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Abstract

An attempt was made in this study to investigate the brazing characteristics of Zi-Be binary

amorphous alloys for the development of a new brazing filler metal for joiming Zircaloy-4 nuclea

fuel cladding tubes This study was also aimed at the feasibility study of rapidly solidified

amorphous alloys to substitute the conventional physical vapor-deposited (PVD) metallic beryllium

The Zr: . Be.(0 3<x<0 5) binary amorphous alloys were produced in the ribbon form by the melt-

spinning method It was confirmed by x-1ay diffraction that the ribbons were amotphous The

amorphous alloys were used to join bearing pads on Zircaloy-4 nuclear fuel cladding tubes Using

Zr-Be amorphous alloys as filler metals, 1t was found that the reduction in the tube wall thickness

caused by erosion was prevented Especially, in the case of using Zr.«Bes s and Z1.;Bes samorphous

alloys, the smooth and spherical primary a-Zr particles appeared in the brazed layer, which was

the most desirable microstructure from the corrosion-resistance standpoint

1. Introduction

In the manufacturing process of HWR(Heavy
Water Reactor) fuel bundles for Wolsung type
nuclear power plant, various components such

© 199949 3¢ 99 M4

" AEd, svleasodtn
eyl P HAR(F)
R, AEYAAEA TR
# 12d  jhkoh@kut ac kr

as spacer and bearing pads are joined on the
surface of Zircaloy-4 cladding tubes by biazing
process ' At present, the metallic berylhum 1s
coated on the surface of Zircaloy-4 components
by the physical vapor deposition(PVD), In
which the coated metallic beryllium 1s used as
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a brazing filler metal © However, 1n the process
of deposttion of metallic beryllium on the
components, a somewhat complicated PVD
process for physical protection is required due
to the chemical toxicity of beryllium vapor " In
addition, the brazement made by the metallic
beryllium with PVD process results in the
reduction of the tube wall thickness and
difficulty of microstructural contiol due to the
nature of diffusion brazing ** The ziconium-
berylhhum(Z:1-Be) binary crystalline alloys
which are being used as brazing filler metals
have some shortcomings such as brittleness
and difficulty in handling in the process of
biazing and cause the unsound brazing
Therefore, other filler metals such as Zi1-Be
amorphous alloys should be developed to
substitute for the metallic berylhum Above all,
the 7Z1-Be alloy has an eutectic composition
(Be=35a/0).

tempetrature

so that 1t has a low melting

and the good amotrphous
formability

There have been numerous studies on the
applications of amorphous alloys for brazing
filler metals because the rapidly solidified
amotphous alloys offer the superior chemical
and mictostructural homogeneity ™ In brazing,
the amorphous fillet metals are put as an
mictlaver between the base metals. This can
not only eliminate the dependence on capillary
action to convey filler metal throughout the
jomt areas but also prevent the erosion of the
base metals "

In this study, the joints brazed by using PVD
Be metal and Zr-Be amorphous alloys are
compated from the microstiuctural
standpoints Also, it is hoped that the Zr-Be
amorphous alloys are applicable to the brazing
of Zncaloy-4 and overcome the shortcomings
caused by the conventional PVD beryllium

metals

2. Experimental

Metallic beryllium fillers made by PVD and
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Z1:.Be.(x=0 3, 035, 04, 045 and 0 5)
amorphous alloys were used as filler metals
They were prepared from materials with
99.9w/o0 purity by means of arc-melting under
an 1nert atmosphere of argon These alloys
were melted thiee times for homogeneity
These were from hypo-eutectic to hyper-
eutectic composition of Zr-Be binary alloy
system

Amorphous 11bbons wele prepared by the
melt-spinning method 1n a low pressuie of
argon The alloys were heated to about 1000TC
(above the corresponding liquidus temperature)
In a quaitz tube by a high frequency induction
heating method and injected onto the copper
wheel by the argon pressute of 0 7 atm, 1n
which the wheel turned at a tangential speed
of 32m/sec 1n argon atmosphere to prevent
tibbons from oxidation The thickness and
width of the ribbons were about 40¢m and
about 2mm, respectively.

