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described by A. I. Rytvinskiy and Yu. D. Red'lo (Trudy TaKTI, vyp.
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STRUCTURE AND PROPERTIES OF F:T j ALLOY FOE GA

TURBINE BLADES WITH A LONG SERVTCE LIFE AT 5fO°

Ye. Ye. Levin, Ye . .Tlivnik, -t al.

In this report are given r,,:uits of inv,::ti ating
E1826 alloy applicable to working conditions in >mg-
action gas turbines. The aging effect wa.s inve:'- irO- j
on the properties of the alloy within a period c.' C-
10000 hrs at 600-9000 C. Durable strength was inv, rtl-
gated at 650-3500C and the time till destruction cf
individual samples up to 1000C hrs. The sencItivity
was estimated to stress concentrations under t-s In
conditions on the constant stri-ngth of smooth and
notched samples of various types. Greater attontion has
been devoted to the effect of the structural factor on
the deformability of the metal. ,didely elucidated arp
the phase chqracteristics and sl-ructural conversions in
the alloy. It is shown that ET.IC Illoy can b( r -on-
mended in the role of material for blades with a work-
ing temperature of 8000C and r,-so rce of 15,B (-2,QC hrs
with possible overheating,,' to n'K "f and general workin:-
duration at this temperature of' not more than t,(Th hrs.

During the last years in the field o' d-vl,,opin- qlloys :'or 1 i- i,
of high temperature stages of gas turbin-s, cons1dc.rqb] si"cse::
were attained, which allowed one to r,alir-' a sq,-i: ,nnufc;, r of
installations with workinF temperature: of the m'til of 7'C-7 . O-4 .

a further riss in temperature to rC0( ° mikes- the, orat ion of, r, ] -

able blade materials for turbines with long workinr rr-ourc, v, ry
complex in connection with the intensif'!ation of ciffusion
in the alloys at this temperature level rind with the dqnrer ol' orit-j-
nation of local corrosion defects on tho surf'n ofl the m, t ]l

To solve this problem, EI826 alloy wrs investigat-,, d,:irnat,'d

*The alloy was suggested by F. F. Khlmushin, P. ''. Tivshits,
Y. E. F. Trusova, A. V. Ostapenko and A. A. F-dina.



for working blades of aviation engines. In Table 1, a trade composition
is given of the alloy [i and the composition of the metal of the
investigated melts.

The melts were prepared in 0.5 ton electric induction furnaces
and were rolled into rods of X 45 mm in conformity with actual techno-
logical instructions of industrial manufacture.

One of the important factors, assuring the possibility of consider-
ably increasing the resource of heat resistant alloys, is the increase
in their plasticity of brief and long lasting mechanical tests and the
preservation of these properties at an acceptable level during the
entire working period of the material at q given temperature. On the
basis of the experiment of developing blade materials for stationary
gas turbines with a resource of 50000-i00000 hrs [21, the investigated
metal was thermally treated by a regime, li,:luding besides harmony,
two high temperature intermediate degrees: 1000 and 900 - ii9OOC, 6
hrs, quenching in the air; iO00C, 4 hrs + 9000 C, 8 hrs + 850 C, 15
hrs, quenching in the air.

In thermal processing conditions by such a regime, there is attained
a uniform distribution of tne basic strengthening y'-phase within the
grains of the metal, including area3 adjoining to inter-granular boun-
daries. The dimension of particles of that phase changes relatively
little under the effect of long temperature action and action of
stresses, and the distance between same ficilitates the occurrence of
plastic deformation in the entire volume of the metal and accumulation
of same to a relative high level to the moment of disruption of the
tested samples. Such a structural state of the metal assures simul-
taneously with it a high level of lasting strength, resistance to
creep and a reduced sensitivity of the alloy to stress concentrations.
The advantages of the adopted regime of thermal processing are seen
from tables 2 and 3, in which results are given of comparative tests
of smelt samples A. B and V.

During thermal treatment of the metal by the gradual regime,
there is a slight reduction in strength, but plasticity of short and
long lasting high temperature tensile tests rises considerably.

The results of testing samples of alloy EI826 in a temperature
range of 650-900oC are given in table 4. Strength and plastic pro-
perti s are at a satisfactory level. Minimum plasticity values during
these tests constitute 6 = 13 and * = 23%, while for high alloyed nickel
or nickel-cobalt base alloys at 750-900°C, they do not exceed 5-8%.

Mechanical properties of the alloy at various aging conditions
are listed in table 5. With the exception of the first several thou-
sand hours of aging at 7000 C, the plasticity of the EI826 alloy is
within limits of i2-20% at room temperature testing and 12-17% at
high temperatures. The strength of alloy in the process of aging to
7000C inclusively at a duration of up to iOO00 hours is preserved at
a constant level. At such a level, the strength of the metal is situa-
ted at room temperature, aged at 8000C, but the testing of an aging
temperature attests to the beginning of weakening, strength drops by
I0-30%. A noticeable drop in strength In the aging process is at

FTD HT-23-1608-67 2
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1able Comparative Tests7 of Dural le Strength at
, °C of Alloy '[h?, r,!mpl, :, Th , a lly Treated by

Various Rgime (smelts Pan .p_).

