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SUMMARY

STUDY ON PRODUCTION OF ""Lu FOR MEDICAL PURPOSES AT
DALAT NUCLEAR RESEARCH REACTOR
PART 1. STUDY ON PRODUCTION OF ""Lu AT DALAT
NUCLEAR RESEARCH REACTOR

Dalat Nuclear Research Reactor is a low power reactor with 500MW. Its neutron flux at
neutron trap is 2.10"n/cm’.sec.

Study on production of """ Lu radioisotope for medical application has been carried out during
2012-2014 in Dalat Nuclear Research Reactor.

The obtained analytical results shows that '”'Lu radioisotope can be produced by irradiation
of target ""°Lu enriched to 2,59% at Dalat Nuclear Research Reactor with the following
reaction '"°Lu (n,y) """Lu. The radioactivity of '”’Lu obtained by using this procedure is 39,59
Ci/g; meanwhile the radioactivity of '”"Lu produced by irradiation of target '"°Yb enriched to
97,1% at Dalat Nuclear Research Reactor with the following reaction '"Yb(n,y) "’ Yb —'""Lu
+f is very low, 15mCi/50mg. Therefore, it cannot be applied to medical purposes. The yield
of separation of """ Lu from """ Yb is approximately 70%.

1. MO AU viée diéu tri cac khdiu [1, 2]. Pong vi ""Lu
Lu-177 1a ddng vi phong xa duoc tng dung duogc diéu ché bang hai cach:

rt ¢ hiéu qua trong diéu tri nhdm dich do - Cach thtr nhit: Chiéu xa ""Lu trén 10 phan
¢6 chu ky ban rd ngin (6,7 ngdy) va ning {mg hat nhan theo phan tng sau: '"° Lu (n,y)
lwong phét buc xa béta rat thich hop trong ""Lu; trong d6 "*Lu ty nhién c6 do phd
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bién 1a 2,59%; tiét dién bt notron ctia phan
ung l1a 2050barn. Trong phan Grng nay, bia
dem chiéu xa dudi dang ""°Lu,0s, san phém
1a ddng vi '""Lu phat buc xa béta v6i ning
luong cuc dai 497 keV chiém 78,8%, nang
luong trung binh 149keV; phat bic xa
gamma véi cac dinh 113, 208, 250 va 321
keV, trong d6 dinh 208 keV c6 hiéu suét
phat cao nhit 1a 11% [1, 2].

- Céch thtr hai: Chiéu xa "7°Yb trén 16 phan
tmg hat nhan; phan tng tao thanh '’Lu nhu
sau:

"Yb(n,y) "7Yb — ""Lu + B tiét dién cua
phan tng la 5,5 barn

Tuy san phdm '"Lu tao thanh khong c6
chét mang, rat thich hop cho viéc danh dau,
nhung do tiét dién bat notron kha nhé nén
san phém tao thanh c6 hoat do phong xa
khong cao nhu cach thir nhat [2, 3].

Trong cong trinh nay, chiung t6i gidi thiéu

"Ly trén 10

két qua nghién ciru diéu ché
phan rng hat nhan Pa Lat (loai 10 c6 cong
sut thip) bang hai cach trén.

2. THIET BI, DUNG CU VA HOA CHAT

2.1. Thiét bi:

- Lo phan tmg hat nhian Pa Lat c6 cong suit
danh dinh 500kW, thong lugng notron tai
bay chiéu (kénh 1-4) 13 ® = 2x10" n/cm’.s.

- May do hoat d6 phéng xa lidu cao
Capintec cia My, dai do tr 0,001-
80.000mCi

- May do hoat d9 phdéng xa, CR- 127,
Capintec va ISOMED 2000, M¥

- Hé phd ké gamma da kénh cia héng
Ortec, My

- Bép dun khudy tir cua Cong hoa Lién
bang Puc
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- May séc ky 1ong cao ap (HPLC) cta héng
Shimadzu, Nhat Ban

2.2. Dung cu

- Container nhém hinh try; d6 dai: 23,6cm;
duong kinh trong: 2,2cm; duong kinh
ngoai: 2,6cm

- Ampule thach anh c¢6 duong kinh trong:
0,6cm; duong kinh ngoai: 0,8cm, dai 2,5¢cm
- Cac loai cbe thiy tinh chiu nhiét: 50mL,
100 mL, 250mL; binh dinh m@c 50mL,
100mL; pipete, micropipet déu cia cong
hoa Lién bang Drrc.

