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Tom tat: Ky thuat phan tich kich hoat neutron trén nhiét (ENAA) di dugc nghién ctru phat trién trén
10 phan ¢ng hat nhan Pa Lat. CAc mau chuan (SRMs) va 14 do dugc dat trong hop Cd day 1,0 mm va
dugc chiéu trong trueong neutron cia Lo Pa Lat. Phin mém MCNP da duoc ding dé md phong su
nhiéu loan trudong neutron va danh gia diéu kién chiéu 1a an toan véi Cd. Cac mau sau khi chiéu dugc
do trén hé phd ké gamma dung detector HPGe da dugc hiéu chuan. Dung chwong trinh ANGLE dé
chuyén doi hiéu suat tir dang hinh diém sang hinh hoc thuc té cia mau. Phuong phép ti s6 Cd cho da 14
do da duoc ap dung dé tinh hé sb léch phd (o). Chuong trinh Ko-DALAT méi dugc nang cép chirc
ning kich hoat neutron trén nhiét da duoc ding dé xu ly s6 liéu. S6 liéu thuc nghiém cho thdy, ENAA
cho két qua do nhay ting tir 2 dén 5 lan ddi vai cac nguyén to co6 gia tri Q0 I6n hon 1 nhu: I, Sm, U,
Th, W,... Ddng thoi ENAA giam su anh hudng ctia nén phong tao boi cac nguyén t Al, Cl, Na, Sc,
Fe... trong mau.

Tuw khéa: Phan tich kich hogt neutron trén nhiét, kO-ENAA, 10 phan ing hat nhdn Da Lat

I. Gigi thiéu

K§ thuat phan tich kich hoat neutron trén nhiét (ENAA) dya trén tinh chat caa mot sé nguyén té c6
tiét dién bat neutron trén nhiét (hay con goi la tich phan cong huong - lo) 16n hon tiét dién bat neutron
nhiét (co). V& mat thuc nghiém, dé str dung neutron trén nhiét trong LPU nguoi ta thuwong dung vat liéu
Cd (hoic B) dé lam vo boc mau kich hoat. Cd c6 tiét dién hap thu rat cao d6i véi neutron cé ning
luong 0,35 dén 1,50 eV. Néu chiéu mau cé bao phua Iép Cd day 0,7 mm dén 1,0 mm thi céc neutron
nhiét hoan toan bi hip thy, vi thé neutron di qua chi con lai neutron trén nhiét. Béng viéc str dung Cd dé
loc cac neutron nhiét khi kich hoat, ENAA s& lam giam nén phdng tir cac nguyén t6 nhidu co o 16n va
tang do nhay cho mot sé nguyén t6 c6 lo lon [1].

ENAA d3 duogc phat trién trén cac LPU nghién ciu trén thé gigi nhu My, Ha Lan va Han Quéc.
Mot s6 tng dung tiéu biéu caa ENAA 1a phan tich cac nguyén tb dat hiém, uran va thori trong cac mau
dat da hay phan tich nhém nguyén té halogen trong cac mau sinh hoc va tram tich bién.

O trong nudc, ki thuat NAA duoc trién khai tir nhitg ngay dau khdi phuc 10 phan tng, cac nghién
ctru vé phuong phap k0-NAA ciing duoc phét trién hon 15 nim qua. Tuy nhién, cic nghién ciu vé ky
thuat ENAA truoc ddy ¢ Lo phan ung (LPU) hat nhan Pa Lat chu yéu duoc thuc hién trén kénh chiéu
7-1 va Mam quay, cac két qua nghién cau chu yéu la tap trung xac dinh ti s6 Cd va thr nghiém chiéu
mau dé phan tich cac nguyén té ¢ dong vi song ngan. Trong bao cao nay, trinh bay céc két qua phat
trién ki thuat phan tich kich hoat neutron trén nhiét (ENAA), bao gém ca viéc phat trién phan mém xu
ly s6 liéu nham xay dung quy trinh ENAA hoan chinh trén LPU Pa Lat. Muc tiéu caa nghién ctu 1a dé
cai thién d6 nhay phan tich cho cdc mau c6 matrix dt d4 va sinh hoc va dic biét 1a phat trién phuong
phap kO cho ENAA [2].

Pé danh gia d6 cai thién d6i véi do nhay cua viéc dung neutron trén nhiét, ngudi ta dua ra khai
niém ti sé tich phan cong huang trén tiét dién bat neutron nhiét 10/60 hoac bang cach tinh hé sb loi
(Advantage factor — AF), c4c hé sb lgi AF caa hau hét cac dong vi quan tim ciing dugc xac dinh trong
nghién cuu nay [1].
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Cac miu chuan (SRMs) va 1 do dugc dong goi trong cac hop Cd bé day 1,0 mm va dugc kich hoat
trén Kénh 7-1 (chiéu ngan) va Mam Quay (chiéu dai) caa Lo phan ung, cac hop Cd dugc md phong va
danh gia 1a an toan bang chuong trinh MCNPS5 khi dua vao cac kénh chiéu xa. Cac mau sau khi kich
hoat dugc do trén hé phd kp HPGe da dugc ChUgn hiéu suét va chuong trinh ANGLE ciing dugc st
dung dé chuyén doi hiéu suat tir hinh hoc ctia nguon sang hiéu suat cua mau va 1a do. Cac 1a do duoc su
dung dé tinh do léch pho (o), chuong trinh k0-DALAT dugc dung dé tinh thong lugng neutron ciing
véi ham luong caa cac nguyén to.

D¢ danh gia két qua phan tich cac mau chuan bang phuong phip ENAA ching t0i sir dung mot s
théng so sau:

Do ding

Truness (D6 dung) chi su gé‘i’n nhau gilta trung binh s6 hoc ctia mot s6 16n két qua thir nghiém va

gia tri thuc hodc gia tri quy chiéu dugc chap nhan.

Trueness(%) = .100%

Xcert
Z-score va Zeta-score
Théng s Z-score dugc tinh tir phuong trinh:
x—X

Z = —
score o

Trong d6 x 14 gia tri phan tich, X 1a gia tri ching nhan hoic gia tri tham khao, o1a do léch chuan
tinh tir ham Horwitz.

