NGHIEN CUU - TRRO PO

THIET KE CAU HINH DO HEPHANTICHTHAN
BANG KY THUAT PGNAA TREN PHAN MEM MO PHONG MOCA

NGUYEN THANH TUY, KHUONG THANH TURN, VU TRUNG TAN

Vién Khoa hoc va Ky thudt Hat nhan

Thanh phan va ham lugng cac nguyén to trong than 1a théng sd ¢6 y nghia quan trong
trong phan tich, di€u tra, khai khoang. C6 nhigu phuwong phap phan tich khac nhau dé
xac dinh ham lugng cac nguyén to nhu phan tich huynh quang tia X (XRF), khdi phd ké
hap thu nguyén ti (AAS), phan tich kich hoat netron - gamma tiic théi (PGNAA)... trong
do PGNAA cho dap tng nhanh va hiéu qua. Nhom nghién ciiu da st dung chucong trinh
mod phong MOCA dva trén ma ngudn MCNP dé thiét k& mot cau hinh PGNAA ofi-belt
diing ngudn notron Cf-252 va d4u do BGO cho ddi twgng than. Su phi hgp giifa cac két
qua xac dinh thanh phan trén mau than thu duvgc so vdi két qua phan tich héa cho thay
kha nang ché tao va iing dung hé thiét bi PGNAA off-belt cong nghiép phuc vu cong tac
phén tich hién trudng.

Tir khéa: PGNAA, MOCA, thiét ké

CONFIGURATION DISIGNING
OF PCGNAA OFF-BELT COAL A&H
ANALYZER BASED ON MOCA
SIMULATION SOFTWARE

Summary

Elemental composition of coal material
is one of important parameters in the
analysis, investigation and mining.

There are many different methods that
can be used for elemental composition
analysis such as XRF, AAS, PGNAA... In
these methods, PGNAA is found to be a
quick and useful technique. In this work,
the MOCA simulation software based

on MCNP code was used to design a
configuration off-belt PGNAA using Cf-252
neutron source and the BGO detector for
coal. The results are in good agreement
with those obtained by chemical analysis,
showing the ability to manufacture
PGNAA off-belt commercially.

1. Ky thuat phan tich
PGNAA

PGNAA la ky thuéat phan tich
bang phuong phéap kich hoat
natron - gammatuc thdi,chophép
phan tich nhanh, két qua kha
chinh xac, khong phai gia cong
mau, qua trinh phan tich khéng
bi anh hudng cla diéu kién moi
trudng, va phan tich dugc hau
hét cac nguyén td trong bang
tuan hoan... Nguyén ly cd ban
ctia PGNAA 1a khi chi€u ngtron
cham (nhiét va trén nhiét) vao
mau do, xay ra cac phan tng bat
(n,y) hoac tan xa (n,n’) natron,
tao thanh cac hat nhan & trang
thai kich thich va phat tia gamma
tic thoi (103 + 1015 giay) dé tré
vé trang thai cd ban. Cudng do
tia gamma phuy thudc vao nang
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lugng cla notron, thanh phan
va ham lugng cac nguyén té co
trong mau. Khi théng lugng cla
ngudn natron khéng déi (trudng
hgp dung nguén doéng vi hoadc
vGi cac thong s6 vé dong, dién
ap xac dinh khi dung may phat
natron), cudng do tia gamma chi
con phuy thuéc vao ham lugng
clia cac nguyén t6 va dac trung
cho céc nguyén t6 c6 trong mau
bi chi€u [1-4].

Can cu vao nang lugng buc
xa gamma d&c trung ta c6 thé
nhan dién dugc cac nguyén to
céu thanh dd tro cla than, viéc
xac dinh ham lugng cac nguyén
t6 trong mau phan tich dua vao
cudng do hay dién tich dinh phé
gamma. Dung ky thuat PGNAA
phén tich than (phan tich nguyén
t6, do tro.) dé danh gia chat
lugng than cla céc via than va
déng than trong linh viyc tham
do, khai thac va ché bién than.
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2. Chuong trinh mé phdng MOCA

MOCA la b chuong trinh mo phéng qué trinh tudng
tac cla natron véi vat chat st dung phudng phap Monte
- Carlo, dugc viét dé chay trén PC duya trén ma ngudn
MCNP.