-mel; 'her; preessing k "4 
2  

l - %

- . I tes tmotlz-

B 1l8O*C. 6 v; 1000C, 64 925 1.10 2,5

B 4 x -t-90C. 8 % + 63 1177 4,60 7j- ,50"C, 15
B 60 1600 >1,00 Tet 'on-

"t nu S
5 60 1211 4,00 7.5
6 55 323.3 2,20 5.5
B 53 >2000 - -

6 4g 7992 2,60 6,3

. 46 >10000 - 'S. oon-

B 1210C. 2 1 1050*C. 64 562 0,82 -
6 4 % +00C, 16 % 64 .'7 1,80 -

B 60 891I 1.10 -

b 60 113- 0,50 2.90
5 49 24Z6 . rt1e -

destruo ion

46 6720

- -9C 0°C. Attention is attracted by the fact, that in this case the
mechanical properties of the metal in the aging process remain also
constant within a period of 3000-1000C hrs.

Table ~. Mechanical Troperties of After thermal processing by
E1,2,6 Alloy at High Temperatures the adopted regime in the structure(Smelt lo of the alloy, prevail (as a resultof alplying high temperature de-

@!,. , . " jrees of processing at 1000 and
"'. re M' 90 0 C) rlatively large particles

- of y-phase.
650 50 96 22
700 50 95 2. 26 Tn the process of cocling from
800 50 75 is 20 high temperatures and additional

50 60 13 23 annfaling, evidently high dispersion
900 40 so 15 2-3 particles of y-phase are also formod,blut they are not revealed at micro-

soopic investigations and in this
, )nnf ction they are not taken into
consideration when evaluating the
average value of y-phase particles.

A rnotlealle enlargement of y-phase particles, as is evident from
data in tatle C and Fig,. 1, occurs between 5000 and 10000 hrs of aging
at 80(0C and at murh oarlier aginf stages at 850 and 9000 C. The dis-
tance botween columns of y-phase partirles rises in this case from

FTD-!!T-25-i6 ? -e



Tible C3. M-hni.rn Tro rti. of ETI Alloy in0
Various Aging Conditions (Thermnl Frocpssing: 118(C,
6 nrs; 1C( t C, 8 hrs + 8 d°C, 15 hrs (Smelts A mnd F).

Agin , 'cmitjoria

t e! perla- jsposure KfIM
g2  

rj.M.M2 . .
S hre NACC1

T"ftin tempereture 20*C
- - 280 160 1105 115 16 3.5

600 I000 .260 70 101 16 17 1,5
600 5000 290 72 I100 12 14 1,0

Testi-., terperature 600Co i +  i _i i~o i I  _600 5000 67 103 16 17 -

Testin., terWn mture 20*C
700 1000 ,32VJ 71 1100 6 6 2,0
700 5000 290 66 100 7 7 2,0
700 10 000 290 67 11I0 I0 8 2,0

Testinrg terpemture 700oC
700 IOW 60 1I 105 1 15 13 3,,5
700 J O00 56 j 99 14 16 4,0
700 10000 52 94 17 18 4.0

Too tin - tempert ure 200 C

Boo 1000 20I 1 60 106 117 17 3.5
800 5000 270 58 96 12 10 3,0

800 10000 250 57 96 15 13 3.0

T.tin t ernpoture Sw0C
O00 1000 49- 72 115 19 75
80 5000 - 47 67 12 18 6.5
800 10000 - 44 68 15 17 5,5

Testin, tempermture 20°C
850 5000 23

85 5000 240 < 5 9 K2H0 .850 0}0 230 51 4 14 16 3.0

850 10000 240 52 , 77 I1 12 7,0

Testin, ter poature 60 C,

850 I 00 I44 r,; 6 14 I21 -

e tamperev'ure 20"C

900 3000 2,40 50 86 17 17 3,0

Titing teperature 800 °C

3 000 I49 72 10 13 j 6,5
00 - 46 72 12 14 5.0

FTD-fT-1 -1608-67



0.-0.~tc i-j '7 - s I t it t; th' 1. tnrm-ticn rroco-ss within
th. n,-~i -m 1 1 1 n rt 'tl' ti I , i - ceumuaiI t ion t o a 1 1sll
corre.-ronlin tc th- yt-1 i roirti t :owr Atr-sse~s.

W~i t h n i n,- r-a:' in t., tinp- tm r-)tur-, th. intoraingula r diSplac'-
ment ri. -in1 in thi: corn-.'tion mnt _rinrula r cracks originate~ at
much -arli-r i 'formqtion Att i" Au e int-ra4ngular d' Structio,
charqct-,rist1.i !or nick-1 bq-e 1loy- this prar to be onp of th,
major cqu -s of r-Aucing the r~ Tti it.- oi' the alloy at high t --Mp-ra-
tur. , c: At thea"~ tiT.'' a f'vor Abl- :tructur- of, interingular
layer of ailloy in thr' 'orrro it ion of which reva ilI la rge,-
phase rarticle:-, - nJ high ri.ticity of th- di-' hard '~-solution, as-
7 urp ur to th.' mao n+n c' d-ectructior,- r lativ-ly high plasticity
lev-l -'v-n at; hi,7h t nm-'raturr, t"sts.

