-
O
<
pa

TIEUCHUAN QUOC GIA

TCVN 10758-4:2016
ISO 18589-4:2009

Xuat ban lan 1

DO HOAT PO PHONG XA TRONG MOI TRWONG - DAT -
PHAN 4: DO CAC PONG VI PLUTONI (PLUTON 238 VA
PLUTONI 239+240) BANG PHO ALPHA

Measurement of radioactivity in the environment - Soil - Part 4: Measurement of plutonium
isotopes (plutonium 238 and plutonium 239 + 240) by alpha spectrometry

HA NOI - 2016



TCVN 10758-4:2016

L&i néi diu

TCVN 10758-4:2016 (ISO 18589-4:2009) hoan toan twong duwong véi ISO
18589-4:2009.

TCVN 10758-4:2016 (ISO 18589-4:2009) do Tiéu ban k§ thuat tiéu chuan quéc
gia TCVN/TC85/SC2 Béo vé birc xa bién soan, Téng cuc Tiéu chuan Do lwdng
Chét lwong dé nghi, Bo Khoa hoc va Cong nghé céng bé.

B TCVN 10758 (ISO 18589) Do hoat dé phong xa trong méi tromg — DAt
gdm 6 cac tiéu chudn sau:

- TCVN 10758-1:2016 (ISO 18588-1:2005), Phan 1: Hwéng dan chung
va djnh nghia;

- TCVN 10758-2:2016 (ISO 18589-2:2015), Phén 2. Hwiéng dan lira
chon chién luwoc 18y méu, Iy mau va xi» Iy so b méu,

- TCVN 10758-3:2016 (ISO 18589-3:2015), Phan 3: Phiuromg phép thir
céc nhén phéng xa phéat gamma béng do phb gamma;

- TCVN 10758-4:2016 (1SO 18589-4:20@), Phén 4: Do céc dbng vj
plutoni (plutoni 238 va plutoni 239+240) bang phé alpha;

- TCVN 10758-5:2016 (ISO 18589-5:2009), Phéan 5: Do stronti 90;

- TCVN 10758-6:2016 (ISO 18589-6:2009), Phén 6: Do tdng hoat dé
alpha va tong hoat dj beta;

BS ISO 18589 ¢dn c6 tidu chudn:

- IS0 18589-7:2013 Measurement of radioacfivity in the environment —
Soil — Part 7: in situ measurement of gamma-emitting radionuclides.
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Léi giti thiéu
B& tidu chudn TCVN 10758 duwgrc bién soan theo phwong phap chip nhan hoan toan trong dwong voi

b6 tiéu chuén 1SO 18589 & c&p dén cac ndi dung lién quan dén do hoat 46 phong xa trong mdi truedng
dat.

Cac tigu chudn tir phan 1 dén phin 6 duwgc sir dung cho ngwdi chju trach nhiém vé& xéc dinh hoat 46
phéng xa cé trong dat. Phan 1 va phén 2 Ia cac tidu chudn v& y&u cu chung. Phdn 3 dén phan 5 aé
cap dén cac phép do nhan phéng xa cy thd va phan 6 d& cap dén phép do théng thuwrdmg hoat 6
phéng xa alpha va beta.
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Do hoat d6 phéng xa trong méi trwérng - Dat -
Phan 4: Do cac dong vi plutoni (plutoni 238 va plutoni 239 + 240)
bang phé alpha

Measurement of radioactivity in the environment — Soil -
Part 4: Measurement of plutonium isotopes (plutonium 238 and plutonium 239+240) by alpha
spectrometry

1 Pham vi ap dung

Tiéu chudn ndy mé ta phirong phép do ddng vi plutoni 238 va 239 + 240 trong d4t bang miu phd alpha
str dyng k¥ thuat tach hda hoc. Phuong phap ndy ¢ thé sir dung trong nghién clru hodic quan tric mai
trrdng. Ky thuat ndy ciing ¢6 thé dugc ding d& do mirc hoat dd rét thdp, dd Ién nhd hon méc nhén
phéng xa t nhién phat alpha mdt hodic hai bac.

Khdi legng cAn thiét clia phdn miu thir tity thudce vao hoat 8 dy doan ciia miu va gidi han phat hién.
Trong thyc té, khéi lugng méu thir trong khoang tir 0,1 g 3én 100 g.

2 Tai liéu vién dan

Céc tai ligu vién din sau rét cin thiét cho viéc 4p dung tiéu chudn nay. D6i voi cac tai lidu vién dn
ghi ndm cdng bé thi 4p dung phién ban duwgc néu. Bdi v&i cac tai ligu vién din khéng ghi ndm cdng
bé thi 4p dyng phién ban m&i nhit, bao gdm ca cac stra ddi, bd sung (néu cb).

TCVN 6398-9 (ISO 31-9)", Dai luong va don vi — Phén 9: VAt Iy nguyén i va vét Iy hat nhan;
TCVN 6495 (ISO 11074), Chét long dét - Tir vimg;

TCVN 10758-1 (ISO 18589-1), Po hoat d6 phéng xa trong mdi tridmg — DAt — Phén 1: Huwdmg dén
chung va djnh nghta;

TCVN 10758-2 (ISO 18589-2), Do hoat df phéng xa trong méi trrdmg — Dét = Phén 2: Huong dén lira
chon chién I 1y méu, 1y méu va xt Iy so bd méu.

