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ABSTRACT

The proposed Generation IV nuclear energy systemasaaned at making revolutionary
improvements in economics, safety and reliabilitgd austainability. Because the materials
will be used under high pressure and temperatutég, requirements for cladding
materials are: good mechanical properties, corrasitesistance, resistance to neutron
irradiation, low susceptibility to stress corrosi@nacking and micro structural stability.

Of the candidate alloy systems that could be camsdl for high temperature applications,
nickel-based alloys were selected as promising nateased on experimental results.
This paper shows the changes of grain size nickskd alloys suck as: Incoloy 800HT,
Inconel 617, 230 and 718 that appear after a thermeatment like thermal cycling.

One sample of each alloy was meekly at a thernaingyof 25 cycles. The parameters which
were choose for this treatment was: the maxim teatpe of a cycle 700°C and the minim
temperature of a cycle 400°C.

In the as received Incoloy 800 HT has the biggesingsize, fallowed by Inconel 230 and
Inconel 617. Inconel 718 has the smaller grain ,s&en 4 time smaller then Incoloy 800HT
and 3 times smaller then Inconel 230.

It could be observe a big decrease of the graiessaf all the alloys after the thermal cycling
treatment of 25 cycles. For the first tree allogsdloy 800HT, Inconel 617 and Inconel 230
it's detected a decrease ten time higher compavetid values of the grain size of the alloys
on the as received.

For Inconel 718 appear a smaller decrease of thairgrsize after thermal treatment
compared with the as received appear.

During the thermal cycling process, materials ateiaately cooled and (sometimes) heated
until they experiencenolecular reorganizationThat's way after the thermal cycling of 25
cycles it could be observed that the hardness efalfoys increase and the grain sizes
decreased. This reorganization "tightens" or optes the particulate structure of the
material throughout, relieving stresses and makihg metal denser and more uniform
(thereby minimizing flaws or imperfections).
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INTRODUCTION

Generation IV reactor are promising advanced nuctsstems due their high thermal
efficiency and plant simplification. One of the mjissues is to propose performance
materials for the fuel claddings and the core conemds. The proposed generation IV
nuclear energy systems are aimed at making rewolaty improvements in economics,
safety and reliability and sustainability. Becauke materials will be used under high
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pressure and temperatures, the requirements fddiclg materials are: good mechanical
properties, corrosion resistance, resistance tdroweurradiation, low susceptibility to
stress corrosion cracking and micro structuralibtglfl).

Of the candidate alloy systems that could be camsdl for high temperature applications,
nickel-based alloys were selected as promising nateased on experimental results. (2)
Because of this important properties that the nmelgemust have, in this article we want to
observe the differences that appear between the gizes of the at the nickel based alloys
in as receive and after the thermal cycling at Ries.

Thermal cycling is a temperature modulation processeloped to improve the performance,
strength and longevity of a variety of materialsobdably best described as "advanced
cryogenics, thermal cycling has been applied chiefly to neeta-date, although the process
is also beneficial to certain plastics, polymersl aomposites. It is currently used by a
number of industries where enhanced material padace is desired.

EXPERIMENTS

The interest alloys are: Incoloy 800HT (UNS N08843)) Inconel 617 (UNS N 06617) (4),
Inconel 230 (UNS N 06230) (5) and Inconel 718 (U3 18) (6).

The materials used in this study were commerciahwi measured chemical composition
listed in Table 1.

Table 1
Chemical composition (wt %) of the Incoloy 800Hhcobnel 617, Inconel 230, Inconel
718

Alloy Fe Ni Cr S C Mn Al Cu Ti Mo Co Si Nb P w
Incoloy 45.19 | 31.22| 20.06f 0.001 0.07y 0.71 0.51 0.41 0.%2

800HT

Inconel 1.72 52.98 | 22.99| 0.001 0.09 0.07 1.14 0.04 0.22 09.y 11.19 | 0.06 0.00

617 5

Inconel 0.97 60 0.002| 0.10 0.50 0.31 0.04 0.01 1.24 0.30 0.00 | 14.2
230 5 2
Inconel 17.44 | 53.61| 19.03] 0.001 0.02F 0.04 0.48 0.02 1.04 .053]| 0.16 0.07 5.0

718

Although thermal cycling is a process which is efifee on a number of different types of

materials includingcompositesceramics, and plastics, it is most commonly aased with

its beneficial effect on metal parts, that's wayg ihteresting to observe the differences that
appear before and after the heat treatment.

One sample of each alloy was meekly at a thernm@ingyof 25 cycles. The parameters which
were choosing for this treatment were:

- Heating speed 5°C/min

- Cooling speed 5°C/min

- The maxim temperature of a cyclg.= 700°C

- The minim temperature of a cyclg,J= 400°C
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Fig. 1 The thermal cycling process
The investigations were conducted on samples aldéyc800HT, Inconel 230 and 617 of
15x30x2mm and Inconel 718 15x30x2.5mm size materighe treatment has been realized
using a Guss oven.

RESULTS

In the as received state the grain sizes of tloyathre presented in Table 1.:
Table 1 Grain size in as received

As received Grain size as received [um]
Alloy Grain size | _O
[m] N 2
Incoloy 47.81 2,
800HT . =
Inconel 617 | 23.4 21 =
Inconel 230 | 37.2 =0 .

1 1 O Incoloy 800HT Inconel 617 Inconel 230 Inconel 718

Inconel 718

Alloy

Incoloy 800 HT has the biggest grain size, fallovsgdnconel 230 and Inconel 617. Inconel
718 has the smaller grain size, even 4 time smtilEm Incoloy 800HT and 3 times smaller
then Inconel 230.