In KI?6 Ialoy, the ~-hs'ccrr-.Zronds to an Nli,(Ti, A.l) comn-

I ounl. Tn scl" th-'rrmall)y t ti'y th- adopted' r.'gime, art ,'on-
tamned a-bout 9<of tha t phase, further -!t a3ging right up to i0Qhr:
at 8, "7, the T-,.ount of -'-phpse cha ngT _- r''latively littl-, reaching
approximately Y~.The rational ra tio in a luminumr and titanium alloy

Al = , -, .~ of thi basic Aiert eermining the amount and

dispersion of the, -trenwht-'ning phas-, !.- assured by the high degree
of it- stability, which in turn promote?- to a con:siderable degree, the
preservation n!. 'rrroxiaatelv one anA t,:' same level of, such an impnort-
ant cha rqrai nitic, a!q r,-lative >lonr-iticn at rupture in various aging
conditions (s- ta1' 5 q nd C).

Table r-. 0i:crsion Charact''nistic of -y'-phas- in
ET826 Alloy. ___________ ___

dP E Ion at-

re.-tm t ________

'radi.al Agirj.' 16 650
650*. 5000 v h 0,241 1 2 20

Gradual Aging
750T. 1000 v 0' 016S 1 13,5-10- 15 700
750CT. 3000 %~ 0,195 18.10-' 14 700
750 *, Z4000'v 0,231 f 1 15 700
750*C, 10000 .' 0.3%6 1910-' 17 700

;,radual Iging
800*C 1000 v 0.325 2.5-106 Is 800
S00"C 5000 ve 0 336 1,*o' 12 800

8 *.10000 ~t0:430 188106 i 800
Gradual Aging

W 0C, 500W 0,318 1 104-10- 15 850
MOTC, 1000 ' 0:370 15 &COO
M5O. 3000 0,.560 95-10-6 14 8M0

,radual Aging
900T. 3000~ 0.635 - 12 800

"trn 'I~ro 'e~ n's: U. ~r~ 4' 911ally with a quant itq-
Us' sa eafIanof :truotur l chanF':- In the alloy was made by enigin--r

T Y- 1 n ik e'sa



Tabi1,' 7. Thas, (omrosition of ;-l-,tro-
lyticaLly S-pnratr dFsde from Samples
of :8T,52r( Alloy ("h-~rmal Frocessing,:

r) hrs; Quenching in th- air +
4 100( 

6 C, 4 hrs + 90(0% R hrs7 +~ ; '5C0C,
V- hrs ) __ _ _ _ _ _ _ _ _ _ _ _

Mddltleral aging
____ .eIlt ion Phase composition

- ~ *Y, Me 23C.. c.4. Me6C, TiC

700 1000 ',Y. Me23CI, CA- MeC, TiC
400 5000 ',Y. Me..3C,. cn. le.,C, TiC
700 1000 DO Y. Me' 3C., MeC. TiC
800 1000 . %i e=C,, ci. Me.C, TiC
8S0 5000 T', Y. MC23C11, MeC, TiC
500 10003) , . e,3C,. MeC, TiC
80 1000 Y. . Me-3C,. cA. -MeC. TiC
850 5000 Y, V Me23CG, MeC, TiC

Th growth rate ofl particles a t 77%' - )8' with a p, riol of ur Ij

Ir0 nOO hrs constttut-s P totnl o*' only V;-!() - 1C,_ ' hrs. b'ng-o
graphic determination of dimensions of blocks in rarticles- of 1 -tr-
lyticall~ separated n -phase has shown, that this value, conc-titiit'>:

400-500 A and also changes little in th- --usinrc procpss. The T-'cc
in titanium and the relatively hig7h chromius,,. content (i~ff u

lormation in thermally processed steel, in. 91dition to ~ ~ c
'_n 7arbide TIC, carbide of type Me, Cr ltacso binary carbid'

1 2 )q j r c s o

0ef Nof"Me and Me rntype. Among el -ctro)]yv'i- Ilv serarte-dphs,

a bori,.e phase is also contained -Y, th" mIrount of' which do-': rnot
change iA the aging process. That phas- in N4. F. Lashko, N. T. -_lcl
and D. E. Livshits' report was decol'-d a- a;n Me7 P compoun I, wh'r' '.

corresponds to Cr, vi, Wo elements.

The ratio between the amount of ca.rbi les ofl Ye,,C- n typ,.

having an identical cubical fac- cent-r~d lattic. nd( close- 9ram- ,tr:
(lc.6,9 and ii1.C2 dKH) ic, determined by t- .r-ratur- and ag ing- duration.

In FT8P6 a11ci, the, carbide t~~2,han~ks to, h~rh c-hromiim -,on-

tn-nt in It, qpp-pr5 to be q highly stable pha se, only within 0
10000. hrs of agrinv ?t 7(0 0 C or within 4r.F~(hrs at Sq. n-1co Or,
the a mou nt ofC t he(-P rab id e p has P MegP6, C I r-oms compa rabl)eF w It h the i

nmount of Y-,(7- typt of carbid's. Cairlid],s of typ, Me -7C .,orrespond
to formula Mel2 1 Me CF where M- -Ni, (r 2nd 14'-,M4, W, analog',us to

this binary ca'ieMe~ Me can be d--od-] ,s Me - Ni and M'4-, Mo.r.m
(7r. In the aging process, carbid, Me - bcomes- enris-hed wlih '4o RnI

