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Tém tat: MCNP la mot phuong phap mo phong kha phd bién trong nghién ctru. N6 ¢o thé
dugc su dung dé tinh toan cling nhu t6i wu hoa cic bai toan vat ly. Bai bao xin gi6i thiéu
thiét ké va toi wu hoa hé PGNAA duya trén mo phong monte carlo, st dung chuong trinh
mod phong MCNPS. Theo d6, sy tinh toan van chuyen notron va gamma dugc tién hanh dé
udc lugng thong luong birc xa cho sy kich hoat mau trong hop chua. Két qua mo phdéng
chi ra thong lugng notron nhiét, notron nhanh dya trén mo phong vét cua notron phat ra tu
nguén Cf-252 qua cac vat liéu, phé blrc xa gamma va tinh toan an toan birc xa. Dya trén
két qua thu nhan dugc, tir d6 thiét ké cau hinh cho mot hé phén tich kich hoat gamma tirc
thoi (PGNAA) v6i thé tich mau nho.
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I. MO PAU

K§ thuat phéan tich bang phuong phap kich hoat notron-gamma tirc thoi (PGNAA) 1a
mot trong nhitng k¥ thuat phan tich tién tién, cho phép phan tich nhanh v&i d6 chinh xéc cao,
c¢6 thé phan tich dugc hau hét cac nguyén té trong bang tuan hoan. Trong phuong phap nay,
cac buc xa gamma tuc thoi tao ra tir qua trinh tuong tac cua cac notron nhiét va cac notron
trén nhiét thong qua cac phan ung bat (n,y) va tan xa khong dan hoi (n,n’) tir d6 tao thanh cac
hat nhan ¢ trang thai kich thich va phat ra cac birc xa gamma tirc thoi ¢6 nang luong xac dinh
va déc trung cho nguyén t6 co trong mau. Can cir vao  nang luong buc xa gamma ghi nhén
dugce c6 thé xac dinh dugc thanh phan cac nguyén t6 co trong mau va _cuong do buc xa
gamma ghi nhan duoc sé& ty 1& véi ham lugng clia nguyén t6 c¢6 trong mau do [1, 2] Ngay
nay, phuong phap nay dang ngay cang dugc ung dung rong rai vao phuc vu san xuat cong
nghiép va doi séng. O cac nude khac, co thé tim thay rat nhidu cic ing dung cua k¥ thuat nay
trong nhiéu nganh va cac linh vuc khéc nhau. Tuy nhién, tai Viét Nam vi¢c ung dung ky thuat
PGNAA trong cac nganh cong nghiép con rat han ché, ¢ thé tim thdy mot vai so cd sir dung
trong cong nghé san xuat xi ming va trong nghién ciru. D6i voi nganh cong nghiép tham do
va khai thac khoang san, dic biét 1a trong nganh than, c6 thé phat trién ky thuat PGNAA cho
nhiéu myc dich [3] nhung cho dén nay hau nhu van chua c6 thiét bi loai nay duoc dua vao sir
dung. Ly do rat don gian 1a do thiét bi st dung k¥ thuat PGNAA kha dit tién, yéu ciu cao vé
dam bao an ninh nguon phéng xa, an toan birc xa va nguoi st dung can ¢ trinh do, phai dugc
huén luyén, dao tao co ban vé an toan birc xa (ATBX). Tuy nhién viéc nghién ctru, g dung
ky thuat PGNAA lai c6 y nghia v6 cung quan trong trong do dac xac dinh d9 tro, d¢ am cing
nhu thanh phan, ham luong ciia cac nguyen t6 co trong than. Pé dap tmg nhu cau cia thyc
tién cuia nganh than va cac nganh khac, may nam gan day tai Vién khoa hoc va Ky thuat hat
nhan d tién hanh nghién ctru va budc dau da ché tao thanh cong hé PGNAA cho phép phan
tich nhanh d9 tro than, tuy nhién thiét bi nay doi hoi khéi lugng miu phan tich kha 16m, vao
khoang 500 — 700 kg [4]. Véi céu hinh hé do di ché tao, gdy kho khin trong viéc 14y mau tir
khe truong mang v€ phong thi nghiém (PTN) va nap vao h¢ do dé phan tich. Trong khi do,
nhu yéu céu cua co so sang tuyén than 1a can phan tich hang tram mau mdi ngay, viéc su
dung hé phén tich miu 16n khéng dap tmg duoc yéu cau thuc té. Do d6 can phai ché tao mot
thiét bi phan tich do tro bang k¥ thuat PGNAA véi lwong mau phén tich nho, vao khoang tir
10 kg téi 20 kg. Bai bao nay trinh bay két qua ctia mé phong st dung MCNP nham thiét ké
c4u hinh téi uu cho hé phan tich PGNAA véi cau hinh do mau nho.



