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222801-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 % 3R Acta Phys. Sin. Vol. 74, No. 22 (2025)

222801

0.40
(a) — H-ZrH, 4
0.35 F — Zr-ZrH 4
— H-ZrH, 5
w 0307  Zr-ZrHy s
IEQ? 0.25 F —— H-ZrH; g9
ﬁj — Zr-ZrH, g
i 020¢ —— H-ZrH,
) — Zr-ZrH
T o015} 2
iR
= o010t
0.05 |
0 . .
0 10 20
$5iZ / THz

(b) — H-YH13
0.5
— Y-YH13
— H-YHi 59
i — Y-YHis
oG — H-YH15
.‘Pf» —— Y-YHi81
iy — H-YH,
S — Y-YH,
|
o

0 5 10 15 20 25 30 35
B / THz

K3 ARG ET AW —LE TS %E  (a) ZrH,; (b) YH,
Fig. 3. Normalized phonon density of state of hydrides with different hydrogen contents: (a) ZrH,; (b) YH,.

4 HETHHAET

FET S SN 1 AR 075 AR L (L
KRR, ] NECP-Atlas 1) sab_calc
BEHO = A T WAL 22 1 4R S Ak TSL
Bl IFEET AR TSL difiiF NECP-Atlas 1
therm _ cale BEHIHEL ™ 4 T HVHIUR T .

4 FbE T 293.6 K Al 1200 K FASF A & &

s L) 293.6 K 1200 K
10 \"\ e - — e-ZrHy
% S — — = 6ZrHie
2 T — —— 5ZrHys
= Yoo — —- oZrHig
&
=
e
fsal
:Ek
bl
T
:DFJ'
jas]
100 . . . . .
10-5  10~4 103 10-2 10-!  10°

NS FRER eV

ZH) SRR / barn

10-5  10~* 10-3% 10-2 10! 100
NPT g eV

6-ZrH, U} e-ZrH, 25 23 Y () PR A . Bl 2 T
JEM TR, B 4(a), (c) " H M Zr BYAESRE RO
TGN, & 4(b), (d) H H A Zr (R34 R
A EAME S AR, H/Ze 1 1.41 < o < 1.69 TN
1) ZeH, (AN OB AR 25 5 100 & AHFN e AH TR
(1) ZrH, AR #R I A7 AE TR B 22 5. 18] 4(a)—
() 2>k H AR SR RO A . H A AR T
RO ARE A Ze RS RO A, AN [ S A
[i1) By A S A T 22 5 B BOR UR TRl S S

102 L(P)
=}
—~
o]
Q
=
101 f
&
=
= 293.6 K 1200 K
g — - — eZrH,
T O100F  ——  —o 0ZrHig
T —_ —-— §-ZrHj 59 N
— - = 0-ZrHin A
\..
. . . . . .
0505 90+ 108 102 10 100
N T RER /e V
(d)
101 f
=}
-
o]
]
~
=
H
=100
=
sl
i
=
=
N
10-1f

10-5 10-* 10-% 10-2 10!  10°
NPT iERL eV

K4 ORFESS T ZeH, R (a) SRR SR RO AT ; (b) SR AR AT T ST O AT ; (c) 4 9 A 3 T A T

(d) & B R T 380 P HOR

Fig. 4. Thermal scattering cross sections of ZrH, with different hydrogen contents: (a) Inelastic scattering cross section of H; (b) in-

coherent elastic scattering cross section of H; (¢) inelastic scattering cross section of Zr; (d) coherent elastic scattering cross section of Zr.

222801-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 % 3R Acta Phys. Sin. Vol. 74, No. 22 (2025)

222801

TARBEMNZESE; K 4(d) A Zr AT SRR
I, M ASEON T FARBE . s S8. R T
LB, XS H TR A b A 22 5%, M
SR T 3 1A A e B A

K 5 R T 293.6 K Al 1200 K FANE A &&=
YH, WA AR . P RE T, B 5(a), ()
UH ALY RSP AR TG K, K 5(b), (d)
H FTY Y Sk A T e b A, BE R AR
b, & A YH, AHURR I & A28 Ak, IF BRI
HePk: B S R, AR SR RO AR G K,
PEHC A E R /DN, F 5 vl 0L, BT EA A & AT
ARAFESBNFTEEEESHNES, &
bR YH, O H ALY B SG A A AR
2.