After the amorphous 1ibbon was located
between a bearing pad (2 5x30%x1 5mm) and
a Zircaloy-4 cladding tube of 0 4mm 1n
thickness and 13mm in diameter, the pad was
tacked by a spot welder And then brazing was
cartied out 1n the 10° torr atmosphere at 1050
T for 20 seconds

The amorphization of these ribbons was
examined by an x-1ay diffractometer
(RIGAKUD/MAX-MC) with Cu-Ka radiation
and by a transmission election micioscopy
(TEM Phillips CM 20). The microstructures of
the brazed layer were examined by optical and
scanning electron microscopies

3. Results and discussion

The x-ray diffraction(XRD)
ribbons are shown in Figure 1

patterns of Zr-Be
There are no
distinguishable peaks 1n these patterns over all
compositions except broad peaks in the vicinity
of 36° The TEM diffraction pattern of the
ribbons shows the diffuse halo-ring as shown
In Figure 2 From these, 1t is confirmed that
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Fig. 1 X-1ay diffiaction patterns of Zr-Be
amol phous alloys

1.00 MH.0.01.

Fig. 2 TEMN diffraction pattern of Zi1-Be
amorphous alloys

the 11bbons are amorphous alloys

Bearing pads wete brazed on the suiface of
cladding tube with Zi1, .Be. (0 3<x<0 5)
amoiphous 11bbons of 40 #m thick as fillet
metals for 20 seconds at 1050C Figures 3 and
4 are the mictostructures of the brazed layers
For the compatison. the microstructure of
layers brazed with PVD metallic beryllium to
join bearing pads on the Ziicaloy-4 cladding
tube are also shown 1n Figuies 3 and 4

The width of brazed layer with the PVD
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metallic Be of 40#m thick 1s about 80#m as
shown 1in Figures 3(a) and 4(a) Although the
melting temperatures of Be and Zr are 1289¢C
and 18557 |
temperature of the Zr-Be 1s 975 from the 71—

tespectively, the eutectic
Be phase diagiam as shown in Figuie 5 " As
the composition of the Zncaloy-4 cladding tube
in contact with the PVD Be reaches to near the
eutectic point by the diffusion of Be atoms into
the tube, the alloys in the contact zone which
has nea1 the eutectic composition begin to melt
into the liquid phase at 1050C The hqud fills
up the brazing gap and solidifies by cooling
Solidification of the melt starts at the cladding
tube wall and constructs the dendiitic
stiuctute observed by light and scanning
clection mictogiaphs as shown in Figures 4(a)
and 6

On the other hand, 1n the case of the Z1-Be
amotphous ribbons, thete was no remarkable
inciease of the width 1n the brazed layer
compated with the original thickness of the
fille1 metals Therefore, 1t can be inferred that
the erosion of the cladding tube wall can be
prevented by application of the Zi-Be
amorphous filler metals in the biazing ptocess
compated with the PVD metailic Be”
was only a httle difference i the width of the

There

brazed layer depending on the content of
With
imcreasing the content of Be mm the amoiphous

beryllium in the amoirphous 11bbons

allovs. the concentration gradient of Be
between the tibhon and the cladding tube
became larger and the diffusion of Be atoms to
the wall would be promoted Therefore, in the
case of the Zr-Be amotphous ribbons with
relatively laige amount of beryllium the
thickness of the brazed layer was 1elatively
thick as shown in Figure 3

Brazed inteiface layers consisted of matrix
and primary paiticles According to the
equilibrium phase diagram of Zi1—Be binary
system,'" 1sland patticles 1n the eutectic bed
were primaty a-Zr for the hyper-eutectic
composition as shown n Figure 7(a) and ate
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(e) Ziro. Be