» TCVN 6398-9 (ISO 31-9) dugre thay bdng TCVN 7870-10 (ISO 80000-10)
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TCVN ISO/IEC 17025 Yéu cau chung déi véi ndng e clia phong thir nghiém vé hiéu chuén;

3 Thuét ngi¥, dinh nghia va’ky higu

Trong tiéu chuédn nay, 4p dung céc thuat ngl, dinh nghia va ky hiéu trong TCVN 10758-1
(ISO 18589-1), TCVN 6495 (ISO 11074) va TCVN 6398-9 (ISO 31-9) va cac ky hiéu sau:

m Khéi ligng ctia phdn méu thir, tinh bing kilogam

a Hoat @& trén don vj khéi lugng, tinh bing becquerel trén kilogam

A Hoat 6 clia ddng vi danh d4u tai thei diém do, tinh bing becquerel

t, Théi gian dém mau, tinh bang gidy

t Théi gian d&m phong nén, tinh bang gidy

rofa  Toc 66 dém tdng cdng trén gidy clia mau tir plutoni va ddng vj danh déu drgc do trong
(rng

R Suét do téng

u(a) D& khéng d3m bédo chuin clia két qua phép do, tinh bng becquerel trén kilogam

U D% khong dam bao mé réng dwgc tinh bang U = kulc,) v6i k =1,2,... , tinh bng

becquerel trén kilogam
Ngw&ng quyét dinh, tinh bing becquere! trén kilogam
a Ngu&ng phat hign, tinh bang becquerel trén kilogam

L] ]

a®.a> Gi6i han dwéi va trén clia khoding tin cy, tinh biing becquerel trén kilogam

4 Nguyénly

Plutoni dwgc iing dong nhur mdt ngudn mdng dbi véi phép do phd alpha str dung budng ké & hosc thiét
bj kidu detector ban dan. Ngudn thurerng dwoc chuén bj bang ldng dién phan hodc cling két tia sau khi
tach héa hoc va 1am tinh khiét ddng vi plutoni c6 trong phan méu thee & BLW_{ 4ng dong trc tiép 1én
khay nhur phun dién tlr cling ¢6 thé dwee ding.

Quy trinh tach héa hoc riéng va Iam tinh khiét dugc yéu cAu dé tranh nhidu tir ngudn phat a ty nhién
ho3c nhan tao va cac nhan phéng xa bén virng trong mau, v&i khdi egng ma thwdng Ién hon khéi
lwgng cac ddng vi plutoni trong phép do ching.

Quy trinh nay cho phép loai bd cac ngudn can tré chinh, ké ca

- Ham lwong mudi clia dung dich ngam chiét d3c bigt cac nguyén té thiy phan, d& chudn bi ngudn
l&dng dong moéng nhét.

- Céc nhan phéng xa phét a, nhw 2'Am va ang vi thori, sir phat xa clia ching c6 thé 1am nhiéu véi
sy phéat xa clia 8dng vj plutoni.

Suét do téng dbi véi tirng phén tich (hidu suét tach héa hoc, I&ng dong I6p mdng va do) duoc xac dinh
bang cach thém dung dich chudn 2 Py hosic %%Pu dwoc xem nhie 1a chét d4nh déu. Két qua 13, quy
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trinh can phai bao gdm mét chu ky héa tri, didu chinh chit danh ddu va ddng vj plutoni dugc do dén
trang thai oxy héa nhw nhau, d& dat dugc bidu hién héa hoc trong ty voi tht ca.

5 Thubc thir va thiét bi

Thudc thir va thiét bj dwgc md ta trong Phu luc A ddi véi gidi hdp plutoni, Phy lyc B, Phy lyc C va
Phuy lyc D cho xir ly héa hoc va Phy luc E va Phy luc F cho céch chudn bj ngudn l&ng dong.

T4t ca hda chét thubc thir duge ding trong quy trinh nay phai dat cAp phén tich.

6 Quy trinh
6.1 Giai hip plutoni

Cén giai hap plutoni khdi phdn m&u thlr vao trong dung dich. Khi plutoni dwgc hép thy Ién cac hat dét
tir dung dich nuéc hodic trén cac hat Kang dong truc tiép 18n dat, nd sé gidi hdp bing c4ch xi¥ Iy axit
tryc tiép. Plutoni Guge dong vat va thire vat chuyén hda tao thanh phlrc hiru co c6 thé tim théy trong
méu dét. Cc phirc ndy dugc gidi phéng bang cach pha hly céc chét hiru co ¢b trong dét béing cach
nung mau thi tir 500 °C dén 600 °C. Trong mdt sé trrdrng hop, khi nung, plutoni cé thé tao thanh hop
chét chiju I(ra, do vay cdn phai x¥ Iy bang axit flohydric hodc nung chay dé lam tan chay ching .

Hai phwong phép giai hap plutoni dwge md ta trong Phy luc A.
Pé dinh lrgng lugng higu sudt thu hdi, chét danh diu dwgce bd sung vao luc bat ddu & bude nay cla

quy trinh; thei gian duge phép, thudng téi mét ngay, dé thu duoc s can bng truéc khi bat dau gidi
hép plutoni.

6.2 Tach héa hoc
Thiréng st¥ dung ba ky thuét dé tach héa chét plutoni: chiét Idng-Idng, chiét trén nhypa trao ddi ion hodc

nhya chiét sdc ky dic trung. Cac ky thust nay duge trinh bay trong c4c Phy lyc tir Phy lyc B dén
Phy luc D: dung méi hru co ', tach bing nhiga anion hozic nhira chiét sc ky ™ ©.

6.3 Chuén bj nguén do

Ngudn dugc chudn bj bdng cach ldng dong, hodc ldng dién phén trén khay (dTa thép khdng gi), hodc
bing cach cing két tla.

6.3.1 Phwong phap ling dién phan

Léng dién phan dugec tién hanh sau khi tach héa hoc plutoni ra khdi c4c nguyén té gay nhiéu. Viéc nay
cho phép lng dién phan cic nhan phéng xa trong I&p sidu mdng 1én trén khay ' Quy trinh m ta
trong Phy Iyc E &p dyng cho cd ba phuong phép tadch héa hge duge md ta trong Phuy lyc B, Phu lyc C
va Phu luc D.

CHU THICH: Léng dién phan khong phai la phuirong phap Iya chon bai vi cac cation kim logi thudng tae thanh
hydroxit khang tan cé thé dwge ldng dong tai cung théi diém nhw plutoni,
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6.3.2 Phwong phéap cling két tia

Phrong phép clung két tla, s dung hop chét florua, ¢é thd dwgc tién hanh sau khi tach héa hoc
plutoni ra khéi cac nguyén té gay nhidu khéc. Phuong phap nay cho phép két tia cac nhan phéng xa
dwdi dang mdt I&p mdng Ién trén cai loc. Quy trinh dwoc md ta trong Phu luc F ¢6 thé 4p dung cho ca
ba phuong phép tach héa hoc dwgc néu trong cac Phy lyc tir Phy luc B dén Phy lyc D.

