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Tom tat

Trong INAA thi phirong phdp chudn héa ky (kp-INAA) dwoc xem la phwong phdp t6i
wu trong viéc phan tich ham leong nguyén té héa hoc. Pay la phwong phdp don gian khéng
can phdn hity, mau phan tich dwoc dem di chiéu xa va do sau mét thoi gian nhat dinh tiyy
thuoc vao thd’i gian séng cia dong vi phéng xa nguyén té can phan tich trong ciing diéu
kién véi mau chudan. Phirong phap phan tich nay thuwong dwoc su dung dé phan tich ham
liwong cdc nguyén té trong cdc mau méi trwong, dia chat, khdo cé... Trong bai bdo nay,
chiing t6i xin trinh bay quy trinh phan tich ham heong sdt (Fe) trong maNu ddt bang phwong
phdp chudn héa kg - INAA. Két qua phan tich cho thcfy ham luong Fe chira trong dat o vi tri
ldy mau khd thap so véi ham heong trung binh, do dé can bé sung sdt cho dat trirde khi tién
hanh trong cay.

T khéa: Phan tich kich hoat neutron, phirong phdp chudn héa ko, ky-INAA, phén
tich ham leong sdt
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Abstract

The standardization ko-INAA method is considered the optimal method in analyzing
chemical element content. This is a simple method that does not require decomposition, the
analyzed sample is irradiated and measured after a certain time depending on the life time
of the radioactive isotope of the element to be analyzed under the same conditions as
standard sample. This analytical method is often used to analyze the content of elements in
environmental, geological, and archaeological samples... In this article, I would like to
present the process of analyzing iron (Fe) content in soil samples using the ky-INAA
method. The analysis results show that the Fe content in the soil at the sampling location is
quite low compared to the average content, therefore it is necessary to add some iron to the
soil before planting.
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method, iron content analysis
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1. Gi6i thiéu

Phan tich kich hoat neutron (NAA
— Neutron Activation Analysis) la mot
phuong phép phan tich xac dinh thanh phan
nguyén t6 héa hoc trong mau bang cach
chiéu mdt chum hat neutron vao mau can
phan tich tao nén cic dong vi phong xa
trong vat liéu. Neutron khi di vao mau thi
bi hat nhin nguyén tir bat giir va chuyén
sang trang thai kich thich, ngay sau dé hat
nhan kich thich bi phan ra va phat ra tia
phong xa dic trung vé: loai btrc xa phat ra,
nang lugng cua buc xa, va thoi gian ban ra.
Xéc dinh céac btrc xa ddc trung nay ta co thé
xac dinh mot cach dinh tinh cac thanh phan
nguyén t6 c6 trong miu. Pé xac dinh dinh
luong ham lugng nguyén t6 d6 trong miu
ta tién hanh do hoat d6 phong xa ciia dong
vi sinh ra do phan @ng hat nhan dudi diéu
kién khong ddi sé ti 1& véi ham lugng
nguyén té trong mau, dwa vao tinh chat nay
ta s& xac dinh ndong do nguyén t6 do trong
mau. Trong phan tich kich hoat neutron, c6
3 loai ngudn neutron thudng duge sir dung:
ngudn dong vi, may gia toc, va 10 phan
tmg. Trong d6 ngudn neutron tir 10 phan
g hat nhan duoc sir dung phd bién nhit vi
c6 thong lugng neutron cao cho phép xac
dinh khoang 70 nguyén t6 trong bang hé
thong tuan hoan.