Micro hardness Vickers of the alloys at as receiggutesented in Table 2:

Table 2 The micro hardness Vickers for the samatereceived

Alloy MHV 0.1 Microhardness Vickers - as received
[kgF/mnT] -

Incoloy 140.6 g w0

800HT Zg 150

Inconel 284.3 § '

617 0 Incoloy 800HT  Inconel 617 Inconel 230 Inconel 718

Inconel 206.5 Alloy

230

Inconel 225.5

718

> MHV
MHV ,, = & —
n

MHV .1 — The micro hardness Vickers with a force of pres&= 100 kgF
MHV- The micro hardness Vickers, n- Number of grain

52



FACULTATER
MECANICA SI

SCIENTIFIC BULLETIN
AUTOMOTIVE series, year XVII, n0.21 ( A) o

. > -~ yS1~ . e
- - 5 3 /,é %
’ e ‘ \. - Sl R e
jir o .. g
r . v i > - -. S .
| o 3 CET o
) G - ‘Q < ’(
| : - Ao 2
\*e . ¥ e o Pl
/ . "a‘ 5
% ‘. e 4 z3 I3 ‘_ ‘.l s
i g Em. B - -
50 um . 50 um
a) b)
- ’ ) T {
P .. ' - %
‘ 3 ‘ . ?/ ‘ ‘ =
> g W% . 27N <
= - 3 5 == - S :
B Qg Fe &
- . > - 3o
AR Rt e 3= 4
S oy - S
- b o P -g 4
: T . 0y ®Wmm ; - -
M =y S0 73 & - ¢ S0um
c) d)

Fig.2 The print of micro hardness Vickers x500treploy 800 HT; b) Inconel 617; c)
Inconel 230; d) Inconel 718

In the as received state Inconel 617 is the ham@ks/ from all, followed by Inconel 718,
230 and Incoloy 800HT.
After the thermal cycling of 25 cycles at the temapere 400-700C the values of grain sizes

decrease sharply. The grain sizes of the alloysr dfte thermal cycling of 25 cycles are

present in Table 3.

Table 3 The grain sizes of the nickel based alkfyer the thermal cycling of 25 cycles

Thermal cycling of Grain size of thermal cycling - 25 cycles
Alloy 25 cycles,

temperature 400- gs 43 4

700°C ?“

Grain sizel [pm] 28 2 )

2
Incoloy 4.3 s
800HT s -
|nC0ne| 617 22 K Incoloy 800HT | | | 617 | I | 230 | [ | 718
ncoloy nconel nconel nconel

Inconel 230 4.0 Aloy

Inconel 718| 2.0

Incoloy 800 HT has the biggest grain size, fallowgdnconel 230, 617 and 718.
Micro hardness Vickers after the thermal cyclin@bfcycles is present in Table 4.
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Table 4 The micro hardness Vickers for the samafter the thermal cycling of 25 cycles

Microhardness Vickers - after thermal cycling - 25 cycles

A"Oy MHYV o1
[kgF/mn] o
Incoloy 167.3 E
800HT g 150
Inconel 344.6 =
617 Incoloy 800HT Inconel 617A”0ylncone| 230 Inconel 718
Inconel 231.8
230 After the thermal cycling Inconel 718 is the hatdaBoy
I7nlc§nel 386.9 although in the as received state the first plaas wccupied

of Inconel 617 with was the hardest alloy from all.
In Fig. 3 are presented the print of micro hardnéskers x500.
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Fig.3 The print of micro hardness Vickers x500treploy 800 HT; b) Inconel 617; c)
Inconel 230; d) Inconel 718
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In Table 4 are presented the differences betweemithin size in as received state and after
the thermal cycling of 25 cycles of the nickel lhadloys

Thermal cycling of
As 25 CyC|eS; Grains size as received versus thermal cycling - 25 cycles
received| temperature 400- %
A"Oy 700°C EP
. .= 540 312
Grain sizel [um] . — Py P—
I nco | (0] ; ﬂ @ Thermal cycling- 25 cycles
800t | 4781 43 =2 1
510 72 7
Inconel 617] 23.4 2.2 o ‘ ‘
| | 230 37 2 4 0 Incoloy 800HT  Inconel 617 Inconel 230 Inconel 718
ncone . . Alloy
Inconel 718 11.0 2.0

It could be observe a big decrease of the graessit all the alloys after the thermal cycling

treatment of 25 cycles. For the first tree alloysoloy 800HT, Inconel 617 and Inconel 230

it's detected a decrease ten time higher compardiet values of the grain size of the alloys
on the as received.

For Inconel 718 appear a smaller decrease of e gize after thermal treatment compared
with the grain size of as received.

Also for the Incoloy 800HT and Inconel 230 the graizes are very closed (4.3-4.0) after the
cycling treatment and also Inconel 617 and Inc@iél (2.2-2.0) have almost the same values
of the grains sizes.

CONCLUSION

During the thermal cycling process, materials dtermately cooled and heated until they
experiencemolecular reorganizationThat's way after the thermal cycling of 25 cycies
could be observed that the hardness of the alteyease and the grain sizes decreased.

This reorganization "tightens" or optimizes the tgatate structure of the material
throughout, relieving stresses and making the me&dser and more uniform (thereby
minimizing flaws or imperfections). The tighter wstture also enhances the energy
conductivity and heat distribution characterisb€she material.

Thermal Cycling minimizes "hotspots”, enhances iogpland impedes the ability and
tendency of metals to vibrate. Significantly redhgcivibration as a factor in metal fatigue
slows down the metal's eventual failure or break&ysrosion resistance is enhanced as a
result of molecular uniformity because the metabgity to impede oxidation and chemical
degradation is strengthened.
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