Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

RAUEAPFHENE—MHRETE

Iy IAHAR XRA BER

Ab initio calculation of the thermal neutron scattering cross sections of uranium mononitride
Wang Li-Peng Jiang Xin-Biao Wu Hong-Chun Fan Hui-Qing

5| 118 & Citation: Acta Physica Sinica, 67, 202801 (2018) DOI: 10.7498/aps.67.20180834

7 2% 1413 View online:  http://dx.doi.org/10.7498/aps.67.20180834
2114 25 View table of contents: http://wulixb.iphy.ac.cn/CN/Y2018/V67/120

AT RERH B BB S &
Articles you may be interested in

A1 BITHIBION 4K A W LT A5 A RO 22 o 1) 38— 1 S BRSO T B

First-principle calculation on electronic structures and optical properties of hybrid graphene and BiOl
nanosheets

PP 22H%.2018, 67(11): 116301  http://dx.doi.org/10.7498/aps.67.20172220

AT K HI A RS A S8 r S R PR M ) 28— R R PR A

First-principles calculation of effects of deformation and electric field action on electrical properties of
Graphene

Y3 2422018, 67(7): 076301  http://dx.doi.org/10.7498/aps.67.20172491

T A A7 S AR M O JiL 3 HL A RO 2 1k B 52 e 1) L 1 BRAR BT AL

Electron-theoretical study on the influences of torsional deformation on electrical and optical properties of
O atom absorbed graphene

YH 24,2017, 66(24): 246301  http://dx.doi.org/10.7498/aps.66.246301

Au(111) Z T HEIRE — 2R PYBRT #h 5 2 B R 1 54
Structure of BP3S monolayer on Au(111)
PP 224%.2016, 65(21): 216301 http://dx.doi.org/10.7498/aps.65.216301

CuGaTe, Al CulnTey [ L1 A1 FE 5 ) 27— Pk JR R 7T

The first-principles study of electrical and thermoelectric properties of CuGaTe, and CulnTes
YE = 4.2016, 65(15): 156301  http://dx.doi.org/10.7498/aps.65.156301


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.67.20180834
http://dx.doi.org/10.7498/aps.67.20180834
http://wulixb.iphy.ac.cn/CN/Y2018/V67/I20
http://wulixb.iphy.ac.cn/CN/abstract/abstract72177.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract71826.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract71331.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract68637.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract67927.shtml

3 % R Acta Phys. Sin. Vol. 67, No. 20 (2018) 202801

RAiLsARFEENE —HRETHE

EamOYT TEARY RERD #HERKY
1) (BLASBRFE SHORYEE, 194 710049)
2) (FEALEEARBFST, Fi%  710024)
3) (B TR EMRL %R, 12 710072)

(2018 4F 4 f 26 HYEl; 2018 £ 7 H 30 HiLBIE 4k )

FALAl (UN) DL (1 A ek RV 25 007 8 2 B O e it 5l 0 E R e R, B H AT FA e X e T
(7 UN S5 i 2o, X0 T8 b 3 SN HEV B U H SRR AR AR ). RSO T 87 215 — R B, A
VASP/PHONON AT T UN (7 7255, BLUHONRIM 52 UN e A IR, IR0 (R
TAEE, KA LB NJOY/LEAPR, A #vh 7 HU 2 g, #52 UN [ S (o, B) Bidl, BEHE 7T
UN (#rb FHUS T, JF 5 G0 KR S8 (UO2) AT L. 45 R M. Ak it S S50 5 Budls P 1
B, UN 725 B T IADE T I UO2 70 B NI, s A LRI AR 5 ociafd — 2, 26
T A PV AR UN 2330 1 o 50 1 50 A 380 P A 48T LU AR [RDRLE T U0 o 228U /b, UN N
SR T ARA T HUR &2y, BEE IR T v, UN SRR i 28/, RSP EBU AR, e mBEBIE T A mii
BRI . AR SO 745 R 7 UN S -7 i 2l sk ok, R — 20 RGU0E 7T UN BREHE BKHE i)

