TAP CHi KHOA HOC - BAI HOC PONG NAI, SO 23 - 2022 ISSN 2354-1482

NGHIEN CUU VA PHAT THU NGHIEM HE PO TAN XA NEUTRON
TREN KENH NGANG SO 4, LO PHAN UNG HAT NHAN DA LAT
Twéng Thi Thu Huwong!
Pang Hang Ngec Quy?
Nguyén Duy Quang?
Tran Tudn Anht
Hoang Minh Vit
TOM TAT
Tan xa neutron 1a mét trong nhieng ky thudt hang dau dwoc sir dung réng rai ¢
nhiéu quac gia trong viéc khdo sdt ciing nhw danh gid tinh chdt va cdu tric ¢ thang
nguyén ti cia cac logi vat lieu. O Viét Nam, ki thugt tan xa neutron hién nay chua
diroc phét trién. Tuy nhién, ky thugt ndy sé duwoc ap dung trong di &n 10 hat nhan
M&i trong twong lai gan. Do dé, nhém dd nghién ciu thiét ké thir nghiém mét hé do
phan bé tan xg neutron theo géc va do thir nghiém véi dong neutron phin loc
148 keV trén kénh ngang sé 4, 16 phan ing hat nhdn Pa Lat. Trong b&o céo nay,
nhém nghién citu sé trinh bay phwong phdp do va mét sé két qua do neutron tin xa
trén bia mdu *'Ta tai cac goc 45° 60°, 90°, 120°, va 135° Céac gia tri thuc nghiém

diroc 50 sanh véi két qua tinh todn mé phong si dung chirong trinh MCNPS.
Tir khoa: Tan xa dan héi, phin loc neutron, MCNP5

1. Pt van dé

K§ thuat nentron tan xa ngay cang
dong vai tro quan trong trong viéc xac
dinh tinh chat va céu trac vat liéu cac
dang ran, long, khi, vat liéu nano, tinh
thé, dong luc hoc mang tinh thé, v.v...
C6 4 ky thuat do neutron 1a do truyén
qua, tdn xa khong dan hoi, tan xa dan
hdi, va neutron echo-spin. Trong d6 k¥
thuat tdn xa dan hoi 1a ky thuat do
cuong do neutron tan xa theo goc nham
xac dinh tinh chat va cau trac vat liéu
dang phat trién manh mé. Vi du cac hé
phd ké nhiéu xa, khuéch tan, phan xa,
tan xa goc nho (SANS) dang hoat dong
hi¢u qua tai JAEA, Dubna, v.v..., cling
dua vao phuong phap nay.

Trén thé gigi, cac hé tan xa neutron
cha yéu duoc thiét ké va lap dat trén cac
kénh neutron cta 10 phan ung nghién
ctu (JAERI-Nhat Ban, FRANK-Nga,
MIT-M5¥...) hoic cac may gia toc. LO
phan &ng hat nhan Pa Lat da hoat dong
nhiéu nam qua nhung chwa c6 huéng do

1Vién Nghién ciru hat nhan
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tan xa neutron nao dugc nghién cuu. Vi
loi ich tir cac hudng nghién ciru neutron
tan xa mang lai, dong thoi dé bat kip xu
thé, mot hé do neutron tan xa s& duoc
thiét ké va lap dat trén kénh ngang sé 1,
10 phan tng hat nhan Pa Lat (DNRI).
Trén co s& d6, nhom nghién ctru da tién
hanh phét trién mot hé do tan xa quy
md nhé chi mot dau do dé thir nghiém
trén kénh ngang sé 4 nham danh gia kha
nang ap dung cua ky thuat nay trén 10
Pa Lat. Bao céo nay trinh bay cac két
qua thuc nghiém do phan bd goc cua
neutron tan xa trén dong neutron phin
loc 148 keV.

2. N¢i dung nghién ciru

2.1. Péi twong va phwong phdp

Hé do neutron tdn xa theo goc
duoc thiét ké véi nhiing tiéu chi quan
trong nhu chuan tryc dong neutron
dén, che chin giam phang, thiét ké cau
hinh dat miu va dau do sao cho gia tri
do dac dat t6i wu, va xac 1ap cac théng
s6 phu hop cho hé dién ta. Do chuin
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truc dong va che chan giam phéng rat
quan trong trong qua trinh do tan xa
nén mo phong 1a thuc sy can thiét. Két
qua do thuc nghiém neutron tan xa
theo goc cling dugc danh gia va so
sanh véi két qua mo phong.