6.4 Xac djnh phong nén

Do nén str dung miu tréng dwgc chudn bj cho phwong phap da chon, bat dau véi phdn miu ther sach
(hodc trye tidp nwdrc cét).

6.5 DPo

Hoat a9 plutoni trén don vi khéi lvgng duoc tinh bang cach d&m ngudn mau véi mét theri gian phit hep.
Céc didu kién thiét bj gibng nhau déi v&i phép do miu, nén va ngudn hiéu chuén.

Thoi gian d@&m thy thudc vao vao mau va téc dd @ém nén cling nhw gi¢i han phat hién va ngwdng
quyét dinh dugc yéu ciu.

Phd can phai dwgc kiém tra d& xac nhén sy phan tach pic chinh xac va khéng ¢6 pic can tré.

7 Biéu thi két qua
7.1 Tinh hoat d trén don vj khéi lwgng

Hoat d§ plutoni dugc tinh bing cach tich hop sé dém twong (rng vé&i pic clia chét danh diu nuclit
phéng xa, 2*Pu va/hosic ?****°Pu, clia phd phat alpha ciia miu, thu dwgc tir phd alpha. Két qua cla
cac tich hop nay, chia cho thdi gian dém, dwoc téc dd dém tbng, ry va r, @i véi chat danh ddu va
dbng vi plutoni, teong (ng.

rqt VA 1, durge hidu chinh d6i véi ddng gép nén, va, néu cin, ddi v&i dong gép clia dudi pic nang Irgng
cao hon, thy thudc vao dic tinh cla detector.

Téc G aém phdng nén duwoc tinh tir phd phét alpha clia méu tréng biing cAch tich phan sé aém trong
viing quan tam (ROI); viing ma pic xuét hién trong phd do dwgc clia mAu. Két qua clia phép tich phan
nay, chia cho thai gian dém dugc tc G5 dém nén, ry va r, d6i voi chét danh déu va adng vi plutoni,
twrong (rng.

CHU THICH Mau tréng thu dwgre va dugce do bang cach ap dung quy trinh dwge diing trong phén tich nhung
khéng c6 méu a4t va cb hodc khéng diing chét danh déu.

Hoat a8 trén don v khéi Ivgng, a clia ddng vi plutoni dwgc tinh theo Cong thire (1):

a=(rg—r;,)f(m-R)=(r‘—ro)‘w (1)

Trong do w=L
m-R
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Suét do tng, R dugc xac dinh ti» hoat dd A cla chét danh déu dugc thém vao va tbe do dém thye
twong (Png voi pic dwrgc tinh theo Céng thirc (2):

R= (ry =Ty )"A (2

Hiéu suét phat hién cho phép tinh hoat 36 hoa hoc. Gia tri nay rat quan trong trong kidm soat chét
lwgng.

7.2 D khéng dam bio chuin
Theo TCVN 9595-3 (ISO/IEC Guide 98-3)", @ khéng dam bao chudn a dwec tinh theo Céng thire (3)
u(a) — sz -luz(rx )+ u’ (ro)J+ a’ -uf,, (w) = sz . (rg !r, +r frn]+ at -ui,(w) (3)

Trong d6 dd khdng dam bao clia thoi gian dém cé thé bd qua.

D4 khéng dam bdo chuén twong ddi w dwoc tinh theo Cdng thire (4):
2 —zal 2
U gy (W) = 1y (R) + 1 (m) 4)
D0 khdng @am bao chudn twong déi R dugc tinh theo Céng thire (5)
wl (R =, ry =7, )+t () =y 12, #7010l =1 +620(4) )

u,e,(A ) bao gdm tit ca dd khdng ddm bdo do ¢b lign quan dén hoat @b chét danh déu, nghia la do

khéng dam bdo cla dung djch chuln, chuén bj dung dich danh d4u va viéc thém dung dich danh déu
vao mau.

DA tinh gi&i han phat hién, cin tinh d khéng dam bao chudn a ca ky hidu #(2, )(xem ISO 11929"%) Ia
ham s clia gia trj thc cla né, theo Cdng thirc (6):

E(‘&):Jw’ -kﬁ!w+r0),’tx+ror'to]+&" kW) (6)

7.3 Ngwing quyét dinh

Ngudng quyét dinh, a* thu dwgce tir Céng thire (8) véi @ =0 (Xem ISO 11929) va dugc tinh theo Cdng
thire (7):

a*=k_,-u(0)=k_,-w-\fr,/t, +r i1, %)
a = 0,05 véi kio = 1,65 thudng duge chon méc dinh.
7.4 Gi&i han phat hign

Gidi han phat hiégn a* dwgec tinh theo Cong thirc (8) (xem ISO 11929):

a" = +hy E@)=a" +hy W@ Iwrr) 111, |+ a™ - ugy(w) (®)
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B = 0,05 v&i k5= 1,65 thwdng dwgc chon méc dinh.

Gi&i han phét hién ¢6 thé dugc tinh bing cach gidi Cong thire (8) dbi véi a* ho3c, don gidn hon, bing
cach Iap lai véi phép tinh x4p xi a* =2 -a*

Khi [y o = B, kio= ki = k va gidii Cong thirc (8) dirgc Cong thirc (9):

" _ 2-a" +(k*-w)/t,

R T

©)

7.5 Gi&l han tin cay

Gi&i han dwedi, a®, va gidi han trén, o, dwgc tinh sir dung C8ng thirc (10) va (11) (xem ISO 11929):

a*=a-k,-u(a); p=w-(1-y/2) (10)
a” =a-k,-u@); qg=1-w-y/2 ' (11)
Trong d6

© = @y/u()], véi ® 12 ham phan bé chudn
Dat o = 1 ndu a > 4 u(a). Trong tredng hep nay:

a™ = atk,_,, u(a) (12)
¥ = 0,05 v&i ki = 1,96 thudng dwege chon mac dinh.