TEVEREBE 1A,

KEIR): AU, 5B PEIRE, AR, Soh RO

PACS: 28.20.Cz, 28.20.Ka, 63.20.dk, 63.20.K—

1 58 =

BT A4 (UO) RBL, &L (UN) B
A R A AT R K R U 4R
MRS E PELT . AR R ARSI 0, o S it
By 77 HE AR L RRE, 2 T TR PR S A R,
BRI R R RS 2. hoh 1 [ BHE BT 5
A5 P AR R PR 0 8 r T X S IO M W 22 4
P iy RETE SR Al 2 AR UK, TR B RN AT &R
FRy R o 4B T B 4 e R A M TH B L HELSS B B
4. HATE R b O S 2 R S AR A R
A rh AT 7 AR SR AN AR B T VR R 2 Mk T o
2 IR AT, 5N I Bl AT 75 218
ey . ARk, R A R I S AN 0
HER, RITmTERETHSRE ST, P <3 —VE R B [

T 1BfE/EE. E-mail: wang0214@126.com
© 2018 FEYIEF S Chinese Physical Society

DOTI: 10.7498/aps.67.20180834

Vs R S AR IURE S A 2, Ca S
THWZEIRRGR PN EL, A FE Ao T B
AL E 5 B0l DU p R b P A T
FRGEH) UOL BARH®) Fvb 7 #8k Th # 8, be it MCNP5
77 (4 # b 5 4 i ENDF70SAB #4f SO, /b
UN #5 R #od 7 Hdfs 10, 3Rt 245 LLUN AR
F IR 5 3 A5 7K HE B At 2 B A b 7 S HE R )
B R RECRIR 2. UK ENDF /B VIILO
W S E LR PRGN ALK 221 LEIP SE56 = 1 H
“in-house code” #llfE T UN ] TSL (thermal scat-
tering library) SCfF 790, AH 30 B 38 4 19
FHEIUZA, AT #AIEBUR IR NN, JIF
% NJOY 2 /7 1011 sh LEAPR MEHUEAT 1 K
e, Fer AR T3 BN B8 43R T Cubic approx-
imation 1 Exact Debye-Waller Matrix /5 7%, 1 &
FEMAT TSL Fe, WA M SRR, Joixt Hab AT 5

http://wulizb.iphy.ac.cn

202801-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20180834
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 20 (2018) 202801

RNIIWEFT. DR, A3 T UN b 7 odle (1938
PIaoR, WHF0 1 UNKE 7S 1 & 5 B R 7 A VA An
Kk, X NJOY B # AR I kezh, 18338 A 14
UN HIWTFT, LAk 78 UN BB # b 5 A 2.
FABE D) T ORI A Al S T e

K, S HUN A R E LB A AR A R, B
SR REATEE B B RS 1 258 FERFE, $A b 7
PR AEBOR 5 AR BT VR T2 A B LA X A
AL AR T RONHEF, X RERART 1 eV T,
M1 TP 7 AR UM FABE A2 7T BB, AN RE T
NS R ER). T #vh 7 523 R
KRS, e NEERZIRAFRE R, LA, Hi g T
MIRER T RER T AL T RE R, XRZAGEX P
TR BRI, £ T e iR, BUN %54
Tz e AR AR, IR 7 A T R ARG,
5 kR N A BB R R TR RE
BT REAT D R AT 21 B AR AR [ TR
PEAHELER, 5 A A R AR HIUM 1) op [ AT BE AR T
PR U2 15] — i RN S (o, B) SRR B
#f, ENDF # QoA e A3 0 # b 7 0 & 1T/
TSL ST i U4 5 5 1 P A i R AL 45t T 20
Her SR R TSL SCRE, — MR Jeid A o
B O 7 2L PEPPAT B USRI AR, E 4 UN Y
AR T RO T B G B UN HERA A R 1 A
JEERITRT 55 (¥ 24 rp AT AR BTV,

2 MFTFRAERL

TR A BN AR AR T B R4 SR U
AR BUN 8 70, SPEHUN A2 ok R RER
AL, ERH TR T RE S SRR S,
WO FR R T HE UM 2 B B R, XA
FIA B ERSRK, REGAED THUN SR AR
RERE. MK, BT RAE#VERUN &1 ORER
AR 2% B 1R TN, 3 T R R A A TR 25 5
B, BRI = pEBE R T 1 — A B AN T
A BRI, BRI T ARSI R HIUN A 2 51
BA A G WO, (HAT LS T (B0 18)
HE T ) AN B LIRS E TS .