MCNP (Monte-carlo N-Particle) 1a chuong trinh rng dung phuong phap mé phong
Monte carlo nham tinh toan cic qua trinh vat 1y d6i véi notron, photon, electron (cac qua trinh
phén rd hat nhan, twong tac gilta cac tia bire xa voi vt chat,...). Dy 1a mot cong cu tinh toan
rat manh, co the mo phoéng cac qua trinh van chuyén notron, photon va electron,... thong qua
viée gieo sb ngau nhién tuén theo cac quy luét phan bd, sir dung cac thu vién chuan hat nhan
lién quan toi tiét dién phan tng, xac xuat phat gamma nham giai quyét cac bai toan vat ly
trong thiét ké xay dung, t6i wu hoa hé thi nghiém, tinh toan an toan buc xa, tinh toan lidu
trong y hoc hat nhan,...[5,6]. Trong bai toan md phong nay viéc sir dung cong cu MCNP5
nham tinh toan, md phdéng va udc lugng thong lugng cua notron nhiét, notron nhanh, tinh
toan an toan buc xa va phd gamma dya trén qua trinh mé phong van chuyén notron qua cc
vat liéu khac nhau, tir d6 xay dung, thiét ké thir nghiém mot hé thiét bi PGNAA vé6i cau hinh
do mau nho.

II. NOI DUNG
IL.1. P6i twong, phwong phap mé phong

Hé do d6 tro than bang phuong phap PGNAA da ché tao [4] gdm 03 khdi chice nang:
Khéi 1: khéi luu gitr, bao quan ngudn phong xa khi thiét bi khong hoat dong. Khéi 2 (Kh01
do): khi hoat dong, ngudn notron chtra trong khéi 1 duoc dua téi khéi 2, day 1a khdi chira mau
can phan tich va bd phan thu tin hi¢u (6ng thu tin hi€u c6 dang hinh try, c6 duong kinh
D=80mm va chiéu dai L=800mm, trong chtra dau do BGO va mdt s6 mach dién tir chirc ning
di kém). Khéi 3 (khéi bién doi tin hiéu va xu 1y két qua) bao gdm hop bién dbi tin hiéu va
may tinh chira phdn mém ghi nhan phé va phan tich do tro. Pé tién t&i muyc tiéu xay dung
thiét bi phan tich c6 kha ndng phan tich d¢ tro véi khdi luong mau nho thi cac thi nghiém
trinh bay trong bai bao nay chi thyc hién viéc tinh todn nham thiét ké, xay dung khéi 2.

Trudc day, trong hé do cdu hinh miu 16n, cac notron phat ra tir ngudn tuong tac truc
tiép voi mau, trong d6 bé diay mau xung quanh ngudn duoc tinh toan du 1on dé lam cham
notron va han ché notron di dén dau thu. Tuy nhién, véi hé phan tich méu nho, can phai tinh
toan nhiét hoa notron va tang théng luong notron trong budng chiéu mau. Dé lam diéu nay
can phai tinh toan bé day can thiét cua vat liéu dé nhiét hoa, phan xa va che chan notron.