W qnd chinrgs into .mor-.sal form f '-! f.': -onditions-

L
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carbide particl-s over th- grain boundaries, they acquire In this case
an elongat--] rod-liko form. With an increase in aging temperature,
the carbid- and ,11'-has p-articles become enlarged, and since this
process is mor- intensive ovor the ,orain boundaries, then interangular

X-riy structural and p~hase analysis of the FTPS _ alloys carried
ou,-t by 1 Kn-I.2r:2 P. !'irgova and 2 . T. Korkka.



layers of the metal, aged at 7U0-89( C, represent a conglomerat'- of

quite large carbide and -'-phase particles. The state of rrain boun-
daries, and the strength level of near boundary areas and bodir~s of the

very grains, which change in the aging process at various conditions,
determine the nature of the development of cracks, originating at

sample tensile tests, and the value of plastic deformation accumulated

to the moment of metal destruction.

Evaluation of the deformability of th- alloys by the method qdop-
ted at the TSKTT, was carried out by determining the plasticity of the
metal during tensile testing of the sampl,-F 9t constant rate of defor-
mation at various temperatures [31. Results of testing the ET82 alloy
are given in table 8.

At a deformation rate of 3140/hr, usually applied when tensile
testing the samples, with a testing temperature rise to 7C 0 C and over
plasticity decreases from 22-27 to i2-i6 . When tpstinF at a rate
3.6; 0.8 and c.O8ci/hr, the plassicity of the metal remains pr-sprved
at an approximately constant and sufficirntly high l-v-1 (9-11/ for th -

entire temperature range, which attests to the high stability rroper-
ties of the alloy (Fig. 2, curve 1).

In addition to the data presented in table 9, test results are
presented at constant deformation rate of the samples, preliminarIly
aged at 817C and 9C0 C for a period of iC(( irs. Such a treatment of th,
metal allows one to evaluate the effect on the deformability of the
alloy of deep structural changes, which may take plac> as a result of
long lasting exploitation and incidental overheatings of the blad,s.
In addition, the formation over the intergranular boundaries of larF-
particles of carbide and intermetallide phase, allows one during the
investigation of the structure of disrupted samples, to establish the
effect of these structural components on the origination and develop-
ment of cracks. A strength reduction by approximately 201 is observed
at such tests as a result of aging at 9000 C. For the ET82 alloy at a
gradual thermal treatment regime, the absence of a clearly expressed
effect of change in the deformation rate on the plasticity level is
characteristic.

With a rise in testing temperature, the appearance of a rising
branph of the plasticity curve is bound with the change in the physical
nature of intragranular deformation processes. At approximately 9v&0 C,
thanks to the intensification of diffusional processes, the overcoming
by dislocations of any kind of hindrances is considerably facilitated.
In this connection there is an equilibration of deformations by tho
grain volume and the work of previously blocked dislocation sources is
facilitated. The mentioned circumstances determine the resistarnc re-
duction of body grain deformation and reduces localization of defor-
mation to intergranular boundaries. All this leads to a rise In accu-
mulated deformation to the moment of destruction (see Fig. 2, curves
2 and 3).

On microphotos, Fig. 3, a,b is shown, that the orifin of' cracks
takes place on Interphasal boundari ., s;parating carbide pirtiiles
fron the interm-tallide )'-phase or dVr )'-solld solution. (7rc k
Pntprf havo the nature of dis-rcrn-,t,i sor,,s, orIginnting At various

deformation stager; of doeply age] s',m , ,' whic'h i, v'] op !;lowly In
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Table H esults of Testing the ET826 Alloy at Constant
Deformation Rat,- (Thermal Processing: 1iiW°C, 6 hrs;
100 0°C, 8 hrs + 900 C, 8 hrs 4 85C0 C, 15 hrs).

Thating .endliOIS
4. pe4 .  I 0.2. 83 .ime till

A 650 314 51 95 22 28 -
A 700 314 52 95 23 24 -
A 750 314 54 87 15 16 -
A 800 314 57 81 12 21 -
A W5 314 49 61 13 23 -
A 900 314 40 49 16 22 -
A 700 3,6 46 83 10 14 3 h 25 min
A 800 3,6 51 65 9 17 3 h 10 mln
A 850 3,6 31 36 6 12 2 h 40 min
A 700 0,8 62 75 9 9" 10 h45 min
a 700 0.8 55 82 10 14 13 h 20 min
A 800 0,8 - 51 9 11 11 h
5 800 0,8 48 s0 9 15 10 h
A 850 0,8 - 30 11 16 13 h 40 mn
A 900 0.8 20 20 9 16 11 h
B 650 0.08 52 88 11 12 143h 40 min
5 800 0,06 32 39 10 11 114 h

_i _ li
Fig. 2. Change in relative elongation during the
rupture of samples from E1826 alloy, tested at vari-
ous temperatures with constant rate of deformation
(0.8%/hr): i - after thermal processing by the recom-
mended regime; 2 - after additional aging at 850°C

within 1000 hrs; 3 - after additional aging at 9000C
within 1000 hrs. a) relative elongation.

FTD-HT-23-i6u8-6 7 1
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Table 9. Results of Testing th, Alloy EI826 at Constant
Deformation Rate (Thermal Processing: l1F 00C, 6 hrs;
i0000C, 4 hrs + 9000 C, 8 hrs + 8500 C, 15 hrs).