8 Bao cao thir nghig¢m

Béo céo thir nghiém phai phit hgp véi cac yéu céu trong TCVN ISO/IEC 17025 va phai bao gdm céac
théng tin sau:

a) Vién dén tiéu chuén nay;

b) Nhén dang G4y au mu

c) Don v tinh ma két qua bidu thi;

d) K&t qua thir nghiém, 2 +u(a) hodic a U, v&i gié trj k lién dbi.

Théng tin bd sung o6 thé dwgc cung cép nhu sau:

- Xéac sudt, o, 8 va (1-y);

- Nguwong quyét dinh va gi¢i han phat hién;

= Tly thuge vao y8u clu clia khach hang, c6 nhitng cach khac nhau d& thé hign két qua:

- Néu hoat db trén don vi khéi Irgng, @, dugc so sanh véi ngudng quyét dinh (xem ISO 11929)
thi két qua clia phép do cAn phai thé hién [a < a* néu két qua thép hon ngudng quyét dinh;

10
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do can phai thé hién < a* néu két qua thAp hon gidi han phat hién. Néu giéi han phat hién virot
quéd gid tri huedmg dan, thi phai 1&p thanh tai liéu 1a phirong phéap do khéng phu hgp véi muc
dich cia phép do.

— Moi thdng tin c6 lién quan co thé anh hudng dén két qua.

11
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Phyluc A
(Tham khao)

Giai hip plutoni

A.1 Nguyén ly
Chét danh déu phéng xa, 2°Pu hoic 22Pu duwgc theém vao trong pha xir Iy ban dau nay.

Phén miu thir droc tro hoa tir 550 °C dén 600 °C va trong tredmg hop ndy quéa trinh chiét plutoni
khéng thé thire hién néu khdng ¢ pha mAu bang nhidu axit (xem A.4.1).

Néu phén miu thir d4t khong chira chét hiru co, plutoni tir ca¢ hat néng hoéc plutoni chdy & nhiét G
cao, thi m&u khdng nén tro héa ma plutoni nén duqc chiét bdng cach pha méu dung axit nitric (xem
A.4.2).

A.2 Thubc thir

A.2.1 Dung dich danh d4u **Pu hodc 2**Pu @3 duoc chirng nhan.

A.2.2 Axit clohydric, ddm dic, c(HCI) = 12,0 mollL, p = 1,19 g/mL, phan khéi lrgng w(HCI) = 37 %.
A.2.3 Axit nitric, d&m diic, c(HNO3) = 14,4 moliL, o = 1,40 g/mL, phan khéi leong w(HNO;) = 65 %.
A.2.4 Axit nitric, loang, c(HNQO;) = 8 mol/l.

A.2.5 Hydro peroxit, w(H,0;) = 30 %.

A.2.6 Natri nitrit (NaNO,).

A.2.7 Axit flohydric, dam ddc, c(HF) = 22,6 mollL, o = 1,13 g/mL, phan khéi lwgng w(HF) = 48 % dén
51 %.

A28 Axitoxalic.

A.2.9 Axitnitric, lodng, c(HNO3) = 4 mol/L.
A.2.10 Canxi nitrat.

A.211 Amoni hydroxit (NH,OH)

A.212 Dung djch sét clorua (FeCly)

A.213 Natri hydroxyt (NaOH)

A.2.14 Axit clohydric, lodng, ¢(HCl) = 9,0 mol/L.

A3 Thiét bi, dung cu
A.3.1 Thiét b| phéng the nghiém tiéu chudn
12
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A.3.2 Can phan tich, chinh xac dén 0,1 mg.

A3.3 Bép dién

A.3.4 May ly tam va éng ly tdm

A3.5 Lo nung.

A3.6 Chén nung

A.3.7 Cée md, Teflon?

A4 Quy trinh

A.4.1 Pha miu bang nhidu axit

Quy trinh ndy, dya trén mét chu ky ngam chiét axit va sdy khd bay hoi, bao gdm cac bwéc sau

a)

b)

c)

d)
e)
f)
9)
h)
i)

)

k)

)

Can khodng 0,1 g dén 15 g miu thir 88 dugc chuln bj theo TCVN 10758-2 (ISO 18589-2). Khéi
lvgng ctia phan mau thir thy thudc vao hoat dd dy doan cla mAu va gidi han phat hién yéu ciu.

Tro héa phan miu thir tir 550 °C dén 600 °C trong it nhit 5 h; @& ngudi trong chén nung (A.3.6)

Chuyén mu vao céc thly tinh va thém chinh xac 10 mL HNO; lodng (A.2.4) trén gam méu va
khudy.

Dei mdt ngay.

Thém dung dich danh d4u Z°Pu hodc 2?Pu (A.2.1) va va lam déng nhét bing cach khudy.
Thém tir tir 150 mL HNO; dam dac (A.2.3) va 50 mL HCI dam diic (A.2.2).

Pun trong 1 h, vira dun vira khéy.

Lam ngudi dén nghiét o phong.

Gan phan chét 16ng vao céc khac va gitr lai.

L3p lai buére e) dén h) két hop phan dung dich 1éng v6i dung dich bdo quan va 1am bay hoi dén khd
kiét.

Chuyén @4t codn lai vao binh Teflon (A.3.7) cd s&n 30 mL HNO; dam dédc (A.2.3), thém 15 mL HF
(A.2.7) va lam bay hoi dén khb kiét.

Thém 30 mL HNO; dam G3ic (A.2.3) va 30 mL HF (A.2.7). Lam bay hoi dén kh kiét.

m) Thém 5 mL HNO; dam d3c (A.2.3) va 1 mL H20; {A.2.5). Lam bay hoi dén khd kiét.

n)

o)

Thém 20 mL HNO; d&m d&c (A.2.3) trong 5 mL téng sd, sy khd tirng phan thr.