(f) Z1,7Bey ,

Fig. 3 Brazed layets of Zircaloy-4 by light microscopy

(d) 7Z1,.Be.,

(e) Zt. Bewy

(¢) 7Za, Bew

(f) 7Z1. . Beo

Fig. 4 Brazed layeis of Ziicaloy-4 by scanning election microscopy

Z1Be, for the
compositions as shown 1n Figuie 7(b),

primatry hypo-eutectic
respectively When the PVD metallic Be was
used as the filler matetial, there were well
developed dendritic structures 1n the hrazed
layer as stated earlier

‘n the case of hypo-eutectic compositional
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tibbons which contained i1elatively large
amount of Be, the interface between the
cladding tube and the brazed layer was rough
and developed the dendritic stiucture in it The
dendiitic structure growed from the interface
into the brazed layer as shown in Figures 3(b),

(¢) and (d) The diffusion of beryllium atoms
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Fig. 5 Phase diagram of the zirconium-
beryllium system

Fig. 6 SEM micrograph of birazed layer with
PVD metallic beryllium

toward the Zncaloy caused the formation of
liquid alloy at 1050 As the sohidification
proceeded, the equilibrium primary particles
would be produced from the liquid alloy in the
brazed gap by nucleation at the interfaces of
cladding tube/liquid and growed into the
brazed gap

By using the amoiphous alloys with the
hyper-eutectic compositions as filler materials,
the smooth 1interface and spherical particles
were formed in the eutlectic bed as shown in
Figures 3(e) and 3(). as well as Figures 4(e)
and 4(f) The thickness of the brazed layers of
amotphous alloys with hyper-eutectic
compositions was smallet than that of the
brazed layers with hypo-eutectic compositions
Therefore, the decrease in the thickness of the
cladding tube wall by birazing could be reduced

by using the amoiphous Zi1-Be binary alloys

with hyper-eutectic composition. In the case of
Zro7Be¢s and Zro.: Beuss amorphous alloys with
hyper-eutectic compositions, the liquid phase
was formed by melting the amoiphous fillex
metals at 1050T

(b Z1, Beys

Fig. 7 SEM micrograph of brazed layers with
Z1-Be amorphous alloys

From the mictostiuctural evolution in the
brazed joints with changing of the composition
of 1n amorphous filler materials of Zri.Be.(0 3
<x<0 ), it was found that the morphology of
brazed layers could be easily controlled without
the change of other brazing parameters
Concerning the corrosion behavior of brazed
layers, 1t was 1eported that the corrosion rate
of Z1Be_ was faster than that of a-7x

be diawn fiom this that the corrosion

It could

resistance of brazed joints of Ziicaloy-4
cladding tubes would be enhanced 1if the brazed
layer had primary e-71 particles in the eutectic
bed Based on the results, 1t can be suggested
that the 71,-Be.; amorphous alloy 1s the best
filler metal for the joining of Zircaloy-4 nuclear
fuel cladding tubes fiom the conosion
resistance standpoint

Journal of KWS, Vol 17 No 4 August 1999



H1 52 o] A 35 Zr-Be 87H 5 o] 8¢ A28 go]-49] Hyoly BY HE 31

4. Conclusions

71, Bex binary amorphous alloys 1n the
composition range of 0 3<x<0.5 were
produced by the melt-spinning method The
The
microstructure and brazing characteristics of

ribbons wete amorphous alloys
brazed layers by using amorphous alloys were
compared with those of brazed layers by using
the conventional PVD Be metal

The thickness of the brazed layer with the
Zr-Be amorphous alloy was thinner than that
of the brazed layer with the conventional PVD
Be metal In the case of using hypo-eutectic
compositions of Zi¢Be,w and Zr.sBeoss alloys
which contained relatively large amount of Be,
the rough interface between the cladding tube
and the brazed layer appeared and the
dendntic structure grew from the interface into
the brazed layer In the meantime, in the
hyper-eutectic compositional amorphous alloys
such as Zrys-Beo; and ZrossBesss, the smooth
interface and spherical primary particles were
formed in the eutectic bed Morphologies of
brazed layers could be controlled by changing
the composition of amorphous filler metals
Based on this study, it seemed that the
Zro:Bes; amorphous alloy was the most
probable candidate for joining of Zircaloy-4

from the corrosion resistance standpoint.
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