Mo phéng

Vé6i myc tiéu giam phong tdi da co
thé, che chin va chuan truc nham nhiét
héa neutron nhanh va hip thy neutron
nhiét 1a viéc lam can thiét trudc khi
thiét 1ap ciu hinh do. Pau tién, md
phong vé su suy giam thong lugng
neutron 148 keV qua bé day vat chit
che chén ban dau 1a 3,9 cm, tinh toan su
suy giam thong luong theo ty 1& khéi
lugng B4C pha trong Paraffin dugc thuc
hién dé chon ra ty 18 vat liéu che chan
hop Iy vé hinh hoc va vé kinh té. Sau
do, tiép tuc mod phong tinh toan su suy

giam thong luong cua neutron khi di
qua céc kich thudc bé day che chin khac
nhau dé lya chon bé day cua vat chat che
chén va chuan truc.

Chuong trinh m6 phong thong
luwgng neutron dén dau do sau khi tan
xa trén mau ®Ta thuc hién dua trén
cdu hinh thuc té: mot ngudn neutron
148 keV phat don hudéng dén maiu
181Ta hinh try co6 duong kinh 1,5 cm,
cao 2,5 cm tur khoang cach 80 cm; bau
do *He dit theo céc goc tur 30° dén
150°, cach mau 30 cm; Thong luong
neutron dén dau do (F4) duoc thuc
hién véi sb hat gieo bang ES.

Thiét 1ap cAu hinh do

Sau khi mé phong va tinh toéan,
thiét ké hinh hoc cua hé do tan xa mo
ta nhu hinh 1.
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Hinh 1: So do thiét ké hé do tdn xa neutron dan hoi theo goc ’

(1) Khe chudn truc ddn dong neutron ra ter phin loc; (2) Paraffin 100%; (3) Ong che
chan va chuan truc 50% B4C + 50% Paraffin; (4) Mdu try *®'Ta; (5) Cadmi day
2mm; (6) Paraffin pha B4C @é hap thu neutron tan xa khi do phéng; (7) Pau do 3He;
(8) Cadmi la cudn ddu do chdan neutron nhiét
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Phuong phép do neutron tan xa dan
hoi 1a phuwong phap do cuong do
neutron tan xa trén mau tai cac goc khac
nhau. Vi vay, viéc thiét ké cau hinh hé
do 1a can thiét sao cho diu do quay
duoc cac goc dé dang va chinh xac.
Dong neutron phin loc don nang 148
keV véi thong luong 3,9x108 n/cm?/s
va cuong do dat 95,8% [1] duoc s
dung trong sudt qua trinh do dac.

Hé hoat dong véi 02 co ché gom do

phong va do mau nhu sau:

- Do mau: Dong neutron phin loc
148 keV di ra tir khe chuan truc (1), sau
d6 tiép tuc duoc chuan truc voi mot dng
chuan tryc dai 80 cm bén trong la
Paraffin (2) nham nhiét héa neutron
nhanh va bén ngoai la lop BsC pha
Paraffin (3) hap thu neutron nhiét. Pau
dng dugc che mot 16p Cadmi (5) day
2mm nham hap thu neutron. Tiép dén,
neutron 148 keV ra khoi 6ng chuan truc
s& dén thang mau *®1Ta (4), neutron tan
Xa tir mau s& di vao dau do 3He (7) dé
ghi nhan. Pau do duoc boc trong 1 16p
Cadmi (8) dit trong dng che chin bang
vat liéu B4C va Paraffin. Tin hiéu tir dau
do dugc xu ly thong qua hé dién tir va
hién thi pho do 1én man hinh may tinh
thong qua chuong trinh Genie2K

- Po phong: Pé phép do duoc chinh
xac hon, khi do phéng, cau hinh giir
nguyén nhu khi do mau, chi thém mot
I6p che chan B4C pha Paraffin (6) day
10 cm chin truéc dau do ngin chin
neutron tan xa di dén dau do.
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Hé do da sir dung céac thiét bi cua
Ortec va Canberra, céc thdng sb thiét
lap nhu sau: HV = 1100V; Gain = 5;
Shapping time = 2us; LLD = 4,1%;
ULD = 100%; ché do do bién do da
kénh MCA duoc lua chon.

