ko, trong cong trinh nay voi cdc két qua thuc
nghiém ciia De Corte va céng sw cho thdy d¢ léch twong doi giita ching nhé hon 20%. Trong
ds, hé $6 ko u(Mn) dwoc xdc dinh chinh xdc nhat véi dg léch so voi két qua thwe nghiém cia
De Corte va cong sy la 1,81%.

Tir khoa: hé 56 ko,, nguo”‘n Am-Be.

1. GIOI THIEU

Phuong phap chuan hoa ko-INAA 1a phuong phap phén tich mau hién dai, chinh xac va co
do tin cay cao. Hon 70% cac phong thi nghiém phan tich ctia cac 16 phan mg hat nhan trén thé
gidi déu dung phuong phap phan tich nay [3]. Trong d6, hé sb k, clia cac nguyén té di duoc do
tai nhiéu 1o phan tng khac nhau va da 1ap thanh bang nhu mot hang sé hat nhan. Hién tai, bo
mon Vit Iy Hat nhén — Dai hoc Khoa hoc Ty nhién — Dai hoc Quéc gia Tp.HCM, nghién ctru
phat trién phuong phap nay cho nguon neutron dong vi Am-Be. Vi vdy, viéc xac dinh bang
thuc nghiém hé sb ko clia cac nguyén t 1a can thiét.

Trong phuong phap ke-INAA, ham luong ctia nguyén té a dugc xac dinh nhu sau:
(N,/t,)/(WSDC) 1 G,f+GiQi(w) &,

ple/e) (N, /t,) (WSD.C) kg, (@) G,f +G,Q,(ar) &, )
Trong do6:
Ki hiéu “*” twong tmg v6i mau chuan.
N,: s6 dém trong ving dinh ning lugng toan phan;
tm : thoi gian do;
t;: thoi gian chiéu;
tq: thoi gian ra;
S =I-exp(-At;) : hé s6 bdo hoa, hiéu chinh thoi gian chiéu; 2)
D = exp(-Aty) : hé s6 phan rd, hiéu chinh thoi gian phan ra; 3)
= [1-exp(-Atm)]/(Atm) : h€ s6 do, hiéu chinh thoi gian do; 4)

w: kh01 luong mau phén tich, (g);

W: khéi luong mau chuan, (g);

ko au(a): hang s6 ko 50 Vi vang clia nguyén t6 a.

Gu: hé so hiéu chinh cho viéc tu che chin neutron nhiét;

G. : hé s6 hiéu chinh cho viéc tu che chdn neutron trén nhiét;
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f (I)th

=0 . tj 56 thong lwong neutron nhiét trén thong lugng neutron trén nhiét; (®)]
Q, 0,429 0,429
Qo) =| ———+ m (6)
E, (2a +1)(0,55)

a : hé sb léch phé neutron trén nhiét;

E_r : nang lugng cong hudng hi€u dung trung binh (eV).
g : hiéu suét dinh ning lugng toan phan.
Hé¢ sd ko trong phuong trinh co ban cua phuong phap chuin hoa k, dugc dinh nghia nhu 1a
mot hang so hat nhan t6 hop:
M,.0,0,.7,

M,0,0 ™

ko,Au (a)=
0.AuY Au

Tt phuong trinh (7) ta thay ko 12 mot hing so hat nhan nén no6 sé khong phu thudc vao
ngudn neutron. Vi vy, hé s ko cua cac nguyén t6 dugc xac dinh bang kich hoat neutron dbi
v6i moi ngudn neutron déu phai glong nhau. Cac hé s6 ko khong duoc xac dinh tryc tiép tir
cdng thirc (7) boi sy dong gop sai sO cla cac s6 lidu hat nhén qua l6n. Ching dugc xac dinh
bang thuc nghiém. Tuy nhién, thyc nghiém cho thdy hé s ko cia mot dong vi dugc xac dinh 0
nhirng ngudn neutron khac nhau van c6 sy chénh léch. Vi vay, thuc ‘nghiém xdc dinh cac hé s6
ko duoc tién hanh ¢ nhiéu ngudn neutron khac nhau dé so sanh két qua 1a rat can thiét. Thu
vién cac hé s6 ko so voi vang (koa,) va cac s6 liéu hat nhan lién quan dugc xac dinh ga‘”m day
nhat boi De Corte va cong sur [2]. Trong bai bao nay, ching toi da tién hanh xac dinh hé s k,
s0 v6i vang clia cac nguyén to mangan (Mn), cadmi (Cd), crém (Cr), kém (Zn), asen (As),
vanadi (V) bang kich hoat neutron ngudn dong vi Am — Be.