Phuong phap phan tich kich hoat
neutron bao gé)m: kich hoat neutron dung
cu (INAA - Instrumental Neutron
Activation Analysis) va kich hoat neutron
c6 xtr ly mau (RNAA - Radiochemical
Neutron Activation Analysis). Phan tich
kich hoat neutron dung cu la phuong phap
don gian khong can phan hiy mau chiéu xa
ma chi dé ngudi sau mot thoi gian nhat dinh
tuy thudc vao thoi gian song cua dong vi
phong xa nguyén td can phén tich rdi tién

hanh ghi phé gamma ctia miu phan tich va
mau chuan trong cung diéu kién. Day la
phuong phap phan tich khong hity mau véi
dd nhay va do chinh xac cao, déng thoi co
kha ning xac dinh da nguyén t6 trong miu.
INAA dua ra 4 phuong phap chuin hoa:
tuyét doi, tuong ddi, chuan don va k-zero.
Trong d6 phuong phap k-zero cua INAA
(ko-INAA) dugc De Corte va A. Simonits
gidi thi¢u ndm 1975, co thé khéc phuc céac
nhuoc diém cua phuong phap tuyét dbi va
phuong phap chuan don (F. De Corte & A.
Simonits, 1987). Pay dugc danh gia 1a
phuong phap phan tich mau hién dai, chinh
xac va c6 do tin cay cao. Hon 70% cac
phong thi nghiém phan tich cta céc 16 phan
g hat nhan trén thé gi¢i déu dung phuong
phap phan tich nay dé phéan tich dinh tinh
cling nhu dinh luong cic nguyén td, dic
biét khi nghién ctru mdt s6 dbi tuong nhu
bai toan moi truong, dia chét, khao ¢b...

Hé sd ko duoc De Corte va A.
Simonits xac dinh bang thuc nghiém bang
kich hoat neutron trong 10 phan ting va da
dua ra thu vién cac hing sb ko ddi voi vang
( koau) thong qua phan tng "7Au(n,y)
%8 Au vao nam 1989 cho tit ca cac dong vi
v6i d9 chinh xac cao (~99%) (F. De Corte
& A. Simonits, 1989, 2003). Hé b ko dong
vai tro quan trong trong vi¢c tinh toan ham
luong ciia cac nguyén té c6 trong mau phan
tich. Khi biét chinh x4c diéu kién chiéu, hé
do va hé sb k thi chiéu mau cung mot luc
v6i mot mau chuan so sanh duy nhat.

2. Phuong phap phan tich kich hoat
chuan hoa K, ) 7

Ham lugng nguyén t6 a co6 thé thu
dugc bang viée chiéu kém mau va mot
monitor théng lugng chuan (ki hiéu m)
duogc xéac dinh theo phuong trinh sau (F. De

Corte & A. Simonits, 1987):



Journal of Science — Phu Yen University, No.30 (2022), 53-59 55

N, /ty
wS.D.C 1

(G £+GQ@)] &y

p(ng/g)=

WSD.C

Ki hidu “*” tuong (mg v&i mau chuan.

(Np /tm J* .kO,Au(Fe) '[Gthf-l_Ger(OL)] g

(1)

Np: s6 dém trong vung dinh niang lugng toan phan;

tm : thoi gian do;
ti : thoi gian chiéu;
td : thoi gian ra;

S =1-exp(-Atj) : hé s6 bdo hoa, hiéu chinh thoi gian chiéu; (2)
D = exp(-Mq) : hé s phéan 14, hidu chinh thoi gian phan ra; 3)
C = [1-exp(-Atm)]/( Atm) : hé s do, hiéu chinh thoi gian do; 4)

w: khdi lugng mau phén tich, (g);
W: khdi lugng nguyén tb lam chuan, (g);

K,au(@): hang s6 k, so v4i vang cua nguyén t0 a.

Gth : hé sb hiéu chinh cho viéc tu che chin neutron nhiét;

Ge : hé s0 hiéu chinh cho viéc tu che chan neutron trén nhiét

frtisd thong luong neutron nhiét trén thong luong neutron trén nhiét;

_ ot
f—¢e

0/(@) = 0,~0429

)

0.429

(6)

E“ (200 +1)(0.55)°

a: hé so 1éch phd neutron trén nhiét;

E,: nang luong cong hudng hiéu dung trung binh (eV);

Np: hiéu sudt dinh ning luong toan phan;

Tir phuong trinh (1) ta thiy c6 thé xac dinh
ham lugng ctia nguyén t6 a trong mau bang
thuc nghiém.