Do gidi han vé khong gian cua kénh
ngang sd 4 nén chi thiét lap duoc mot
s6 goc do. Két qua trinh bay trong bao
cao nay la két qua do neutron tan xa dan
hoi va khong dan hoi qua mau ¥'Ta ¢
cac goc 45°, 60°, 90°, 120°, va 135°.

Pic trung caa ong dém 3He khi
do neutron nhanh

Ong dém ty ¢ chtra khi He® khi chiéu
notron c¢6 nang luong E s& cho nhitng
xung ma bién d6 cua no ty Ié vaoi E+Q,
ph6 phan bd do cao xung caa neutron
thuong thé hién céc phan ung sau:

a. *He+n — *H+3H + 764 keV
b. 3He recoil (tan xa dan hoi)

c. 3He+n— 2H+2H+3.27 MeV
d. Gamma

V6i neutron nang lugng dudi 1
MeV thi phan tng (b) khong can quan
tam, phan tng (c) rat nho do ning
luong ngudng cao va tiét dién phan tng
nay la rat nho [2]. Phan ang (a) va (d)
thudng xay ra khi do phd notron trong
vung nang luong dudi 1 MeV va do voi
dau do kich thugc nho.

Do vay, su dung dong neutron phin

loc ning luong 148keV chiéu dén dng
dém 3He 4p suat 4 atm co kich thudc
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nho [3] nhu trong thi nghiém nay, phé  trinh thiét 1ap théng sé hé do, ngudng
neutron s& thé hién phan tng (a) va (d)  thip duoc dat gia tri sao cho phan
rd rang nhat. gamma nay bi cat bo.

Hiéu ung tuong (1) (2) sinh ra do Do cuong do cua neutron tan xa
phan tng (a) kha rd rang nhu ta thdy ¢ trén mau theo géc rat thap va do dau
Hinh 2. Phan tng (d) ciing hién thi  do dang st dung kém nhay vai neutron
gamma trén pho va c6 bién d6 thip hon nhanh nén thoi gian do neutron tan xa
hiéu ung twong. Tuy nhién, trong quéa s& phai ting 1én déng ké.

- 148 keV
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Hinh 2: Phé neutron 148 keV do véi éng dém *He kich thieéc nhd, &p sudt 4 atm
(1) Hiéu wng twong cua Triton; (2) Hiéu ung twong cua proton;
(3) Vung neutron trén nhiét; (4) Vung neutron 148 keV
2.2. Két qud luong B4C pha trong Paraffin (Pa) va
vé su suy giam thong luong cua
neutron qua kich thuéc bé day che
chan hién thi qua bang 1 va bang 2.

Md phéng che chin chuan truc

Két qua md phong vé su suy giam
thong luong neutron theo ty I& khéi
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Bang 1: Sw suy giam théng liwrong neutron nhanh theo ty 1¢ khoi lirong B4C

Thong Thong lwgng
lwgng o

.« | neutron trén .z A . g
% B4C neutron Sai so nhiat Sai so Thong Sai so
nhiét (%) ; (%) | lwongtong | (%)

(ImeV-1eV) (1eV-150keV)
0 1,00 0,12 1,00 0,10 1,00 0,08
10 0,11 0,41 0,96 0,10 0,75 0,10
20 0,05 0,63 0,94 0,10 0,72 0,10
30 0,03 0,88 0,93 0,10 0,71 0,10
40 0,01 1,18 0,93 0,10 0,71 0,10
50 0,01 1,53 0,95 0,10 0,72 0,10

Vé6i bé day 3,9 cm va 50% Pa +
50% B4C, neutron nhiét giam khoang
120 1an so véi che chan chi c6 Paraffin.
Tuy nhién, neutron nang luong trén

nhiét va neutron nhanh chi giam rat it.
Dé giam neutron trén nhiét, két qua mo
phong khi ting kich thudc bé day che
chan trinh bay trong Bang 2.

Bang 2: Sw suy gidm thong lirong Ciia neutron qua kich thwéc bé day che chan

Théng n
A A3 Thong lwon
Bé day lwong . g worio . ;| Théng Sai
, Sai so neutron tren Sai so ”
che chén neutron 5 nhiet 5 lwong )
nhigt (%0) - (%0) : o
(cm) C tong (%)
(LmeV-1eV) (1leV-150keV)
3.9 (Pa+B4C) 1,00 1,53 1,00 0,10 1,00 0,10
6.2 (Pa+B4C) 0,31 2,76 0,22 0,22 0,22 0,22
7.2 (Pa+B4C) 0,16 3,78 0,11 0,31 0,11 0,31
3.9 (Pa+B.4C)
0,16 3,70 0,11 0,31 0,11 0,31
+ 3.0 (Pa)
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Tang kich thudc che chan tir 3,9
cm 1én 6,2 cm, thong lugng neutron
nhiét giam 3 lan va théng luong
neutron nhanh giam hon 4 1an.