Thong sé Zeta-score duoc tinh tir phuong trinh:
x—X

Trong d6 o, va oy 1a d6 léch chuan (1c) cua gia tri phan tich va gié tri tham khao.
Néu gid tri cua Z-score va Zeta-score (viét tit 1a |z|):
e |7/ <2.0 gia tri phan tich la chip nhan dugc.
e 2.0<]z| <3.0gi4tri phan tich tam chdp nhan nhung can xem lai quy trinh phan tich.
e |z| > 3.0 gia tri phan tich bi loai.
Trong truong hop mau chuan thiéu thong tin vé do léch chuan ham Horwit dugc sir dung dé thay

zetgscore =

thé
0.22c ifc<1.2x1077
or =10.02c%84%5  if1.2x1077 <¢<0.138
0.01c°5 if c>0.138

Trong d6 c 1a gia tri chang nhan hozc gia tri tham khao cua nguyén té biéu dién duéi dang trong sé
khéi lugng, or 1a do léch chuan [3-8].
I1. Thwc nghiém

1. Phét trién chwong trinh Ko-Dalat cho chirc niing trén nhiét

Viée xur Iy phé gamma do duoc ciia mau kich hoat va tinh ham luong cac nguyén té bang phuong
phap chuan héa ko-NAA duoc thyc hién bang cach sir dung chuong trinh ko-DALAT, chuong trinh
duoc phat trién bai TS. H6 Manh Diing [2], trong nghién ctru ndy cta ching toi, chuong trinh di duoc
phat trién thém chirc ning xir 1y cho ENAA duya theo phuong trinh tinh todn ham lwgng nguyén t6 bang
phuong phap ko cho truong hop boc Cd.
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Quy trinh thuc nghiém ko-DALAT véi ENAA bao gé)m chuan bi mdt bo 2 monitor Au-Zr. Mot
bo chiéu tran dung dé tinh o (néu o d3 duoc xac dinh trude thi chi cAn chuin bi mdt monitor Au dung
dé tinh (Asp au)ca), chiéu cac monitor ndy cing voi méu trong hop Cd chudn (day khoang 0.5 - 1.0
mm), sau khi chiéu dé ra v6i thoi gian thich hop rdi mo hép Cd dem monitor va mau ra do. Trudc khi
tinh toan thi thyc hién d6i phd ra dang ASCII.

2. Dung phan mém MCNP d@é mo phéng su nhiéu loan trwdng neutron

Trong thuc té viéc dua Cd vao kénh chiéu xa, tirc 13 da dua vao 10 mot do phan wng am, khi lay Cd
ra khoi 10, tirc 1a dwa vao 10 mot dé phan wng dwong va néu qué trinh ndy xay ra mot cach dot ngot
(nhu trong qua trinh chiéu ngan trén kénh 7-1) s& anh huong cho viéc van hanh LPU bai sy thay ddi
cdng suat dot ngot co thé dan dén dap 10 phan ung. Ching t6i da tién hanh méd phong MCNP cho céc
qué trinh dua Cd vao khi 10 phan ung dang hoat dong dé dénh gia do an toan.

Code input cho chuong trinh MCNP duoc viét trén hai kénh chiéu sir dung kich thuéc hop Cd nhu
sau: Hop Cd str dung trén kénh 7-1 ¢6 hinh try, bé dai 0,5mm, dudng kinh 12,7mm (0.5 inch), chiéu
cao ~10mm (inch), khéi lwong khoang 3,0 gram. Hop Cd st dung trén Mam quay c6 hinh try, bé dai
0,5mm, duong kinh 20,0mm, chiéu cao ~20mm khéi luong khoang 8,0 gram.

Kénh 7-1: 4.8 x 10?2 neutron.cm-2.s-1 Miém quay: 3.8 x 10'? neutron.cm-2.s-1

Hinh 2.1. anh mé phong kénh chiéu mau 7-1 Hinh 2.2. anh md phong container va hop Cd chiéu
trén kénh 7-1

Hinh 2.3. anh md phong kénh chiéu mau mam quay  Hinh 2.4. anh md phong container nhom va hop Cd
chiéu trén mam quay



Biang 1. Két qua tinh todn méd phong MCNP db du trir phan wng trén kénh 7-1 va Mam Quay

Vit ligu Do du trir phan wng
Hop Cd Kénh 7-1 (3,3 g) -2.5 cents

Blank Container 7-1 + Blank Container 13-2 (23,9 g) +2.2 cents

Blank Container 7-1 (12,4 g) +1.0 cents

Blank Container 7-1 (12,4 g) + Blank Container 13-2 (8,0 g) + Hop Cd Kénh 7-1 (3,3 g) | -1.5 cents

Hop Cd Mam quay(4.14 g) 0 cents

Container Nhom (92.5 g) + Hop Cd Mam quay (4.14 g) 0 cents

Chu y: ngudng an toan khi dwa vao dé duy triz phan iing -10 cnets <dg du tri <10 cents

Két qua m6 phong MCNP khi dua hop Cd vao kénh chiéu 7-1 va mam quay trong Bang 1, kénh 7-
1 chiéu hop Cd véi khéi lwong 2-3 gram khong anh huéng dén hoat dong cua 10 phan ¢ng. Theo quy
dinh trude day cua Vién nghién ctu hat nhan thi khéi luong Cd dua vao chiéu trén kénh 7-1 khong
duoc qua 5 gram thi két qua nay hoan toan phi hop. Déi véi Mam quay, do cac héc chiéu hoan toan ¢
ngoai ving hoat nén khéi lugng hop Cd str dung khoang tir 4 gram hoan toan khong c¢é anh huang gi.
Bang 2. Két qua tinh toan md phong MCNP héng luong neutron & kénh 7-1 va Mam Quay

Thong lwgng Kénh 7-1 Mam quay
(r:sthrtT:ZO/Q) Bén ngoai hop Cd Bén trong hop Cd Bén ngoai hop Cd Bén trong hop Cd
Nhiét 6.01E+12 0.00E+00 2.14E+12 0.00E+00
Trén Nhiét 6.21E+11 5.04E+11 7.11E+10 5.58E+10
Nhanh 7.03E+12 7.00E+12 3.19E+11 3.51E+11

Ngoai két qua md phong trén, chiing toi da thuc hién 03 thi nghiém chiéu hop Cd thyc té trén kénh
chiéu 7-1 (01 phép chiéu, hop Cd ~3gram ) va Mam quay (02 phép chiéu, hop Cd 4,1 gram va 6,3
gram). Két qua thuc nghiém cho thdy khi dua mau chiéu vao héc chiéu mam quay thi khdng cé sy thay
do6i gi ddi véi cong suat cuaa 1o phan tng, riéng kénh 7-1 khi chley hop Cd 3 gram thi do phan ung du
trit dua vao la khoang -3 cents (két qua moé phong la -2,5 cents) két qua nay khéng anh huong dén hoat
dong cua 10 phan tng.

Két qua mo phong MCNP trong bang 2 con chi ra voi do day cia tam Cd 1a 10 mm, hiu nhu
khong cd neutron nhiét vuogt qua dugc bé day nay.

