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Six alloys reinforced by TaC carbides based on iffenritic) or both iron and nickel
(austenitic) were studied in thermal expansion betw&80 and 1200°C for two
microstructure orientations. The heating, isothéramal cooling parts of the dilatometry
curves were characterized. The thermal expansiaheoferritic alloys is less important
than for the austenitic alloys. A compressive defitiom of matrix subjected to stresses
applied by the carbides network was observed. Theiitapce of this phenomenon seems
depending more on the matrix nature than on theasiicicture orientation.

Keywords: thermal expansion, chromium-rich iron based alloy, tantalum carbides.

An increase in temperature induces a geometrigadresion for most materials,
especially for the metallic alloys, with as consenges the possible development of
internal stresses when they are not free to detormhen the whole considered piece
is not homogeneous in temperature. This is paditukrue for refractory alloys and
superalloys the temperature of which can vary betweom temperature and more than
1000°C [1] in service. To minimize such stressgseapng when temperature varies
significantly, one usually looks for lowering theohg’s modulus or the average
thermal expansion coefficient of materials. Sevgratameters can influence the
thermal expansion of an alloy: its chemical compmsi the natures and volume
fractions of the phases present in its microstmect(if their thermal expansion
behaviours are different from one another), andsibbs the local microstructure
orientation in the case of foundry alloys.

The aim of this work is to study the possible effenf these three parameters on
the thermal expansion of selected metallic alloydéctv are especially refractory and
which can be candidates for uses at high tempestarcorrosive environments.

Materials and methods.Three iron-based alloys and three {iron+nickel}4xs
alloys, all containing about 30 wt.%Cr but vari@amounts of Ta and C, were elabo-
rated by High Frequency induction foundry (arou®® g for each ingot), from pure
elements. Their obtained chemical compositiongya#en in Table 1 (obtained contents,
measured by Energy Dispersion Spectrometry), vilwde microstructures are illustrated
by several micrographs and X-Ray Diffraction pattein Figs. 1 and 2 (Scanning
Electron Microscope Philips XL30, Back Scatterecedilons mode, accelerating
voltage of 20kV; Bruker XPERT-Pro Diffractometefhese are composed of a bcc-
ferritic (respectively fcc-austenitic) matrix of Keesp. Fe+Ni) containing the other
elements in solid solution (almost all Cr and at pfrTa and of C), and of carbides.
These ones are almost exclusively TaC carbidebenFeTal, FeTa3, FeNiTal and
FeNiTa3 alloys, while chromium carbides are alssspnt (in very small quantities) in
the FeTa2 and FeNiTa2 alloys, in addition to th€ Tahe TaC carbides are the most
present in all alloys, essentially in the interdéticd spaces where they constitute a
network, continuous in some of the alloys. Sucbyallwere previously studied from
the thermodynamic point of view in earlier works &.
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Table 1. Chemical compositions of the studied caatloys
(EDS measurements, average #f; 3~ to 6 locations at x250)

Alloys weight % Fe Ni Cr C Ta
FeTal bal. / 208+07 02| 21+05
Basedon ™ FeTaz bal. / 205+27 04| 24+04
FeTa3 bal. / 202+16 04| 62+11
Based on | FeNTal bal. | 342+05 20603 02 2903
Feand | FeNiTa2 bal. | 340+04 300+0[3 04 2804
Ni FeNiTa3 bal. | 325+02 295+03 04 6403

" EDS: Energy dispersion spectrometry.

.'5; AR },« \ =
! rEs s R
s S, e Vi

B
A oA A
I IR R I |
a
A .AA A
» [ ]
A Ag

P
=
=
==
P

As-cast FeTa3

Fig. 1. Microstructures of the three alloys basedre (SEMin BSE mode, XRD™ patterns).
(' SEM: Scanning electron microscopd3SE: Back scattered electronsXRD: X-Ray
diffraction): l — bcc (matrix);® — fcc (matrix);A — TaC;¢ — TaC.