TisA;11 conditio
t Ier- t ete 1 U

.. .r g a 
2 

II u % destr c-

AdditiSal aging - 850 *C. 1000

700 3.6 46 "13 10 18 2 h 40 mn
800 3.6 39 43 4 11 1k 50 in
900 3.6 19 27 10 18 3h 10 min
700 0.8 56 80 6,5 8 7h 50 min
800 08 46 50 8 13 10h

650 0.8 25 33 9 16 llh 30min

900 0.8 16 19 11 17 13h 40 ir i,

addition&l aging -900 C. 1000

700 314 43 78 16 21
oo 314 44 67 5 10

W5 314 44 63 8,5 14 -

900 .314 31 43 20 30 -

700 3.6 49 60 4.0 10 2 h 40 min
60 3.6 48 54 4.5 7 1 h 45 min
900 3.6 20 25 11,5 16 3 h 15 min
700 08 55 69 4 8,5 5 h 10 min
•00 0.8 s0 55 6 9 7 h 15 min
8W 08 34 37 9 12 1| h 30 min
900 0.8 - 13 5 12 6 hS min

connection with the favorable structure of intergranular layers in the
EI826 alloy (presence of large 'y-phase particles, delaying thf, devwloT -

ment of pores). As to the effect of the carbide phase on intergranular
strength and plasticity, there are various viewpoints in this problem.
On the basis of TSKTI data, the effect of Me21C6 type carbides is con-

sidered more favorable: in reports of D. F. Livshits Pnd N. F. Lashko
there Is mentioned the positive offect on the heat resistant prorerti-c
of the alloy of Me6 C type carbides which predominate in inter ranulnr

layers after thermal treatment by the regim_ - °21 , 2 h,, air;

1050 C, 16 hrs, air at a testing duration of up to 2000 hrs.

The persistent strength of EI826 alloy was investiFated in a wld-
temperature range (650-8500C), in many instances the testing duration
reached 10000 hrs (table 10). Plasticity of the alloy at 67(0C is
characterized by a summary relative elongation at destru-tion, lyinr
within limits of 2.2-4.6% at a test duration ranging from 1L C-(2 hr:'.
Even much higher plastIcity values were obtained at a raise in testing
temperature to 700-800 C, in these conditions at a tost duration within
limits of 200-6500 hrs, the summary deformation does not deernvE- to
below 3.0 and for individual tests of greater duration it -onstitutes
5.5-6.0%. In the role of positive moment, there should be mentionpd ar
extremely weak appearance of a tendency towa rd reduction o) I, plasti-
city of EI826 alloy with a raise in time till i, struetion. 'hI.-

FTD-HT-23-1608-67 1 1
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graphic riot rerroducibie

1A ~ ~ j*-

'51 471

.* - 7

4, e4. -,

Fig 3. Mirsritr ofsmls a h uueoit

destoye duin tet:a peiiayae t8O

rige at defcrmstricur of sampes(at teruture 80int)

611, v - tested for durable strength at 850 0C, c = 11
kg/mxn , time till destruction p000 hrs, = 2.50't (X2000),otehinF with reagent 1, see Fir. 1 (reduction at reproduc-
tion 3,/4.

tendenpy aprears nor-, cl-arly at a test temperature of 850 0C. In sam-ples of smelt A, this is expressed in a reduction in summary deformationfrom 7 to 2.~at an '-xt'nsion in time till destruction from 100 to5000 hrs, in samples of smeltin h from 5.7 to 4.0,9 respectively, atchanges In test duration from 1800 to 2800 hrs. In spite of testinga greater number of samples (more than 90 pieces) of a mptal or threeInduIstrial sm-lts, ther- ir7 a sliwht dispersion in data even at such ahigh temperature, ,Ao 9s O



The lasting strength tesd results ar- riv-i: on a logoriu i :rar.i

(Fig. 11) and in table 10. Evaluation of sensitivity to str-is orr. -
trations was made by testing with constant ratf, of' deformat2ir,n n:

samples with spiral notching and testing th, durable strength of' samles
with annular and spiral not-hes.

The sample with spiral notch represents a bar of cylindrical form
8 mm at a calculated length of 80 mm. The double spiral notch has

a depth of 0.75 ,,. pitch 12.7 mm and a rounding radius of 0.1 mm.
The angle at the peak of the notch equals (00. The coefficient of

concentrition in case of a spiral notch kr - I .7. The sample with
annular notch has a calculated length of mm. The roundinF radius
at the bottom of the notch is 0.22 mm, depth of notch I mm. The notch
angle is also 600. For this sample, the concentration cofficient
kt = 3.8.

Results of testing at constant rate of' ( .,</hr, carriI olit at
600-850 0 C, are shown in Fig. 5. Maximum sensitivity to concentration
is observed at 600-7000 C, relative elongation in these testiru ondiiir,:
decreases from 9-10 to 1.5-1.7%. The stresi- concentration eo'flien+
constitutes 0.5 for 6500 C and 0.8 fpr 750-KC.0 C.

At all test temperatures the durable strength of samples with
annular notch, actually suppressing deformation of creep in the zone
of notch action, thermally treated by the r-commended regime, is
higher than the durable strength of smooth samples.