3. Tinh toan cac hé sé lgi (Advantage factor — AF)

Heé sd loi duoc tinh nhu sau:

Asp,X
AF = (Rca)x — (ASP‘X)Cd
(Re)y  _Asp¥
ASP'Y)Cd

O day, Aspx VA Agpy 12 hoat d¢ phong xa clia cac ddng vi quan tdm va dong vin anh huong tuong
ung [1].

Tuy theo chu ky béan huy, cac ddng vi s& dugc tinh toan hé sé loi dua trén céc dong vi anh huong
khac nhau. Bdi Véi cac nguyén t6 c6 chu ky ban hay <10 phut, ching toi su dung ddng vi anh huong la
8Al, cac nguyén tb c6 chu ky ban huy trong khoang tir 10 phat dén khoang 8 gio 1a 56Mn, thong s6 phd
neutron trén kénh 7-1 duoc str dung dé tinh toan hé sb loi. Bi véi cac dong vi ¢ chu ky ban hay tir 10
glor dén 6 ngay chung t6i str dung nhan anh huéng 1a 1 **Na, cac dong vi ¢0 chu ky ban huy >10 ngay
1a *°Sc, thong sé phéd neutron trén mam quay duoc st dung dé tinh hé sé loi cho cac ddng vi nay [9].



Bang 3. Két qua tinh hé sé loi AF cho céc nguyén tb

Nguyén t | Ddng vi (ngiin) AF Nguyén t6 | Pdng vi (trung binh) AF Nguyén to | Dong vi (dai) AF
F F-20 3.24 Na Na-24 1 Sc Sc-46 1
Mg Mg-27 0.94 K K-41 1.4 Cr Cr-51 1.12
Al Al-28 1 Ga Ga-72 8.52 Fe Fe-59 1.79
Si Si-31 1.55 As As-76 15.8 Co Co-60 3.52
S S-37 Zn Zn-69m 4.04 Zn Zn-65 2.85
Ca Ca-49 0.57 Br Br-82 20 Se Se-75 17.2
Ti Ti-51 0.98 Mo Mo-99 36.7 Rb Rb-86 17.5
V V-52 0.72 Pd Pd-109 27 Sr Sr-85 16.7
Cu Cu-66 1.35 Cd Cd-115 27.9 Zr Zr-95 6.42
Se Se-77m 1.01 Sb Sb-122 32.6 Ru Ru-102 5.89
Ag Ag-110 8.36 La La-140 1.86 Ag Ag-110m 26.5
Rh Rh-104 4.91 Pr Pr-142 2.05 Sn Sn-117m 46.6
Mn Mn-56 1 Sm Sm-153 18.3 Sh Sh-124 34.7
Cl ClI-38 0.7 Gd Gd-159 28.8 Cs Cs-134 16.7
Er Er-171 3.16 Ho Ho-166 15.3 Ba Ba-131 30

| 1-128 6.9 Lu Lu-177 3.84 Ce Ce-141 1.47
In In-116m 5.66 W W-187 17.7 Nd Nd-147 3.25
Dy Dy-165 0.11 Au Au-198 21.2 Eu Eu-152 3.21
Au Au-198 10.1 Pt Au-199 18.7 Eu Eu-154 11.2
Zr Zr-95 7.2 Ba Ba-131 25 Th Th-160 26
Na Na-24 0.56 U Np-239 52.7 m Tm-170 23.3
K K-41 0.98 Yb Yb-169 11.7
Zn Zn-69m 2.65 Hf Hf-181 4.39
Ga Ga-72 411 Ta Ta-182 39.8
As As-76 5.73 Os 0Os-191 3.62
Br Br-80m 5.6 Hg Hg-203 1.58
Br Br-82 6.53 Th Pa-233 17.3
Mo Mo-99 8.15 In In-114m 36.4
La La-140 1.1
Sm Sm-153 5.53
Sr Sr85m 6.05
Sr Sr87m 3.15
Cs Cs134m 5.08
Ba Bal39 0.94
Eu Eul52m 0.65
Lu Lul76m 7.36
U U239 8.62
Sh Sh-122 7.26

Trong cac dong vi str dung dé tinh hé s6 lgi, dong vi song ngan chi c6 27/38 (71%) dong vi c6 hé
s6 loi >1, trong khi d6 cac dong vi song trung binh c6 21/21 (100%) va dong vi séng dai c6 28/28
(100%) ddng vi c6 AF>1. Nhu vay, cac dong vi séng trung binh va dai ¢6 wu thé hon so voi cac dong
vi s6ng ngan trong phan tich kich hoat neutron trén nhiét.

4. Chuan hiéu suat cho detector HPGe

Trong qua trinh thuc nghiém, viéc chuan hé pho ké gamma c6 y nghia cuc ky quan trong trong
viéc ghi nhan tin hiéu va tinh toan ket qua sau nay. Bé chuan h¢ pho ke gamma HPGe GMX30190,
trong nghién ciu nay sir dung ngudn **Eu, 2**Am, *°Co, *’Cs, **Ba.
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Hinh 4. Buong cong hiéu suét (fitted) caa Detector 30190.
Bang 4. Kich thugc hinh hoc ciia ngudn, 1a do va mau khai bao trong chuong trinh ANGLE 3

Loai miu Puwong kinh d (mm) Chiéu cao h (mm)
Nguon chuan 5 3,18
L& do (14) 3 0,125
L4 do (day) 1 1
Mau 12 2

_ Sau khi tinh duoc Céc gia tri hiéu suat, chung t6i dung chuong trinh ANGLE 3 dévchuyén ddi hiéu
suat tur hinh hoc cua nguon sang hinh hoc cia mau va la do. Trong qua trinh chuyén doi chung t6i khai
bao hinh hoc cua cac loai nguon, la do va mau la dang hinh tru

Tai céc vi tri, ty s6 hiéu suét gitra cac hinh hoc ¢6 su khéc biét. Khac biét I6n nhat 12 tai vi tri 21.8
mm (vi tri do gan detector nhat), ty so hiéu suat hinh hoc cua la do dang la véi hinh hoc cua nguon
chuan la 16n nhat trong cac hinh hoc cua mau, khoéng 11,7% tai mirc nang luong 30 keV va 6,8% tai
3200 keV trong khi d6 ty so hiéu suat hinh hoc mau dang thi PE vai hinh hoc nguon chi la 2,9% tai
mirc nang luong 30 keV va 2,0% tai 3200 keV va hiéu suat hinh’hoc la do dang day la 8,3% tai 30 keV
va 4,7% tai 3200 keV. Vi tri 140,4 mm (vi tri do xa detector nhat) cling c6 xu huéng twong tu, cac gia
tri ty s6 thap hon céc vi tri khéac, d6 1éch cao nhat tai vi tri do nay thudc veé hinh hO,C nguon Voi hir]h hoc
mau la do dang la (6% tai 30 keV va 2,3% tai 3200 keV), trong khi d6 d¢ léch thap nhat thuoc ve hinh
hoc nguon véi hinh hoc mau (2,2% tai 30 keV va 0,8% tai 3200 keV). Dieu nay cho thay vi tri cac xa
detector, ty so gitra c&c loai hinh hoc mau giam di.
5. Xac dinh c4c thong s6 phé neutron
“Céc 14 do Au, Zr, Ni dugc sir dung dé tinh cac thong s6 pho neutron trén cac kénh chiéu, mdi loat
chiéu mét bo 1a do cé boc va khong boc Cd.
Bang 5. Cac ché do chiéu — rd — do cho bo 14 do Au va Zr