The samples, parallelepipeds of about 4 mimmx 2.5mm (': direction of the
measured dilatation), were cut in the ingot follogvitwo procedures. These ones
allowed studying the thermal expansion in the diioecof the thermal gradient existing
during solidification, or in the direction perpeadliar to this thermal gradient under
solidification (Fig. 3), as is to say globally irrettions respectively parallel and
perpendicular to the primary dendritic arms [4]eTthermal expansion was measured
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using a Setaram TMA 92-16.18 apparatus during mgatt room temperature up to
1200°C (rate of 10 Kx min™?), at the 10 minutes-isothermal stage at 1200°C and
during cooling (rate of —20 i min™). Only the parts of the curves above 100°C were
considered since the thermal equilibrium of theampjus was achieved only after
heating over this temperature.

As-cast FeNiTl
R

1

As-cast FeNiTa3

Fig. 2. Microstructures of the three alloys basedoth
Fe and Ni (SEM in BSE mode, XRD pattern®)= fcc (matrix);A — TaC.

Fig. 3. The two cutting modes used to obtain
@ samples for the study of thermal expansion
following the two orientations
to the thermal gradient during solidification.
a — parallel;b — perpendicular.

Results and discussion.The obtained
dilatometry curves are presented in Fig. 4.
The heating parts are distinguished from the
cooling parts while the isothermal parts, not
@ represented, are simply vertical lines joining
the extremities of the two latter ones, in each
case.
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One can first notice that the thickness of all dasgffectively increases with
temperature (at least on the greatest part of tinees), without any discontinuities,
according to the absence of any crystallographamgk for the matrix over this tempe-
rature range. Indeed the FeTa alloys are initialig remain ferritic and the FeNiTa
alloys — austenitic [2, 3]. Secondly, except far FeNiTal alloy (parallel and perpen-
dicular) and for the FeNiTa3 alloy (parallel), aaldo maybe at the FeNiTa2 alloy (per-
pendicular), there is generally a deceleratiorhefdlongation for the highest tempera-
tures. In some cases a beginning of contractionaggoear before reaching 1200°C
(e.g. FeTa3 for the two orientations), which goesabthe isothermal stage. This leads
to both a cooling-part of the dilatometry curve ekhis clearly bellow the heating part
and a final contraction of the sample after retirri00°C and to room temperature.
Indeed, except for the alloys FeNiTal, FeNiTa2 gpadicular only) and FeNiTa3
(parallel only), all the thicknesses at 100°C awedr after dilatometry experiment than
before (negative deformations).
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S 1.5 1”% 1' — heating?2' — cooling (parallel);
S 1 7 . 1"— heating2'" — cooling (perpendicular).
N 2
= 0,5
0 i The results of curves analyses
05 00 2" 1000  T,°C are given in Table 2 for the total
25 deformations obtained during heating,
’2 FeNiTa; S isothermal dwell or cooling, and in
Table 3 for the average thermal coef-
5 ficients at heating and cooling de-
11 termined over the temperatures range
5 (250°C; 750°C) in which most of the
0+—Z . , thermal expansions or contractions
500 1000 T,°C can be considered as almost linear. It

appears that the thermal expansion
and the thermal contraction between 100 and 12@®&Calmost equal for each alloy,
without real effect of the orientation. In contrést isothermal negative deformation at
1200°C tends to be more severe for the perpendicalse than for the parallel case
(except for only FeNiTa2), which can be logicalbuhd again with the average rates
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of isothermal contraction given in Table 3. Thexalso a global difference in total ther-
mal expansion or contraction between all the feratloys and all the austenitic alloys:
the first ones generally display slow thermal exgo@m or contraction and high isother-
mal negative deformation or contraction rates bpgarison with the latter alloys.