Chuyén chét rén cdn lal vao éng ly tam (A.3.4) str dung HNO; (A.2.4). Ly tam va lac déu dung djch
nay v&i chét long gl lai & buwée h).

2 Teflon™ 13 vi dy vé& san pham cb ban sn trén thi tnedng. Théng tin ndy dura ra chi tao thudn lgi cho ngwdi sir
dung tiéu chudin va khdng phai [ x4c nhan cla tidu chun vé san phim nay.

13
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p) L&p lai bwée n) hai l4n véi 50 mL HNOs (A.2.4).
q) Lam bay hoi hén hop dung dich dén gén kho kiét va hda tan trong 50 mL HNO; (A.2.4).
Phan thir da s3n sang d4 tién hanh tach héa phéng xa.

CHU THICH: C6 thé sir dung phan thir I6n hon, nhung cin phai ¢6 budc cubi ciing két tia plutoni d tranh
nhi¥ng can tré v&i nguyén té bédn vieng ma cn phai loai bd trée khi tach héa phéng xa. Viée két tha nay gdm
thém FeCl; vao dung dich sau khi phd m&u va két tia st khi thém amoni dén pH 10. Phin ndi phia trén dwoc
gan va phén tich tiép tuc voi két tha sét cé chira plutoni va céc actipit khac.

Qué trinh dung dich héa ciing c6 thé dwroc thire hién bing cach pha miu dung 10 vi séng. Cac didu
kién van hanh @bi véi tirng hé théng cin phai drgce didu chinh véi timg loai thiét bj va d3c tinh cia
méu dét dugc pha.

A.4.2 Pha miu bang axit nitric

Quy trinh nay dwgc dira trén mét chu ky ngérh chiét axit va lam bay hoi.

a) Cén khoang 0,1 g dén 15 g miu thir da dwgc chuin bj theo TCVN 10758-2 (1SO 18589-2). Khéi
Iwgng cla phdn miu thir tiy thude vao hoat dd dy doan clia m&u va gi¢i han phat hién yéu ciu.

b) Thém chinh xac 10 mL HNO; (A.2.4) trén gam méau.
¢) Thém dung dich danh dau **Pu hodic *?Pu (A.2.1) va va Iam d8ng nhit biing cach khéy.
d) Pha méu trén bép dién (A.3.3) trong it nhit 8 h va lign tyc thém H.0; (A.2.5). D& ngudi.

e) Chuyén chat rdn cdn lai vao éng ly tAm (A.3.4) va tach chét rén ra khdi pha 16ng. Phan ndi phia trén
dwge bédo quan,

CHU THICH 1 Thay cho ly tam phéin thir, c6 th& loc bling cach dung c4i loc lam bng sgi thdy tinh.

f) Trang cbc bdng HNO; (A.2.4), gdp vao bng giéng nhau (A.3.4), khudy va ly tam. Thém phan ndi vao
chét 16ng git lai & bwdc e). L3p lai quy trinh cho d&n khi phan ndi trong.

g) Lam bay hoi phin ndi d&n khd kiét.

h) Thém 50 mL HNO; (A.2.4).

i) Thém 0,6 g NaNO; (A.2.6), dun néng d2 loai bd khéi nito va d& ngudi.
Phén thir 42 s3n sang dé tién hanh tach héa phong xa.

CHU THICH: C6 thé sir dyng phan thiz I6n hom, nhirng cin phai c6 buée cubi ciing két tia plutoni @8 tranh
nhng can tr& véi nguyén t5 bén virng ma can phai loai bd treérc khi tach héa phéng xa. Viée két tia nay gbm
thém FeCl; vao dung dich sau khi pha mu va két tia sit khi thém amoni dén pH 10. Phan ndi phia trén duoc
gan va tiép tuc phan tich véi két tia sét c6 chira plutoni va cac actinit khac.

Qua trinh dung dich héa cling ¢ thé dugc thyc hién bing cach pha mAu ding 16 vi séng. Cac didu

kign van hanh @6i vé&i tisng hé théng can phai duge didu chinh véi timg loai thiét bj va dac tinh ciia
méu d4t dwgc pha.
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A.4.3 Két tha plutoni va americi

Ngoai plutoni khi americi dwec do trong cling phan thir khéi lwong I6n, quy trinh két tia rieng cAn phai
tién hanh nhw sau:

a)

b)

c)

Khi vigc ngam chiét da hoan tét, thém 50 g axit oxalic (A.2.8) va 200 mg Ca dang nitrat (A.2.10).

Két tlia bang NH,OH (A.2.11) dén pH bing 2,5. Buéc ndy cho phép cing két tia Pu béng canxi
oxalat va tach sit va cac cation khéc vi qua trinh két tia & pH rét thap.

Hé théng dugc duy tri & 90 °C trong khi khudy trong 6 h va sau d6 @& cac tinh thd phat trién qua
dém.

Phén dich ndi phia trén dwgc chuyén sang céc va két tia dugce bdo quan.

Thém 200 mg Ca (A.2.10) vao phan ndi va I3p lai bwéc trede 6.

Két tlia cudi cting dwrgc hoa tan bing HNO; (A.2.4) va sau d6 dugc chuyén vao binh 250 mL.
Lam bay hoi trén bép dién (A.3.3) dén khd kiét va loai bd hoan toan oxalat.

Khi oxalat Gwgc loai bd, hoan tan trong HNO; (A.2.9) va thém 50 mg Fe trong dung dich FeCl,
(A.2.12). Sau d6 két tia béing NaOH (A.2.13) dén pH bing 12.

Loc va loai bd phan ndi phia trén.
Hoa tan két tia bing HCI (A.2.14)
Lam bay hoi dén kho kiét.

Thém 50 mL HNO; (A.2.4).

Thém 0,6 g NaNO, (A.2.8), dun néng dé loai khéi nitor va dé dung dich ngudi.

