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Research Progress of Ag—In—-Cd alloy Rod Materials of Nuclear Grade

CHEN Hao, ZHAO Tao, XING Jian, SUN Haixia
(Xi’an Noble Metal Materials Co., Ltd., Xi’an 710065, China))

Abstract: Nuclear reactor control rod materials are the key functional materials of nuclear power plant core component
control module, which has the characteristics of large neutron absorption cross section. The control rod materials can
control the nuclear fission chain reaction by absorbing thermal neutrons and changing the number of neutrons in the core.
Hafnium, silver, cadmium and boron elements are used to prepare control rod materials due to their excellent neutron
absorption cross sections. The finished products include hafnium rod, silver indium cadmium control rod and BN rod.
Nuclear Ag-In-Cd control rod is widely used as neutron absorber material In PWR due to its low price and easy processing.
The physical and chemical properties, mechanical properties, creep properties, reaction mechanism and failure mechanism

of nuclear grade silver indium cadmium control rod are reviewed.

Vol.40 No.09
Sep. 2019

Key words: nuclear reactor; control rod; Ag-In-Cd alloy

R 32 A7 H 08 A% Al S 2 R R A% 2 A 4 5K
N HEAT KRR L K HE R THia T & & AT s
FHAERE SRR 17 IZ R o He 7K HEAZ H 3t SR FH
I B VEORE OB E Db Bl <235 R AR AN
3% ; AR BHIE R R B 4G 1 15 A T — AR Akl P i AR
e TR R K e R GH H AR S 2 AR A
FE R TRANMU s ER, W HEALR
AL FPERE

2 1] 4 b4 L AE i 07 HE IE H A B TR Y S
N HEL AR AT AT S M B e kR
UEAZ 2 4 ) HAF 2 v WA T AR K 6 s iy M
(4 LE S NE A ] R R T AR 0, A e
i . 1i (absorption cross section)or, FH 3 7 5 A4 4 (1
IR ) o, E X — AT R, SR
A7 TR AR L A R AR A RN L B R L T A

W75 H #3: 2019-06-27

EEB MNP 52(1979-) b BN A, @ g TR, £

RGO AR AR T 07 T B TR FLE £ 02986096101,
E-mail ;: 1147415753@qq.com

RS T 107 05k

% S L A 4 R AT DRy — ol T ) A R
X 7K HE B9 IE W B A7 S 22 A PR AR A B AR T,
DAL X A A 2 PR RE | LB B 05 A 1 3 A
RS BIBIEFE o AN SR B0 A% 0 R A 42 o) A 14 S
BLBE AN ML BE A 5

VU2 v TR M 5 < Ja bR RS W) 285 AR Y
A B0 A, SCBL TR R A AR e ik T
WM =0 s SR P R A R, K
FR A X 5 P ) R 45 M R 48 B 45 K B T [ B K
S 6 kS R R AZ R R A B
WAAERE L,

1 =il TENE

K% 54 A e 5 R N A2 A% SR M RE 6 7 A mT g i
(el FEAZ S AR R — A U-235 IR Fi— A
Sep - 248 R A BN TR SR K92 AT
B-141; [F] i SE X B 2.5 AN E Ry b1, X e
A R R I T 2 U-235 JEF, SRIRIERZ Y



(FHIERK AR )09/2019

B R,%5.8% Ag-In-Cd §&EH A RER

*1019-

ab e

A N B ORI AT B B ™ A R A Y e o

% 2470 SN A 347 5 A, 2R T AT
T — B B AR S vy iy AR AR AR Sy —
AR T WS HLABOR RE AT DL A B HE B X
SR 2 AR A R R A B RR 1h
e B, RORS o b 5 36 4% 3% XL F (multiplication
factor)k, J3 &b, ¥ il 4% BE B H] T 0L 3 A4 028 % S g
HERARAS (B AT B HIAZ SN HE ) | 4% 5 oy 38 DL
BN DU AR o A A ME LU BB 98 OC M A% I
o HE

P 1l 8 T A S g M R R ) 4 D ) fig B ok T
A% 24738 4 2 S g v eh - B WO RE ), 7R B
il BB BR T IR, A 2
JEIY PR 2R 5 R AL fi R BAR SR B A PR A A
£ BRI R 8 AR TR,

2 Ag-In-Cd = #l#

FEGE AR ZR P, Cd-113 1 v - W ISR T of 4k
FEHE I A OB PEAR R PRI R R AR (Ag) AR
(In) e sl — P LA D0 R ) 2 1 BB AN 13 &) W O 1%
(uniform absorption spectrum) it =T & 4,

R 5 — T A A R AR K18 Ak SR HE o e
B W S RE AR 40, T TIZ N T T R K HE
XA G A b Tl a0 BAE oK MErh B 9% 10 g
JE o B A A RL R R B TR W
o RS S A T ) A R R T LA A R R T
K HE O A AL (1 1)

Ag-In-Cd 4 1 ¥ (19 T 0 3L B X [A] k300 ~
400 C, o FH ach A8 i 244 52 300 19 i 1 5 9L 3 1
JIEH, B Ag-In-Cd #E 7l it AR rh 2 kA
FE4i AR AT oy e s R HE N R R R,
R 2 Ag-In-Cd 2 1 B2 64 BEIY T 27 P BE | i 22
PR B X FLAE HE N AR BT IE B TAE R P e HEEH .
21 Ag-In-Cd #Z=H BB F e

Ag-In-Cd =7t & & WAk 2= 1 4 Ag80%
In15% Cd5% , e A A 45k S D0 527 AR S5 4, I

:

Dis](_)calit;ﬁ +

Stacking faultf"- =
ey e

200 pm

5 2 Ag-In-Cd & 4 1 4 i

(Ag.In.Cd)
absorber alloy

N N

7

| stainless steel

N cladding

b

zircaloy guide
gz ye

i
i
i
|
i
|
i
i
|
i
! tube
i

Nl
AT
B 1 K e (PWR) i 42 ol 20 14
Fig.1 Control components in pressurized water reactor (PWR)
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Tab.1 Physical and chemical properties of Ag—In-Cd
ternary alloy
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Fig.2 TEM images of Ag-In-Cd alloy after compression creep
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Fig.3 Microstructure of Ag-In-Cd control rod after radiation
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Fig.4 Diagram of radiation expansion of outer diameter of
control rod with time
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Fig.5 QUENCH-13 experimental model presents the
configuration and eutectic reaction of the control components
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