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TOM TAT

Thiét bj phé ké phan tich kich hogt neutron prompt-gamma (PGNAA) tgi kénh neutron nhiét
s6 2 cua 10 phan ing hat nhdn Pa Lat di dweoc phét trién va ing dung nhw mét phwong phdp bé
tro trong phuwong phdp phdn tich kich hoat neutron (NAA), ung dung trong phdn tich ham luwong
nguyén to vét trong cac logi mdu khac nhau. Trong nghién cizu thuc nghiém nay, ching toi da phat
trién mgt ham chudn tiwong quan tuyén tinh giza toc dé dém dinh phé gamma 478 keV va ham
lrong nguyén to boron trong mau dé phuc vu phdn tich ham leong boron trong cdc doi tirong mau
méi truong, sinh hoc va dia chat. B¢ léch chudn cia ham twogn guan ndy 1a nhé hon 2,3 %. Két
qua ap dung vao thuc nghiém phdan tich ding hrong boron trong cac mdu chuan dgng dung dich,
dia chat va thyc vat cho thay cd s phi hop tét véi sé liéu chiing nhéan. Cac tham sé thyc nghiém
vé dg nhay phan tich boron 14 S = 0,11757 cps/g.

Tar khoa: boron; phan tich ham lwong; d6 nhay; gidi han xac dinh

1. Giéi thiéu

Phuong phap phan tich kich hoat notron gamma tirc thoi (Prompt Gamma Neutron
Activation Analysis - PGNAA) 1a phuong phap phéan tich nguyén té bang cach ghi do phd
tia gamma tuc thoi tir phan ing hat nhan (n,y). Phuong phéap nay da dugc phat trién va ung
dung tai nhidu nudc trén thé gidi. Phuong phap nay c6 wu diém phan tich tot nhitng nguyén
t6 nhe nhu H, B, N, Si, P, S, Al va cac nguyén td co tiét dién phéan ung bét notron 16n nhu
B, Hg, Cd, Ti, Gd, Sm (Paul, 2000). Bén canh wu diém 1a phan tich ddng thoi nhiéu
nguyén td, khong pha huy mau, khong xir i héa hoc, va cho két qua phan tich nhanh,

Cite this article as: Pham Ngoc Son, Nguyen Thi Thu Ha, Phan Bao Quoc Hieu, Phu Chi Hoa, & Nguyen
Dac Chau (2020). Determination of linear calibration curve for the analysis of boron in a sample by PGNAA
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PGNAA con c6 vu thé 13 méu sau khi phén tich bang phwong phap nay c6 d6 phong xa du
trong mau rat thap, nén co thé sir dung lai trong nhitng phuong phap phén tich khac.

Tir co so dir liéu vé tiét dién phan tng hat nhan (n,y) cho thiy rang tiét dién phan tmg
B(n,0ry)"Li 1a 3860 barn, rat 1on so v6i da sd cac hat nhan khac, cho nén cac hé thiét bi
PGNAA c6 d6 nhay phén tich rat tot di v6i nguyén t6 Boron trong cac dbi twong mau
khac nhau. Trong thoi gian gin ddy, tam quan trong cua phép phan tich dinh luong Boron
trong cac ddi twong mau moi trudng, sinh hoc, dia chét dang 1a mét chu dé co tinh thoi su
cao (Prejac, 2018). Nhiéu nghién ctru thuc nghiém cho thay ring Boron 1a mot nguyén tb
vi lwong can thiét quan trong cho co thé con ngudi va ciy trong, tuy nhién khi ham luong
chét nay vuot qua gi6i han can thiét s& co tinh nhiém doc (GreenFacts, 1998).

Hé thiét bi PGNAA tai Vién Nghién ctru Hat nhan Pa Lat di dugc phat trién, hoat
dong on dinh voi céc thiét bi phé ké hién dai dung detector ban dan HPGe va hé detector
BGO bo tro trong ché d6 do giam phong bang ki thuat tring phung triét Compton. Hé phd
ké nay c6 kha ning tmg dung dé phan tich ham lugng boron trong cac dbi twong mau noi
trén. Trong nghién ctru ndy, chung toi di tién hanh thuc nghiém dé thiét 1ap ham tuong
quan tuyén tinh giira ham luong boron trong mau va toc d6 dém dinh phd gamma 478 keV
ctia phan ung °B(n,ay)’Li.