MCNP (Monte - Carlo N-Particle), MOCA la phan mém
ing dung phudng phép Monte - Carlo mo phoéng céc qua
trinh vat ly mang tinh thdng ké, st dung cac thu vién so
liéu hat nhan cla cac qua trinh tinh toan, gieo s& ngau
nhién tuan theo cac quy luat phan bd, ghi lai sy kién lich
st cla mot hat phat ra tii ngudn dén hét thgi gian séng
cla nd. Chuang trinh MCNP, MOCA chl yéu md ta céac
qua trinh vat ly hat nhan cla notron va photon dya trén
cac phudng trinh toan hoc.

MOCA cé kha nang md phéng cac qua trinh van
chuyén va tudng tac clia natron véi cac nguyén t6 khac
nhau, ting véi cac nang lugng natron khac nhau, s dung
b6 dii liéu chuén vé cac tham s vat ly nhu: tiét dién phén
u’ng theo nang lugng, suat phat gamma, s6 liéu chi tiét
vé cac loai nguén notron va gamma.. trang bi sén trong
chuang trinh dudi dang bé thu vién chuén. Bo thu vién
nay ciing c6 thé cap nhat, thém mdi hodc stia déi khi can
thiét [5, 6].

1. Thiét ké he do bang chwong trinh mé phéng

1. Cau hinh do co ban cua ky thuat phan tich
PGNAA

Hinh 1: vung xay ra tiong tac prompt gamma
quanh dau thu hat nhan

TU hinh 1 ta thdy, hé do st dung ky thuat PGNAA co
anh hudng lién quan dén vi tri dat nguén, mau do xung
quanh ngudn va dau do thu tin hiéu.

Vi tri d&t nguén (khi do) phéai dat c6 dinh & mot vi tri
trong thuing chiia mau phan tich. Trong phép do phan tich
dung ky thuat PGNAA thi loai ngudn dong vi phat ngtron
phd bién dugc dung 1a nguén Cf-252 véi sudt lugng c¢d 10°
n/giay dén 107 n/gidy; Dau do hat nhan sl dung thudng
|4 loai BGO dé c6 thé ghi nhan dudc céc blic xa gamma
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6 nang lugng cao ti vai tram keV dén 10 MeV, vi bic xa
gamma sinh ra tif phan (ng bat notron nhiét (n,y) phan
I6n ¢ nang lugng cao trén vai MeV. Khi moé phong, sU
dung 2 loai dau do BGO dé thi nghiém: kich thudc 2”x2”
va 3”x3”; loai BGO 3"x3” ¢é hiéu sudt ghi tét hon nhung
gié thanh lai cao hon.

Mau do dugc bd tri xung quanh ngudn, kich thudc
mau do phai ddm bao di vung béo hoa natron - gamma,
nguén notron cé sudt lugng cang Ién thi kich thuéc mau
do cang I6n.

2. Céc théng sé dé thiét ké cau hinh do PGNAA bang
chuong trinh mé phéng MOCA

Céc thong s6 dau vao dugc nap vao chuang trinh mo
phéng MOCA la:

- Nguon phat natron Cf-252 véi sudt lugng 108 n/giay
va 107 n/giay, dau do BGO kich thudc 2”x2” hodc 3’x3”,
mau than phan tich la loai than cé khéi lugng riéng tir 0,89
g/cm?® dén 3 g/cm?.

- V4 hinh try cla thiét bi: m6 phéng véi polyetylen.
Khoi dién ti chiic nang gan bén trong thiét bi.

- Céc gia dd ga ngudn bang polyetylen.
- TAm ng&n cach tia gamma tryc tiép lam bang chi.

- Vi tri, kich thudc, thanh phan héa hoc va mat do khoi
cla vat liéu mau can do (& day la cac mau than cé do tro
khac nhau).

_Trong tinh toan mé phdng céc yéu t6 chinh dugc xét
dén la:
- M6 phdng dé lya chon viéc s dung cac ngudn natron
khac nhau, d6 la ngudn Cf-252 suét lugng 10° n/giay va
ngudbn Am - Be suét lugng 107 n/giay.

- Mé phdng chiéu day bao hoa clia mau than can phan
tich doi vai 2 loai nguén notron trén.

- Su thay dai clia phd gamma tic thai thu dugc khi
thay déi thanh phan héa clia cac mau than.