Sau day, chung t6i xin trinh bay quy
trinh phan tich ham luong sit (Fe) trong
mau dat bang phuong phap chuan hoa ky -
INAA. Sit 1a nguyén t6 pho bién thu 4
trong dét, c6 vai trd quan trong d6i véi cay
trdng va moi trudng séng. Viée thira hay
thiéu sit trong dat déu anh huong truc tiép
dén cay trong, ngudn nude va sinh vat. Do
d6 can biét chinh xac ham lugng sit c6
trong dat dé con ngudi c6 thé cai tao dat t6t

hon.
3. Thyc nghiém va tinh toan
3.1. Chuan bi mau

T ti s6 dau & vé phai cia (1) ta thiy dé
xac dinh dugc p thi can biét w, W — khbi
lwong miu chuan va miu phan tich.

Mau dét dugc 1ay tai phudng Binh Hung
Hoa, quan Binh Tan, thanh phé HO Chi
Minh. Sau khi ldy miu dit can phan tich
mang vé, ta tién hanh sdy kho, nhat hét r&
cdy, da soi. Dung dung cu nghién va riy
thanh bot min, tron déu mau, sau do 1§y
mau theo quy tic hinh vudéng, dem can mau
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chinh xéc, va cho mau vao bao nilong. Tao
10 miu cung c6 khdi lugng 100mg nhu
vay.

Chuan bi sin cic ngudn chuan dé xac
dinh hiéu suét ghi cua detector .

3.2. Lua chon phan trng

Tir ti s6 thar hai & vé phai cua (1) ta thay
dé x4c dinh duoc p thi can biét kou(Fe).
Mubn Iya chon phan tng ta phai dya vao
tiét dién phan tng va do phd cap % cua
dong vi ta mudn phan tich.

Db6i v6i sit ta lwa chon phan tng: Fe*®
(n, y)Fe” cho phép PTKH xac dinh ham
luong Fe trong mau dat (F. De Corte & A.
Simonits, 2003).

Vi tiét dién phan tmg bét neutron 16n oo = 1.2
bamn

Phan tng nay c6 muic nang lugng cong
huong E, (Fe*) =636 ¢V

Chu ky ban ra Ty, = 44.5 ngay

Chon muc nang luong cua gamma thoat ra
la: E,=1099.3 keV.

Hang s6 ko a, (Fe™) = 7.77x107

3.3. Chon thoi gian chiéu, chd, do

3.3.1. Thoi gian chiéu t;

Viéc Iya chon thoi gian chiéu duoc coi
1a hiéu qua néu toan b sd nguyén tir cua
nguyén té can phan tich déu duoc chiéu.

Theo dinh luat phan ra phong xa:

S =N/No=1—-exp(-In2/T).t)

Pé mau dat dén do bao hoa, thoi gian
chiéu it nhat phai bang 10 1an chu ki ban ra.
Tuy nhién ddi v6i Fe®, tiét dién bit neutron
cao nén thoi gian chiéu giam xudng dang
ké.
Thoi gian ban hily ciia Fe*® T, = 44.5 ngay
(Handbook on nuclear activation cross,
1974). Chon thoi gian chiéu ctia monitor va
mau phan tich 1a 1 ngay. Cac mau nay dugc
chiéu trong ctiing diéu kién v&i monitor.
3.3.2. Thoi gian ra

D6i voi phuong phap phéan tich kich

hoat dung 10 phan ng c6 thong luong
neutron rat 16n thi mau sau khi chiéu xa c6
hoat do cao, néu dem mau di do ngay thi
thoi gian chét cia detector 16n 1am cho sé
dém léch di nhidu. Do d6 phai dé miu mot
thoi gian r6i méi dem do.