- Cot trao ddi ion bang thuy tinh cua Puc;
duong kinh trong 1cm, dai 30 cm; cdt C18
2.3. Hoa chat:

- Lu,0; ¢ dé giau ddng vi "Lu 1a 2,59%,
d6 sach hoéa hoc la 99,99% cua hing
Sigma-Aldrich, My

- Yb,05 ¢6 do giau dong vi 'Y 1a 97,1%,
dd sach hdéa hoc la 99,99% cua hing
Sigma-Aldrich, My

- Nhya trao ddi ion Dowex-50X8, 200-
400mesh dugc nhap khiu tir Cong ty Hoa
chit Dow, My

- Axit HCI dac cua hang Merck, cong hoa
Lién bang Buc

- Cac hoa chét va dung méi khac phuc vu
cho qua trinh tich Lu ra khoi bia Yb sau
chiéu Xa

3. PHUONG PHAP NGHIEN CUU

3.1. Tinh hoat d¢ phéng xa '"Lu tao
thanh tir bia "’Lu dwoc chiéu xa trén 10
phan @wng hat nhin Pa Lat.

Theo phuong trinh[4]:
6.023.10% ¢, G. =
A7) = 9,081 o 1
100.M
Trong do:



- Aj: Hoat d6 phong xa cia déng vi can xéc
dinh

- ®: La thong lugng notron tai vi tri chiéu
mau

- Gac: Tit dién hoat hoa (barn)

- G: D6 phd bién ddng vi (%)

- g: Khéi luong miu chiéu (g) lug=10
Soram

- M: Khéi luong nguyén tir (g) cia dong vi
can diéu ché

- Ty: Thoi gian ban rd (gidy) cia dong vi
tao thanh

23
A = 6.023.107¢.0,..G.g
100.M
K=x d
Tl _Tz
F=x1- d
Tl _Tz
Trong do:

®: Thong luong neutron (® = 2x10" n.cm’
*s™) ( Théng luong cua 16 Da lat)

6. Tiét dién kich hoat "°Yb tinh béng;
(barn=10"* cm?) = 5,5x10%* cm? ( tiét dién
neutron ctia phan tng '"°Yb(n, v)'"'Yb

G: Bo giau hay do phd bién dong vi '"*Yb
g: Khéi lwong miu chibu (1 pg = 10°
gram);

M: Trong lugng nguyén tir ciia Yb.

T;: Thoi gian ban rd cua "yb la
1,91hx3600s=6876s

T,: Thoi gian ban rd cua "Tu la
6,7dx24hx3600s=5,788x10’s

1 :Thoi gian chiéu xa notron

t : Thoi gian lam ngudi, ¢ day chi tinh hoat
d6 ngay sau khi 1o ding nén t=0, do d6 cac
hé sb e’=1 duogc loai trir trong cac tich $6 &

cong thire trén.

- t: Thoi gian chiéu

- 6,023x10%: S6 Avogadro

3.2. Tinh hoat dd phéng xa '"Lu tao
thanh tir bia "°Yb dwoc chiéu xa trén 10
phan wng hat nhan Pa Lat.

Phan ung 7Yb(n,y)"’Yb (Tl
%=1,911h)>""Lu (T2 %=6,7d); sau thoi
gian chiéu xa t hoat d6 phong xa ciia dong
vi ""Lu dugc tinh nhu sau [4]:

0693 0.693 0693 0.693

K(l-e TT)e N +F(l-e ﬁf)e 2

x: Ti 1¢ phan nhanh din t&i hinh thanh
nguyén t& con (duoc liét ké trong bang
phan rd)

Tir 2 cong thirc trén va cac thong sb cua bia
chiéu xa ""*Lu va '"°Yb, d& dang tinh duogc
hoat d6 phong xa cua ddng vi phong xa
""Lu tao thanh. Nhu viy, theo 1y thuyét,
néu chiéu 1gam

" Lu co do giau 2,59%, tiét dién bit
notron la 2050barn, tai bay notron c6 thong
lugng

®= 2.10"n/cm’.sec trong thoi gian 108 gio
s€ nhan dugc hoat d0 phong xa clia san
phim tao thanh ""Lu= 42 mCi/g

Néu chiéu 1g '7°Yb c6 do giau 12,76%, tiét
dién bét notron 13 5,5barn tai bay notron c6
thong luong ®= 2.10"n/cm’ sec, trong thoi
gian 108 gio s& nhan duoc hoat do phong
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Xa cua san phém tao thanh '"Lu=
216mCi/g.

