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A noncontact method has been developed to determine the thermal linear expansion
coefficient (TLEC) of carbon-graphite and ceramic materials and heat-resistant alloys in a
temperature range of 500 to 2500°C. The setup and its functional potentialities are shown
schematically. The TLEC values measured on primary standard specimens (electrolytic
nickel and commercial APB graphite) differ by at most 5 % from literature reference
data. Experimental temperature dependences of relative elongation and TLEC for the
high-temperature Rene 80 alloy in the 500-1200°C interval are presented. A hysteresis is
revealed in the Al/I(T) dependence, which is connected with the cooling-induced formation
and heating-induced dissolution of the ordered Y-phase (NijAl).

Paspaboran GeCKOHTAKTHBIN METOJ OIPeNeeHUA TEPMUUYECKOTO Kod(duuenTa JUHENHO-
ro pacmuperHusa (TKJIP) yraerpaduToBhix, KepaMHUYeCKUX MATEPUATIOB U KAPOIIPOUHBIX
cimiaBoB B nHTepBase remneparyp 500—-2500°C. IIpuBeneHa cxeMa yCTAaHOBKM U IIOKa3aHLI ee
byHKIUOHANBbHBIE BO3MOKHOCTH. VaMepenuble 3HaueHusa THKJIP aranonoB (siaeKTpoauTuyec-
KOTO HUKeJA U MPOMBIIIIeHHOr0o rpaduTa APB) oT/imuaoTCAa OT COIPABOUYHBIX JUTEPATYPHBIX
ITaHHBIX He OoJsiee, ueM Ha 5 % . IIpemcTaBiieHBl 9KCIEepUMEHTAJIbHBIE NaHHBIE IO TeMIepa-
TYPHOM 3aBUCHMMOCTH OTHOCHUTEJHHOTO YAJWUHEHUS U TePMHUECKOro Koadduiimenra JuHeHHO-
ro paciiupeHus KapolMpPoOUYHOro HukKejgeporo ciiaaBa Rene 80 B ob6mactu Temmeparyp 500—
1200°C. Ha sasucumoctu Al/I(T) BBLIABIEH THUCTEPE3NUC, CBI3aHHBLIA ¢ 00pasoBaHMEM IIPU
OXJIaXKJeHUN ¥ PacTBOPeHMeM IIpH HarpeBe ymopsapoueHHoM Y-dassr (NisAl).

© 2004 — Institute for Single Crystals

To determine the TLEC of different heat-re -
sistant alloys, carbon-graphite, and ceramic
materials in the 500-2500°C range, a non-
contact method was developed to measure
the specimen length during heating and
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cooling. The setup for TLEC measuring
(Fig. 1) is a cylindrical water-cooled vac-
uum chamber (1) equipped with a vacuum
pumping system (2, 3), a power unit (4, 5),
and a thermal assembly (6, 7, 8, 9, 19). The
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Fig. 1. The basic scheme of the setup for
measuring TLEC: 1, water-cooled vacuum
chamber; 2, N-630 diffusion pump; 3, 2NVR-
5DM vacuum pump; 4, OSU 100/0,5D power
transformer; 5, RN630 voltage regulator; 6,
water-cooled lead-in wires; 7, bulk graphite
current bearing bars; 8, graphite bolts; 9,
graphite plates; 10, ceramic supports; 11,
mounting block for the specimen; 12, corun-
dum tube; 13, specimen; 14, looking win-
dows; 15, V-630 cathetometer; 16, Shch 300
digital voltmeter; 17, 18, graphite contain-
ers; 19, graphite heater; 20, graphite cap;
21, carbon felt; 22, heat shields; 23, frosted
glass; 24, light source.

pumping system includes two 2NVR-5DM
roughing-down pumps (3) connected in par-
allel, an N-630 pump diffusion (2), and a
vacuum-line system. The power unit of the
setup includes three parallel-connected OSU
100/0,5D transformers (4) (the total power
is 300 kW) and a RN630 voltage regulator
(5). The thermal assembly consists of copper
(6) and graphite (7) lead-in wires, heater
(19), and graphite plates (9) fastening the
heater to the lead-in wires by graphite bolts
(8). The carbon-graphite and ceramic speci-
mens (13) are shaped as 100 mm long cylin-
ders of 15 mm in diameter. The cylinder
butts are tapered off with 45° angle at the
cone vertex. The specimen is fixed in a
graphite supporting ring (11). The support-
ing ring with the specimen is mounted at
the bottom of a graphite container (17)
which in turn is placed within another con -
tainer (18). The whole system is put inside
a graphite heater (19).