- Thoi gian chiéu/vi tri o AL
chiéu +La do (khéi Th"r'ég"a” Thei gian do pong i san o
luong) [T, Ey(keV)]
- 10 phat/Kénh 7-1 1 naa - 600s cho 14 do Au AU [2,7d, 411,8]
- 10 gio/Mam quay 93Y | _1800s cho Ia do zr 7r [16,7h, 743,4]
- 0, ~
* Al-0.1%Au (~4mg) - 108005 cho 14 do %7 [64d, 756,7]; **Nb [64d,
+99,8%Zr (~15mQ) X .
+99.8%Ni (~15mg) ~3ngay | Zr 765.8];
, %8Co [70,8d, 810,8]




Bang 6. Két qua thdng sé phd neutron khi chiéu khdng boc Cd tai Mam Quay

Bare (n=6) Cd covered (n=5) Bare/ Cd

Neutron parameter

Aver. | %Std. Aver. %Std. covered
o 0.0889 45.80% 0.0781 17.38% 1.138
¢-thermal 2.67E+12 | 2.56% - -
¢ -epithermal 7.82E+10 | 17.74% | 9.358E+10 | 30.54% 0.836
¢ -fast 1.35E+11 | 35.78%

Bang 7. Két qua thdng sé phéd neutron khi chiéu khéng boc Cd tai Kénh 7-1

Neutron parameter Bare (n=6) Cd covered (n=3) Bare/ Cd

Aver. %Std. Aver. %Std. covered
o -0.00588 | 48.55% | 0.000239 | 142.1% -24.6
¢ -thermal 4.38E+12 | 8.25% - -
¢ -epithermal 3.80E+11 | 10.19% | 5.76E+11 | 9.4% 0.66
¢ -fast 3.58E+12 | 24.28%

Két qua tinh toan hé sb o tai Mam Quay khéng cé nhleu khéc biét gitra chiéu tran va chiéu boc Cd,
d6 léch cua chiéu tran va boc Cd l1a khoang 13.8%, trong khi d6 thong luong neutron trén nhiét khi
chiéu tran thap hon khi chiéu boc Cd khoang 16.4%. Tai Kénh 7-1, két qua o lai khac nhau, két qua khi
chiéu tran 1a -0.00588 trong khi chiéu boc Cd 1a 0.000239, ca hai két qua cho thay gia tri a xap xi bang
khong. Di voi thong lugng neutron trén nhiét, két qua ciing twong ty nhu Mam Quay, thong lwong
neutron trén nhiét khi chiéu tran thap hon khi chiéu boc Cd khoang 34%.

6. Xac dinh ham lrong cac nguyén té bing phwong phap ENAA

Céc mau chuén dét da duoc sdy ¢ nhiét do 105°C (NIST 1633b, NIST 2711a, NIST 278) va 60°C
d6i véi cac mau chuan sinh hoc (IAEA 436, NIST 1566b, NIST 1577b) trong 3 gio roi dugc dem di
xac dinh khi lwong bang can dién tir véi do chinh xac cao (0,01 mg) tai phong thi nghiém va dong gbi
mau lan luot khoang 50 mg (chiéu ngin) va 150 mg (chiéu dai), sau d6 duoc cho vao cac goi mau roi
duoc han kin miéng bang mo han. Céac goi mau nay sau d6 duoc bo vao trong hop Cd (1x1 cm dbi voi
Kénh 7-1, 2x2 cmm d6i v6i Mam Quay).

Dbi v6i phép phan tich da nguyén t6 bang ENAA can ¢ 2 ché do chiéu: ngin (=120 gidy dbi véi
nhom mau dat d4, 300 gidy ddi vdi nhdom mau sinh hoc), trung binh va dai (t=10 gid cho ca hai nhém)
dé xac dinh nhitng nhdm nguyén t c6 chu ki ban hity khac nhau.

Viéc xur Iy phd gamma do duoc ctia mau kich hoat va tinh ham luong cac nguyén t6 bang phuong
phap chuan hoa ko-NAA duoc thuc hién bang cach sir dung chuong trinh ko-DALAT di duoc phat trién
chure ndng x1r Iy cho ENAA.

I11. Két qua va thao luan

Két qua phan tich cua cac mau chuan dat ¢a trong bang 8 cho thay phuong phap ENAA ¢6 thé
phan tich dwoc rat nhiéu cac dong Vi, mau chuan NIST 1633b phan tich dugc 54 dong vi, mau chuan
NIST 271 1a phén tich duoc 55 d6ng vi, mau chuan NIST 278 phan tich duoc 43 dong vi. Tong cong co
17/54 (7 nguyén t5 khong cé gia tri ching nhan) ddi véi NIST 1633b, 20/55 (10 nguyén té khdng c6
gia tri ching nhan) dbi véi NIST 2711a va 18/43 (2 nguyén t6 khong c6 gié tri chiing nhan) dbi véi
NIST 278 c6 Z-score va/hoiac Zeta-score I6n hon 2. Khi so sanh vai cac quy trinh phan tich da duoc
chung nhan ISO/IEC17025:2005 tai phong thi nghiém cua ching t0i trudc day (Quy trinh phan tich
duoc phé duyét phan tich khi chiéu khéng boc CD phén tich dugc khoang <25 hguyén t6 trong mau dat
da) vai quy trinh phan tich bang ky thuat ENAA thi ENAA hoan toan chiém wu thé.



