FTD-HT-23-1608-67

FOREIGN TECHNOLOGY DIVISION

)
LENINGRAD. CENTRAL SCIENTIFIC RESEARCH AND DESIGN
INSTITUTE OF BOILERS AND TURBINES. TRANSACTIONS
(SELECTEL ARTICLES)
DN C
' -
. U ]
! DECO 1968 ' |
(R o ,;;~* !
S TR R A ST
(SN

Distribution of this document 1
unlimited. It may be released
to the Clearinghouse, Departmen
of Commerce, for sale to the
general public.

Retecduced by the
CLEARINGHOUSE
for Fadora Sz entibe & Tochoocal

Information Springaeld Va 22151

28




FID-HT- 23-1508-67

UNEDITED ROUGH DRAFT TRANSLATION

LENINGRAD. CENTRAL SCIENTIFIC RESEARCH AND DESIGN

INSTITUTE OF BOILERS AND TURBINES. TRANSACTIONS
(SELECTED ARTICLES)

English pages: 21

SOURCE: Leningrad. Tsentral'nyy Nauchno-Issledovatel'skily
1 Proyektno-Konstruktorskiy Kotloturbinnyy
Institut. Trudy, No. 69, 1966, pp. 25-40 and
167-170.

Translated by: I. Marokus/TDBRO-2

U3/3196-66-000~069

——

TT8000377-378

THIS TRANSLATION IS A RENSITION OF THE ORIOL
WAL POREISH TEXT WITHOUT ANY ANAL YTICAL OR

SHITORIAL COMMEMY. STATEMENTS OR THEOMES PREPARED BY:

ABVOCATED 08 iPLIED ARE THOGE OF THE SOURCE

AND B0 HOT UECENARLY REPLECY TR PONITION TRANSLATION DIVIgIDN

OR OPNNION OF THE FORBION TECINDLOSY B PORRION TECINMDLOBY DIVISION
ViSO, WP-APS, OMID.

FTD=HT -23-1608-67 Date o5 Jan. 1965




R .

This translation was made to provide the users with the bas.c essentials of
the original document in the shortest possible time. It has not been edited
to refine or improve the grammatical accuracy, syntax or technical terminology.




DATA HANDLING PAGE

0%ACCESSION NO.
TT8000377

98-DOCUMENT LOC

OFTITLE STRUCTURE AND

PROPERTIES OF EI826 ALLOY
FOR GAS TURBINE BLADES WITH
A LONG SERVICE LIFE AT
-8Q00¢

4%SUBJECT AREA

11, 20, 10

¥-TOPIC TAGS  tyurbine blade,
metallurgic research, alloy, gas turbine,
metal test, nickel alloy, crystal
structure, corrosion resistance,
mechanical property/(U)EI826 alloy

TAUBINA, M, G,; LIVSHITS, D,

4>AUTHOR/CO-AUMORS [EVIN, YE. YE.; PIVNIK, YE. M.;

10-DATE OF INFO

Yye, e 66

4>SOURCE | ENINGRAD.

KOTLOTURBINNYY INSTITUT.

TSENTRAL'NYY NAUCHNO-
ISSLEDOVATEL'SKIY I PROYEKTNO-KONSTRUKTORSKIY

TRUDY

68-DOCUMENT NO.

PTD-HT=-23-1603-67

86~-PROJECT NO.
RUSSTIA
( N) 6010703

63-SECURITY AND DOWNGRADING INFORMATION

UNCL, ©

13332 2p21

76&REEL/FRAME NO. | 7=SUPERSEDES

GbCONTROLMARKm61 97HEADER CLASN

NONE UNCL

T6-CHANGES -GEOGRAPHICAL NO. OF PAGES
A

UR 16

X RF ACC. WO,
ATT7006330

CONTRACT NO.

PUBLISHING DATE TYPE PRODUCTY REVISION FREQ

Translation None

1,180
_URA196 A6 oo e hoos bouo

ABSTRACT

ACCESSION NO,

The phase composltion, mechanical properties, microstructure and crystal
Sstructure, and corrosion resistance of alloy EI826 were investigated.
The experimental technique followed here is described by F. F, Khimushin
(Zharoprochnyye splavy, Metallurgiya, 1964). The microstructure and
crystal structure of the alloy were irvestigated by electron microscopy
and x-ray spectroscopy, respectively. The experimental results are
summarized in graphs and tables (see Fig, 1). It was found that alloy
EI826 possessec all the desired mechanical properties for construction
of gas turbine vanes designed for long-term use (15000-20000 hours) at
temperatures of 800C, The alloy was suggested by F. F. Khimuskin, D, Ye,
Livshits, Ye, F, Trusova, A. V. Ostapenko, and A. A. Fedira; the
electron microscope pictures were taken by I. S. Mel'nikcva, and the
x-ray work was carried out by G. D. Pigrova and S, I. Korkka. The
corroslion recistance of the alloy was determined by A, I. Rytvinskiy,
Orig. art, has: 10 tables and 5 graphs.
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Fig. 1. Long term strength of alloy EI826, 1 - at
650¢, 2 - T00C, 3 - T50C, 4 - 800C, 5 - 850C
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ABSTRACT