A heat-resistant alloy specimen is a plate
(75x2x10 mm3) with a 4 mm diameter hole
in the upper part. A corundum tubular rod
is fed through the hole to suspend the
specimen (the mounting block for metal
specimen is detailed in Fig. 2).
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Fig. 2. Mounting block for heat-resistant
alloy specimens. 1, specimen; 2, corundum
tube; 3, thermocouple; 4, ceramic rod for fix-
ing the specimen; 5, looking windows; 6, ce-
ramic rod for suspending the specimen; 7,
heater.

With this construction of the thermal as-
sembly, the specimen can be set in a verti-
cal position. Graphite shields (22) with
carbon felt (21) and a carbon-carbon com-
posite cap (20) are used to thermostate the
working zone of the furnace with the speci-
men (Fig. 1). The graphite shields were in-
sulated from the lead-in wires with ceramic
plates (10). Below 1000°C, the temperature
was measured with a differential W-Re
thermocouple fixed at the middle of the
specimen using a Shch 300 digital voltmeter
(16). During heating and cooling, the tem-
perature was recorded using a KSP-4 poten -
tiometer conditions. An Al,O3 casing was
used to prevent the thermocouple carburiz-
ing. Above 1000°C, the temperature at the
lower and upper ends of the specimen was
additionally controlled through the viewing
windows (I4) using a Promin‘ pyrometer.
The specimen length was measured by a
V630 cathetometer (15) through the cham-
ber windows and the slots cut in the
shields, the heater and the containers.

The measurements were made in 104 Torr
vacuum. The initial specimen length at
room temperature was measured using a mi -
crometer and a cathetometer. The difference
between their readings was at most 0.5 %.
The cathetometer objective was at 1500 mm
distance from the specimen. The specimen
initial temperature was found from the ther-
mocouple readings and controlled with a
laboratory thermometer. The specimen was
heated and kept at the measurement tem-
perature using a high-precision VRT-3 con -
troller. The heating rate was about
5°C/min. The specimen length was meas-
ured at steady-state heat flow at intervals
of 20-25°C. The exposure at each tempera-
ture was about 2 min. The temperature was
maintained to within 3 deg. One measure-
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ment run took about 30 s and was made
twice for each temperature. The specimen
length at the measurement temperature was
found as the arithmetical mean of two
measurements, the difference between those
being at most 1 %. As mentioned above,
the temperature over 1000°C was measured
additionally by a pyrometer. The tempera-
ture difference between the lower and upper
ends of the specimen did not exceed 10°C
and practically disappeared above 1500 °C.
The total expansion of the system can be
neglected in this method.

Because of the random measurement
error, the experimental temperature de-
pendences of the relative elongation exhibit
a certain data scatter. The estimation of the
TLEC directly from these results, i.e. dif-
ferentiation of the relative elongation with
respect to temperature, would further in-
crease the scatter and make it difficult to
clear up the regularities of the TLEC vari-
ation with temperature. To avoid this prob -
lem, the experimental results on the rela-
tive elongation were approximated with a
third-degree polynomial (Microsoft Excel
Program). The TLEC was then estimated
from the resulting smoothed curve.

On heating, the TLEC was found as

where O is the average TLEC value in the
To—T, interval; Ly, the initial specimen
length; AL, the specimen elongation at heat-
ing from T; to Ty. The TLEC measurement
error was at most 10 %.

Electrolytic nickel was chosen as a pri-
mary standard specimen for checking the
dilatometer. As comparison shows, the dis-
crepancy between the measured TLEC val-
ues and the corresponding literature data
[1] does not exceed 5 % . To test the reli-
ability of TLEC measurement at higher tem -
peratures, the TLEC of commercial APB
graphite was measured along the compact-
ing axis. The results obtained were com-
pared with literature data [2]. So the larg-
est deviation of commercial APB graphite
TLEC from the tabulated data at tempera-

Table. Composition of Rene 80 Ni-based
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Fig. 3. Relative elongation of Rene 80 alloy
versus temperature: 1 — heating, 2 — cooling.

tures up to 2500°C has been shown to be
within 5 %.

As an example, we show here the tem-
perature dependences of the relative elonga -
tion and the thermal linear expansion coef -
ficient for the Rene 80 heat-resistant alloy.
The dependences were taken using the non -
contact method described in this study. The
chemical composition of the alloy is pre-
sented in Table.

The alloy heat treatment process in-
volved heating to 1200°C and keeping the
specimen at this temperature for 30 min.
The alloy was then cooled to 750°C at a rate
of 2.4°C/min and kept at 850°C for 50 h.
This heat treatment resulted in formation
of a two-phase (Y + Y) structure: the y phase
has a FCC lattice where the atoms of each
alloy component can occupy any position,
i.e. the phase is disordered; while the VY
phase also has a FCC structure but with Ni
and Al atoms occupying strictly specific
sites in the crystal lattice, i.e. the phase is
ordered.