Trong bai toan ndy, ngudn kich hoat
neutron 1a ngudn neutron dong vi c¢6 thong
luong thap, do d6 miu sau khi chiéu xa
phai tién hanh do ngay néu khong dong vi
phong xa sé& ra hét.

- Thot gian ra cua monitor la 18h

- Thoi gian rd ciia mau phan tich 12h
3.3.3. Thoi gian do

Thot gian do cling dugc chon sao cho
sai s6 thong ké 1a nho. Thong thuong dé dat
dugc sai s6 thong ké c& 1% ta phai chon
thoi gian do sao cho s6 dém ghi nhan duogc
vao khoang 10 000.

- Thoi gian do monitor 1a 6h.

- Thoi gian do miu phan tich 14 6h.

- Thoi gian rd cia mau phan tich 1a 40
ngiy cho miu dau tién. Cic mau duoc
chiéu trong cing diéu kién, cing thoi diém
va cung khoang thoi gian, tor d6 xac dinh
dugc gia tri cho cac hé sd hiéu chinh S, C,
D trong ti 18 ddu cua vé phai (1).

3.4. Thwe nghiém xac dinh cac dic trung
ciia phd neutron

Dé xac dinh ti s6 thir ba ctia vé& phai thi
can biét oo va f— 1a cac thong s dac trung
cua phé neutron tai vi tri chiéu xa.

Str dung phuong phap “Ti s6 Cd”. O day
ta dung 1 bd monitor Zr, Mo mdi monitor
dac trung boi nang lugng cong hudng hi¢u
dung, duoc chiéu c6 boc va khong boc Cd.
M3di monitor, ti s6 Cd dugc cho bai:

R -1+ G, @00, _ A,
Cd,ji — G D J ( )_ AepiCd
el e 0, o Sp,L

Vi Agi va AP 1a hoat d6 riéng clia
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monitor 1 tuong ng chi€u tran va chiéu boc
Cd. Hé s6 a tinh duoc tir biéu thirc:

= 0.429
-0429 | E7+—
(RCd _1)2 — [QO’I i| " ' (2& +1)Egd
R. -1 = 0.429
( Cd )1 [Q0,2 - O429j|Er,2 + m

- Ta chiéu Zr, Mo, hop Cadimi

- Vi Zr-96 chiéu tran va chiéu boc Cd ¢6
cac hoat do riéng nhu sau: 4000 Bqg/g va
1000 Bq/g

- V&i Mo-98 chiéu tran va chiéu boc Cd
¢6 cac hoat d¢ riéng nhu sau: 5000 Bqg/g va
2000 Bg/g

- Ta ding phuong phép ti s6 Cd dé tim hé
s6 ava fcua lo

Zr: Regzn = 1+ 1/Qqo1 (@) = Aan/ Avge ca =
4000/1000 = 4

Mo: Reamo = 1 + 17Qo2 (o) = Agein/ Avoe cd =
5000/2000 = 2.5

duoc:
Qo.z =251.6, E;; =338 ¢V
QO,MO = 531, Er2 =241¢eV
ECd =0.55eV
Thay vao biéu thirc trén ta duoc:
Ta s€ giai dugc a=0.07
= Qozl() = (Qoz — 0,429) / (E*) +
0,429 / (( 2a+ 1).0,55%
=167,5
= = (Reaz — 1)Qoz(a) = 502
3.5. Xac dinh dwdng cong hiéu suit ciia
detector tai vi tri do
Pat 1an luot céc nguén chuan Cd'%” ;
Mn** ; CsP7; Co® cach detector 10cm do
trong khoang thoi gian 1a 5 phat. Hiéu suat
cua detector dugc tinh tir cong thurc:
__ M
CIxAx 14
Np: S6 dém dién tich dinh toan phan
A: hoat d6 cua nguén
t: thoi gian do