2. PHUONG PHAP VA TINH TOAN

Ttr phuong trinh (1), hé sb ko duoc xac dinh bang thuc nghiém theo cong thirc sau:

(N,/t,)/(WSDC) 1 Gyf +G.Q;(c) &

(N, /t,) (WSD.C) p G,f+G.Q,(a) &, ®

kO,Au (a)=
Mat khac, ham lugng p c6 thé dugc xac dinh nhu sau:

p=—" ©)
w

w, la khoi lugng cua nguyén t0 a trong mau phén tich.

Thay phuong trinh (9) vao phuong trinh (8) ta c6:

(N, /t,)/(w,SDC) G,f+G.Q;(0) &,
(N,/t,) (WSD.C) ' G,f+G,Q,(a) &,

koA (@)= (10)
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Hay : koA (@)= A:p G, F1G.0(0) : (11)
voi:
¢ = M : hoat d6 riéng ctia nguyén té phan tich (12)
¥ (w,S.D.C) o
:p = M : hoat d6 riéng ctia nguyén té chuan (13)
(WS.D.C)

Khi ham lugng cta cac nguyén t6 trong mau da duoc biét trudc, tir cong thie (11) chung ta
c6 thé xac dinh dugc cac hé so kg a, cia mdt nguyén to bang thuc nghiém.

3. THUC NGHIEM

3.1 Thiét bi
bé thuc nghiém xac dinh héng ) ko Ay (a) ching ta can chuén bi cac thiét bi sau:
- (Can dién tir c6 d6 chinh xac dén 0,001mg.
- Thudc kep.
- Nguén déng vi Am-Be cuong d6 7mCi, thong lugng neutron nhiét ~1,5. 10" n.em™s™.
- Heé chuyén mau MTA — 1527.
- Phan mém thu nhén va xt 1i phd GENIE — 2000
- Detector HPGe d6 phan giai nang luong 1,8 KeV tai 1,33 MeV cua Co.

3.2 Chuén bi miu

Tir phuong trinh (11) dé xac dinh hé s6 ko cta cac nguyén t6 ta can phai biét nong do
chinh xc ctia ching. Vi vy, ching t6i ¢ dem bén mau: Mn, CdO, Cr,05_ ZnO dang bt di
phan tich bang phuong phap hoa hoc tai Trung tdm Phan tich Truong Pai hoc Khoa hoc Tu
nhién, con hai mau con lai: As,Os, V,05 dugc phan tich & Trung tdm Dich vu Phan tich Thi
nghiém cua S¢ Khoa hoc va Coéng nghé Tp.HCM bang phuong phap Ref. AAS — Tome II.

Sau khi biét nong d¢ cta cac nguyén t trong hop chét ta tién hanh lam méiu cho thi
nghiém : trdn déu mAu, dem can mau chinh xéac, va cho mau vao bao nilong co kich thude 20 x
40 mm. Két qua ham luong va khéi lugng cua cac nguyén td dugc cho ¢ bang 1.