The temperature dependence of the rela-
tive elongation for the Rene 80 alloy is
shown in Fig. 3.

The temperature dependence of the ther-
mal linear expansion coefficient for the
Rene 80 alloy is shown in Fig. 4.

Heat-resistant Ni-based alloys were devel-
oped for applications in gas-turbine and tur -
bojet engines. These alloys are two-phase (y +
Y) systems in a certain temperature interval.

Alloy Mass fraction, per cent
C Co Mo Al Ti Nb Ta Cr W P S
Rene 80| 0.16 9.34 3.94 3.00 5.00 0.01 0.02 13.84 4.00 |<0.005 |0.0006

Ni-based
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Fig. 4. Temperature dependence of TLEC for
Rene 80 alloy.

The disperse crystals of the Y phase
strengthen the alloy, since the motion of dis-
locations therein is connected with the an-
tiphase boundary formation. As a result, the
Y phase crystals are strained by paired dislo -
cations. If the dislocations cannot cross the
Y crystals or carbides of refractory metals,
the straining proceeds by the Orovan mecha -
nism, also resulting in the alloy hardening.
To raise the working temperatures (>1000 °C),
Co is introduced into the Ni base. To harden
the alloy, W and Mo are added, which react
with carbon and form carbides of these re-
fractory metals [3]. The Rene 80 alloy stud -
ied here belongs to this group.

The temperature dependence of the rela-
tive elongation of the Rene 80 alloy with
initial two-phase structure containing about
50 % of y (Fig. 3) exhibits a pronounced

hysteresis which is due to the Yy phase dis-
solution at heating and the formation
thereof at cooling. The TLEC temperature
dependence shows a distinct temperature in -
terval where the Yy phase dissolution occurs
at heating (860 to 1200)°C (Fig. 4). It is
interesting that the alloy TLEC increases
sharply as the Y phase is dissolved. This is
because the lattice parameter of the Yy phase
is smaller than that of the Yy one. As a
result, during the Y - Yy phase transforma-
tion, the specimen volume increase due to
the formation of the y phase is superim-
posed on its thermal expansion. Above
1100°C, the TLEC decreases, presumably
due to the Y phase dissolution at the stage
of the process completion is slowed down.
Thus, in the study, the thermal linear ex-
pansion coefficients of Rene 80 alloy in the
specified temperature interval has been evalu -
ated. The data obtained can be used in compu -
tation of welding-caused stresses and strains.
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Be3koHTAKTHUW METO] BU3HAYEHHS TEPMIiUYHOTIO
KoedimiaTa JiHIiHHOTO PO3MMpPEHHS Pi3HUX MaTepiaJis
B iHTepBasi temmeparyp 500—2500°C

A.C.Bop3ux, B.Il.Ilonoé, B.C.Caéuenko,
J.B.Cxubina, M.M.Yepnuk, K.A.FlOuwenxo

Po3pobiieno 6Ge3KOHTAKTHUII METOJ BHU3HAUYEHHSA TepMiuHOro xoedimienra ainifimoro pos-
mupenusa (TKJIP) ByraerpaditoBux, KepaMiuHux MaTepianis i sKapocTifikux ciiaBiB B iHTe-
pBaxi temmnepatryp 500-2500°C. HaBegeHo cxeMy yCTaHOBKHU i IOKasaHO il (pyHKIioHambHI
moxkauBocTi. Bumipani saauennsa TRJIP eranoHiB (eJeKTPOJIITHYHOTO HiKEIIO i IPOMUCIOBO-
ro rpaditry APB) BigpisHArTbCA BiA MOBIAKOBUX JiTepaTypHUX NAHUX He Oijgbln, yuM Ha

5 %.

HaBemeHo eKcmepuMeHTaJbHI JaHI 3 TeMIepaTypHOI 3aJeKHOCTi BiHOCHOTO IIOMO-

BXKEHHA i TepmiuHOro KoedimieHTa JTiHIHHOTO PO3MIMPEHHA KAPOCTINKOr0 HiKEJIEeBOrO CILIABY
Rene 80 B obGmacti remmeparyp 500-1200°C. Ha samesxuocti Al/I(T) BusiBienuii ricrepesuc,
AKUHA 3B’A3aHUIN 3 YTBOPEHHSAM IIPU OXOJIOMMKEHHI i pOSUMHEHHSAM IIpY HArpiBaHHI BIIOPAZKOBA-

HOi Y-asu (NisAl).
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