&

V61 Qozn , E: clua tung chit tra bang ta

v: Xac

suat

Bing 1. S6 dém dinh pho tai cac mikc nang leong twong iing

phat

gamma

Nguon Nang lugng | y Tg do Hoat @0 A | S6 dém Np | Hiéu suat
(keV) (s) (Bg) ghi g,
cd'”%’ 88 3.73% 300 1850 70 3.38x10
Ccs!?’ 661.6 85% 300 3700 510 5.4x10™
Mn>* 834.8 99.98% 300 1387 360 8.65x10™
Co® 1173.1 99.99% 300 2775 537 6.45x10™
1332 99.98% 300 2775 601 7.22x10*

Lam khép cac sé liéu nang lugng theo
hiéu suat (khép bac 3) ta c6 hiéu suat ghi:
Log(e,) = - 11.79 + 11.44[LogE,] —
4.85[LogE,]* + 0.72[LogE, ]’
3.6. Do dac va xir Iy s6 liéu
Pem cac mau di chiéu. M&i miu co khbi
lugng 12 w=100mg. Dit 10 mau vao trong
dng chiéu kém theo monitor 14 soi day Al-
0.1%Au c6 khdi luong 74mg. 10 miu nay

dugc chiéu trong cing khoang thoi gian t; =
24h

Sau khi chiéu xong, dé cac mau r trong
thoi gian 1 12h va tién hanh do 1an luot
timg mau trong thoi gian 1a 6h.

Cac diéu kién thyc hién 1a hoan toan
giéng nhau voi cac mau.

Hé s che chin neutron nhiét va trén
nhiét: Gan = 1; Ge = 1



58 Tap chi Khoa hoc — Truong Pai hoc Phii Yén, S6 30 (2022), 53-59

Bdng 2. Cac hé s twong ing ciia mau do (Fe) va mau so sanh(Au)

E (KeV) Qo E, W (mg) T (gi0) Ko
Au-198 411.8 15.7 5.65 74%0,1% 64.68 1
Fe-59 1099.3 | 0.975 637 100 1068 7.77.107
t; = 24h, t; = 24h
ty=12h, ty = 18h
t, = 6h t,, = 6h
o=0.07
f=1502

Thé céc gia tri vao cac biéu thirc (2), (3), (4), (6) ta dugc bang sb lidu & bang 3

Bing 3. Cdc hé s6 hat nhdn diing d@é tinh ham hrong nguyén t6 Fe

E(KeV) S D C Qo(0) e
Au-198 | 411.8 | 022678 | 0.8793 | 0.96853 13.92 6.84x10°
Fe-59 | 1099.3 | 0.01546 | 0.9961 0.9981 0.727 | 24.89x10°

Thay céc gia tri trén thay vao biéu thirc (1) ta thu dugc két qua:

Bing 4. Két qua tinh ham heong Fe trong mau dat dwoc phan tich bang k,-INNA

Mau Np Asp N, Ay | p(mgy)
1 11000 331 0.57
2 15000 452 0.779
3 11500 346 0.596
4 10980 331 0.570
5 12000 361 0.622
6 700 | 226 | OO | 20 —o5e
7 11200 337 0.581
8 12050 363 0.626
9 10500 316 0.545
10 11100 334 0.576

Viy ham lwong ciia Fe* ¢6 trong mau dat la:
pw = 0.5854 £ 0.301 (mg/g)

4. Két luan 7

Phuong phép chuan hoa ko-INAA 1a
mot phuong phap phan tich hién dai va co
d6 tin cdy cao. Két qua ching t6i tinh ham
luong cua Fe tir 0.545pug/g dén 0.779ug/g
trong mau dat (bang 4). V&i két qua nay

chung t6i thiy rang ham luong sit chiém
trong dat ¢ vi tri 1dy mau kha thap so véi
lugng sit trung binh chia trong dét
(khoang 5%), can bd sung sit cho mau dat
tru6c  khi tién hanh

trong  cayd
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