Bang 1: Khoi lugng ctia cac mau cho viéc xac dinh hé so kg

A x Nguyén to Khoi luon Ham lugng ctia nguyén to
Ten mau plgléz tich clia miu (g% ' z%g/g) =
Mn Mn 1,999 0,850
CdO Cd 2,028 0,870
Cr05 Cr 2,001 0,740
ZnO Zn 2,007 0,755
AsO As 2,012 0,481
V,0:5s \Y 2,036 0,533

3.3 Chiéu va do miu
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Trong thuc nghiém nay ching t61 dung mot 14 vang (Au) c6 bé day 0,006 cm dugc chiéu
kém v6i mau CdO. Cac mau con lai duge chiéu cung diéu kién do véi Au. Hé sb tu che chin

neutron nhiét va trén nhiét cia Aula G’ 5 =0,935va Ge =0,244[1]. Do cac mau phan tich c6
dang bot nén anh hudng cla cac hiéu ung tu hép thu tia gamma, ty che chin neutron nhiét va
trén nhiét khong dang ké. Cac thong s6 hat nhan ciia vang va cac dong vi quan tim dugc lay tir
tai liéu [2].

Céc mau lan luot dugc chiéu & kénh neutron nhiét cia ngudn Am-Be trong khoang thoi
gian tir 1 gio' dén 1 ngay tiy theo nguyén té quan tam va do véi detector HPGe tai bd mon Vat
1y Hat nhan. Cac dic trung cua ngudn neutron va detector HPGe nhu sau [1]:

- Nguén neutron Am-Be: vi tri chiéu mau tai kénh neutron nhiét, c6 hé ) léch phé
neutron trén nhiét o = -0,1759 va ti sd thong lugng neutron nhiét/trén nhiét £ = 83,42.
- Detector HPGe c6 dudng cong hiéu suit theo ning lwong tia gamma tai vi tri do co
dang:
g, =—4,117965 +2,8044501In(E) - 0, 693788In*(E)

+0,0747941n’ (E) - 0,0029831n" (E)
Sau khi ¢6 cac s6 liéu thuc nghiém, dé ap dung cong thirc (11) tinh hé s6 koa,, ta can phai
€p, va Qo(a) dugc cho ¢ bang 2.

(14)

tinh hoat d6 riéng Aa Cac gia tri cta Asp ,

Bang 2: Cac s0 li€u tinh toan clia vang va cac nguyén to

Nguyén t6 E,(keV) Qo) € A:p A A:p
Au 411,8 21,30 0,0218466 209,8778983 4,3685182
cd 336,2 82,28 0,0262395 0,3235093 0,0172897

529,7 82,28 0,0174035 0,1294795 0,0104360
Mn 846,8 2,45 0,0120071 60,13977568 0,4727197
Cr 320,1 1,08 0,0273835 0,7715850 0,0246737
/n 438.,6 9,08 0,0206129 0,1023475 0,0044093
As 559,1 30,51 0,0165401 8,7815797 0,0300427

657,1 30,51 0,0144396 1,0572046 0,0365411
A\ 1434,1 1,17 0,0083132 12,9878515 0,2039092

Ap dung cong thirc (11) ta xac dinh dyoc hé s ko, ctia cac nguyén t6 >>Mn, '"*Cd, *°Cr,
%87n, " As, °'V. Két qua tinh duoc so sanh véi cac gia tri 1ap bang cua F. De Corte va cong sy
[2] nhu ta thay ¢ bang 3.

Bang 3: Két qua xac dinh hé s6 kg, ciia cadc nguyén td va so sanh vai [2]

Trang 32



TAP CHi PHAT TRIEN KH&CN, TAP 12, S0 12 - 2009

(két qua ko, tir thue nghiém cta chung t6i.
@ két qua ko ay tir thuc nghiém ctia De Corte va cong su [2]

Nguyéntd | E(KeV) Ko.au” Ko Sai s6(%)

HSeg 336,2 6,84.10"+0,56.10" 7,73.10% 16,64
529,7 4,00.10%+ 0,45.10°% 4,77.10™ 18,48

**Mn 846,8 5,05.10°'+0,08.10" 4,96.10"" 1,81
ICr 320,1 2,89.10%+0,18.10™ 2,62.10% 10,15
“m7Zn 438,6 4,65.10"+0,28.10™ 3,98.10" 16,79
e 559,1 4,04.10%%+ 0,08.10™ 4,83.10™ 16,45
657,1 5,57.10 +0,19.10 6,61.10% 15,81