6 A 7 A 5ER T 293.6 K A1 1200 K T,
ZrH, " H A YH, ' H7EA ST BE &K 0.232 eV,
HCS FA R 60°HT B XA 43 B I 293.6 K T
ZrH, i H R0 00 8 32 BT A
RRAE X3, 43 50 o 78 5 b F R 0.09 eV

(a) 203.6 K 1200 K

L 10° = — - - §-YH,
5 T — - = 0-YHis
L S — -= 0-YHisg
= . — - = 0YH3
&
=
E
3H
e
b
BN
E
jas

100 — ) ) ) ) )

10—> 10-4 10-3 10—2 101 100
N HFRER /eV
102
(c)

g
-
3
2
=
=
=
=
ks
3t
=
iy
T
g
>

10—k - ! L ! L L

10-° 104 10-3 102 101 100

NEHHTFRER eV

FRF I H0 B A 5L AR e AN AE S B b RE R
0.232 eV 1Y M 5P IR . XF T 293.6 K T YH,
o H OB BT, BR T 0.11 eV BT R
PEBCIT 16 LKL 0.232 eV A HE S U 16 4, 3R 7E
0.002 eV 1 0.035 eV AMFEAERE /N E B I 0.
T RG2S, T EEIARA &8 T
H A9 AU SO B T I, s HR
FE M & (H)Y 8 H/Zr = 2)
H A8 H i 5 WAk 2= - S e H
Ul HC S A T T T LR 3] e A W ik i 22 55
HE 6(b) FE 7(b) FiR, WEFHREE 1200 K
J&, ZeH, A1 YH, o H AU U AR 293.6 K
TR TR R A T RS, PR IR T R
[, —2E7E 293.6 K T ARFAEAS B 5 (1) 3 F s i
W3 T IR, N ZeH, B H EE R S
REHEN 0.37 eV AL AYAESHVERUR IS 2 T 198, 78
1200 K FARBREME S F A & 28k R H R
TR I 2 5, b k2t at ZeH, A YH,
X F WAL 2A T ZeH, M YH, 1925 55 5o B .

102 ()
=]
o
<
2
E
101 L
=
=
E '
ﬁ \;\
% 100 — -= 6-YHys \'\\
?__13 —_ —-— 6-YHiso \i\\
— —= 0-YHim \\‘\\,
k)
10-1 " . " . "
0 10-5 10-* 103 102 101 100
NI FRER /eV
(d)
10' |
=]
-
I}
o)
~
=
#
E 100F
=
=
i
z
S
10-1F 3y
N
N

10-5 10-* 1073 10-% 10! 100
N RER /eV

K5 REEEET YH, RO RE  (a) 9RO ; (b) 000 AR AR T 50 P O T 5 (c) 420 3 59 1 155 A 4

(d) FZ A RT3 P FOHS 1
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of Y.
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Table 1.  The calculated effective multiplication factor for the ICT003 and ICT013 benchmarks.
T —— ZrH 59 ZrH, ZrH g9 ZrH; 41
Koty Kot fii 2 /pem Kegy fii 2% /pem Fegr fiii 2 /pem
ICT003_1 1.00308 1.00205 -103 1.00375 67 1.00412 104
ICT003_2 1.00791 1.00697 -94 1.00866 75 1.00864 73
ICTO013_1 1.01204 1.01194 -10 1.01263 59 1.01274 70
ICT013_2 1.01189 1.01167 22 1.01256 67 1.01272 83

R T AN ) S O W A S e
BT AR B WA R & A = Sy TSL, FIH
NECP-Atlas filff: T 50 RERFHT ACE #i
PRI B 5. SR IS¢ R 2 )Y NECP-MCX ™)
XF [ s il 542 42 FE L (International Criticality
Safety Benchmark Evaluation Project, ICSBEP) )
Y IEU-COMP-THERM-003(ICT003), IEU-COMP-
THERM-013(ICT013) FIHEU-COMP-MIXED-003
(HCMO003) £ 5 & S AL B B Ak 1735, o34
TSL B4 XTS5y HEAT S5 T8 R B ke BOSE IR B
TSL %, 1150 A g vb 7 B 0 A8 w4 ok A

ENDF/B-VIIL1.

