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TOM TAT

Phan tich kich hoat neutron (NAA) la mot phwong phdp phén tich vt I hat nhén khéng hiiy mau
Vvoi d¢ nhay va d chinh xdc cao ¢6 kha ndng gidi quyét nhiéu bdi todn thue té trong nghién ciru dia
chdt, khao cé, néng — sinh — y, vdt liéu, méi truong... Trong NAA, ¢é 3 loai nguon neutron thiong
doc sir dung: nguon dong vi, mdy gia toc va 16 phan img. Sir dung nguon neutron tir 16 phan g hat
nhdn nghién ciru ¢é thong lwong neutron cao, vi vdy day la nguon neutron cho NAA ¢6 nhiéu wu diém
nhat trong 3 logi nguon ké trén. NAA c6 cdc phwong phdp chudn hod khéc nhau: tuyét doi, twong doi,
chudn don va k-zero, trong d6 phirong phdp k-zero ciia NAA (ko-NAA) duege danh gid la phwong phdp
on dinh (vé mat sai 56 hé théng) co do nhay va do chinh xac cao, dac biét khi nghién ciru mot 56 doi
twong nhw bdi todn méi truong, dia chdt, khdo cé... quan tam ddc biét dén moi twong quan giita cdc
nguyén t6 cho nhiéu mau nghién cieu thi thé hién sw wu viét vueot tréi ciia phwong phdp. Chinh vi vdy
ma phwong phdp Ko-NAA da dwoc chon va sik dung & nhiéu noi trén thé giéi nhir mét phwong phdp
chuan (tham khao) ding dé phé chuan (validation) cho cdc mau chudn — tham khao (standard reference
materials) va ciing la phwong phdp chinh trong nhiéu doi twong nghién ciru.

Tir khoa: ko-NAA; phan tich kich hoat neutron

1.  Mé dau

Trén thé gidi, cac nude di dau trong viéc nghién ciru phat trién va ap dung phuong
phap ko-NAA diu tién vao cudi nhig nim 1970 phai ké dén 13 Vién INW ¢ Bi va Vién
KFKI ¢ Hungary. Sau d6, nhitng nam 1980, mot s6 phong thi nghiém nhu NIST (Hoa Ki),
Delft (Ha Lan), SACLAY (Phap), da tham gia linh vyuc ndy. Tiép theo nhirng nim 1990, cac
nuéc nhu Vién KFA (Puc), JAERI (Nhat Ban), Trung Qudc, Viét Nam, Han Qudc va
Malaysia da nghién ctru ap dung phuong phap ko-NAA (Frans De Corte, 2018).
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O nuéc ta, phuong phap ko-NAA trén Lo Phan ing Hat nhan Da Lat da duoc nghién
clru tir nhitng ndm cudi cua thap nién 1980 va dau thap nién. Pau nhitng nam 2000, nhém
nghién ctru cia H6 Manh Diing di phat trién phuong phap ko-NAA trén Lo Phan tmg Hat
nhan Pa Lat (Ho & Pham, 2003), tir vi¢c xac dinh thuc nghiém cac thong sb phé neutron tai
céc vi tri chiéu kich hoat mau trong 10 phan ting hat nhan cho dén viéc hiéu chuin hé phé ké
gamma, phat trién phan mém xur 1i s6 liéu. ..

Gén day, nhom nghién ctru cua HO Manh Diing ¢ Vién Nghién ctru hat nhan Pa Lat

da phat trién thém ki thuat dung neutron trén nhiét (epithermal neutrons) va ki thuat kich
hoat 1ap vong (cyclic NAA) trong phuong phap ko-NAA. Pac biét, nhom nghién ctru dang
tién hanh danh gia lai cic s6 lidu hat nhan trong phuong phap ko-NAA thong qua dé tai do
Quy KHCN Quéc gia (Nafosted) tai trg. S5 liéu hat nhan trong phuong phap ko-NAA bao
gom: hé s6 ko — t6 hop cuia cac hang sé hat nhan (khdi lwong nguyén ttr, d6 phd bién dong
vi, hiéu sudt phat tia gamma va tiét dién bat neutron nhiét); Qo — ti sb giira tich phan cong
huong (lo) va tiét dién bat neutron nhiét (co); va Er — ning lugng cong hudng hiéu dung.
Mot sb trong cac s6 liéu hat nhan nay duoc do br?mg thuc nghiém, trong khi mdt sb khac thu
duoc bang tinh toan (Ho et al., 2015).

Do chinh xac va kha ning ap dung ciia phuong phap ko-NAA phuy thudc dang ké vao
do tin cdy cua cac s6 liéu hat nhan néi trén. Viéc nghién ctru, danh gia, phat trién cac sb liéu
hat nhan trong linh vuc khoa hoc va cong ngh¢ hat nhan no6i chung va trong phuong phéap
ko-NAA néi riéng 1a viéc lam quan trong va hét sirc can thiét.