;eneral principles governing the oxidation processes of 8 nickel alluoye
zuitable for blade material in gas turbine construction were investi-
gated, and an effort was made to correlate the thermal stability of
these alloys with their various elements. The following alloys were
investigated: EI867, EI827, ZhS6K, EI826, EP99, EI61T7, EI893, EI&(A,
The tests were performed in air, at 800—1000C for 2000 to 3000 lLours.
The method of testing and treatment of experimental data was that
described by A. I. Rytvinskiy and Yu. D. Red'ko (‘frudy TaKT!, vyp.

5%, 1965, str. 28—33, 148—156), It was cstablished that: 1) the
thermal stability of the nickel alloys is determined by the structure
<f the scale; 2) at 800—1C00C the protective propcrties of the scale
are determined by the spinal phase, and the general level of therral
stabllity is a function of the chromium and aluminum content in the
alloy; 3) at temperatures above 1000C the cxidation rate of the alloyr
containing mnlvbdenum rises rapidly with formation of a new phase,
NLMOOM; 4) tne accelerated oxidation of nickel alloys containing

molybdenum may also take place at 800—850C when these alloys are in
contact with iron oxides, Orig, art. has: 1 table and 5 equations,
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STRUCTURE AND TROFERTIES OF ETEXT ALLOY FOR GAS
TURBINE BLADES WITH A LONG CERVICE LIFE AT %0090

Ye. Ye. Levin, Ye, ¥, Tivnik, et al,.

In this report are given recults of invectivating
EI826 alloy applicable to working conditions in Torg
action gas turbines., The aging cffect was invectipat. |
on the properties of the alloy within a period o * G-
10000 hrs at 600-900°C, Durable strength was inverti-
gated at 650-850°C and the time till destruction cf
individual samples up to 10CCC hrs, The sencitivity
was estimated to stress concentrations under tes*ing
conditions on the constant strength of smooth and
notched samples of various types. Greater attention hac
been devoted to the effect of the structural factor on
the deformabllity of the metal, widely elucidated are
the phase characteristics and s*ructural convercsions in
the alloy. It 1is shown that EIS16 alloy can he recom-
mended in the role of material 7or blades with a work-
ing temperature of 80CG°C and resoirce of 1600C=2.000 hre
with possible overheatings to &40°C and general workins-
duration at thls temperature of not more than HCOC hrs,

During the last years 1in the field of developines alloys Uor tis i o
of high temperzsture stages of gas turhines, considerable surcegner
were attained, which allowed one to realice a series manutnceture of
installations with working temperature o the metal of 70C=74000 in
a further riss in temperature to 800-r7(OC makes the creation of reli-
able blade materials for turbines with long working recource very
complex in connectlon with the intensification of ciffusion jrocercuer
in the alloys at this temperature level and with the dancer ot orisi-
nation of local corrosion defects on the surtace of the metal,

+

To solve this problem, EI826 alloy was investigated, docirnated

*The alloy was suggested by ¥, F, Khimushin, D, Ye, Tivshits,
Y., 2. F. Trusova, A. V., Ostapenko and A, A, Frdina,.

o

FTD-HT=-27-1(.CK=67 1

pa—




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

The melts were prepared in 0,5 ton electric induction furnaces
and were rolled iInto rods of;ZMS 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, 1s 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 a given temperature., On the
basls of the experiment of developing blade materials for stationary
gas turbines with s resource of 50000-100000 hrs [2], the investigated
metal was thermally treated by a regime, 1ncluding beslides harmony,
two high temperature intermedlate degrees: 1000 and 900 - 11§00C, 6
hrs, quenching in the air; 1000°C, 4 hrs + 900°C, 8 hrs + 850°C, 15
hrs, quenching in the air.