Bang 8. Két qua phan tich cic mau chuan dat da

NIST 1633b NIST 2711a NIST 278
No. | Ele. Conc £ SD Cert £ SD T Z Zeta | Conc+SD Cert £ SD T z Zeta | Conc+SD Cert £ SD T z Zeta
1 Al 191000+4370 | 150500+2700 | 126.9% | 10 7.9 131000+3558 | 67200+600 194.9% 32 17.7 | 14100043755 | 749004800 | 188.30% 299 | 172
2 \V 409+26 296+36 138.3% | 5.6 25 122+9 81+6 151.2% 6.2 3.7
3 Ti 7180+302 7910140 90.8% -2.2 -2.2
4 Na 5160+228 2010+30 256.7% | 31 13.7 | 15500+580 12000100 129.2% 7.5 5.9 42100£1356 359004400 | 117.30% 52 4.4
5 K 19600+708 19500+£300 100.5% | 0.1 0.1 24900+868 25300+1000 | 98.4% -0.5 -0.3 | 29600+1006 34500+200 | 85.80% -43 | -4.8
6 Mn 187+13.6 131.8+1.7 141.9% [ 55 4 752444 675118 111.4% 1.9 16 425427 400+15 106.30% 1 0.8
7 Ga 62.745.4 12.1+1.3 17.9+1.9 11+1.2 162.70% 5.6 3.1
8 As 135+10.3 136.2+2.6 99.1% -0.1 -0.1 | 10548 10745 98.1% -0.2 -0.2
9 Sr(Sr™™ | 1060+59 1041+14 101.8% | 0.3 0.3
10 Sr(Sr°™) | 1490+79 1041+14 143.1% | 7.7 5.6 316421 242+10 130.6% 4.4 3.1
11 In 0.163+0.034 1.04+0.17 1+0.16 104.0% 0.3 0.2 0.07+0.02 0.04+0.01 157.10% 2.6 1.4
12 Sh 27.3+2.7 23.8+1.4 114.7% 15 12
13 | 3.87+0.5
14 Cs 12,714 11+1.2 1155% | 14 0.9
15 Ba 740+44 709+27 104.4% | 0.7 0.6 806+47 730£15 110.4% 1.8 15 924453 1140+63 81.10% -34 | -2.6
16 Sm 22.2+2.2 2012 111.0% | 1.1 0.7 5.54+0.68 5.93+0.28 93.4% -0.5 -0.5 | 7.85+0.92 5.7+0.7 137.70% 3.1 1.9
17 Eu 3.47+0.5 4.1+0.5 84.6% -1.2 -0.9 | 0.9840.16 1.1+0.2 88.6% -0.7 -0.5
18 Dy 35.9+3.4 17+1.8 211.2% | 11 5 11+1.2 5+0.6 220.0% 9.6 4.4 11.6+1.3 6.3+0.8 185.0% 7 3.6
19 Lu 1.54+0.2 1.2+0.2 128.3% | 1.8 11
20 U 7.67%0.9 8.8+0.4 87.3% -1.1 -1.2 | 3.03x0.41 3.01+0.12 100.7% 0 0 4.49+0.57 4.5840.04 98.0% -0.2 | -0.2
21 Na 3757170 2010+30 186.9% | 17 10.1 | 17900+361 12000+£100 149.2% 13 15.8 | 524004954 359004400 | 146.0% 139 | 16
22 K 19900+819 195004300 102.1% | 0.6 0.5 3133311474 25300+1000 | 123.8% 6.9 34 4183343781 345004200 | 121.3% 6.4 1.9
23 Ga 58.8+6 18.8+1.7 11+1.23
24 As 137.3+1.2 136.2+2.6 100.8% | 0.1 0.4 11843 10745 110.6% 1.3 1.9 4.53+0.25 4.39+0.56 103.3% 0.3 0.2
25 Br 3.0940.11 2.9+04 106.7% | 0.5 0.5 4.11+0.16 2.48+0.33 2.37+0.33 104.6% 0.3 0.2
26 Mo 26.3+2.3 4.65+0.59 4.18+1.17 3.240.43 130.6% 2.3 0.8
27 Cd 119+17 54+1 220.6% 14 3.8
28 Cd 121+16 54+1 224.30% | 14 4.2
29 Sh 5.1540.15 6+0.73 85.8% -1.2 -1.1 | 23+15 23.8+1.4 96.6% -0.3 -0.4 | 1.42+0.23 1.5+0.23 94.4% -0.4 | -0.3
30 Ba 667+98 709+27 94.1% -1 -0.4 | 718+38 73015 98.3% -0.3 -0.3 | 10661324 1140463 93.5% -12 | -0.2
31 La 93+2.8 94+7.6 99.% -0.1 -0.1 | 45+1.3 38+1 118.3% 2 4.2 33.1+0.5 30+2.9 110.2% 1.1 1.1
32 Sm 17.8+0.3 20+2 88.8% -1.1 -1.1 | 6.11+0.16 5.93+0.28 103.0% 0.2 0.5 5.69+0.11 5.7+0.7 99.9% 0 0
33 Ho 4.56x0.5 3.5+0.46 132.8% [ 25 1.7 1.29+0.07 1.31+0.2 98.7% -0.1 | -0.1
34 W 5.32+0.3 5.6+0.69 95.0% -0.4 | -04 | 3.48%0.07 1.73+0.68 2.1+0.3 82.2% -1.2 | -05
35 Au 0.09+0.09 0.02+0.01
36 U 8.69+0.19 8.79+0.36 98.9% -0.1 -0.2 | 3.35%0.17 3.01+0.12 111.2% 0.8 1.6 4.43+0.3 4.58+0.04 96.7% -0.3 | -05
37 Sc 51.3+3.5 41+3.8 125.2% | 2.8 2 12.4+0.6 8.5+0.1 145.5% 3.9 5.9 7.58+0.32 5.1+0.64 148.6% 3.9 3.5
38 Cr 320+27 198+5 161.6% | 8.5 45 88.4+14 52.3+2.9 169.0% 7.8 25
39 Fe 92033+4102 77800+2300 118.3% | 6.2 3 36500+1803 28200+400 129.4% 8.6 4.5 19000+1054 14300+200 | 132.9% 8.7 4.4
40 Co 48.8+0.7 50+4.4 97.7% -0.3 -0.3 | 10.5+0.2 9.9+0.2 106.5% 0.6 2.3 1.87+0.16 1.5+0.23 124.7% 1.6 1.3
41 Zn 3214127 210+15 152.9% | 7.4 0.9 579435 414+11 139.9% 6.2 4.5 61.5+10.6 55+4.8 111.8% 1.4 0.6
42 Se 12.6+0.8 10.3+0.2 122.8% | 2 2.8 5.03+1.3 2+0.29 251.5% 11 2.3 2.38+0.3
43 Rb 151.74#55 140+10.6 108.3% | 1.1 1 13611 120+3 113.1% 1.7 5.1 139+8 128+10 109.0% 1.2 1.4
44 Sr 770+476 1041+14 74.% -4.6 -0.6 | 339+21 242+10 140.2% 5.7 4.3 92.3+7.3 63.5+0.1 145.4% 5.3 4
45 Zr 485+102 642+98 532+72 272+19 195.5% 139 | 35
46 Mo 11.7+¢1.3
47 Ag 0.45+0.22 4.72+0.38
48 In 3.9+2.47 1+0.16 390.3% 18 1.2 2.6+0.27 0.04+0.01 5963.3% 229 | 95
49 Sh 5.4+0.68 6+0.73 90.% -0.8 -0.6 | 24.6x1 23.8+1.4 103.5% 0.4 0.5 1.61+0.28 1.5+0.23 107.6% 0.5 0.3
50 Cs 9.57+0.56 11+1.23 87.% -1.2 -1.1 | 6.1620.31 6.7+0.2 91.9% -0.7 -1.5 | 4.83+0.42 5.5+0.68 87.8% -1 -0.8
51 Ba 803+99 730£15 110.0% 1.7 0.7 10724134 1140+63 94.1% -1.1 | -05
52 Ce 281.3£19.8 190+13.8 148.1% | 6.6 3.8 122411 706 173.8% 8.7 4.2 10745 6215 172.0% 8.4 6.1
53 Nd 91.6+3.5 85+7 107.7% | 0.9 0.8 49.8+4.4 29+2 171.7% 7.4 10.4
54 Eu 4.83+2.3 4.1+0.53 117.9% | 1.4 0.3 0.78+0.07 1.1+0.2 71.1% -1.8 -1.5 | 0.97+0.1 0.84+0.14 115.4% 0.9 0.8
55 Eu 3.39+0.42 4.1+0.53 82.6% -1.3 -1.1 | 1.43+0.37 1.1+0.2 129.7% 1.9 0.8 0.76+0.12 0.84+0.14 90.4% -06 | -04