Chtic nang chinh cla chuong trinh la mé phdng qua
trinh van chuyén va tuong tac clia notron trong mau than,
nham doan nhan trudc cac théng s can thiét dic trung
vé phd gamma tiic théi thu nhan dugc tif phan Gng cla
natron véi cac nguyén té c6 mat trong than dong vai tro
quyét dinh dén do tro cla than. Thong qua két qua cla
qud trinh mé phdng nay, ta ciing ¢ thé doan nhan dugc
kha& nang phan tich clia hé khi dua vao céc thong sé rang
budc cho trude nhu: sudt lugng clia ngudn notron, loai
ngudn notron, anh hudng cta cdu hinh thiét bi dén kha
nang va do chinh xac cla phép phan tich.



Céac nguyén t6 Ca, Fe, Si, Al, Ti trong mau than ¢
tiét dién bat natron nhiét I16n, vi vay céc notron phat ra
tlr ngudn déng vi can dugc nhiét héa dé tang cudng do
blic xa gamma tiic thdi phat ra ti phan tng (n,y). Nguén
notron thudng dugc bao quanh bai khéi polyetylen nham
lam tang théng lugng notron nhiét di vao mau.

Hinh 2 la cdu hinh cla hé phan tich do tro cta than si
dung ky thuat PGNAA ttc thdi.

.
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Hinh 2: cu hinh hé phén tich dé tro stv dung phuong phéap PGNAA
Chu thich: (a) mat cdt ding; (b) tiét dién; 1 - dau do BGO; 2
- khéi dién ti chic nang; 3 - vé bang polyetylen; 4 - céc chi dé

chdn tia gamma truc tiép tr nguén; 5 - 6 dé bang polyetylen;
6 - nguén notron

Mot s mau than da dugc phan tich mé phdéng dudgc
liét ké trong bang 1.

Bang 1: ham lugng (%) cdc oxit c6 trong tro than gid dinh
dé& phan tich mé phéng

Pon vi Mau than
Mau than phan tich Mau s6 1 Mau sé 2 | Mau sé 3
Do tro tho Y% 16,84 19,44 17,51
Ham lugng oxit trong tro than
Sio, Yo 52,43 53,16 52,55
AlLO, Y% 20,02 19,71 20,15
Fe,O, % 19,41 14,86 14,53
TiO, Yo 0,49 0,52 0,65
K,O Yo 4,05 3,66 3,44
Na,O Y% 0,68 0,53 0,49
CaO % 1,12 1,61 2,95
MgO Y% 1,06 2,13 2,24
P,O, % 0,30 0,42 0,34
SO, % 2,07 1,71 1,21

Py

TU ham lugng cac nguyén to trong tro than nhu &
bang trén, qua chuong trinh MOCA thu dudc pho bulc xa
gamma tic thdi (hinh 3).
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Hinh 3: phé thu dugc qua mé phdng cla 3 mau than
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K&t qua mo phdng: thu dugc hinh dang phé véi nang
lugng cac tia gamma dac trung cla cac nguyén té xuat
hién & cac kénh xac dinh.

Trong ki thuat PGNAA s dung chti yéu & natron nhiét
nén phai lam cham ndtron nhanh phat ra tu ngudn. Day
la y&u to rat quan trong anh hudng truc ti€p dén hiéu suat
clia phép phan tich. Néu notron nhanh phat ra tii nguén
dudc nhiét hoa ti da thi hiéu suat sinh biic xa gamma I6n,
do d6 do nhay két qua phan tich sé cao. Trong chuong
trinh md phdng da sl dung 16p polyetylen dé nhiét héa
natron. K&t qua tinh toan cho thay, bé day t6i uu cla I6p
polyetylen la 10 cm.

Natron di ra khoi bé mét thung chiia mau c6 xac suét
dang ké, vi vay can c6 mot loai v thung cé kha ning
phan xa notron dudc bao quanh bé mét thung chira mau,
hién tugng phan xa ngugc sé lam tang thong lugng natron
di vao mau. Ngoai ra, vanh phan xa nay con cé tac dung
che chan, ngan nctron ra méi trudng dam bao an toan
buc xa cho ngudi lam viéc va giam khéi lugng mau than
phan tich.