2y 1434,1 1,60.10°" £ 0,02.10™"" 1,96.10" 18,45

Nhan xét: Hé sb ko Ay cua cac nguyen td 56Mn 115Cd 5 1Cr 69mZn 76As 2y da duoc xac
dinh bang kich hoat neutron ngudén déng vi Am — Be va di dugc so sanh voi két qua thuc
nghiém ctia De Corte va cong su [2]. DS 1éch tuong ddi cua hé s koay duoc xac dinh bang
kich hoat neutron nguén déng vi Am — Be so két qua thuc nghiém ctua De Corte va cong su
nhé hon 20%. Trong d6, hé $0 ko,Au(SGMn) duoc xéac dinh chinh x4c nhat véi do 1éch tuong dbi
so voi két qua ciia De Corte va cong su 1a 1,81% gan bang véi sai s6 tuong ddi ctia chinh né
1,58%. Nguyen nhan chii yéu dan dén sai s6 nay 1a ham lugng cua nguyen t6 trong mau. Ngoai
ra cac thong so hat nhan (lo, oo, Qo) va cac thong sO dac trung cua ngudn neutron (a, f), dudng
cong hiéu suét ctia detector ciing dong gop vao sai s6 ndy.

4. KET LUAN

Viée xéc dinh hé s6 ko, Ay Cla cac nguyén t6 mangan (Mn), cadmi (Cd), crém (Cr), kém
(Zn), asen (As), vanadi (V) bang kich hoat neutron nguén dong vi Am — Be da duoc thuc hién.
Két qua thue nghiém cua chang t6i dd dugc so sanh véi két qua thuce nghlern cua De Corte va

cong su [2] voi do 1&ch tuong dbi nho hon 20%. Trong do, hé ) ko ay clia >Mn do tai dinh
nang lugng 846,8 keV la chinh xac nhét. Nguyén nhan 1a do mau duoc su dung dé xéac dinh hé
$6 ko au(Mn) 12 Mn nén d¢ tinh khiét ctia n6 cao hon so véi cac mau oxit. Ngoai ra Mn c6 tiét
dién kich hoat neutron nhiét kha 16n (13,3 barn) nén s6 dém tir dinh ning luong 846,8 keV cua
n6 cao va sai s6 thong ké bé. Cac ddng vi khac c6 hé s6 ko, tir két qua thuc nghiém cia ching
ti sai biét kha 16n so véi hé s6 ko a, duge xdc dinh boi F.De Corte 14 do sai s6 thong ké, boi vi
cac dong vi nay co tiét dién kich hoat neutron nhiét bé va do nhay kém.
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DETERMINATION OF k(-FACTORS FOR k¢-INAA OF SOME ELEMENTS
BY NEUTRON ACTIVATION WITH Am-Be ISOTOPE SOURCE

Huynh Truc Phuong, Mai Van Nhon, Van Thi Thu Trang
University of Natural Sciences, VNU-HCM

ABSTRACT: In neutron activation analysis based on the ky standardization method (ko-
INAA), the kyfactor is a combination of nuclear constants and it was measured by
experiments. It plays an important role in the accuracy of ky-INAA method. Therefore, it is
necessary to measure the kg-factors in many different neutron sources and compare the
results. In this paper, the ky- factors to gold of manganese (ky4,(Mn)), cadmium ((ko4.(Cd)),
Chromium ((ko4.(Cr)), Zinc ((kou(Zn)), Arsenic ((kou(A4s)), Vanadium ((ko.(V)) by neutron
activation with the Am-Be isotope neutron source were measured. The comparision between
our results and the results of Decorter et. al. showed relative differences of less than twenty
percents. Among which, our most accurate result was found in (k,4,(Mn)) with only 1.18
percents relative difference.

Key words: ky-factor, Am-Be source.
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