Tang kich thugc che chan tir 3,9
cm 1én 7,2 cm, thong luogng neutron
nhiét giam 6 lan va théng luong
neutron nhanh giam 9 lan.

Dé kiém tra kha niang che chan va
tiét kiem kinh phi, gitr nguyén bé day
cua l6p che chian bén trong 1a 3,9 cm
(50% Paraffin + 50% B4C), thém mdt
I6p 100% Paraffin day 3 cm bao boc
bén ngoai. Két qua dat duoc tuong tu
nhu truong hop chi sir dung mét lop
che chan day 7,2 cm c6 ty l¢ 50%
Paraffin + 50% B4C.

Do kich thuéc 6ng nhya gigi han,
2 6ng nhya d6 Parafin va B4C sir dung
cho do thyc nghiém co kich thudc va ty
Ié nhu sau:

- Ong thtr nhat ding chuan tryc
va dan dong neutron ra tir phin loc dai
60 c¢cm, duong kinh 16,8 cm bén trong
gom 2 16p: mét éng Paraffin ban kinh
3,9 cm bén trong; mot 6ng Paraffin pha
B4C ban kinh 2,4 cm vai ty I1& khéi
luong 1:1 bao boc bén ngoai,

- Ong tht 2 dung che chin giam
phdng boc bén ngoai dau do, dai 60 cm,
duong kinh 16,8 cm bén trong gom 2
I6p tach biét: mot dng B4C pha Paraffin
Véi ty 16 khéi luong 1:1 béan kinh 2,5 cm
bén trong; mot ong BsC pha Paraffin
Véi ty 16 khéi luong 1:9 béan kinh 3,6 cm
bao boc bén ngoai.

M6 phéng thong lwong neutron
dén diu do 3He sau khi tan xa trén
mau 181 Ta

Két qua mo phong hién thi nhu
hinh 3.

o 120

g'ﬂl.oo *

2 &0.80 L 4

5 <0 * o o

= * L 2 ¢
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Hinh 3: Puong phén bé neutron 148keV tan xa trén mau '*' Ta theo goc

Theo nhu két qua md phong, thong
lugng neutrn tan xa dén dau do 3He c6
gia tri giam dan khi goc tan xa ting
Ién.

Phé do thwc nghiém

Khi thuc hién cau hinh do nhu thiét
ké, thoi gian do phong va mau kéo dai
trén 10h mdi lan do. Phd d6 cao xung
cua neutron tan xa thé hién ving 148
keV chua duoc rd nét do thong ké chua
du. Vung neutron nhiét xuét hién rd do
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dau do ®He rat nhay voi neutron nhiét.
Ving nay xuat hién boi mot phan do
tan xa tr mau, mot phan do neutron
nhanh tan xa dan hdi nhiéu lan trong
dau do, va mot phan do phong. Do vay
khi xir 1y s6 liéu thuc nghiém, chi cac
gia tri trong ving nang lugng 148 keV
duoc quan tam. Pho do cao xung cua
qua trinh do mau ¥'Ta va do phong
dugc so sanh nhu hinh 4.
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Hinh 4: Phé neutron do trén dong neutron 148 keV.
(1) Hi¢u wrng twong cua Triton; (2) Hiéu wng twong cua proton;
(3) Vung neutron trén nhiét; (4) Vung neutron 148keV

Khi do mau, 16p Paraffin pha BsC
day 10 cm che chin trude dau do dugc
lay ra. Két qua cho thay neutron tan xa
148 keV phét ra tr mau da duoc ghi

Khi xir ly s6 liéu, téc do dém (cps)
cuia pho tan xa tai ving ning luong 148
keV duoc sir dung dé so sanh voi md
phong. Bang 3 hién thi két qua do thuc

nhan. nghiém va mé phong.
Bang 3: Bang két qua do thuc nghiém va mod phang.