In this case, when in the zone of perturbation action of the notch
a considerable creep deformation may take place, as it does tgk(, ila-c,
at a spiral notch, the sensitivity to the notch appears in a r,=Diction
of limits of durable strength by approximately 200 and in rduction nf
plasticity at a relatively low testing temperature (6500C). This cir-
cumstance should be considered during the construction and rr-rira lcir
of details from the investigated alloy.

An interesting microstructure, obtained during the investi i-i.1%r
of the sample, destroyed within 5000 hr;i when testing for dural 1,

strength a 850 0 C and stress r = 11 kg/mm2 (see F'if. , v). Th .. ru-
ture of the intergranular layer represents a typical picturo !'or ;I"
alloy - chains of carbide, divided either in larror sections o t*'
dispersion y'-phase with particles, close in dimensions and form
intragranular formations of that phase, oi in large particl,.' of t- ,
very same phase, having an improper form. At the initial d(stru-tion
stage, disconnected pores are formed. The development of fusion (f
same at the indicated structure of interfrnnular layers oc-urs :utflr-
iently slowly and assures the accumulatin of a relatively szrt sum-
mary deformation, which appears to be a hlghly important reial liity
characteristic of the blade material.

Investigation of corrosion resistance of alloy EI X has shown,
that by general oxidizability it belongs to highly cinder resisrtnnt
materials (depth of corrosive destruction after 0(10( hrs at 0-
IO000C constitutes 0.007-0.145 mm). It should be mentioned, that the
chromium content in ET826 alloy (about 14-1U ) and the favor9 Ir,
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T ,ble 10. Result:; of' -ntrf,,th YPuration T'sting of
EIYP Alloy (Therm-I Trevitment: 110(OC, ( hrs, nir;
10000C, 4 5 h + -X 0, hrs + '()°C, 17 hrv, air).

Malt stress 
Destruictiofl

i f
2  3. 4

Tes ting teipersture 0 C
5 60 1211 4.0 7.4

55 3233 2.2 5,5

6 49 7292 2.6 6,3

5 46 10000 loot
continueu

63 1177 4,6 7.8B
B53 2000 loot

continues

Yeatin -temperature 7000 C

A 54 178 5.5 7,8

A 48 693 3,8. 6,4

A 46 967 4.7 7,8

A 44 1225 3,0 5.6
A 43 951 4.3 4,0

A 42 2828 4,7 5,9

A 40 4400 3,7 6,1

A 38 6199 3,8 4,4

Toting tempoature 750' C
S 36 739 6,0 10,2
5 34 1227 3.9 7.6

B 30 3670 4,5 9,3
6 28 3500 .1,9 Teat

continuea
B 40 357 7.9. 10,9

B 36 870 5,8 8,8

Testing ti~~m~erh 800 CI
A 36 54 3.8 9.0
A 30 - 188. 7.1 10.0

*A 28 "322 5.0 7.8

A 27 564 3,6 6,9

A 26 873 4.0 9,8

A 25 1377 4,4 8,1

A 24 1550 4.1 7,3
A 23 1692 5.2 I0,0

A 22 1701 3.7 7,1

FT -HT - 2 3 16(-67.4



Table 1 ' continu-i

2 2 I 4 5

A 21 20G 3.7 8.4

A 20 344S 5.0 10,5

A 19 4118 3.2 6,3
B 23 2556 6.4 10,9
B 17 5800 1.6 Test ogn-

tinues
is 6400 0.6 last con-

tinues

Testing temposture 8,50
° C

A 28 22.5 5,8 11.4
A 26 56 4.4 8.3
A 26 48.5 7.6 11,4

A 24 102,5 6,9 12,9
A. 22 135.0 5,7 6.7

A 20 200 2.4 8,4
A 20 283 3.5 6.1

A 18 509 3.8 11,1

A 16 760 2.8 5,2

A 15 896 4.4 8.3
A 13 1642 2.5 4,0

A II 5050 2,5 -

B 14 1842 5.7 10,9

B 12 2796 3,9 9.5

60 .___._ J--

7 7

4 56 7890 2 3 '4 5 6 7920 2 .3 4 5 6 789a

Fi. . Durable streng-th of FT-2 a -loy -
1I at f(1COC; 2 - at 7ncC0c% 'i~t 7T_> ~

at 85CC. a) strps, kr/-m- I ' , 1 r!-.

-hromi-~ and ciliminum ratio ( A!) -Ilow K ,r, I

f'ul aplication of' th alloy for work at , w! C Vrif ovrLatiur::
to 8O C without loral damags,.