Table 2. Deformations during heating, at the isothenal stage and during cooling

A€ 1001200 (%0
" (4) AE 121200 (%)
A€ 1200-1000 (%0)
Alloy A %)
€ 1001200 (70
+ ) AE 121200 (%)
A€ 1300-1000 (%0)
0.71
1 -0.132
-1.47
FeTal
1.42
+ —0.137
-1.48
1.55
1 -0.072
-1.60
FeTa2
1.41
+ —0.094
-1.57
1.29
1 -0.103
-1.48
FeTa3
1.27
+ —-0.125
-1.53
2.24
1 -0.019
) -1.86
FeNiTal
2.40
+ —0.036
-2.10
1.82
1 -0.123
) -1.90
FeNiTa2
2.15
+ —0.032
-2.09
2.22
1 —0.029
) -2.03
FeNiTa3
1.87
+ —0.066
-2.05

Concerning the average coefficients of thermal egipa or contraction (Table 3),
it can be noticed that the coefficient is highartieating than for cooling, but there is
no real effect of the microstructure orientatiomeTmain difference of coefficient is
between the ferritic alloys (10 to 14x1&™) and the austenitic alloys (14 to 2151K™).

The fast expansion observed for the austenitig/gltd this study in comparison
with the ferritic alloys is in accordance with pi@ys measurements, for example on
pure iron [5] (for of course distinct temperatuamges). The presence of more or less
high fractions in tantalum carbides, the thermalassion of which is much lower than
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the matrixes ones (coefficient of only 6.3%1&* for TaC [6]) and even lower than
for chromium carbides (10.1 to 10.6x1&™ for CrC, [6]), leads to a progressive
deformation in compression of the matrix by the enor less connected interdendritic
carbides when this matrix is mechanically weakelmgdhe temperature become very
high at the end of heating. This visco-plastic coespion of the matrix accompanies
the release of the tensile-stress affecting pregrely the carbides during the first part
of heating (induced by the increasing matrix-cagbithteraction), previously observed
for ternary alloys containing chromium carbides. [This goes on at the isothermal
stage and results in a negative deformation ofstraple after return to the room
temperature. This deformation, which seemed beiag really dependent on the
microstructure orientation, was here enhanced énddse of the ferritic alloys, the
bcc*™matrix of which is mechanically less resistant th#re more compact

fcc™ matrix.

Table 3. Deformations during heating, at the isothenal stage and during cooling

averagen x10%C?
1 O z50-750 5 1) averageie/At at 1200°C (% / min)
averagen 7so.,250 (x107°C™)
Alloy Y
averagen 50750 (x10°°C™) .
+ P average\e/At at 1200°C (% / min)
averagen 750250 (x107°C™)
10.5
I -0.013
10.5
FeTal
14.0
+ -0.014
10.5
12.9
I -0.007
11.1
FeTaz2
13.2
+ —0.009
11.1
10.7
I -0.010
10.4
FeTa3
13.2
+ -0.013
10.6
21.2
I -0.002
. 14.3
FeNiTal
20.9
+ —0.004
18.2
20.8
I -0.012
. 16.0
FeNiTa2
20.2
+ —0.003
17.1
19.5
I -0.003
. 17.3
FeNiTa3
20.0
+ —0.007
16.4
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CONCLUSIONS

Carbides in general and tantalum carbides in pdatiavhich are among the most
stable at high temperature, are very useful fansfthening refractory alloys used at
high temperature. However they can induce irrebéitsi for the thermal dimensional
variations when temperature varies, which is furtfge obviously not isotropic
although no clear dependence on the microstruahnentation was demonstrated.
Phenomena similar to ones earlier observed for Isinglloys reinforced with
chromium carbides, were found here in the caseswitit and austenitic iron-based
alloys. They can be source of permanent dimensidmehges after temperature cycles,
and maybe of deterioration of the alloys at therasicopic scale.