Phan méu thir @4 s3n sang dé tién hanh phén tach héa phéng xa.
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Phuluc B

(Tham kh&o)

Phan tach héa hoc plutoni diing dung méi hiru cor

B.1 Nguyénly

Déng vi plutoni Grge chiét ra khdi dung dich méu, trong msi trerdng nitric (1 mol/L dén 10 moliL) sir
dung chét trao adi cation hiru cor (HDEHP) sau khi didu chinh dén héa tri IV. Lam tinh khiét pha hieu co
dugc hoan tAt bang c&ch rira dung dich trong HCI 6 mol/l. Cubi ciing, plutoni dwgc chiét 1an nira trong
mai tredrng nudc st dung hdn hop HCl va K1 6 molll.

B.2 Thudc thir
B.2.1 Dung djch HDEHP [di (2 etyexyl) hydro phosphat]. 145 mL HDEHP trong 855 mL heptan.

Bam bao ring thuéc thir dwgec tinh khiét bing cach rira véi cling thé tich nwéc sao cho pH sau thao
tac nay phai lén hon 3.

B.2.2 Heptan (C;Hq)

B.2.3 Axit clohydric, loZng, c(HCI) = 6 mol/L.
B.2.4 Kali iodua {KI), tinh thé.

B.2.5 Axit nitric, loang, c(HNO) = 4 mol/L.

B.2.6 Natrl nitrit (NaNO;), tinh thé.

B.3 Thiét bj, dung cy

B.3.1 Thiét bj phong thir nghiém tiéu chun
B.3.2 Cén, chinh xac dén 0,1 mg

B.3.3 May c6 quay hoic bép dién

B.3.4 Phéu tach, phii hop véi thé tich duwoc xi ly.
B.3.5 May khudy, ty dong dung cho ph&u tach
B.4 Quy trinh

Quy trinh nay dwge tién hanh sau khi pha m3u dugc md ta trong Phy lyc A bao gdm 3 budc chinh:
chiét, nira pha hiru co' va chiét lai ddng vi plutoni.
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B.4.1 Chiét plutoni
Qui trinh ndy bao gdm cac buwéc sau:

a) L4y phan nho hodic tit ca dung dich cin phan tich cin dwgc 1am sach [néu khdng, pha loang véi
HNO; (B.2.5)].

b) Diéu chinh plutoni dén trang thai oxy héa IV bdng cach thém vai miligam NaNO, (B.2.6).
¢) D& phan (g trong 10 min.

d) Chuyén dung dich ndy vao phéu tach va @& can béng béng cach khudy nhe trong 15 min véi cling
thé tich HDEHP pha lodng dén 15 % béng heptan (B.2.2).

B.4.2 Rira pha hiru co

Quy trinh nay bao gdm céc buéc sau:

a) Khida léng, loai bé pha nwdc.

b) Ria pha hiru co béing ciing thé tich HCI (B.2.3) trong 5 min.

c) D& l4ng va bd pha nwéc. Lip lai thao tac nay cho dén khi dung dich bién mau hoan toan (62 loai
bé st).

B.4.3 Chiét lal plutoni trong pha nwéc
Quy trinh ndy bao gbm ¢ac buéc sau:

a) Thém 25 mL HCI (B.2.3) va 500 mg KI (B.2.4) vao pha hitu co va chiét lai plutoni trong pha nuérc
bing cach khudy nhe trong 15 min.

b) D& cho dung dijch l&ng.

c) Chuyén pha nwéc vao phéu tach thi hai (B.3.4).

d) R(ra trong 5 min biing ciing thé tich heptan (B.2.2) & loai bd cac vét HDEHP.
e) Thu ly pha nuéc vao binh dung tich 100 mL.
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Phulyc C

(Tham khao)

Tach héa hoc plutoni trén hat nhwa anion

C.1 Nguyénly

PAng vi plutoni duge tach ra khdi cac nuclit phong xa khéc va tach ra khdi nén méu dét trong mot phire
anion stz dung nhyra thé ion trong mat cét véi mdi tredng axit clohydric hodic nitric.
C.2 Thudc ther

C.21 Axit clohydric, dam dac, w(HCI) = 37 %

C.2.2 Axit nitric, dam ac, w(HNO;) = 65 %.

C.2.3 Amoni, d&m d3c, w{NH,OH) =25 %

C.2.4 Natri nitrit (NaNO,)

C.2.5 Nhya anion, 1X8, 100/200 mesh

C.2.6 Axit nitric, logng, ¢(HNQ;) = 8 mol/L _

C.2.7 Axit clohydric, lodng, ¢(HCI) = 8 moliL.

C.2.8 Amoni clorua c(NH,OH)Cl = 0,2 mol/L trong axit clohydric, ¢(HCI) = 2 mol/L

C.3 Thiét bi, dung cu
C.3.1 Thiét bj phong thir nghiém tiéu chuén
C.3.2 Bép dign

C.3.3 Cét, thay tinh, 30 mL

C.4 Quy trinh

Quy trinh ndy dugc thyc hién, sau khi pha miu nhue mé ta trong Phu lyc A, va bao gdm hai burdc
chinh: tach héa hoc va rira giai.

C.4.1 Téch plutoni
a) Nhdi nhya vao cot (C.2.5)
b) Chuén bj dung dich nitric (C.2.6)

¢) Chuyén nhua thanh dang nitrat biing cach cho qua 150 mL HNO; (C.2.6) véi tbe db dong khoang
1 mL/min,
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d) Rétdung dich Pu vao dinh cft
e) Rira cdt va cbe bang cac phdn HNO; (C.2.6), t6i 150 mL & tbe d§ dong khodng 1 mL/min. Bd dung
dich rira.
f) Rira cdt bdng 80 mL HCI (C.2.7). Gan bd dung dich nra.
C.4.2 Rura gial plutoni
a) Dat coe sach dudi oft.

b) Rra gidi Pu bing 90 mL (NH;OH)CI 0,2 molA trong HCI 2 moliL (C.2.8) tai tc 4 dong khoang
0,5 mL/min.

c) Lam bay hoi dung dich rira gidi tir tir cho dén khi thé tich nhd hon 25 mL va thém 2 mL HNO; gam
d3c (C.2.2).

d) Néu dy doan c6 mét lugng twong d6i cac actinit khac, cin tién hanh quy trinh 1am sach dya trén
cac buwdc sau:

1) Lam bay hoi dung djch rira dén kho kiét.