Khéi 2 (khéi do) c¢6 dang hinh tru tron, c¢6 thé chia lam 3 khoanh (1, 2, 3) xép chong 1én
nhau nhu hinh 1.
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Hinh 1: Cau trtic 3 khoanh cua khdi do hé phan tich do tro PGNAA

Khoanh 1 chira ngudn phéng xa, vi tri ngudn phong xa dugc dit trén truc tim, phia trén
ngudn 1a 16p 1am cham sir dung dé nhiét hod notron, phia dudi nguén 1a 16p vat liéu dé phan
xa notron, nham phan xa cac notron phét ra tir nguon 1én phia trén, tir d6 tang cuong thong
luong notron trong budng chiéu miu. Lép dudi vat liéu phan xa va cac vong ngoai xung
quanh 16p vt liéu 1am cham 1a vat liéu str dung dé hap thu notron va che chin birc xa gamma
di ra moi truong. Khoanh 2 ¢6 thé bao gom cac 16p hinh tru tron tinh tir bén ngoai di vao truc
tam: 16p chi can xa gamma, 16p vat liéu lam cham va hép thu notron, khoang rong dé dat hop
dung mau do, 16p vat lidu bao vé dng thu tin hiéu va trong ciing 13 hinh try tron dudng kinh
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80mm dé cim 6ng thu tin hiéu. Khoanh 3 dugc thiét ké bao gom: 16p lam cham va hip thy
notron, phla trén 16p nay la 16p chi dé che chan buc xa gamma di ra ngoai. Khoanh 3 co
khoang rong hinh tru dong tdm, cung duong kinh 80mm v6i khoanh 2 dé cam ong thu tin
hiéu. Thi nghiém tinh toan cdu hinh khéi do str dung MCNP véi cac thong s6 dau vao nhu
Sau:
- Ngudn phat notron 14 ngudn Cf-252 ¢ thong lugng vao khoang 107 n/s.

- Pau thu BGO ¢6 kich thudc 27x2”.

- Céc loai vat lidu dung dé nhiét hod notron: polyetylen, paraffin, graphite.

- Céc loai vat liéu dung 1am chat phan xa: polyetylen, paraffin, graphite, beryllium.

- Vat liéu lam cham va hép thu notron: Paraffin, polyetylen, borat.

- Vit liéu che chin tia gamma ra méi truong bén ngoai hé do 1a chi (Pb).

Thi nghiém mo phong thuc hi¢n cac ndi dung sau:

- Xac dinh ph6 ning luong ctia ngudn Cf-252;

- Tinh toan x4c dinh vét lidu va bé day t6i wu nham nhiét hoa notron;

- Tinh toan lua chon vat li¢u phan xa notron,

Tinh toan lya chon vt liéu hip thu notron dam bao an toan btc xa (ATBX) cho
thiét bi dién ttr (chu yéu 1a dau do) va cho ngudi st dung;

Dua trén cac két qua mo phong c6 duoc, tién hanh thiét 1ap cau hinh hé do tir d6
tinh toan phd gamma va sudt liéu twong duong voi cdu hinh di xay dung.

IL.2. Két qua va ban luin
a. Xac dinh phé ning lwgng ciia ngudn phat notron
- Ngudn phét notron 1a ngudn 22Cf, ¢ thong luong vao khoang 10" n/s, phat ra buc xa
notron c6 nang lugng trung binh khoang 2,14 MeV. Pho nang lugng tudn theo phan bo Watt,
dugc xac dinh boi cong thire (1) dudi day:

f(E)=C e sinh(VbE) 1)

trong d6 E 1a ning lugng notron trung binh, a=1.025, b=2.926 [7]. Pho ning luong notron cua
ngudn Cf-252 c6 dang nhu hinh 2:
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b. Luwa chon vit liéu lam cham notron

Trong ky thuat phan tich PGNAA, qua trinh kich hoat mau do, st dung chi yéu la
notron nhiét, vi vy trong qua trinh do can phai lam cham cac notron nhanh phat ra tir nguén.
Pay 1a yéu té rat quan trong va anh huong truc tiép toi hiéu suét cua phép phan tich. Néu
notron nhanh dugc nhiét hoa t6i da thi hiéu suat sinh birc xa gamma trong qua trinh kich hoat
mau sé& 16n, do d6 d6 nhay phan tich s& cao. Pé thuc hién diéu nay, can lya chon vat liéu phu
hop nhiét hoa notron va tinh toan bé day lam cham téi wu dé thu dwoc théng lwong notron
nhiét 16n nhét, dong thoi han ché t6i da phong bic xa gamma sinh ra do qué trinh tuwong tac
cua notron voi vat li€éu dugc chon. Qua trinh tinh toan dugc thuc hién trén ba loai vat liéu:

paraffin, polyetylen va graphite, két qua moé phong dugc biéu dién trén hinh 3 va hinh 4.
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Tur két qua tinh toan cho théy, dé 1am cham notron thi bé day ti wu cua vat liéu paraffin
1a 5-7 cm, polyetylen 1a 10-12 cm va graphite 1a 32-35 cm. Nhu vay paraffin c6 kha nang lam
cham tot hon so véi cac vat liéu khac, tuy nhién phong birc xa gamma tao ra cua paraffin tai
bé day nhi¢t hoda to1 uu cta vat liéu lai 16n hon so vdi polyetylen va graphite.

c. Lua chon vt li¢u phén xa

Viéc xac dinh, thiét ké cc vat liéu phan xa c¢6 ¥ nghia quan trong trong viéc ting cudng
thong luong notron trong ving chiéu mau. Sy phan xa notron trén cac vat liéu phu thude vao
tiét dién tan xa cua hat nhan, tiét dién hap thy, mat d6 va bé day vat liéu phan xa. Cac vat liéu
st dung trong thiét ké vanh phan xa can c6 tiét dién tan xa 16n, tiét dién hép thu nho vé1 mat
d6 cao dé c6 kha nang phan xa notron tt nhat. Theo d6, qua trinh tinh toan dugc thuc hién
trén bon loai vat liéu khac nhau bao g@)m polyetylen, graphite, paraffin va beryllium, két qua
thu dugc thong qua moé phong dugc thé hién trén hinh 5.
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Hinh 5. Sy bién d6i thong lugng notron theo bé day chat phan xa

Két qua cho thay: bé day phan xa ti uu thu duoc trong khoang 6-7 cm véi cac vat ligu
nhu polyetylen va paraffin; 10-12 cm d6i voi cac vat liéu nhu graphite va beryllium. Két qua
tinh toan véi graphite kha phu hop véi tinh toan cua Zhang Jinzhao [8]. Trong d6 graphite va
beryllium c6 kha nang phan xa cao hon so v&i cac vat liéu khac, do cac nguyén td cua vat liéu
nay tuong tic v4i notron theo va cham dan hoi tai goc tan xa 16, do d6 khong tao ra cac tia
gamma tire thoi. Nguoc lai cac vat liéu polyetylen va paraffin c6 chira thanh phan hidro trong
cong thirc cdu tao phan tir cho nén ching dé& dang bat notron 1am phat ra biic xa gamma c6
nang luong 2,2 MeV va lam tdng phong trong qua trinh ghi nhan.

d. Tinh toan an toan birc xa
Che chin an toan birc xa can chu trong 2 van dé : che chin dau do khoi cac tac dong cua
birc xa notron sinh ra tir nguén di truc tiép t6i detector hodc cic notron tin xa vao dau do
trong qua trinh twong tac v4i vat chit va che chan an toan buc xa dé giam thiéu lidu chiéu ra
mai trudng xung quanh khéi do. Viéc che chin dau do khoi cac tac dong cua birc xa notron va
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gamma c6 ¥ nghia quan trong trong viéc bao vé dau do va giam thiéu phong buc xa gamma
do qua trinh lam cham va phan xa notron gay lén. K&t qua tinh toan thong luong notron va
gamma tai vi tri dau do dugc bi€u dién trén hinh 6, 7:
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Hinh 6. Pho nang lugng notron ghi nhan tai Hinh 7. Pho nang lugng btic xa gamma ghi
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Dbi vai lidu birc xa bén ngoai khdi do chu yéu giy boi cac notron nhanh va cac birc xa
gamma tao thanh tir qué trinh twong tac cuia notron véi cac thanh phan véat chat trong khoi do.
Két qua tinh todn phd nang luong notron va gamma bén ngoai khoi do dugc bi€u dien trén
hinh 8, 9.
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Nhu vay dé giam thiéu phong gamma, c6 thé sir dung 16p chi c6 bé day khoang 2 cm dé
che chén cho dau do, voi bé day nay thi cuong do bic xa gamma giam di 2.7 1an va sir dung
I6p chi c6 bé day khoang 3 cm dé che chin bén ngoai xung quanh khdi do. Di véi viéc che
chén btrc Xa notron cho dau do va cho khdi do c6 thé can ctr vao mirc d6 suy giam notron theo
bé day chét hap thu, hinh 10 chi ra sy suy giam cua notron theo bé day céac vat liéu khac nhau.
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Hinh 10. Su bién di cua théng lugng notron theo bé day vat liéu