* EvaluatIon o f forromion ::tmilMI , t, K- t ' 11ov wl" i, olv
Engr. A. I. Pytvinskiy.
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30-
a)

tal n, , t ini - b out the hi-h
constancy or th,- deoorma-ility
level of th alloy at a tempei'aturo io L L
o - as well as the con-
tinuin7 duratl- trength tests, of-
fer bases of reco.nn'endinp this 3
alloy ir th-o r-l' o a mterial i'or
b1r.Jis with a , orkinc temperature 2..
onl i rsourc of

0 rs, and at ,rC'°p within i

per io of' 2C hrs.
t-C

2. 'omiarative t-sts of alloy
EIi - zsrles from several indus-
trial mits with various thermal Fi-. 5. Chanre in plasticity of

l alloy EIS26 w.,en testing constanttreatment, 91llow one to recommend (0 1h
the 'olawlnr revime: Il 0 C, t deformation rate (O.8 /hr): a -

hours: coolinr in the ! ir; iO<C°', smooth samples, b - samples with
4 hrs, cooling with the furnace. to spirpl notch; 1) relative elonga-

9000 C, 4 hrs, cooling with furnace tion.
to 85)OC, hours, coolin, in air.

3. '.-r realizing the mentioned alloy treatment, the alloy
possesses a h stability of properties in conditions of long lasting
thermral action and preserves a highly satisfactory deformability when
testing at constant rate of deformation in a wide range of its values
and when testinF for lasting strength in a temperature range of 650-

4. When -r ting structural elements from alloy ET826, the
results of the aove carried out inestigations should be considered,
includin r sensitivity to stress concentrations, evaluated by various
methods.
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PHASE COMPOSITION OF CLINKERS AND HEAT

RESISTANCE OF NICKEL BASE ALLOYS

A. I. Rytvinskiy and 1. D. Fisrova

Gas engine installations acquire a greater circulation not only
in transport machine construction, but also in stationary power enrin-
earing. The development of the GTU (gas turbine installations) is on
the way of increasing their power, and on the way of increasing their
efficiency, basically on account of raising the working gas tempera-
ture. Works are already being conducted on the creation of stationary
installations with a gas temperature at turbine input of up to 1(CC-
12000 C. It is perfectly evident, that the immediate problem of a
stationary power engineering gas turbine construction is the obtair-
ment of alloys, capable of maintaining such high temperatures at a time
resource, applicable for this type of turbines.

For the development and adoption by industry of each new allo.y,
very great time and media losses aze required. Therefore, the -ffort
is natural of a more detailed examination of already adopted by indus-
try, highly heat resistant alloys, applied at the present time for
nonstationary GTU, for the purpose of explaining the temperature limit
of their application in the role of blade materials at a time resourre,,
applicable for station GTU.

One of the necessary stages of such an investigation appears Ir
bo th- establishment of general rules of oxidation of the selected
alloys, allowing one to make an extrapolation by temperature and time.

To the investigation of heat resistance of technical nickel base
alloys, there was devoted a greater number of reports in our native
and foreign literature, but efforts to generalize data, obtained by
various authors, are connected with greater difficulties, included in
the fact, that first of all, in a majority of instances the composi-
tiin of the investigated alloys differs considerably from technical
alloys, presently used in native nonstationary gas turbine construc-
tion; secondly, the given data were obtained as a result of comparative
brief tests [1-8].
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[ lo .. ,- " . ..ts in lu dfe d in t 1 r - o o ft .

T ' followin' tick-1 l base alloys w-r- iesti)ated: Types EI(7,

h , t,-sts wer," carried out in open %ir at a rnne of' ten.'ratur, £
,C° . The testing duration constituted 2T6CO- 7U0 hrs. Th,

tostinr mthod and proc-essing of ejperimental data have been thorou,-,-
ly descrieJ in our previous reports [7].

Together with the study of oxidiaion kinetics of the selected
illoys, we also investiate phase and chemical composition of the
,Iinkpr' formino on them. The obtained results are given in table 1.
These r.sults enabled one- to establish the following general oxidatio.
rules o' hiohly heat re:istance -illoys o,' nickel base.

Table 1. Results of Testing the Investigated
Alloys.

L e9f Oxidsttri ". t a -qiter of
type of I 7o.7ning Spl.el

Alley I B"C 8 W C1 900 C 9 
°
C 1%00

° C

3W,%67 0.013 0.02S 0,04S 0.095 - a = S,13 kX

.4!V27 0.012 0.029 0.049 0.105 - a = 8,13kX

V 6K - 0.043 0,095 0,214 0,320 a = 8,15 kX

3H826 0.022 0,053' 0,120 - 0,480 a = 8,20 kX

3M893 0.059 0,200 - 0.920 3.300 a = 8,29 kX

3H869 0,152 0,545 2.080 - 20,000 a = 8,36kX

1. At temperatures less than 10000 C, the prevalent phase of the
clinker appears to be spinel (Ni,Co)C) (Al,Cr)20 . In addition to

the grine!, tinch amounts of nickpl ovi11 NIO arc present, also
chromium oide Cr2 C3

2. At temperatures above 100°0 C, a three-layered structure is
olserved of the clinker. In this case, the basic phase of the exter-
n-,l layer appears to be NiO, on the middle layer - spinel (Ni,Co)O
(Al,CrJ , andJ in the internal layer adloining the alloy, in addition

to sTinel, there is in noticeable amounts the NiMoO4 phase.

5. The content of chromium and aluminum in the clinker exceeds
their content in the alloy by approximately 1.2 and 1.5 times corres-
pondingly, whereby their greatest amount is contained in the internal
clinker layers.

4. The total content of nickel and cobalt in the clinker corre-

sponds approximately to their content in the alloy.

5. Tungsten converts in the clinker in a very small amount.

FTD-HT- -2 -16-7 I I'.



Its content in the clinker constitutes approximateily '- >' iro. t1e

content in the alloy. The amount of molybdenum in th, clinker, form-
ing at a temperature below 1O00°C, is approximat-ly the same. With a
rise in temperature the molybdenum cont,-nt in th- clinkpr rises sharply.