Thong qua chuong trinh mé phong MOCA da xac dinh
dugc bé dayo bao hoa gamma cla thung chiia mau, két
qua dugc biéu dién trén hinh 4.
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Hinh 4: két qua mé phéng xdc dinh bé day bao hoa

Pa&i v6i mau than c6 khéi lugng riéng 0,85 g/cm?, mo
phéng MOCA thu dugc ban kinh bao hoa la R = 60 cm.

Ngoai ra bé day clia I6p Pb ¢6 tac dung chan céc
natron (gamma) tryc ti€p ti nguon t6i dau do trong clu
hinh ciing dugc tinh toan trong qué trinh mé phdng dé tim
dugc cdu hinh t6i uu (hinh 5).

Bé day t6i uu ctia I6p Pb
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Hinh 5: bé day Idp Pb chan notron (gamma) di thang t nguén téi ddu do
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‘Qua md phdng cho thay, bé day t6i uu cla I6p chi che
chan notron (gamma) di tryc tiép ti nguén dén dau do la
15 mm.

3. Thiét ké cau hinh do PGNAA bang chuong trinh
MOCA

TU céac thong sé tinh dugc bang chucng trinh mo
phdng cau hinh thi nghiém hé PGNAA off-belt dugc thiét
k& nhu trén hinh 6, hé do nay st dung dau do BGO 27x2”,
va ngudn Cf-252 (2x10° n/giay).

Day tin hi¢u %
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Hinh 6: cdu hinh hé phan tich dé tro than béng phuong phép PGNAA

Paraffin-Bo
Cf-252

Dua trén c&u hinh tinh toan thiét k&, hé PGNAA off-
betl thuc nghiém dugc xay dung nhu trén hinh 7.

Hinh 7: phan co cta hé thiét bi do gém hdp chira nguén va thing do mau

Qua md phdng MOCA, vdi viéc dua ra cac mau than
¢6 khdi lugng riéng khac nhau sé thu dugc kich thudc bao
hoa khac nhau. Thuc nghiém vdéi 3 loai than: 0,85 g/cm?;
1,5 g/cm?3 va 3 g/cm? thu dugc 3 kich thudc vé ban kinh
b&ao hoa la 60 cm, 47 cm va 35 cm. Tuy nhién, than &
vung Quang Ninh cé gia tri trong khoang tu 1,5-2 g/cm?,
cho nén khi ché tao thuing do cho hé thiét bi, ching t6i da
chon ban kinh thiing do la 50 cm. K&t qua mo phdng ciing
da xac dinh dugc téng bé day I6p polyetylen va bé day I16p
chi che chan buic xa ti nguén d&n dau thu BGO la 15 cm.
Thuc nghiém cling da chon dugc I6p polyetylen 1a 10 cm
va Idp chiday 1,2 cm.

Qua m6 phdng MOCA con cho ta thdy dugc su tdi uu
vé cdu hinh clia hé do. Sy t6i iu hoa vé cdu hinh trong mo
phdng ciing rat ph hgp véi két qua thuc nghiém.
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Hinh 8: phé thu duoc tu thuc nghiém

Hinh dang phé thu dugc qua md phdng va phé thu
dudc tu thuc nghiém c6 sy tudng quan tuyén tinh cho thay
két qua phan tich thyc nghiém dang tin cay.

Qua viéc moé phdng va qua trinh thuc nghiém cho 2
k&t qua cé sy tuong quan tét, ti dé cho thdy muc d tin
cay cla thiét bi phan tich promt - gamma da dugc nghién
ctiu ché tao.

C4&u hinh mé phéng da dugc dua vao trién khai trong
thuc t€ cho két qua tot, van dé an toan blic xa ciing dugc
kiém tra dat yéu cau, phu hop véi cac két qua cho ra tu
c&u hinh m6 phdng bang chuang trinh MOCA.

Chuang trinh mé phdng cho phép mo ta hau hét cac
hiéu Gng cla qud trinh van chuyén ndtron va bic xa
gamma. Qua qua trinh mé phong MOCA, véi cac két qua
c6 do tin cay cao c6 thé dua ra dugc nhiing phudng &n
vé nhiing thong s6 thiét k& ky thuat t6i uu. Mac du céc
k&t qué dat dugc rat dang tin cay nhung dé ché tao thanh
thiét bi cong nghiép can phai cé su nghién cliu, khdo sat
nhiéu hon vé cac dac trung vat ly cla hé do, thiét k& phan
cting va phan mém cho thiét bj =
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