2) Thém 50 mL HNO; (C.2.6).

3) Thém 0,6 g NaNO, (C.2.4) va dun néng dé loai khi nitor va G& dung dich ngudi.
4) Lap lai quy trinh tlr C.4.1 dé tach va rira gidi Pu.

19



TCVN 10758-4:2016

Phuluc D
(Tham khao)

Tach héa hoc plutoni bang nhya dic treng

D.1 Nguyén ly

Ky thuat nay dya trén chiét séc ky chon loc Pu st dung nhira c6 chira chét chiét dc trung CMPO/TBP
(vi du TRU-Spec®®. Viéc tach héa hoe nhanh va thich hgp cho viéc quan tréc cac hoat @6 plutoni trong
mdi tredng.

D.2 Thuéc thir

D.2.1 Axit nitric (HNO), 3 mol/L c6 chira nhdm nitrat, c{AI(NOs)s] = 0,5 mol/L.

D.2.2 Axit nitric, c(HNOs) = 2 mollL, c6 chira natri nitrat 0,1 moliL, c{NaNO,) = 0,1 mol/L.

D.2.3 Axit nitric dam dic, it nhit w(HNO;) = 69 %.

D.2.4 Axit nitric (HNO3), loang, cac ndng d6 khac:

D.2.4.1 ¢(HNO3) = 3 mollL.

D.2.4.2 ¢(HNO;) = 2 mollL.

D.2.4.3 ¢(HNO;) =1 moll.

D.2.44 ¢(HNO3) = 0,5 mollL.

D.2.5 Amoni thioxyanat, loang, c(NH;SCN) = 0,1 mol/L

D.2.6 Axit ascobic.

D.2.7 S&t sunfamat, 0,6 mol/L

D.2.8 Hydro peroxit, w(H,0,) = 30 %

D.2.9 Axit clohydric, dam d&c, w(HCI) = 37 %

D.2.10 Amoni oxalat, loang, c(NHHC;0,) = 0,1 mol/L.

D.3 Thiét bi, dung cu

D.3.1 Thiét bj phong thir nghiém tidu chun
D.3.2 Can, 49 chinh x4c dén 0,1 mg

¥ TRU-Spec® Ia mot vi dy v& san phdm cb ban sin. Tho i i sl
. L . ng tin nay dwa ra chi tao thuén lgi cho nguwdi sir dyng
tiéu chuén;::a nay va khong phdi 1a xéc nhén clia tigu chudin vé san phdm nay.
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D.3.3 May cd quay hoic bép dién
D.3.4 Phéu tich, phi hop v&i thé tich dugc xt Iy
D.3.5 May lic, dung cho ph&u tach
D.3.6 Cdt nhdl nhira, cb chira chét chiét CMPO/TBP (TRU-Spec®).

D.4 Quy trinh

Quy trinh ndy dugc thye hién, sau khi pha mau nhe md ta trong Phy lyc A, va bao gdm hai bwéc
chinh: chiét va rlra gidi plutoni.

D.4.1 Chiét plutoni

Quy trinh bao gdm céc budc sau:

a) Lam bay hoi dung dich dwgc phan tich dén khod kist.

b) Thém 10 mL HNO; 3 mol/L trong ANO3); 0,5 mol/L (D.2.1). Hda tan két tia.

c) Thém mét vai giot NHsSCN (D.2.5). Néu dung dich chuyén thanh mau dd, thém axit ascobic (D.2.6)
cho dén khi m4u a6 bién mét; sau d6 dun va d& dung dich ngudi.

d) L3p lai buéc c) néu viée khong hoa tan hét.

e) Thém 1 mL st sunfamat (D.2.7); khudy cho dén khi hda tan hét.

f) Thém 0,1 g axit ascobic (D.2.6), dun néng cho dén khi toan bd hda tan va d& cho ngudi.
g) Lép cot CMPO/TBP (TRU-Spec®) (D.3.8).

h) Chuén bi nhya bdng cach cho chiing qua 25 mL HNOs 3 molil c6 chira AI(NO3)s 0,5 moliL (D.2.1)
vGi tde G dong khoang 1 mL/min.

i) R6t dung djch Pu I&n trén dinh cla ¢t (D.3.6).

j) Rira cbc bing 5 mL HNO; (D.2.4.1), 5 mL HNO; 2 molAl c6 chira 0,1 moll NaNO, (D.2.2) va 5 mL
HNO; (D.2.4.4). Gan bé dung dich rra.

D.4.2 Rira giai plutoni

Quy trinh bao gdm céc buwrde sau:

a) Dt cde sach duwéi cot.

b) RUra gidl Pu bing 20 mL NHHC,0, (D.2.10).

c) Lam bay hoi dung dich rira gidi dén kho kiét. Két tia tréing 1a oxalat.

D.4.3 Phan hiy oxalat

Quy trinh bao gdm cac bwéc sau:

a) Thém 1 mL HNO; 69 % (D.2.3) va nam giot H.0, 30 % (D.2.8), & aén khd kiét.
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b) Thém 1 mL HNO; 69 % (D.2.3) va 1 mL HCI 37 % (D.2.9), G& Gén kho kiét.
¢) Thém 1 mL HNO; 69 % (D.2.3) G& dén khd kigt.

d) L&p lai budc c) cho dén khi két tha bién mét.

e} Hoa tan trong 4 mL HNO; (D.2.4.3).
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Phuluc E

(Tham khéo)

Chuén bj ngudn bing léng dién phan

E.1 Nguyénly

Ap dyng dién thé khac nhau gira hai dién cyc st dyng ngudn dién mdt chidu din dén khir cac cation
kim loai hoa tan trong chét dién gidi. Qua trinh khtr xay ra tai dién cye dan dén tao ra ldng dong cac
hydroxyt actinit.