e. Thiét ké cAu hinh khoi do

Dua trén cac két qua tinh toan thu dwoc, kich thudc ciu hinh khdi 2 trén hinh 1 duogc
x4c dinh nhu sau. Khoanh 1 ¢6 cac 16p: 16p 1am cham bang paraffin co chiéu day 6cm, 16p
phan xa bén dudi day 11cm, 16p che chin notron sir dung paraffin day 5cm va 16p chi duéi
cung dé che chin y day 2cm. Khoanh 3 gom 2 16p, 16p paraffin che chan va hap thu notron
day 13cm, trén cung 1a 16p chi che chin y day 2cm. Khoanh 2 ¢6 cac 16p vat liéu tinh tir ngoai
vao trong gdm: 16p chi che chan y day 3cm, 16p paraffin che chin notron day 15¢m, khoang
rdng dé dat mau do rong 8cm, 16p borat hap thu notron day 5cm va khoang réng dé cam ong
thu tin hiéu 1a 4cm. Nhu vy dudng kinh cta khoanh 2 1a 72cm (ciing 1a duong kinh ciia khoi
2). Dé xac dinh chiéu cao caa khoanh 2, tién hanh thém mot s tinh toan dé xac dinh do cao
mau than. Véi két qua tinh toan nham ghi nhan théng lugng gamma sinh ra do cac thanh phan
ctia mau than tai vj tri dau do BGO, tir d6 lya chon duge do cao cua mau than. Theo d6, bé
day mAu cao hon bé mit phia trén cua tinh thé BGO khoang 2.5cm va thip hon bé mit dudi
cta tinh the BGO khoang 6cm. Dé che chan dau do, giam thiéu tic dong cuia birc xa notron va
phong b Xa y gdy ra do cac vat li¢u céu thanh khdi do, xung quanh dau do st dung borat co
chiéu day khoang 5cm, bén dudi dau do bd tri 3 16p che chan bao gém khéi chop PE c6 chiéu
dai khoang 14 cm, 16p borat 4cm va 16p chi c6 bé day khoang 2 cm. Hop chira mau duoc thiét
ké dang vanh khin hinh tru tron véi thé tich dugc tinh toan c6 thé chira dung khoang 15 kg
than. Dé che chin an toan bic xa, giam thiéu liéu bic xa ra méi truong, xung quanh khéi do
sir dung 2 16p che chan bao gom 16p paraffin ¢ bé day 15 cm va 16p chi day 3cm. Nhu vay,
khdi do thtr nghiém c6 dang hinh tru v6i ban kinh 13 36cm va chiéu cao 13 67cm, duge md
hinh hoéa nhu trén hinh 11.

Lop Pb
Paraffin Borat i
BGO ;
_ Paraffin
MAU DO Chop PE
Chi Cf-252 Cf-252
Paraffin Graphite Graphite

Hinh 11. Cdu hinh hé PGNAA theo mit cit XZ va XY tai tim ngudn

Véi cau hinh che chan dugc thiét ké nhu trén, két qua tinh toan liéu bic xa tong cong
gay boi n va y & bén ngoai khoi do tai cac vi tri cach khoi do 50cm va 100cm (hinh 12) duoc
thé hién trén bang 1:

- *
c B
(cich b 100cm) (cachhé 50.em)

Hinh 12. Suét lidu twong duong téng cong tai cac vi tri ngoai khdi do.