Phan tmg hat nhan trong NAA phy thudc vao ning lugng ctia neutron téi bin phé trong
mau déng vai trd nhu 14 hat téi kich thich phan ng gy ra hat nhan phong xa tir trang théi
khong bén phan rd phong xa phat tia gamma va trd vé trang thai bén. Tiét dién bat neutron
ctia hat nhan nguyén tir trong mau ciing phu thudc vao ning luong neutron. O ving ning
luong thap hay goi 1a ving ning luong nhiét, tiét dién bét neutron ki hiéu 13 oo — x4c suit
bét neutron twong tmg van toc 2200 m/s. O ving ning luong cao hon goi 1 vung trén nhiét
hay viing ning luong cong hudng, xac suat bit neutron thé hién bang tich phan cong hudng
(lo — chinh 1a tiét dién bét neutron cong hudng), ving nay ham tiét dién khong c6 dinh don
ma 1a nhitng dinh chdng chap rat phuc tap, thudng phai tinh bang tich phan ca ving. Trong
NAA, chi yéu dua trén phan tng (n, y) gdy boi neutron ving nhiét va trén nhiét hay

cong hudng.
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2. Phwong phap chuin héa k — zero

Céc phuong phap chuan hoa théng thudng c6 mot sé nhuge diém can khic phuc, ngudi
ta dd nghién ctru dua ra mot phuong phap méi dap tmg mot sé yéu cau sau:

+ Pon gian thuc nghiém — so v6i phwong phap tuong dbi;

+ D¢ chinh xac cao — so voi phuong phap tuyét ddi;

+ Linh hoat khi thay ddi diéu kién chiéu va do — so v6i phwong phap chuan don;

+ Phu hop cho viéc sb hoa.

D6 12 1i do dé phwong phap chuan héa k-zero trong NAA, mot trong nhiing phat trién
dang ké nhat cia NAA di xuét hién vao giita nhitng nim 70 cta thé ki truéc. Trong phuong
phap nay sd liéu hat nhan tir cac tai liéu tra ctru duoc thay bang mot t6 hop cac hiang sb hat
nhan duogc xac dinh mot cach chinh xac bang thuc nghiém, dugc goi 1a cac hé s ko (k-zero).
Phuong phap nay ciing c6 thé dugce xem 13 phuong phap chuan don duoc 1am cho linh hoat,
va van ap dung duoc khi thay ddi diéu kién chiéu va do: Hé sb Ko xuat phat tir hé sé k cua
phuong trinh chuan don nhung lam cho ddc 14p v6i thanh phan moé ta diéu kién chiéu va do,
tue la:

MchesGO,s

kO,c (S) = (l)

M,7,0.0,

Trong d6: M 1a khdi lugng nguyén tir, y 13 xac suat phat cua tia gamma, @ 1a do phd
bién hay d¢ giau dong vi, o, 14 tiét dién neutron tai van toc 2200 m.s™;chi s6 s biéu dién cho
nguyén t6 phan tich va chi s6 ¢ biéu dién cho nguyén t6 so sanh (chon Au). Cac hé s ko(s)
dugc x4c dinh bang thuc nghiém cha yéu & hai vién INW Gent (Bi) va KEKI Budapest
(Hungary) sau d6 dugc 14p thanh bang dit liéu dé tra ctru, (Fan De Corte,1987).

3. Kétqua
Ung dung ciia phuwong phap ko-NAA dé tinh ham lwong cac nguyén t6

Str dung phuong phap ko dé tinh ham luong cac nguyén t6 theo cong thirc sau:

N, /t,
SCDW ) 1 G, f+G,,Qun() &,
A . kO,m (a) . Gth,af+Ge,aQO,a (OL) | &

sp,m

o= @

p,a

Trong d6, p 1a ham lugng cua nguyén té quan tdm, Qo = lo/co, Np 12 s6 dém dinh tai
nang luong quan tam, t 12 thoi gian do mau, S 1a hé s bdo hoa trong khi chiéu, C 1a hé s6
hiéu chinh su phén rd trong khi do, D 1a hé s6 hiéu chinh su phan ra, w 1a khéi lugng cua
nguyén to quan tam trong mau, Asp 1a tc do dém riéng hay hoat do riéng, G la hé s6 hiéu
chinh tu che chin neutron nhiét, Ge 1a hé sé hiéu chinh tu che chian neutron trén nhiét,
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Dy s £ A A
f :E”‘ la ti s6 thong luong neutron nhiét trén thong Iugng neutron trén nhiét va € la hiéu

e
suit ghi caa dau do.