Ferpr 7 B HDE 5 T LAy 3 4y [0,

1) ARSRPEBON: AT AR T AR5
h, XS PT A Y B E R, AV RS, AR
IS RO B AT 2 B S (o, B) B RR AL

d%c

d2dE’

= o ZlownS(0,8) + oweSi(a B, (1)

Ht BRI B 2 S5 2 i NS FVEUR b 1 e &

Q FEIEG R T IEEH AR, ocon M EHREERZ I

FHTBUN B, oine &M BEI A AR 1 AR A B0

B, o VIR E, pNRERERE, S(a,8) N
o RO, RIA AN

B E'+E—2VE'E cosf _ hPR?

@ AKT = o P
E —E

B=—r = = (3)

S(avﬁ) :Ss(aaﬁ)"i_sd(a)B)v (4)

For A R BUR R R 5 & M AT iR B
fH; k& NEURRE; KT 2R, A2 eV h A Ul
WG e NREEARE; Ss(a, B) NAFEEAH AR
FHI B BUREE, Sa(a, B) A7 REA T 208 ¥ 73 32 H
SRR, W (1) 2T RUE SRR 5 ek T 7 2
RIS TR A 1 AT LA A L PR U A A AE #Ar
FHUR TR @R I “EAETIERY, it NJOY
FEFH I LEAPR BEE BIACH (4) sUH I Sa (o, B)
NE, X (1) AN

d?o 1 /F

045 = x| 7 lTcon + omelSs(a, ). (5)

WA M TR R 1 (5) 5, AN
Ss(a, 9) S 15 07 48 1 B B B, Sk RT, # b T B
e Ss(0n B) TELE R

sap) =5 [ O:o P e=1Dai (6)

SEp £ R I, LA/ (KT)s 53, (D) 25N
N p(B)

) =a /m 25 sinh(5/2)

x e P24, (7)

Hrb ) p(8) 72 A B AL T, JFH2EA
—Hem.

Mo f |B|{E§§j§ﬁﬂ‘ (CV 2 Olsw, |ﬁ| = ﬂsw)a B
(6 S B BB B, o F1B 0 2B T S(as 8)
O [, X R B 5] ON A I TR Rl i 3 fBL (SCT)
0115 A 4o - B B
Tess(T)

T

[1- e_iﬁf]

S5 (, B, T) =
4Tv

202801-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 20 (2018) 202801

A4S 2] AN A T X0 kA A
oST(E,E', )
o, VVEJE
©2kT \[AmaT o /T

(-8 T B+3
{—Teff— ' } ©)

Horb g AR EE th A i SR R,

1 Wmax h/w
= h{—= . 1
3/, hw cot (QkT>p(w)dw (10)

2) AR T AR HUR X S E S R E

Torr =

d?o

d0dE 51% P ( —2B(1- “ﬂ?)
% 6(1)3(E — E'), (11)
AR U8 A
(B = e (- 280-0° ), a2
B O PO
o(E) = 42‘;1?()) [1 — exp < - 4E@ ] (13)

H 7 Debye Waller £ 43 v(0) HH 7 F & % it &

W zZeH, KON BHFEKE EEARdER, o [
R LR (R R e %m_/%wwmwm<mvm% "
k), BRAY “AEART-SRPERURN ", X T JEAH s HL 0 he 2kT
55, HU o B i | HFHAH
exp [— 2B(1 - m)vf)] [2Em7$> - 1} — exp [— 2B(1 - uu)vf)} [2Eui17$) - l]
Hi = 2E 7(0) ) 74E$ ’ (15)
Noa e
|

Hor

A 1-— e_4E%
i 1
s 29(0)E “( N )

+exp[-2E(1 — pi1)), (16)

pi AT B 1 A SR DX TR) T HIC AR AR %) ERR, g 2
1% X 8] P2 MR AR %A, N 2SS MR IX TR A
B, HH po = —1.