Bang 1: Suét liéu twong duong ghi nhan duoc tai 2 vi tri bén ngoai khéi do:

Vi tri Liéu birc xa (uSv/h)
B 4.2
C 1.6

f. Tinh toin pho gamma tirc thoi

Phé gamma ttc thoi thu nhén dugc tai dau thu duoc tao thanh chu yéu do qua trinh
tuong tac cta notron véi cac nguyén té cé trong than. Cac nguyén t6 nhe va trung binh nhu
Ca, Fe, Si, Al, Ti la thanh phan chinh trong tro than c6 tiét dién bit notron nhiét 16n, vi vay dé
dang phat ra cac burc xa v tirc thoi tir phan tng bét (n,y) tao thanh cac dinh gamma dic trung
[1,2,9]. Tinh toan véi 2 mau than c6 ciing khoi luong 15 kg; c6 d6 tro 10% va 30%; mat do
khéi lugng 13 1.70 gam.cm™, ¢6 thanh phan va ham luong tuong tng cho trén bang 2.

Bang 2: Thanh phan ham luong mau tro than twong tmg dua vao tinh toan [10]:

Thanh phan Ti 1é thanh phéan (%) mau Ti 1é thanh phan (%) mau
than 10% than 30%
SiO, 5,919 20.08
Al,O3 2,508 7.524
Fe,03 0,597 1.791
CaO 0,109 0.327
MgO 0,123 0.369
MnO 0,005 0.015
K,0 0,458 1.374
Na,O 0,021 0.063
Ti,O 0,085 0.255
D6 am (H,0) 8 8
C 75,35 53.3974
N 6 6.2
S 0,65 0.6

Pho birc xa gamma thu nhan dugc tai dau do biéu dién trén hinh 13.
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Hinh 13. Pho y d6i v6i hai mau than c6 do tro 10% va 30%

Két qua trén cho thdy, dang phd thu dugc voi hai mau than c6 thanh phan tro khac nhau
la khac biét va c6 sy twong quan tuyén tinh nhau. Pi€u d6 c6 thé dam bao cho viéc tinh toan
x4c dinh d9 tro trén h¢ phan tich thyc nghiém.

1. KET LUAN

Thong qua viéc md phong van chuyén notron qua cac vat liéu khac nhau bang viéc st
dung chuong trinh MCNPS5, da gidi quét cac bai toan nhiét héa, phan xa va an toan birc xa
nham t6i vu hoa cho cau hinh hé phan tich nhanh d¢ tro than véi khoi lugng mau nhd bang
phuong phap PGNAA. Trong dd, cac tinh toan chi thuc hién véi ngudn notron la 22Cf ¢6
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thong lwong 10'n/s va voi mot loai dau do 1a BGO co kich thude 27x2”. Két qua cho thiy, voi
thong lwong ngudn nhu trén, chi cAn dau do co kich thudc 27x2” va véi thé tich mau nho nhu
d3 tinh toan 13 co thé thu dugc phd riéng biét véi cac loai than co do tro khac nhau. Trong
thue té, khi ngudn notron c6 thong luong n/s nho hon dang ké, co thé tiang kich thudc dau do
(Ién 37x2”; 37x3”; 57x3”,...) hodc tang thé tich mau do. Viéc tang thé tich mau do kha d&
dang nho giam bé day kich thudce vat lidu bao vé xung quanh dau do, giam chiéu cao kich
thudce chop PE,... Nhitng van dé nay s€ duogc xu 1y khi dua hé do thuc nghiém vao hoat dong.
Day chinh 1a tién dé co s& cho qua trinh nghién ctru va ché tao hé phan tich thir nghiém.
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USING MCNP5 COMPUTER CODE TO DESIGN THE PGNAA FOR LIMITED

BULK COAL SAMPLES

MAI VAN DIEN, NGUYEN THANH TUY, KHUONG THANH TUAN
Institute for Nuclear Science and Technology,179 Hoang Quoc Viet, Ha Noi
Email: maivandien.k56@hus.edu.vn

Abstract: MCNP is very popular simulation code in research. It can be used to
calculate and optimize the configuration for physical problems. In this paper, we
present the design and optimization of PGNAA system based on Monte Carlo
simulations using MCNP5 code. Neutron and gamma transport calculations have
been performed to estimate irradiation fluxes for sample activation within hot cell.
The simulations results indicate thermal neutron, fast neutron fluxes based on
tracking the transport through matters of neutrons emitted from the source (Cf-
252), gamma spectrum , radiation protection and we used this results to design a
prompt gamma ray neutron activation analysis (PGNAA) configuration for a
limited volume of coal samples.

Keywords: MCNP, PGNAA, Monte Carlo, Cf-252 neutron source
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