E.2 Thudc thir

E.2.1 Axit nitric, ddm dic, w(HNO,) = 65 %.

E.2.2 Natri sunphat, c¢(Na,SO,) = 0,3 mol/L.

E.2.3 Axit sunphuric, dam dic, w(H,SO,) = 95 % dén 97 %

E.2.4 Thymol xanh, 0,04 %.

E.2.5 Amonl, d4m dac, w(NHOH) =25 %

E.2.6 Axit sunphuric, lodang, w{H;S0,) = 1 %.

E.2.7 Amoni hydroxyt, lodng, w(NH,OH) =1 °;’o.

E.3 Thiét bj, dung cu

E.3.1 Thiét bj IAng dong dién, bao gdm

a) Ngin dién phan 1am bang thiy tinh hogc polyetylen;

b) Day platin (anot);

¢) Khay hodc dia 1am bang thép khang gi (catot) cé dwéng kinh phi hgp v&i ngan dign phan.
d) Ngudn dién mét chidu;

e) Bép dién;

f) Dia Petri.

E.4 Quy trinh
E.4.1 L&p dit ngan dién phan

Quy trinh ndy d& cap dén thiét bj ldng dign phan durgc thiét ké cho lang dong Ién dia thép khdng gi cb
dwdng kinh nhd (xem Hinh E.1). Qui trinh lang dién phan dbi véi cac loai thiét bi nay dugc tién hanh
nhuw sau:
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a) Dét dia thép khdng gl sach va khdng ¢6 dau [E.3.1 c)] vao nép ddng bd.
b)  Bétvit ngéin dién phan [E.3.1 a)] v&i nép ddng bj.

¢) Nap d4y ngan dién phan bing nuéc & kidm tra rd ri.

d) Do hét nwéc & ngan dién phan.

e) C&dinh day platin [E.3.1 b)] theo hwéng vubng gbc véi gia d8.

f)  Kep dAu thip clia day v&i mat tiép xic cha dia hd trg; khodng cach gitra day va dia khodng
3 mm.

E.4.2 Chudn bjf ling dong

Str dyng dung dich chuén bj thu dwgc & pha 1dm sach (C.4.2), pha chiét lai plutoni (B.4.3) hoc pha
phan hiy oxalat (D.4.3), tién hanh c4c thao tac sau:

a) Lam bay hoi dén gan khé kiét, chd y trénh 1am bay hoi m&u dén khd kiét hoan toan.

b) Thém 1 mL HNO, dam d4c (E.2.1) va lam bay hoi dén gin khd kiét. Lap lai bwée nay 3 14n.
¢) Thém 1 mL Na,SO, 0,3 mol (E.2.2) va 1am bay hoi d&n khd kiét.

d) Thém 500 pl H,SO, 95 % dén 97 % (E.2.3).

e) Thém 10 mL nuéc cht va 3 giot thymol xanh 0,04 % (E.2.4) va khudy.

f) Didu chinh pH dén khoang tir 2,1 dén 2,3 bang cach th&m amoni dam dic (E.2.5) (thay ddi tir mau
dd sang da cam).

g) Dua dung dich ndy vao ngén dién phan [E.3.1 a)]

h) Trang cbc bing H,SO, 1 % (E.2.6) d& pH dugc didu chinh tneéc 36 dén 2,3 va thém dung dich nay
vao ngén dién phéan.

i) L&p d&t anot va tién hanh I&ng dién phan tai dong dién khong ddi (khodng 1,0 A) trong khoang 1 h.
j) Khicon 1 min tneée khi bd phat tt, thém 1 mL NH,OH 25 % (E.2.5).

k) Dgi 1 min, thdo bd anot truée khi by phét tit va nhanh chéng @ hét dung dich trong ngan dién
phén.

[) Théo d& thiét bj, trang dia bing nwérc, sau @6 bing NH.OH 1 % (E.2.7), va séy khé trong khdng kh
néng hodc trén bép dién [E.3.1 e)].

m) Nhé&n dang dTa va @t dia vao trong dTa petri Iam b3ng nhya [E.3.1 )]
Ngudn a3 sén sang @& do phd alpha.
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PhulucF

(Tham khao)

Chuén bj ngudn bang cach ciing lang dong

F.1 Nguyén ly

Béng vi plutoni dugce thu hdi béing cach Iing dong sl dung lantan florua.

F.2 Héa chit thudc thir

F.2.1 Axit clohydric, c{(HCI) = 0,2 mol/L.

F.2.2 Amoni, dam d3c, ¢(NH,OH) =25 %

F.2.3 Lantan oxit: 99,999 %.

F.2.4 Dungdich A: 29 mg lantan oxit (F.2.3) hda tan trong 100 mL HCI (F.2.1).

F.3 Thiét bl, dung cu

Thiét bj dLrgc diing cho phirong phép ciing ling dong néi chung cin bao gdm:

F.3.1 Mang loc, xelulo este (duéng kinh 18: 0,22 pm).

F.3.2 Khay hoic dia thép khéng gi, ¢ dudng kinh phii hgp véi may do phd.

F.3.3 Hé thong loc

F.4 Quy trinh

Str dung dung dich @3 chuén bj & pha lam sach (C.4.2), pha chiét lai plutoni (B.4.3) hodc pha phan hiy
oxalat (D.4.3), tién hanh cac thao tac sau;

a)

b)

c)
d)

e)

Diéu chinh pH dén 1,9 bing cach thém NH,OH (F.2.2).

Thém mét eeng tuong Guong 250 pg lantan cho dién tich ng dong 20 cm? (nghta 13 1 mL dung
dich A, F.2.4).

Khudy, sau @6 ¢é l&ng trong 10 min.

Thu hdi két tha bing cach loc qua mang loc ding chan khdng nhe va thu chét Ing dong cdn lai
trén thanh clia cbc, bang cach diing nuwdc trang.

D& két tiia khd ngoai khéng khi, sau §6 gin mang (F.3.1) véi khay hodc dfa thép khéng gi (F.3.2).

Ngudn da sin sang d& do phé alpha.
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