56 Tb 2.82+0.62 2.6+0.36 108.5% | 0.6 0.3 0.77+0.02 0.8+£0.13 95.7% -0.3 | -0.3 | 0.88+0.14 1+0.16 87.6% -0.8 | -0.6
57 m 2.12+0.04 2.1+0.3 100.8% | 0.1 0.1

58 Yb 8.33+2.66 7.6+0.9 109.6% | 0.8 0.3 3.24+0.29 34041 108.0% 0.6 0.5 3.83+0.62 4.5+0.57 85.0% -1.2 | 0.8
59 Hf 6.17+0.15 6.8+0.82 90.7% -0.8 | -0.8 | 9.61+1.29 9.2+0.2 104.4% 0.4 0.3 8.12+0.35 8.4+0.98 96.7% -0.3 | 0.3
60 Ta 0.73+0.12 1.840.26 40.4% -41 | -3.7 | 0.57+0.09 1+0.16 57.1% -2.7 | -24 | 0.52+0.08 1.2+0.19 43.7% -3.6 | -3.3
61 Th 25.7+0.4 25.7+1.3 100.0% | O 0 16.1+1.5 15+1 107.30% | 0.7 0.6 12.5+1.3 12.4+0.3 100.50% 0 0

Don vi ham luong: mg/kg ; Conc: Ham lwong; SD: Sai s6/d6 léch chuan; Cert:

Bang 9. Két qua phan tich cac mau chuan sinh hoc.

Gia tri chitng nhdn, T: dé dung, Z: z-score; Zeta: Zeta-score.

NIES No.9 NIST 1577b 1AEA 436 NIST 15660
No.| Ele. |Conc+SD|Cert+SD | T (%) | Z |Zeta] Conc+SD Cert£SD [T (%)| Z |Zetal Conc+SD | Cert+SD |T (%) | Z |Zeta| Conc+SD| CertxSD [T (%)| Z Zeta
1 |Al(%) | 2.04+0.07[1.70 +0.08| 1200 |54 [3.1] 126069 3+0 42000 309018.3
2 [Ca(%)| 4.61+0.14]5.10+0.16 | 90.4 [-3.1 [-2.3(0.0192:0.00140.016+0.0008| 120.0| 2.7 | 2
3 [Na(%)| 5.98+0.18| 6.10+0.20 | 98.0 [-0.6 [-0.4| 0.309+0.015 | 0.242+0.006 | 127.7| 5.6 |4.2 [ 0.20+0.010 {0.15+0.012 135.2 | 6.6 | 3.4 [0.42+0.019| 0.33+0.005 |128.3| 6 | 47
4| c | 243+24| 21241 | 1146 |14 |1.2| 2790+135 | 2780+60 |100.4| 0.1 [0.1| 24204120 5330+234 | 5140+100 [103.7] 0.8 | 07
5 |K(%) 1.14%0.045 | 0.99+0.002 | 114.7| 3.7 [3.3| 1.31+0.05 | 1.23+0.06 | 106.5 | 1.7 | 1 |0.66+0.028| 0.652+0.009 |101.1| 0.3 | 0.2
6 | Mn | 119+9 | 115#9 | 1035 [0.4 [03| 13.3%14 105+1.7 |126.7| 2.4 [1.3 207#21 | 185+02 [111.9] 12 | 1
7| zn 185095 | 1424446 [1299| 56 | 4
8 | As 8.72+1.01| 7.65:0.65 [114.0] 1.2 | 0.9
9 | Br | 272¢19 | 270+19 | 1007 |01 01| 10.8+1.2 97+#1.1 [1113| 1 [0.7| 186419 | 14.8+15 [125.7 (2.4 |1.6| 61.7+5.3
10| U 0.047+0.01 0.33+0.06 | 0.26+0.01 [1275] 1.4 | 1.1
11| sr | 1080+60 | 1000+30 | 108.0 | 1.4 | 1.2
12| sr | 1310471 | 100030 | 131.0 |55 | 4
13 1 62838 | 520#32 | 1208 |33 |22 1.05+0.17 4.08+0.53
14 [Na(%)| 2.2640.08| 1.70+0.08 | 132.9 [8.9 | 5 | 0.32+0.015 | 0.242+0.006| 132.2| 6.5 [0.4[0.191+0.011|0.1540.012( 127.2 | 5.1 | 0.4 | 0.3740.017| 0.33x0.005 [112.7 | 2.7 | 0.2
15 |[K(%) | 6.8+0.2 | 6.1#0.2 | 1115 3.8 |25| 1.13+0.044 | 0.99+0.020 | 113.7| 3.4 [0.2| 1.25+0.72 | 1.23+0.06 |101.6 [0.4| 0 [0.64%0.027| 0.65+0.090 | 975 [-06 | ©
16 | zZn 1370474 | 1424+46 | 962 |-0.7 | -0.1
17| As | 124+10 | 115%9 |107.8 | 1 |07 1.85+1.07 | 1.98+0.17 | 93.2 |-0.5[-0.1| 6.85+0.82 | 7.65+0.65 | 895 | -0.9 | -0.2
18 | Br | 263+18 | 270+19 | 97.4 [-0.4 [-03] 9.3+1.06 97+11 | 959 | -0.4 [-0.1| 14.6+8.4 | 14.8+15 | 986 [-0.1 43.6+3.9
19 | Mo 47306 35+0.3 | 135.1| 2.7 |04
20| sc [0.11+0.02(0.09+0.02 | 116.7 |07 [05] 0.11x0.02 0.07+0.04 0.08+0.02
21| Fe 363+24 184x15 | 197.3 13.3(0.8 89.3+4.2 328422 206+7 [159.4| 83 | 53
22| Co [0.29+0.06(0.12+0.01 | 240.8 |64 | 3 | 0.49£0.09 0.04+0.01 06+0.1 | 0.37+0.01 [162.1] 33 | 06
23| zn | 229+23| 156+1.2 | 1468 |44 |28 15311 127+16 | 1205| 2.7 [0.3| 25.1+14.6 | 19+1.3 [132.1(3.1|0.4| 1545482 | 1424+46 [1085| 1.6 | 0.1
24| se 0.8+0.13 | 0.73+0.06 | 109.5| 0.6 [0.1| 3.76+2.17 | 4.63+0.48 | 81.1 |-1.5/-0.4| 2.14+0.3 | 2.06+0.15 [1036] 0.3 | 0.1
25| sr | 121067 | 1000£30 | 121.0 [3.7 |29
26| Rb | 235#23| 24#2 | 979 |02 [-02] 115+13 137411 | 839 | -1.5 [-0.3| 3.48+2.02 | 2.41+0.27 [144.4|3.2{05| 2.84+039 | 3.26+0.14 |87.1 | -1 | -0.2
27| Ag 0.48+0.09 | 0.67#0.01 | 715 |-1.7 | -0.7
28| Ba 7.08+0.84 | 8603 |823 [-15 | -04
29 | Eu 0.110.02
30| Sb 0.11+0.07
31| Cs 0.12+0.07
32| Hg 8.22+4.76 | 4.19+0.36 | 196.2|7.5|0.8| 4.27+0.55 | 0.04+0.01 [11509| 434 | 3256