2.  Phwong phap thuc nghiém
2.1. Thiét bi thue nghiém

Hé thiét bj PGNAA str dung trong nghién ctru nay c6 cic thanh phan chinh bao gém:
chum tia neutron tir 16 phan tng dugc chuén truc dén vi tri chiéu mau véi duong kinh 3 cm,
tai vi tri chiéu mAu thong lwong notron nhiét 1a 1,6x108 nfcm?%s; hé che chin bao vé birc xa va
giam phong cho detector; detector ban dan siéu tinh khiét (HPGe), hiéu suat ghi tuong ddi 1a
58%; detector giam phong compton (BGO); hé phé ké phan tich bién d6 da kénh.
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Cac mau chuin va mau phan tich duoc chuén bi ¢ dang dia c6 dudng kinh 2,0 cm va
d6 day tir 0,1 dén 0,5 cm. Miu duoc boc kin biang mang méng teflon hoic polyethylen,
duoc gén vao vi tri do thuc nghiém theo goc 45° ddi véi huong toé1 cua chum tia notron,
nhu mé ta trong Hinh 1 (Nguyen, 2019). Phé ning luong céac tia prompt-gamma bao gém
dinh niang luong 478 keV tir phan tng *°B(n,ay)’Li duoc ghi do bai hé phd ké da kénh két
ndi detector HPGe, nhu mo ta trong Hinh 2.
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Hinh 2. Phé prompt-gamma tir phan ing bdt notron (n,g), do véi mau chudn SRM-2709a

2.2. Phdn tich phé gamma

Trong c4o cdo ndy, ching toi tip trung phan tich dinh phd gamma 478 keV tir phan
tmg °B(n,ay)’Li. Do hiéu tmg Doppler xdy ra do hiéu tng twong tac giat lui cia hat nhan
tao thanh “Li va hat thir cap o, dinh phd ning luong 478 keV c¢6 do phan giai mo rong
nhiéu 1an so véi cac dinh phd tia gamma thong thuong khac va co kha nang chong chap
v6i cac dinh tia gamma 1an can. Dién hinh 14 sy chong chap thuong xay ra d6i véi dinh phd
472 keV tir phan tng ?*Na(n,y)?*Na trong trudng hop c¢é ton tai ham lwong Na trong mau.
Céc chuong trinh méy tinh phan tich phd gamma phd bién nhu GammaVision hodc Genei-
2000 khong c6 chirc ning riéng dé phan tich chinh xac dinh phd 478 keV do hiéu umg
doppler nay. Cho nén ching toi di sir dung ki thuat khép ham (LészI6, 2017) dé phan tich
xéc dinh chinh x4c dién tich dinh phd 478 keV va phan tach thanh phan anh huong trong
truong hop c6 chdng chap véi dinh phd 472 keV, nhu mé ta trong Hinh 3.
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Hinh 3. Phdn tich dinh ph6 *°*B-478 keV bang ki thudt khép ham
va phan tach dinh chdp **Na-472 keV
2.3. Phwong phap dinh luwong
Tir phd ning luong do dwoc, nhu mé ta trong cac Hinh 2-3, s6 dém (C) cua dinh phd
tia gamma 478 keV, c6 tuong quan ti I¢ véi ham lugng boron (m), thong luwgng neutron,
(®) va thoi gian do (t) theo biéu thirc sau:

C-= %HNAO-OCDg(E)t )

Trong d6, M 1a s6 khéi cuia nguyén tir boron, NA 13 s6 Avogadro, oo 14 tiét dién phan
ung bét neutron nhiét cia hat nhan 1°B, g(E) 1a hi¢u suit ghi cua detector tai nang luong
gamma E= 478 keV, 0 (%) la d6 phd bién ddng vi cua °B. Khi do thuc nghiém ddi véi
mau thyc nghiém véi ki hiéu ‘x’ va mau chuin di biét ham lugng boron vai Ki hiéu ‘¢’ vai
cung diéu kién thuc nghiém nhu nhau va 1ap ti s trong tmg theo biéu thire (1), ham luong
boron trong mau ‘x’ s& duoc xac dinh tir biéu thtc rat gon nhu sau:

m, = m, @

c

Phuong phap twong ddi theo cong thire (2) ¢6 wu diém 1a don gian, dé dang thuc hién
va han ché duoc cac nguén sai s6 hé théng do thiét bi do nhu hiéu suét ghi, thong luong
notron, tiét dién phan ng, va su tu hép thy notron trong mau. Tuy nhién, han ché cua
phuong phap nay 1a cdn c6 mau chuan véi ham luong me tuong duong v6i my trong khi do
My la dai lugng chua biét can x4c dinh. Dé giai quyét su han ché nay, chung toi thuc hi¢n
cac phép do voi nhiéu cdp ham luong khac nhau, tir d6 xac dinh ham chuan twong quan
tuyén tinh gitta tc do dém dinh 478 keV (ki hiéu 1a CPS) va ham luong m trong mot dai
rong tir 2,0 pg dén 200 pg. Ham chuan tuyén tinh c6 dang:

CPS=Amx+B 3)
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Trong d6: A va B 1a cac hé sé khop binh phuong tdi thiéu, my 13 ham lwong boron
(ug). Ttr phuong trinh (3), dai lvong my s& xac dinh duogc theo biéu thirc sau:

My = CPS/A-B= Cx/(txA) -B (4)
Gi6i han xac dinh (Limit of Detection- LOD) duoc danh gia theo biéu thirc sau:
CPS
LOD = 3.29Tb )

Trong do: CPSp 1a tbc do dém phong tai vi tri dinh 478 keV, S 1a d0 nhay phéan tich =
CPS/ug 1a tc do dém dinh phd 478 keV trén 1 pg boron trong mau.
3. K&ét qua va thao ludn
3.1. Két qua phan tich dinh phé gamma tivc thoi 478 keV

Trong thuc nghiém nay, ki thuat khép ham duoc ap dung dé phan tich dinh pho 478
keV. Két qua phan tich ctia 18 mau chuan véi ham luong nguyén t6 boron phéan bé tir 2,0
dén 200 pg duoc mo ta trong Bang 1. Sai sé théng ké cua s6 dém dién tich dinh phd 478
keV trong thuc nghiém nay 1a < 0,5 %. D¢ léch chuan trung binh giita dinh phd thuc
nghi¢m va duong khép 1a 2,279 %. Do nhay phan tich boron dugc xac dinh theo biéu thirc
S = CPS/m¢ va do nhay trung binh cua thiét bj do PGNAA di v6i nguyén t6 boron tuong
ung nang luong gamma 478 keV 1a 0,117 cps/ug.

Bing 1. Két qua phdn tich dinh phé 478 keV véi cdc ham heong boron khdc nhau

Tén Hamlwgng Dién tich dinh  Saiséthong  Toc do dém da Po nhay
mau  boron (ug) phé 478 keV ké (%0) trir phdng (CPS) cps/ug
M1 2 231911 0,21 0,324 0,114
M2 3 361077 0,16 0,695 0,125
M3 5 212727 0,22 0,487 0,097
M4 7 350995 0,17 0,774 0,111
M5 10 237604 0,21 1,369 0,137
M6 15 103237 0,31 1,505 0,100
M7 20 42715 0,48 2,713 0,136
M8 30 39851 0,50 3,607 0,120
M9 40 206678 0,22 4,550 0,114
M10 50 69673 0,38 5,667 0,113
M11 60 198848 0,22 6,881 0,115
M12 70 235659 0,21 7,818 0,112
M13 80 201660 0,22 9,192 0,115
M14 100 127405 0,28 12,081 0,121
M15 125 57387 0,42 15,518 0,124
M16 150 325068 0,18 17,367 0,116
M17 175 56067 0,42 21,057 0,120
M18 200 159682 0,25 22,945 0,115
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3.2. Ham chudn tuyén tinh phan tich boron

Tir két qua thuc nghiém trinh bay trong Bang 1, ham chuan tuyén tinh vé su twong
quan gitta tbc d6 dém dinh phé gamma 478 keV va ham luong boron trong mau di duoc
x4c dinh nhu mo ta trong Hinh 4. Két qua nay c6 ¥ nghia cho viéc 4p dung vao quy trinh
phan tich xac dinh ham lwong boron trong mau thir nghiém bing phuwong phap vat |i hat
nhan PGNAA trong dai ham luong tir 2.0 pg dén 200 pg. Két qua ham khdp binh phuong
t6i thiéu v6i cac hé sb A = 0,11757 + 0,00094 va ham khép qua goc toa d6 véi B = 0 nhu
mo ta trong cong thirc (6) va Hinh 4 voi d6 1éch chuan 14 2,279 %.

m, = CPS, (6)
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Hinh 4. Ham chudn twong quan tuyén tinh giita ham lwong boron
va téc dp dém dinh gamma 478 keV
Sai s6 thue nghiém cua dai lugng my dugc xac dinh theo biéu thirc sau:

2 2
Gmx _ GCF’SX + ﬂ (7)
m, CPS, A

Trong dé: om 12 sai s6 cia dai lugng my, oeps 13 sai sb théng ké cua téc d6 dém dinh
478 keV, oa 1a sai s ctia tham s6 khop ham A = 0,11757 + 0,00094.
3.2. Ap dung phan tich boron trong mét sé mau chuin quéc té

Két qua ap dung cong thic (6) vao thyuc té phan tich dinh lwong boron trong mot sd
mau chuin duoc trinh bay trong Bang 2. Cac mau chuin c6 chira ham luong boron duoc
chon 13 NIST-SRM-1570a (mAu chuan déat), NIST-SRM-2709a (miu chuan thuc vat) va
Boron standard solution (Sigma-Aldrich). Céc két qua do thuc nghiém cho thiy c6 do phu
hop tdt so véi sb lidu ching nhan véi sy sai khac trong gidi han sai sb thuc nghi¢m vé do
1éch chuan cta cong thirc (7) va sai s6 thong ké.
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Bing 2. Két qua phan tich ham lwong boron so sanh véi sé liéu chiing nhdn

Ten mau loai Kh6~i lwong CPS Boron  Saisé Sb liéu chuan
mau mau (g) (478keV)  (ppm) (%) (ppm)

NIST SRM dia chat 2,0016 8,283 35,20 2,89 37,7+12
1570a
NIST SRM thuc vat 4,0906 37,773 78,54 2,69 74
2709a
Boron
standard
solution nudc 2,0 ml 2,512 10,68 3,54 10+ 0,2%
(Sigma-
Aldrich)

4. Kétluan

Cac thuc nghiém va xu Ii s liéu da dugc thuc hién voi hé phd ké PGNAA tai 10
phan &ng hat nhan Pa Lat nham tién dén ung dung hé phd ké nay trong phan tich dinh
lwong nguyén té boron trong nhiéu d6i twong mau khac nhau. Trong nghién ciu nay,
phuong phap thuc nghiém xi |i dinh phd c6 hiéu ung Doppler 478 keV tir phan tng
10B(n,ay)’Li va ki thuat phan tich dinh lwong bang ham chuén twong quan tuyén tinh gitra
ham luwong boron va téc 46 dém dinh gamma 478 keV da dugc thiét 1ap. Do nhay trung
binh phan tich boron sir dung dinh phé gamma 478 keV 1a S = 0,11757 cps/ug. Céc két
qua nay da dugc ap dung thu nghiém va danh gia kha nang phan tich dinh luong boron
trong cac mau chuin NIST-SRM-1570a (thuoc d6i mau dia chat), NIST-SRM-2709a
(thudc d6i twong mau thuc vat) va Boron standard solution-Sigma Aldrich (thudc dbi
tuong mau nudc). Két qua phan tich ham lwong boron trong c&c mau chudn nay véi sai s6
thuc nghiém < 5 % va c6 su phd hop tét khi so sanh véi sb liéu ching nhan ghi trong
Standard Certificate. Gigi han xac dinh (LOD) da dugc danh gia thong qua cong thuc (5)
dbi v6i 3 dbi twong mau néu trén. Pai lwong ndy phu thudc vao thoi gian do, khéi luong
mau va thanh phan nguyén t da lwong trong mau, tuy nhién véi thoi gian do trung binh 1a
t = 8 gio va khéi luong mau 2 + 4 gram thi LOD trung binh déi véi 3 loai mau néu trén 1a
1,5 ppm. Trong nghién ciu tiép theo ching tdi s& tiép tuc danh gia kha ning ap dung va
gidi han x4c dinh ddi véi cac d6i twong mau moéi treong, sinh hoc va nuéc bién.

% Tuyén bé vé quyén lgi: Cac tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.
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ABSTRACT

The prompt gamma neutron activation analysis (PGNAA) spectrometer at the thermal
neutron beam No.2 of the Dalat research reactor has been utilized as a supplement to instrumental
neutron activation analysis (INAA) method for elemental concentration analysis in various kinds of
samples. In this experimental study, we have developed a linear correlation standard function
between the count rate of the 478 keV gamma peak and the boron content in the measured sample
for analysing the boron concentration in various kinds of environmental, biological, and geological
samples. The overall standard deviation of this function is less than 2,3 %. The results of the
experimental analysis of the boron content in the standard samples of liquid, geology, and plants
indicated a good confirmation with the certified data. The experimental parameter for boron
analytical sensitivity is S = 0,11757 cps/ug.

Keywords: boron; concentration analysis; sensitivity; limit of determination
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