Néu chiéu 1g "°Yb c6 do giau 97,1 %, tiét
dién bét notron 13 5,5barn tai bay notron c6
thong luong ®= 2.10"n/cm’ sec, trong thoi
gian 108 gio s& nhan duoc hoat do phong
Xa cua san phém tao thanh '"Lu=
1628mCi/g.

Nhan xét: Tir két qua tinh toan, c6 thé nhan
thdy rang khi chibu '"°Yb c6 d6 giau
12,76% trén 10 phan rng hat nhan Pa Lat
(Loai 10 c6 cong sudt nho), san pham '""Lu
thu dugce c6 hoat do rat thép, khong du dé
tmg dung trong y té. Vi vdy, trong cac
nghién ctru tiép theo, chung t6i tap trung
vao viéc chiéu xa '7® Lu c¢6 d6 giau 2,59%
va '"Yb c¢6 d6 giau 97,1 %.

4. PIEU CHE '"LU BANG VIEC CHIEU
XA LU CO DO GIAU 2,59% VA '°YB
CO DO GIAU 97,1 %.

4.1. Piéu ché ""Lu tir bia chiéu xa 7* Lu ¢6
dé giau 2,59% trén 1o phan &rng Pa Lat.
Can chinh xac 0,3950g Lu (tinh theo
Lu,05) cho vao ampule thuy tinh thach anh,
han kin; cho ampule vao container nhom;
chiéu xa trén 10 phan Gng hat nhan Pa Lat
c6 cong sudt 500kW, théng lwong notron
2.10" n/em’.s, thoi gian chiéu 108 gio. Dé

L.LJ

ngudi khoang 30 gio cho mot sé hat nhan
phong xa phu c6 thoi gian sdng ngin nhu
M u (Ty = 3,7h) rd hét. Sau thoi gian
lam nguoi, bia Lu,O; duogc chuyén vao box
chuyén dung, (co6 che chin buc xa bing
gach chi va kinh chi, c6 thong gidé va loc
khi)

Bia chiéu xa duoc hoa tan béng 8mL acid
HCI 8M va 5mL H,0, 30% trong binh ciu
3 ¢6 c6 gin sinh han hdi luu va dun trén
bép khudy tir trong vong 2-4 gid. Sau khi
bia tan hoan toan, tiép tuc ¢d can béng cach
cho bay hoi dén khi chi con bd mau tring,
dé nguoi. Tai hoa tan bang 5ml HCI 0,05M,
nhu vay s& thu duoc "LuCl;. San phdm
duogc loc qua phin loc milipour 0,22pum dé
lam dung dich géc va thuc hién céc thi
nghiém tiép theo [1, 2].

Tu dung dich gbc dung micropipete lay
100ul pha loang thanh 10ml (dd-I), sau do
pha loing thém mot 1dn nita bang cac lay
100ul dd-I pha loang thanh 10ml (dd-II)
Lay 3ul dung dich thdm 1én gidy loc, dé
kho tu nhién; sau do, do hoat d6 phdng xa
trén  Hé phd ké gamma da kénh DSPEC
ORTEC detector HPGE, hiéu sudt ghi
trong d6i 58%, d6 phan gidi ning luong
1,9keV. Két qua thu dwoc & hinh 1.

1.CNF
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Hinh 1: Phé cia """Lu trong méu
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Két qua do 3 mau lam nhu trén dugc trinh

bay trong bang 1.

Bdng 1. Két qua xdc dinh hoat dé phéng xa

ciia " Lu
Maiu Lu-177 (1) T.gian do 1phut= 60sec
S6 dém 36480 (113keV)
Hoat do thoi diém do [2194979 = 2,19E+06 Bq
S6 dém 53921 (208 keV)
Hoat d6 thoi diém do | 2440948 =2,44E+06 Bq
Miu Lu-177 (2) Tgian do 1phit= 60sec
S6 dém 37968 (113keV)
Hoat d thoi diém do [2284511 = 2,28E+06 Bq
S6 dém 56297 (208keV)
Hoat d thoi diém do | 2548507=2,55E+06 Bq
Miu Lu-177 (3) Tgian do 1phit= 60sec
S6 dém 41949 (113keV)
Hoat d thoi diém do [2524045 = 2,52E+06 Bq
S6 dém 61929 (208 keV)
Hoat d6 thoi diém do| 2803462 = 2,80E+06 Bq

Tinh hoat d6 phong xa ¢ 208 keV (dinh
ning lugng cao nhét) cho két qua nhu sau:

- Hoat d6 trung binh = 2,5966x10° Bq

- S6 lwong: 3ul dung dich gbc da pha lodng

100 lan

- Thoi gian lam ngudi 1a 67 gio

- Hé sb phan rd cua ""Lu tai thoi diém 67

gio la 0,7481
- Hoat d6 thuc la:

2,5966x10°x10°x5x10° = 15,63 Ci/0,395g

Lu = 39,56Ci/g hay 39,56mCi/mg

3 x 0,7481x3,7x10"
Két qua tinh toan tur $6 liéu do duge & trén
cho tdng hoat d6 phong xa cua '""Lu trong
mau la: 39,56mCi/mgLu
Két qua nhan duoc trong Bang 1 cho thay:
Hoat d6 thuc thép hon hoat @0 tinh todn
theo 1y thuyét. Didu nay hoan toan phu hop
boi 18 két qua tinh toan ly thuyét 1a didu
kién 1y tudng, trong khi thuc té san xudt
con phu thude rit nhiéu thong s thuc
nghiém nhu container nhom, ampule thuy
tinh, mat do bia chiéu xa, nhi¢t d¢, v.v...ddc
biét do hiéu rng chay cua bia chiéu xa 1am
giam s nguyén tir bia tham gia phan tng
kich hoat.
4.2. Pidu ché ""Lu bing viéc chiéu xa
'76Yb c6 d6 giau 97,1% trén 16 phan tng
Pa Lat
+ Chuén bi miu, chiéu xa
Sau khi sdy kho, can chinh xac bing can
phan tich mot lugng 50mg bia Yb,O3; da
dugc 1am giau (46 giau dong vi 7°Yb 1a
97,1%) cho vao ampule thach anh, han kin,
cho ampule vao container nhom, chiéu xa
notron trén 10 phan rng hat nhan Pa Lat.

- Vi tri chiéu 13 biy neutron

- Thong luong: 2.10"n/cm’.s

- Thoi gian chiéu: 108gio

- Thoi gian lam ngudi: 30gid
+ Xir Iy méu [3, 5, 6]
Lam nguoi miu bia Yb,0; di chiéu Xa
dugc chuyén vao box thi nghiém. O d6
ampule mau dugc mo va cho bia chiéu xa
vao trong cdc. Hoa tan bia bing 8ml HCI
8M, chuyén toan bd mau sang binh cau 3

¢d 250ml dd gin sin sinh han hdi luu va
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duoc dat trén bép tir. Céc chira mau duoc
trang bang 2 ml HC1 8M (manh thuy tinh s&
dugc gitr lai trong cbc), bat bép dun cb
khudy tir, ddng thoi thém tir tir vao binh
5ml H,0, 30%, tiép tuc dun hdi luu cho
dén khi bia tan hoan toan. Sau khi bia tan
hét, 1am bay hoi cho dén khi chi con bi
mau tring thi tit bép, dé nguoi. Bia sau khi
ngudi s& duoc tai hoa tan bang 5ml HCI
0,05M, thu duoc dung dich '""YbCls. Dung
dich nay 14 dung dich gbc, tir ddy co thé
pha lodng ndng do theo yéu cau. D& nap
mau 1én cot; n(‘Sng d0 cua mau phai
>lpg/pl

+ Tach ""Lu tir bia chiéu xa [3, 5, 6]

Cot C18 dugc lam sach va lip vao may
HPLC. Kiém tra cac théng sd clia may sao
cho phu hop véi cac qua trinh da khao sat.
Trude khi nap mau 1én cot C18, cot phai
dugc rira bing cach chay cOt bang
acetonitrin, sau do6 tiém vao cot 10ul dung
dich mau.

Pha dong 13 hdn hop dung dich gdm 2-
HIBA 0,25M va 1-0OS 0,01M, 1a tac nhan
tao phirc va tac nhan tao cap ion.

Qua trinh khao sat dugc thuc hién véi cac
ndng d6 pha dong khac nhau giita 2-HIBA
0,25M va 1-0OS 0,01M (pH =2,2-2,4) véi
cacty 1€ 1:2; 2:1 va 1:1.