Thuwc nghiém M6 phéng b9 léch giira thuc

Goc CPS tan _— Thong I nghi¢m va mo phéng
Sai so Sal so

Xa lwgng (%)
45° 1,00000 | 0,03094 1,00000 0,00024 0,00
60° 0,92762 | 0,03087 0,95103 0,00024 2,34
90° 0,80599 | 0,02794 0,85004 0,00026 4,41
120° 0,75232 | 0,02909 0,79326 0,00027 4,09
1359 0,69256 | 0,03119 0,79648 0,00026 10,39
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Hinh 5: So sdnh hai drong phan bé neutron tan xa giza md phang va thiec nghiém

Ta thiy rang dang phan bé giita mo
phong va thuc nghiém da gan nhu gidng
nhau. Tuy nhién, goc thuc nghiém 135°
léch 10,39 % so véi md phong do phan
che chan gan tuong 16 chua tét.

2.3. Ban lugn

Hé do da duoc thiét lap co hiéu
chinh che chan giam phong nhiéu lan da
dat dugc két qua ban dau. Tuy nhién,
két qua nay c6 déng gop cua nhiéu sai
sd khac nhau nhu sai sé hinh hoc, hé
dién tu, chuan truc dong neutron phin
loc, phong chua duoc che chan tét nht,
v.v. Trong d6 sai s6 déng gop tir cau
hinh hinh hoc va tr phan chuéan truc
dong neutron phin loc la dang cha y
hon ca.

Hién tai neutron tan xa hudng dén
dau do trong mot éng tru co dudng kinh
bang véi duong kinh dau do 1a 2,5 cm,
bng tru nay chua duoc chuan tryc dé
neutron tan xa chi dén duoc dau do
trong mot khe hep, do vay ma sai sé goc
do ciing can duoc hiéu chinh.

Két qua trinh bay trong bao céo
gom neutron tan xa dan hoi va khong
dan hoi, chua hiéu chinh tan xa nhiéu
lan trong mau va hiédu tng ty che chan.
Du kién tiép theo nhom nghién ctu s&
hoan thién cac phan trén.

3. Két luan

Nhom nghién ctu da co6 bude dau
thanh cong trong viéc do neutron tan xa
tai kénh ngang s6 4, 10 phan @ng hat
nhan Pa Lat. Budc dau phat trién hé do
nén nhom nghién ciu con gap mot sé
kho khin do chua c6 hé di chuyén dau
do tu déng qua cac goc nén phai di
chuyén bing tay. Cau hinh hinh hoc
chua c6 d6 chinh xac cao khi phai do
dac va thiét lap bang cac cong cu thd
so. Tuy nhién, nhém nghién ctru da do
dac duoc neutron 148 keV tan xa lén
mau 181Ta,

Mot hé di chuyén dau do tu dong
méi day da duoc thiét 1ap, nhom nghién
ctru s& tiép tuc thuc hién cac nghién ctu
trong twong lai nham nang cao tinh
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chinh xac caa cu hinh hinh hoc va ting hiéu chinh nhu hiéu chinh hiéu tng tan
thoi gian do dé dat théng ké. xa nhiéu 1an trong mau va hiéu tng tu

Dé chit luong phd do tét hon, viec  che chan. Ngoai ra, tdch biét neutron
tiép tuc thiét ké che chan giam phong  tan xa dan hdi va khong dan hdi, tinh
ludn 14 wu tién hang dau. toan tiét dién tan xa theo goc sé tiép tuc

Vi viéc thiét 1ap cau hinh hinh hoc  dugc thuc hién.
cho hé do dé c6 sb liéu do tdt hon, cac
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RESEARCHING AND PILOT OPERATING THE MEASURING
SYSTEM FOR NEUTRON SCATTERING
AT CHANNEL No. 4, DALAT REACTOR

ABSTRACT

Neutron scattering is one of the leading techniques that has been used widely in
many countries in examination and assessment of the characteristics and structure
on the atomic scale of material in kinds. In Vietnam, neutron scattering technique
has not been developed. This technique, on the other hand, will be applied in a new
nuclear reactor project in the near future. For this reason, our research group has
designed and fabricated a system for measuring of the neutron scattering in the
horizontal channel No. 4 at the Dalat Reactor. In this report, the research group will
present the measurements and some results of measuring the neutron scattering
carried out on *'Ta with angles of 45° 60° 90° 120° and 135°, respectively. The
obtained results were compared with the simulated values by MCNP5.

Keywords: Elastic scattering, filtered neutron, MCNP5
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