Tir phuong trinh x4c dinh ham luong cia nguyén té (2) ta thdy, trong phwong phap
k-zero, ngoai str dung cac hé s6 ko dugc lfiy tr bang s6 liéu thi ta can phai xac dinh cac h¢
s6 f dic trung cho trudng thong luong notrdén, chuan hé phd ké gamma (xac dinh hiéu suit
ghi cua detector) va cac hiéu chinh khéac. Viéc tinh toan nay rat phtc tap, do d6 can phai c6
mot phﬁn mém dé thuc hién cac thao tac trén mot cach tu dong.
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Hinh 1. Phé gamma ciia mdau phén tich trong phirong phdp ko-NAA (Ho, 2002)

Hién nay, LO Phan irng Hat nhan Pa Lat da xay dung thanh cong va sir dung hiéu qua
chuong trinh k0-DALAT trong viéc xac dinh ham lugng cac nguyén té trong mau phan tich.
Chuong trinh nay thuc hién cac chuc nang nhu: doc phé, xu li phé gamma, nhan dién hat
nhan, tinh cac thong sé phd notrén, hiéu chinh cac phan tng anh hudng, tinh ham lugng ciia
nguyén t6 (Ho, 2002).
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Hinh 2. Cita s6 chinh ciia hé chirong trinh Ko-DALAT (Ho, 2002)

Phuong phap ko-NAA cung vdi nhitng tinh nang uvu viét ciia chuong trinh Ko-DALAT
thi tai Vién Nghién ctru Hat nhan Da Lat da xac dinh dugc chinh xac ham Iugng cac nguyén
to trong nhiéu mau khac nhau nhu miu diu tho, mau da mong, mau bui khi...vi du nhu trong
Bang 1 dudi day:

Bing 1. Ham lwong trung binh (don vi ppm) ciia cdc nguyén t6 trong mau dau tho

(Ho, 2002).
ST Nawind g sttee e

1 Al 20 0.04-0.58 0.23 0.11
2 As 19 0.011-0.135 0.052 0.016
3 Br 20 0.02-12.1 0.08 0.03
4 Ca 11 0.3-5.0 2.1 0.7

5 cl 19 1.7-22.8 10.6 1.4

6 Co 19 0.009-0.112 0.031 0.005
7 Cr 20 0.01-0.18 0.04 0.02
8 Cu 11 0.05-0.12 0.09 0.03
9 Fe 20 0.6-35.2 7.1 1.3

10 Hg 19 0.01-0.15 0.03 0.01
11 K 20 0.5-6.8 1.7 0.4

12 Mg 11 0.23-1.19 0.65 0.15
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13 Na 20 0.1-138.7 21.0 2.4
14 Ni 11 0.02-0.20 0.09 0.03
15 Sb 23 0.03-1.42 0.08 0.02
16 Sr 11 54.9-69.6 62.3 3.2
17 \% 23 0.003-0.052 0.018 0.006
18 Zn 23 0.06-0.85 0.22 0.04

Hién nay trén thé gidi phuong phap Ko-NAA rat dugc quan tim, nghién ctru va tng
dung, cu thé Co quan ning lugng nguyén tir quc t& IAEA di phat trién dén phién ban ko-
IAEA version 7.16 (IAEA).

4. Két luan va khuyén nghi

D6 chinh xac va kha ning ap dung ciia phuong phap ko-NAA phuy thudc dang ké vao
do tin cay cua cac s6 liéu hat nhan. Viéc danh gia cac s6 liéu hat nhan trong linh vuc khoa
hoc va cong nghé hat nhan néi chung va trong phuong phap ko-NAA néi riéng 1a viéc lam
quan trong va can thiét dé tir d6 xem xét lai mot sb cac s6 liéu hat nhan co thé khong con
pht hop nira va yéu cau xac dinh lai cac s6 liéu nay.

Két qua cua viéc xac dinh lai cac sb liéu hat nhan trong phuong phéap ko-NAA s& gop
phan cai thién d6 chinh x4c va do tin cdy ciia phuong phéap, mat khac né ciing gop phén thiét
1ap va xay dung mét co s& dir liéu hat nhan & cdp phong thi nghiém hodc co sé nghién ciru
va tién toi dong gdp vao co so dit liéu hat nhan cua Viét Nam (néu cd) hodc s& xay dung
trong tuong lai.

< Tuyén bé vé quyén lgi: TAc gid xac nhan hoan toan khéng cé xung dét vé quyén loi.
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ABSTRACT

Neutron activation analysis (NAA) is a method of non-destructive nuclear physics analysis
with high sensitivity and accuracy that is capable of solving many practical problems in geological,
archaeological, agricultural research, in bio-medicine, materials, environment as well. In NAA,
three types of neutron sources are commonly used: isotopic sources, accelerators, and reactors. This
study used a neutron source from a research nuclear reactor with a high neutron flux, a neutron
source for NAA with the most advantages of the three sources. NAA has different standardization
methods: absolute, contrast, single standard, and k-zero, where the k-zero method of NAA (ko-NAA)
is evaluated as a stable (in terms of error) method with high sensor and accuracy, especially when
studying environmental, geological, archeological, problems. Given the relationship between
prefixes for many samples, this methodmay demonstrate the superiority of the method. That is why
the ko-NAA method has been selected and used widely as a standard method (reference) used for
validation, standard reference materials, and the main method in many studies.

Keywords: ko-NAA; Neutron Activation Analysis
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