PE3FOME. B ctaTTi po3risiHyTO LIiCTh CIUIABIB, MO 0a3yroThes Ha 3ami3i (heputHi) Ta Ha
Hikesti Ta 3aii3i (aycreHiTHi), 3MinHeHux kapOizamu TaCrta ix Tepmidne po3mmpeHHs Mk 100
ta 1200C nns ABOX MIKpOCTPYKTYpHHUX opieHTauiid. [Ipeacrasieni Ta oOroBopeHi HarpiBaHHs,
i30TepMiuHa Ta OXOJIO/PKYBajbHA NUISIHKM HA JUIAKTOMETPHUYHHX KPUBHX. TepMiuHE pO3IIH-
peHHsI (PepUTHUX CILIABIB € MEHII BUPAXKEHUM HiX aycTeHITHUX. CTucKaibHi Aedopmanii MaT-
pHLi TPU3BOIATH 10 HANPYKEHb SIKI MOIIMPIOIOTHCS HA KOJIOHIT KapOifiB. BaxiuBicTe 1BOTO
SBUILIA BOAYAETHCS y BIUIUBI a3y MaTpHLi HAa MIKPOCTPYKTYPHi 0COOJIUBOCTI CILIaBY B LILJIOMY.

PE3IOME. B cratbe pacCMOTPEHO IIECTh CIUIABOB, KOTOpBIE 0a3HPYKOTHCS Ha JKeEese
(bepputHbie) u Ha HbIKeNIE U XKene3e (AyCTeHUTHBIE), yIpouHeHHbIX kapOumamu TaC u ux rep-
mudeckoe pacmupenre Mexay 100 m 1200C st nBoMX MHUKPOCTPYKTYPHBIX OpHEHTAILHH.
IpencraBiaeHsl H 0OCYXICHBI HAarpeBaHUe, M30TEPMHYCCKUI M OXJIAAUTENBHBIH yJacTKH Ha
JMIIAKTOMETPUYECKUX KPHUBBIX. TepMuueckoe paciiupeHue (EeppuUTHBIX CIUIABOB €CTb MEHee
BBIPQKEHHBIM, YeM ayCTeHHTHHIX. CrxuMaromue nedopManiy MaTpUIL IPUBOIAT K HATPSHKECHH-
SIM, KOTOPBIE PACIIUPSIOTCS HA KOJOHHU KapOuI0B. BakHOCT 9TOTrO SIBICHHS! COCTOUT BO BIIHSI-
HHUWH MaTPHYHOHN (ha3bl HA MUKPOCTPYKTYPHBIE OCOOCHHOCTH CILIaBa B LIEJIOM.

1. Bradley E. F. Superalloys: A Technical Guide // ASM InternationaMetals Park, 1988.

2. Experimental and thermodynamic study of tantalumtaiming iron-based alloys reinforced
by carbides: Part | — Case of (Fe, Cr)-based fesieels // P. Berthod, Y. Hamini, L. Aranda
and L. Héricher // Calpha8,l, 351%360 (2007).

3. Experimental and thermodynamic study of tantalumtaiming iron-base alloys reinforced
by carbides: Part Il —-Case of (Fe, Ni, Cr)-baseemitt steels // P. Berthod, Y. Hamini, L.
Héricher and L. Aranda // Calph&d, 361369 (2007).

4. KurzW. and Fisher D. J. Fundamentals of solidification. — Trans Tech Rudilons, 1989.

5. Shaffer P. T. B. Plenum Press Handbooks of High-Temperature MateNals Materials
Index // Plenum Press. — New York, 1964.

6. Samsonov G. V. Plenum Press Handbooks of High-Temperature MateNa® Properties
Index // Plenum Press. — New York, 1964.

7. Berthod P. Influence of carbides and of the dendritic ori¢éintaon the thermal expansion of
Ni-base, Co-base and Fe-base simple cast allogs. .IMat. Res. (formerly Z. Metallkd.).
—2007.-99. — P. 265-272.

Received 07.12.2009

Published in Fizyko-Khimichna Mekhanika Materialiv, Vol. 47, No. 3, pp. 46-52, May—June, 2011.

postprint of Materials Science Vol. 47, No. 3, pp. 319-326, November, 2011 7



