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Introduction

The nickel-bé.se alloys are used at high creep-temperatures con-
ditdéns /1033+1373K/ for such castings like e.g.-blades,rotors
and other parts of engimes.For These-conditions structures and
compositions of ‘f:b.é alloys should not change during the long
time of working,

The metallic materials with similar application divides into

two groupsthigh strengthened -superalloys and }alloys based on

the elements with high melting ﬁoint/Cr,Ta,Nb,Mo and W/.Accor-
ding to the mechanism of ‘strengthening there are distinguish
following types of the alloys]j,S]:

-solid-solution hardemed,

-precipitation hardening,

-strengthening due to second-phase particles.

The .discussed alloys belong to tne se‘ccma' group of materials and
their strengfhening effect is acmieved by tne precipifation of
(‘ particles,The experlmentdlly determimed strcng‘tn o alloys
depends upon such factors as:volume fraction of (r sradius of X‘
decreasing of ripening rate ({ in migner temperatures than 0,6T,,
formation of V,NL and Laves phases,control carbides and compo-

nent thickness to grain sigze ra.*cio[‘i].Tne 8“ particles precipita-
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te coherently with the austenite-matrix.The composition-of aus-
tenite includes mostly Ni,Co,Cr,Mo,W,V and g\-Al;Ti;Nb;Ta so
that these particles were identifiedfGS'/Ni,Cr;Mo,Co/3/Al,Ti,V/
@Ai}.The nickel=base alloys have thus complex composition and
are carefully controlled by at least 10+15 essential elements
tﬂiough‘melting practice.According to the temperature capabili-
ty of castings a compositional balance is mecessary to achieve
all needed propertiesjthat sresmaximar creep stremgth,oxidation
resistance,hot-corrosion resistance,mcrostructural stability
in service/because the formatiom of britile phases may weaken
or embrittlc the .alloy/ and economical processing.The main pur-
pose in high~temperature applications resclves itself into ma-
ximm temperature capability without decrsasing other elementa-
ry properties.

The strengthening of precipitation merdemred nmickel-base super-
alloys is obtained by tormationand stavilization in high tem=
peratures coherent pafticles of 83[3].Tnese precipitationr in-
creases in flow stress:-petween room ana 1100K temperatures and
it also possesseswinnerent“ductilit?;&bove-O,GTM the dependence
Tlow stress-=-temprature is effected by strein rate,with the chan—
ge moving to higher temperafures gs thne strain rats is increa-
sed,The strength decreasing is-a coseguence of aisordering about
_ &J by vacancy diffusionm.The -suppressiom of sucn a di:ffusion pro-—
cess 1s impossibpble to accomplisn by cnamges in X’morpnology or
by processing means.,The Iocatiom of tne strength drop is not af-
fected by changes oifomUrpndlogy{éj,processing-as results on
thermomechanical treatmemts][9) or controlled solidirication [10].
The exact temperature av which the peak flow stress is re-=
- ached is a function of tne 8"‘ composition [ﬁ?l].‘l‘ne temperature

dependence of flow stress for single phase_y'alloy increases
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with increasing straim rate.iccording to[A2]at a strain rate of -
0,03 %/min the‘peak flow stress is 1071 MPa .-~ at 880K but at
3 %/min-1176 MPa at 1019K. |
| On thermal exposure above 0;6'TM the'xﬁparticles coarse at a
- gignificant rate,With increasing in size takes place facilita-
fion of dislocation bpypassing.For the practical condition mini-
'mizing this problem will help retain long-time creep resistance,
The coarsening rate of ?‘ in nickel-base alloys changes with com=-
position.M.Fletwood[7]] found that ripening rate ofjJ decreased
as chromium contant increased from 10 to 37%.Similar effect ob-
served EBJ at an additions of cobalt,molybdenum and columbium
/to about 5% Nb/.The loss of creep resistance during xﬁ coar-
senlng depends on the volume fraction of J’ .The alloys with
low volume percent 3 _/M-252/ weakens faster than,for example
Inconel 700;Simultane0usly flow stress is more sensitive to
changes in ¥J particles sizes,The main trends in the future of
superalloys are increasing in X’volume fraction and changes in
their composition e;g;through slow=diffusing elements such like
celumﬁium and tantalum,

Experimental procedure

The starting material melted in vacuum induction furnace under
the pressure 799,8 Pa.,In the same pressure prepared rods,by
casting into the metallic forms,with 16 mm 0.d., and 100 mm long.
This drop-cast master alloy was placed in an alumina crucibdble
and was indirectly heated,using a graphite sﬁsceptor in order
to minimize induction stirring of the melt.The crusible with

the charge were unidirectionally solidified in an induction
furnace equipped with a water-cooled bottem chill.Growth rate

of the samples were 30,60 or 120 mm/h,which for this set-up

was equal to the rate of crucible lowering:After polishing and
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etching.the samples,an X~ray-Lawe-method was used to determine . -
the growth direction of thevérystals/at the surface perpendicﬁ%
lar to growth direction/.