In this way, for the investigated alloys thtre is o served a
clear se1ective oxidation of chromium and aluminum. In conforsity
with the structure and composition of the clinker for heat resistant
alloys, two oxidation cases should be distinguished,

i. Oxidation of alloys at tempertures ; tc 0rl

As is evident from the data, given in table 1, th- rate o-' oxida-
tion constants rise from alloy ET827 to alloy EIV'T9. Tn this case,
the parameter of the forming spinel also rises (Ni,Co)( (AI,Cr) I.

Snce at these temperaturs spinel apprears to 1,- the prevalpnt chr.se,

on the clinke., it should be anticipated, that the prot,§.tiv r rop.r-
ties of the clinker are determined by the structure arid compositicon
of the spinel. The spinel phase in th- clinker - is a solid solution
of oyides (Ni,Co)• C Cr,0 and (NI,Co)L' Al 2C,. The parametor o

th- spin-l latticP is determined by the 'oncentration of ths,, cxi>.
It was found that the parameter of spinel is in a reo7ular relqtions>.iv
with the chromium and aluminum content in the alloy, whic!: incr a>:'
with the rise in chromium to aluminum ratio. In such a rg ular r. Ia-
tionship, with the composition of the alloy aro values A mni l in t'.
expression of oxidation rate constant:

igK=IgA -
(_ 

,

2,4
where K - rate of oxidation constant, g 'm • hrs;

A - constant;
- activation energy of oxidation proc-sr, cal "mol.

For A and Q were obtained equations, expressing th ir r-l'!flc.
ship with the composition of the alloy:

Ig A = 3,70 -- 1,22 in
and

Q = 28000 + 5100,, (

p at Cr
where m at Al (in the alloy).

The rate of oxidation constant can b expressed as a fo.uot ion
temperature and composition of the alloy

igK=3,70_-- (1,22- " '),n

Calculation of rate of oxidation constant for the inv*<st1.r-ted
alloys, given in formula (4), gives a satisfactory coincidencer with
experimentally found values.

In this way, the general heat resistance level of nickel base
alloys, alloyed with chromium (i0-2c<) and a-iuminum (i-v), is d-ter-
mined by the magnitude ratios of these ,lemonts. In this casfc,
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m-i'~" h-,at resist no- is pcs w by "1 1oys, in ict Tr
r~tio < .

Ovid'Jtlon rf ,aloys 'it t.mr.,ratur, s abov , C.

The al-oy: inv,- tigated by us, with tho r,;, tion of ET869, on-
tain molybdenum 9s a basic strengthnirng 2h, . nt. As was shown -irov.
• well as in report r ] its rol> a-t t -mp, r-tures up to ( Or in th,
oxi.iation of alloys, is insignific-ant. In the internal layer o:' th,
clinke-r, formation is rossible of NiMo<j phase on account of r, -:,ctfcn
ot' the molybdenum with nickt l oxidJ by reaction

4 Ni( + Mo - NilMos 4 + Ni.

_n addition as was shown in report r8], during th" oxidation of nick I-
molybd-num alloys, the outer lay-r of th- lloy becomes enriched in
molybdenum dioxide MoC o .

The rapid growth of the clinker -it a temp-rature qbove iO 0 O°C,

lead: to the origination of defects in the structure and disruption
in the solidity of the clinker, which promotes oxidation of the MoL_

'linker into MOCTh3 , on account of facilitated approach of oxygen to

the surfnc- of the alloy, enriched with Moo2 . MoO, possessing a hi!:

vapor elasticity, is partially aublimated. disturbing the layer of th-
clinker, enters partially partially into ruewction with nickel oxid-
NiG, forming the NiMoO)4 phase. As a rs suit, the oxide layer suffers

a total loss in its protective properti, , and the very oxidation
process is so fast, that it derived in literature the name of "catas-
trophic" destruction [9].

We have previously shown 7], that this characteristic for alloy:.
containing molybdenum, the type of corrosive destruction is observed
for nick-l base alloys also at temperatures of the order of 800-89C0° ,

when tjese alloys come in contact with f,,rric oxide. The role of
the latter in the initiation of accelerated destruction is included
evidently, in the fact that in the outer clinker layer brittle spinel
is formed, capable of spontaneous cracking. The mechanism of further
Jestruction remains the very same, as during the oxidation of alloys
at temperatures above CO0 C.

The characteristic feature of accelerated destruction and the
evidence of nonsuitability of the alloys for long lasting exploitation.
appears to be the presence in the clinker of noticeable amounts of
NiMoO4 phase.

Conc lus ions

1. Heat resistance of nickel base alloys is determined by the
structure of the clinker.

2. At temperatures of 800-10000 C, the protective properties of
the clinker are determined by the spinel phase and the total 1-vel of
heat resistance depends upon the chromium and aluminum content in
the alloy.
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3. At tpmpratures above WOC0 °C, the rate of oxidation of nl k,-l
base alloys -ontaininj mo ybdpnum, riss sharply on account of' th,
appearance of the NiMoO4 phase.

4. Accelerated oxidation of nickel base alloys, containinr molyb-
denum. may tik, place at temp rqtur,-s of SO0-FS(:°C when these alloys
come in ,ontact with ferric oxides.
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