Pon vi ham lwong: mg/kg ; Conc: Ham luong; SD: Sai so/d¢ léch chudn; Cert: Gid tri chiing nhdn, T: dé diing, Z: z-score; Zeta: Zeta-score




Béang 3.21. Gié tri LOD trong mét s mau chuén dat d4 (phan tich bing ENAA) va trong cac TCCS (phan tich

bang NAA)

Miu dat da Miu Sinh Hoc
No.| Ele | 3L | ovin | 2 | NAaTccs | No. | Bl | NES | L | Y238 | dseen | NAA(TCCS)
1 Al 2220 | 2180 | 1480 2000 1 Al 37 30
2 Vv 50 32 20 2 Ti 1300
3 Ti 6410 3000 3 ] 038
4 Na 162 194 373 4 Cu 52
5 K 3290 | 4120 | 5160 5 Dy 0.4
6 Mn 42 3 14 4 6 Na 354 81 61 91
7 Ga 8.9 9.9 133 7 Cl 973 187 146 246 70
8 As 10 10 8 K 6950 | 1590 | 1460 | 1540
9 Sr(Sra5m) 349 116 9 Mn 2.4 0.6 36 2
10 | Sr(Sr87m) 111 10 | Zn(Zn69m) 1050
11 In 0.016 | 002 | 0.02 11 As 12 0.24 332
12 Sh 115 12 Br 24 31 0.3 6.3
13 Cs 5.8 13 | Sr(Sr85m) 579
14 [ 3.01 14 | Sr(Sr87m) 164
15 Ba 324 332 421 15 [ 6 057 0.79
16 Sm 1.4 116 | 159 16 U 0.046 0.08
17 Eu 05 0.49 1 Na 241 28 28 4
18 Dy 48 41 55 14 2 K 12100 | 937 747 1400
19 Lu 0.7 3 Zn 516
20 u 0.3 0.3 0.36 4 As 3 0.38 0.4
1 Na 77 119 204 24 5 Br 3 0.32 0.5
2 K 3443 | 4263 | 5857 850 6 Mo 18
3 Ga 20.1 199 | 2315 7 La 0.1
4 As 18 2 0.79 4 8 Sm 0.01
5 Br 1.03 059 | 0.96 1 Sc 0.08 0.08 0.07 0.1 0.002
6 Mo 39 272 | 298 2 Fe 511 437 307 15
7 Cd(Cd115) 29 3 Co 0.35 0.38 0.24 0.36 0.01
8 | Cd(In115m) 18 4 Zn 175 17 155 25 15
9 Sh 0.17 11 0.13 5 Se 0.68 0.64 0.68 0.08
10 Ba 233 220 277 6 Sr 65
11 La 1.9 32 48 05 7 Rb 47 25 1.98 2.22 1
12 Sm 0.1 0.15 | 0.05 0.09 8 Sb 0.04 0.4
13 Ho 0.47 0.34 9 Cs 0.05 0.05
14 Lu 0.1 10 Hg 2.64 2.18 0.07
15 W 1.14 086 | 1.18 11 Ag 0.18
16 Au 0.01 0.01 12 Ba 5.73
17 u 0.45 048 | 0.48 25 13 Eu 0.05
1 Sc 0.3 0.2 0.16 0.03 14 Ce 0.2
2 Cr 26 22.6 25 15 Cr 0.3
3 Fe 1091 816 587 180 16 Hf 0.02
4 Co 0.8 0.7 0.28 0.2 17 Th 0.05
5 Zn 105 59 42.8 28
6 Se 1.1 1.02 0.8
7 Rb 6.6 5 5 8
8 Sr 91 69 51.7
9 Zr 2427 | 170 142
10 Mo 9
11 Ag 0.46 0.33
12 In 1.27 1
13 Sh 0.49 0.2 0.08 3
14 Cs 0.18 013 | 011 3
15 Ba 60 62 150
16 Ce 112 9 8 14
17 Nd 4138 16.1 30
18 | Eu(Eul52) 0.12 0.2 0.11 0.06
19 | Eu(Eulsd) 1.18 052 | 061
20 Tb 0.12 009 | 0.15 0.75
21 Tm 0.18
22 Yb 0.44 041 | 0.36
23 Hf 0.55 134 | 038
24 Ta 0.02 0.02 | 0.02
25 Th 0.2 0.2 0.2 05

Don vi: mglkg



Mot sé cac dong Vi cua cac nguyén t6 trong mau dat da c6 hé sé loi thap nhu Al, Dy, Na, K, Sc,
Fe, Ce... cac nguyén t6 ndy c6 hé sb loi nho hon 2, hé s6 Qq thap nén khong thich hop khi phén tich
bang ENAA, két qua cho thay Z-score, zeta-score cua cac nguyén té nay déu Ion hon 2. Ngoai ra, mot
s6 nguyén té nay con bi nhidu bai cac phan tng tir neutron nhanh hoic tir phan wng phan hach. Nguyén
t6 Al véi phan tng *’Al(n,g)*°Al bi nhiéu bsi *°Si(n,p)*°Al va *'P(n,a)**Al; nguyén t6 Na véi phan ang
2Na(n,g)**Na bi nhidu bai 2“Mg(n, p)**Na va *’Al(n,a)*'Na; cac nguyén t6 Ce Zr VGi cac phan Gng
10ce(n,g)**'Ce va *zr(n,g)*Zr bi nhidu bai 2°U(n,Fission)**'Ce va Z°U(n, F|SS|on) SZr.