Tién hanh chay pha dong qua cot véi tde do
dong 0,5ml/phut, lac nay ap luc trén cot C-
18 1a 6-10 bar (1bar=0.9869232667

atmosphere).
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Vi trén thiét bi HPLC khéng c6 dau do
phong xa nén trong khi thiét bj chay pha
dong tai 16i ra cua cot da chuén bi sin cac
khay chuyén miu c6 lip sin cac dng tube
nhya dé 1iy phan doan cic miu dung dich
qua cot timg ml roi dem do trén may do
dém phong xa CAPRAC, ghi hoat do
phong xa do duge. Mau dugce danh sb thtr
tu va dugc luu giir dé 1am cac thi nghiém
tiép theo. Pha dong duoc chay lién tuc dong
thoi v6i viée lay phan doan timg ml cho
dén khi tong s6 dém cua tit ca cac miu xap
xi bang vé6i s6 dém cua 10pl dung dich miu
d3 duoc tiém vao cot. LAy riéng phan '""Lu
trong cic phan doan nim trong pha dong,
didu chinh dung dich sao cho pH<I béng
HC1 6M. Sau d6, cho dung dich chay qua
cdt thuy tinh (c6 duong kinh trong 1,0cm,
chiéu dai cot 30cm) da dugc nap san nhya
Dowex — 5-X8 (Cot trude do da duoc xir Iy
bang viée rira 2 1an v6i 50 ml NH,CI 3M,
HCI1 3M va nuéce cit). Sau khi cho miu qua
cot, cot duogc rira bang 200 ml HC10.1M dé
loai bo 2-HIBA va 1-0S .

""Lu tinh khiét trén cot dugc rira giai bang
HC1 6M. Cho dung dich thu dugc vao binh
3 ¢b va thuc hién nhu qua trinh xtr Iy miu &
trén; dinh mirc dung dich thanh SmL béng
HC1 0,05M. Tién hanh loc v6 trung, do hoat
d6 phong xa cua san phim thu duoc.

- Két qua tach ""Lu bing pha déng 2-
HIBA 0,25M va 1-0OS 0,1M c6 ty 1€ 2:1
S6 dém 10k/pl;
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Hinh 2: Gidn do tach '’ Lu tir pha déng 2-HIBA 0,25M va 1-OS 0,1M c6 ty 16 2:1.

Truc tung biéu dién s6 dém trong timg phan
doan, truc hoanh 1a s6 phan doan thu duoc
tir pha dong. '""Lu xudt hién tir phan doan
26 dén phan doan 43; nhitng phan doan tiép
theo 1a cia '7°Yb.

Nhén xét: Két qua kiém tra chat lugng san

phim sau khi tach cho thdy voi didu kién

tach theo ty 1& pha dong nhu trén, thé tich
thu dugc 10ml pha dong, hiéu suét tach
>80%. Tuy vay, hoat d6 riéng van con thap
chwa du dé tmg dung (~15mCi/50mg).

LU3.CNF
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Hinh 3: Phé 7" Lu sau khi khi tach """ Lu khéi bia chiéu xa

Trude khi tach khong ghi dwgc phd do cac
ddng vi khac nhau cia Yb phat birc xa béta
che phi cic dinh niang luong phat tia
gamma cta ''Lu; sau khi tach, cac dinh

ning luong gamma cia '"'Lu rat rd rang.

Diéu d6 chung t6 '"Lu dd duoc tach khoi
bia Yb chiéu xa. Tach ""Lu tir pha dong 2-
HIBA 0,25M va 1-OS 0,1M co ty 1¢ khac
déu cho hiéu suét thép hon va su tach la

khong hoan toan.
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5. KET LUAN

- Qua két qua khao sat qua trinh tach '""Lu
khoi bia Yb chiéu xa, mic du hoat do riéng
con thip song co thé thdy pha dong 2-
HIBA 0,25M va 1-0S 0,1M c6 ty 1€ 2:1 ¢o
thé duoc lua chon dé phat trién tbi wu cho
phuong phéap tach '""Lu khéng chdt mang
tu bia Yb,0s.

- Cong suit va thong luong notron cua 16
phan rng hat nhan Pa Lat khong thich hop
cho viéc san xudt ddng vi phong xa '""Lu
tlr bia Yb,0; ké cé khi bia da duoc lam giau
t61 97,1%.

- C6 thé str dung dong vi '""Lu diéu ché tur
bia '"Lu sau khi bia dugc chiéu xa trén 10
phan tng hat nhan Pa Lat dé nghién ctru
qua trinh danh ddu voi EDTMP va the
nghiém muc d0 phan bd cua duoc chét
phong xa nay trén dong vat thi nghiém
nhiam tién t6i ung dung dé diéu tri di can
ung thu xuong trén nguoi.

- Dé ¢6 thé ung dung '""Lu trong y
té, can phai c6 10 phan ung hat nhan c6
cong suit 1on hon nhiéu 1an 16 phan Gng hat
nhan Pa Lat, 10 phai ¢ thong lugng notron
tai bay > 10"*n/cm’.sec dé chiéu xa bia
Yb,0s.
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