Creep and stress ruptufe properties were determined on speci-

mens of 4 mm diams machined,from the single crystals Ni-Cr5-

Ti9-Mo6-414-B and tested in 1248K at 200 MPa.The mean results

are given in Table I.The microstructures examined after unidi-
rectional solidification and creep tests by using optical and

also scanning microscop with replica method.

Table I = Rupfure life of nickel-

: Rate of | Rupture _
Alloy growthﬂ 1ife Structure base alloys affer
A S - unidirectional so=
Ni-Cr5-Ti9- | 30 | 84 bicrystal | lidificatio.
Mo6-Al4-B | a1 single
' crystal
“ 6O 62 ’ 5 =T -
120 .y 7é U -
. 120 111 _n_
Ni-Cr14-W6- |gravity 34 policrystal
Mo3-Tiz- |C&STHE | 5g
Al2 1 16

Results _and discussion

The obtained single crystals have an orientation approximated

%o <§2§>»/fig.1/,indepenaent to the rate of solidification.

12-30-2 L 411 4-24-1-1L
12-30-1 L |

Fig.1.
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‘The rupture life of sSpecimens is however merkedly différeptia—
ted due to the solidification condition.The longest rﬁpfure life
showed single crystal achieved at growth rate 120 mm/h.Second
monoerystal obtained at same growth rate also single crystals
grown at 30 mm/h have lower rupture life.In one case obtained
columar structure/two grains/ at 30 mm/h growth raté;Unsteady
structure is due to the: instability of the gradient temperature
at growth time,
The study of the relations between structures parameters and
creep properties was made mainly by use of metallographic exa-
mination.The data of table I and figures Z+7 show that creep-
rupture results depend on such effects like:coarsening of XJ

particles in matrix,changes in size and morphology ofXJ parti-

cles and formation other phases at service conditions /fig.2a/.

Fig.2 Morphology of nparticles in tested alloys:
a/Ni-Cr14=-Ti7-414,1700X
b/Ni-Cr5-Ti9=-A14-Mo6-B, 4T700X,replica C=Cr
The effect of composition and growth condition on thear'shape
and its distribution is illustrated in fig.2 and 3.In alloy
. . ! .. .
Ni-Cr14-TiT7-A14 Xh-prec1pltatlons are uniform arranged with
the cubical shape /fig.22 and 3/.In the interdendritic area

are located X‘-XJ eutectic,In the alloy with molibdenum and

boron the Kiparticles are less regular /fig.2b and 4/ in the
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shape and sizé. Beside the coa.:c‘senizllg"o-f,rI precipitation there
are another unprofitable process in the microstructure unidire-
ctionally solidified alloys.This is tendency to formation other
phases /fig.2a/ . Microprobe studies showed that in their compo-
‘ sition there are 78%

of titanium and 6% of -~
carbon.The shape of the=
se compoundes,formed in
the interdendritic and
in matrix places,points
out that they are pre=:
cipitated from the melt

.y -
wy SRR Ry
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before the end of soli=

Fig.3.Morphology of particles dification,
in the matrix of polycrystal, |
grown at 120mm/h,.Replica C=Cr The morphology of 8"

compared with the micro-
structure obtained after
creep testing showed,
that there is relation
between rupture life and
size of Xﬁin the matrix.
The increase of creep

o) properties is due to the

| .
coarsening of { phase.

Fig.4.The particles of in the The fine 6'\ particles ga=-
Ni-Cr5-T7i9-Mo6-A14~B single
crystal grown at 30 mm/h. ve longer rupture lifes

/111 hs at approximately
O,50m in diameter to 84 ns at 142 um -fig.5-T.The existence of

other phases in the alloy has less important meaning.The compari-
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*‘tjcr,%'tﬂ-s\( jﬂ&} son a creep results be-
' V)‘“ ' :
Phagt .’.io y

tween the sample with
two grains and single
crystals confirms this
conclussion /fig.5+6/,
The same results are
observed between tests

in rupture life of sin=-
\

Fig.5. § and
tes in "sample with 84 hrs rup-

eutectic precipita- gle crystals.

ture 1life, Conclussion
:‘,m’g \? Ak ' - , '_ . 1.The results of this
w&' o} /" uxm; NG NN -
g :..‘.17 .:'E; wr%{ ."ﬁf«? ‘i study show that creep
,.:: "‘“‘ '.\,7: Y oA 35 <
*Q‘J‘kr ,-.{9V7¥” properties are markedly

. ﬂ’ " £ i - ;
,}:&ﬁcﬁ«f a{z&u% !
%E_ ;;ﬁé é%%jiiﬁﬁ
\ ‘*‘Q.g?:ﬁr"v‘ %\
e A

affected by changes in
XJ size and their dis-

tribution in high tem-

‘£1’3“~ peratures,
'“Nms.-t“»‘ AL G TR Lo Va 2.A% the higher growth
Fig.6. 3! -particles after 111 hrs rates there are greater
rupture life possibilities to form

other phases in the mi=-
crostructures of the alloys,
3.The elimination of grain bounderies by unidirectionally solidi-
fication is helpful in creep tests.The rupture life of the
alloy Ni-Cr14-w6=-Mo3-Ti2-A12 /used practically/ is two times
lower than the same data for nickel-base alloy with molibdenum,

prepared in the laboratory.
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