Tuong ty nhu cac mau chuan dit da, két qua cac mau chuén sinh hoc trong bang 9 ciing c6 mét sé
nguyén tb c6 hé sé loi thap bi léch so vai gié tri ching nhan khi phan tich bing ENAA nhu Al Na, Sc,
Fe... ngoai ra mot s6 nguyén t6 con bi nhidu bai cac phan tng tir neutron nhanh hoic cac dinh gamma
c6 X4c suat phat cao bi nhiéu tir cac ddng vi nhay véi ENAA khac nhu *Hg (dinh 279,2 keV) bi nhidu
boi "°Se (dinh 279,5 keV), ...

Gia tri LOD ctiia mot s mau chuan khi phan tich bang ENAA duoc so sanh véi gia tri LOD khi
chiéu tran (NAA) trong céc tiéu chuan co s¢ da duoc chiing nhan phu hop véi tiéu chuan 1SO/IEC
17025: 2005 tai Trung tm Phan tich, Vién nghién ctu hat nhan trong bang 10 [9-14]. Két qua cho thay
mot s6 nguyén tét As, Th, U, Th c¢6 LOD thap hon tir 2 dén 5 Ian; Rb, Mn khoang 1,5 lan; diéu nay cho
thdy ENAA c6 vu diém hon khi chiéu boc Cd vi cho d6 nhay thiap hon NAA, mot sé nguyén té Al, V,
Na, Sc,.. thi nguoc lai, cac nguyén té nay cho gié tri LOD bang (Al) hozc thap hon (LOD cao hon tir 2
dén 10 1an) khi chiéu tran do chdng c6 tiét dién bat neutron nhiét cao. Ngoai ra, ENAA ciing phan tich
duoc nhiéu ddng vi nguyén t6 hon ma toan b 1a cac nguyén té ¢4 tiét dién bat neutron trén nhiét cao

IV. Két luan

Khi str dung phan mém MCNP nham danh gia d6 an toan khi dua Cd vao cac kénh chiéu xa dong
thoi tinh todn su thay d6i truong neutron bén trong va bén ngoai vo boc Cd; Cac két qua cho thay khi
chiéu boc Cd trén Kénh 7-1 véi kich thudc hop Cd 1a 1x1 cm va Mam Quay Vvéi kich thuéc 2x2 cm
khdng gay ra cac hiéu ung dang ké dén van hanh an toan 10 phan tng. Két qua mé phong ciing cho thay
hau nhu khong ¢ neutron nhiét vuot qua dugc bé day 1 mm cua vo Cd.

Céc hé sb loi (AF) cho cac ddng vi cua cac nguyén té quan tm bao gdm 38 dong vi trong ché do
chiéu ngan (Kénh 7-1), 21 dong vi trong ché d6 chiéu trung binh va 28 dong vj trong ché do chiéu dai
da duoc xéac dinh. Két qua cho thiy hau hét cac nguyén té trong ché d6 chiéu trung binh va dai déu co
hé s6 loi 16n hon 1 va do d6 cac nguyén té trong cac ché do nay c6 wu thé hon khi phén tich bang
ENAA. Ngoai ra, ENAA ciing phan tich duoc thém nhiéu dong vi hon, dic biét 1a trong ché do chiéu
ngan.

Hiéu suat ctia ngudn chuan tai 4 vj tri do cua detector GMX-30190 d3 duoc xéac dinh va chuyén doi
tir hinh hoc cua ngudn chuan sang hinh hoc cua cac 14 do va mau phan tich. Két qua cho thay c6 su
khéc biét dang ké (~1-10) giira hinh hoc cua ngudn chuan véi hinh hoc cua la do va mau phan tich. Su
khéc biét hiéu suat giita cac loai hinh hoc nay ting khi khoang cach do dén detector giam.

Két qua tinh toan cac thdng sé phd neutron cho thay thong lwong neutron trén nhiét trong hop Cd
cao hon so véi chiéu tran. Diéu nay c6 thé 1a do céc tli PE va gidy loc boc mau, cac vat liéu nay lai 1am
cham mét s6 neutron nhanh va lam tang neutron trén nhiét.

Ham lugng va gié trj LOD cuia cac nguyén t6 khi phén tich bang ENAA déi véi cc mau chuan dat
da cho thay phuong phap ENAA phén tich dugc nhiéu ddng vi cua céc nguyén t6 hon NAA do lam
giam nén phong tur cac nguyen t6 nhay vé&i neutron nhiét nhu Al, Na, Sc,. . dan dén mot sb nguyen t6
c6 LOD thép hon khi chiéu tran nhiéu lan nhu As, U, Tb, Th, Rb, Sb, . Cac ddng vi c6 hé sb lgi thap
khong pht hop khi phan tich bing ENAA khi chung c6 do léch vai gia tr; chitng nhan 16n va LOD cao
hon khi chiéu tran, dong thoi nhiéu nguyén té con bi nhidu bai cac phan @ng tir neutron nhanh, phan
rng phan hach hoic cac dinh gamma c6 xéac suat phat cao bi nhiu tir cac dong vi nhay véi ENAA khéc



(Al, Na, Hg, Zr,...). Do d6, khi phan tich ENAA cho cac nguyén té nay thi cac hiéu chinh can duoc
thuc hién.
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Abstract: The Epi-thermal Neutron Activation Analysis (ENAA) technique was developed at Nuclear
Research Institute in Da Lat. The standard reference materials (SRMs) and comparators were packed
in the Cd boxes for the irradiation channels. The resuls of MCNP shown that the neutron spectra and
the irradiation condition was safety for reactor. After irradiation, the samples were measured on HPGe
spectroscopy system, the ANGLE software also be used to convert efficiency from sources to sample
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geometry. The Cd-ratio for multi-monitors was used to determine o and the new update of KO-DALAT
computer program was calculated neutron flux and the concentration of the elements. Results showed
that, the ENAA techniques increased the sensitivity of some elements by 2 to 5 times such as: I, Sm,
U, Th, W, ... which have Q, higher than 1, it was results of reducing the influence of background of
other elements such as: Al, Cl, Na, Sc, Fe ... in the samples.

Keywords: epi-thermal neutron activation analysis, kO-ENAA, Dalat nuclear research institute