LG T RHARSES & ZrH, 1y TSL it
Y TCT003 FT TCTO13 2851 e ol AL A 554 A 2R
B k. BT ICT003 K ICTO13 8 41) 5 vfie A5 1Y
S AL ER R H/Ze 4351 R 1.6 F11.58, A I 5 B
ZrH, 5o B ZE RN PR UEZS R BT T 2 T HA A &
it TSL 8T A ke W0 25, Horb ] ZeH, )
I ZrHy B9 TSL i 549 ICT003 1 Y ke 22
43514 104 pem F1-103 pem.

%2 g5 TRHIAE S 7 ZeH, 19 TSL ¥
THA HCMO003 2851 JE v 15 A 3506 58 22 5 K
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Table 2. The calculated effective multiplication factor for the HCMO003 benchmarks.
S ZrH, ZrHl.()'EJ» ZrHl.;’)‘J' ZTH1.41‘
Kt Kot % /pem Fegi 2 /pem Kegr fii2 /pem
HCMO003_1 0.99760 0.99673 -87 0.99764 4 0.99705 -55
HCMO003 2 0.99798 0.99692 -106 0.99776 -22 0.99686 -112
HCMO003_3 0.99778 0.99685 -93 0.99745 -33 0.99689 -89
HCMO003_4 0.99818 0.99718 -100 0.99784 -34 0.99693 -125
HCMO003_5 0.99838 0.99691 -147 0.99789 -49 0.99707 -131
HCMO003_6 0.99795 0.99678 -117 0.99741 54 0.99705 -90
T U B b S AR B H/Ze = 2, PRI K S 3k

ZrH, W45 RN APRAELS Rt 13 T HAL A 5 5
TSL BHE B ke 90 25, Horr, SR A ZrH, g
) TSL 5048 1T /9 HCMO003 5 KRB kg A
FEPRIESS R 25 50K, h—147 pem.
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AN, I FEOH TR SR 22573, X
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SPECIAL TOPIC—Thematic data in nuclear physics: Experimental, theoretical and
applied research

Calculation and analysis of thermal scattering law data
of sub-stoichiometric metal hydrides”

MA Yutu  ZU Tiejun? WU Hongchun  CAQO Liangzhi

(School of Nuclear Science and Technology, Xi’an Jiaotong University, Xi’an 710049, China)

( Received 13 July 2025; revised manuscript received 20 August 2025 )

Abstract

Metal hydrides are promising moderator materials in advanced reactors, where their thermal neutron
scattering cross sections significantly affect the accuracy of reactor design. This study uses special quasi random
structure (SQS) and first-principles lattice dynamics methods to calculate parameters such as the phonon
densities of states of sub-stoichiometric zirconium hydride (ZrH,) and yttrium hydride (YH,). Based on these
parameters, thermal scattering law (TSL) data for sub-stoichiometric hydrides are generated using the nuclear
data processing code NECP-Atlas. The influences of hydrogen content on the thermal scattering cross sections
of hydrides and the effective multiplication factor (k) values of critical assemblies are analyzed. The result
shows that variations in hydrogen content within hydrides lead to differences in thermal scattering cross
sections, consequently affecting the neutron transport calculations of nuclear reactor. For the ICT003 and
ICT013 benchmarks loaded with ZrH, (with H/Zr = 1.6), using the TSL data derived from ZrH, with other
hydrogen content results in a maximum deviation of 104 pcm in k. For the HCMO003 benchmarks loaded with

ZrH,, the use of TSL from ZrH, with other hydrogen content leads to a maximum deviation of 147 pcm in K.

Keywords: zirconium hydride, yttrium hydride, thermal scattering law data, thermal neutron scattering cross

section
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