3) FHF PR 0 S A E 2, WA AR PR
UO %5, FEALE AR BN B [ A v, 2E Rl T 425 1)
A AN T ~F-THI I B 122 R AR I iU, #E ENDF P2
X — I R AR A TSRO, UONA e
= k.

Z G ERL RS 7 A SR O A N

d®0con _ Ob —4~(0)E; /A
10dp ~ B 2 e
X O(p — pi)o(E — E), (17)
Hep, =1-2E/E.
R0 2 RT3 2
P % Z fre 4O)E/A (18)

Horpr oy, MR 2R SEAZ AR T HUR BT, B 2
FIT U AT A% BRE, i A X L A i A% 2 S5 F R 7,
AN AR EE R f; AN

3 WHTEHHEE

BACEIRR R T 5B LR, BS54
J& &4k 7 NaCl, KC1AI MgO f 45 #2534
PR 2 AT L T 2540 (FCC), e 1) J5 i 45 4
AL E AN E T, BSR4 6 A AR R 7 BT
Fl. UNRELS A T S @B RH RS AL Rk 1 X
M i, BEA R &R AR — FE 1 i 20 5 3N i 5
XA GEAACH IR —FE B = 15 5 R v 1) 45 40 58
L

) H 3¢ [E Material Design 2z &) B il )
MedeA 'SV 4% L i+ 5 °F &, @il A& T 1
VASP #1 PHONON #1572 i UN # £L 1 5 1 2

E1 UNRFEHE

Fig. 1. Atom structure of UN.
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Table 1. Different cross sections of isotopes in UN.

FE e O'a/ Ucoh/ O'inc/ Ub/ O'free/

barns barns barns barns barns

238y 236 2.68  8.87 0 8.87  8.80
14N 13.9 1.91 11.0  0.50 11.5 10.0

15N 14.9 0 5.21 0 5.21 4.57
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Abstract

Nuclear design and neutronic analysis of thermal neutron reactor need high reliable thermal neutron cross sections.
Uranium mononitride (UN) is a candidate fuel material for advanced power reactor with its better thermodynamics and
accident tolerance. However, in thermal neutron region, reliable thermal neutron scattering cross sections are lacked for
UN, which is disadvantageous to reactor physics simulations. The scattering law of the UN fuel material may impact the
thermal neutron spectrum and criticality of the reactor systems. Neutron cross sections in thermal range are correlated
with energy, temperature, physical and chemical properties of the scattering medium, reflecting the phonon spectra
of material itself. In this paper, based on the ab initio method of quantum mechanics, phonon density of states in
UN are calculated by VASP/PHONON code, and used for integral to obtain UN heat capacity at a constant volume.
Adopting this new phonon density of states, NJOY/LEAPR code is used to generate S(«, 3) data by thermal neutron
scattering theory and NJOY/THERMR utilizes these data to produce thermal scattering matrix in order to investigate
thermal kernel effect of UN. Subsequently, thermal neutron scattering cross sections of UN are generated with NJOY
code system. Comparison with uranium dioxide (UOz) in the traditional PWR is done. Results indicate that optimized
lattice parameter are in good agreement with the database; the optical modes are well separated from the acoustic modes
compared with UO3; heat capacity at a constant volume is consistent with experimental value; the inelastic and elastic
cross sections of *¥U in UN are lower than those of 2*¥U in UOz. N in UN only deals with incoherent part in elastic
cross sections. As the temperature increases, elastic cross sections of UN decrease while inelastic ones increase, and cross
sections approach to free atom cross section at high energies. Considering the limitations of *N, the scattering law
and inelastic scattering cross sections are also under investigation using '°N in UN compound. This paper’s conclusion
fulfill the vacancy of thermal neutron scattering cross sections of UN, which laid a foundation for systematic study on
the neutronics properties of UN fuel in the light water reactors as well as for the design of new neutron moderators and

neutron filer.
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