In thermal processing conditions by such a regime, there 1s attalned
a uniform distribution of the basic strengthenlng y'-phase within the
grains of the metal, including areas adjolning to inter-granular boun-
darles. The dimension of particles of that phase changes relatively
little under the effect of long temperature actlon and action of
stresses, and the dlstance between same filcilitates 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 ot testing samples of alloy EIB26 in a temperature
range of 650-900°C are given in table 4. Strength and plastic pro-
pertl s are at a satisfactory level, Minimum plasticity values during
these tests constitute & = 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 1in table 5, With the exception of the first several thou-
sand hours of aging at 700°C, the plasticity of the EI82% alloy is
within limits of 12-20% at room temperature testing and 12-17% at
high temperatures. The strength of alloy in the process of aging to
700°¢ inclusively at a duration of up to 10000 hours is preserved at
a constant level, At such a level, the strength of the metal 1s situa-
ted at room temperature, aged at 800°C, but the testing of an aging
temperature attests to the beginning of weakening, strength drops by
10-30%. A noticeable drop in strength *‘n the aging process 1s at

FTID ‘HT-23-1608-67 e
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rable *, Comparative Tests ot Duratle Strength at
o090 of Alloy RINDC Sempls o, Therrally Treated by
various Regime (Smelts B and i),

“tress i~e 3. 4,
Smelt] themal precessing | kX Am2 | t:11 es- % %
treoticn _
B uw%zg%;g»t. 64 925 1,10 2,5
- 4% + , 8« 7.t
B +850°C.1S T 63 nm 4,60
B 60 > 1600 >1,00 Test rone
tinu-s
3 60 1211 © 4,00 7.5
B 55 3213 2,20 5.5
B $3 | >2000 - —_
3 49 7992 2,60 6.3
[ 46 | >10000 - ‘4si  oon=
i 1 hus
i
B 1210°C, 2 «; 1050°C, 64 552 0,82 -
5 4« +800°C, 16« 64 e 1.80 -
b ° 60 8y7 1,10 ) -
b 60 13 0,50 2,90
[ 49 2426 .rit-le -
destruc:ion
b 46 6720 il -
]

250-9CC9C,  Attention is attracted by the fact, that in this case the
mechanlcal rroperties of the metal in the aging process remain also
constant within a period of 3000-100CC hrs,

— . . : After thermal processing by
Table & Mechanical Troperties of
DT AT SRR ) the adopted regime in the structure
z;%fEtA}%oy At High Temoeratures of the alloy, prevail (as a result
— L - of applying high temperature de-
es-inz ’ . 5. a, e srees of processing at 1000 and
rpereture | et | aljaa? % % 9009C) rolatively large particles
ot y-phase,
ﬁ: : : 2 : In the process of cocling from
200 0 75 15 2 high temperatures and additional
850 " 6 1 23 annealing, evidently high dispersion
900 © 0 15 93 Particles of y-phase are also formed
btnut they are not revealed at micro-

scople investigations and in this
connection they are not taken into
consideration when evaluating the
average value of y-phase particles.
A roticeable enlargement of ~y-phase particles, as is evident from
data in tabtle £ and Fip, 1, occurs between 5000 and 10000 hrs of aging
at 80C°” and at much earlier agine stages at 850 and 900°C, The dis-
tance betweer columns of y-phase particles rises in this case from

FTD=HT=23=16 0w, 7 4
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Table 5, Me-chanical Tropertie: of RI-26 Alloy in o
Various Aging Conditions (Thermal Trocessing: 1150°C,
6 hrs; 1CCcte, 8 hre + 385L9C, 15 hres (Smelts A and F).

ARin ' “on:itions
B HB, N %93+ 8 o, {f. ay,
"erpera- =spesure [y Kl (aa® | KT as? % % kI Mjca?
ture hre ’
Testing tempermtiure ? 20°C
- —_ 280 60 105 15 16 3,5
600 1000 . %0 70 101 16 17 1,5
600 5000 290 72 100 12 14 1,0
Testin ; temperature 600°C
60) 1000 | - | 60 | 95 17 23 | -
600 5000 -~ 67 103 l 16 l 17 -
’ Testin.: tergermture  20°C
700 1000 320 7 100 6 6 2,0
-700 5000 290 66 100 7 ' 7 2,0
700 10000 290 67 110 10, 8 2,0
Testing terpereture  700°C
700 1000 | — 60 105 15 13 3.5
700 5000 - 55 9 14 16 4,0
700 10000 - 52 9 17 - 18 4,0
Testin - tempersture 20°C
800 " 1000 270 60 106 17 17 3.5
800 5000 270 58 96 12 10 3,0
800 10000 250 57 96 . 15 13 3.0
Testin: temperuturs 800°C
800 1000 - 49 72 15 19 7,5
800 5000 - 47 67 12 18 6,5
800 10 000 - “ 68 13 17 5,5
Testing temperature 20°C
830 1000 240 55 9 20 20 3.5
830 5000 230 51 B4 14 \ 3.0
§50 10000 240 52 . N 1 12 7,0
Tes*ing terpsrature 850 °C
830 I 1000 l - | T | & 15 l 15 I -
850 5000 ~ 1 4« | & |71 a1 =
Testing tampsra-ure 20C
W0 1000 l 20 ' 33 l 89 16 I p. ) l 3.5
1
900 | 3000 290 | 50 56 17 7 3,0
Tedtinz temperature  800°C
900 I 1000 - l 49 72 I 10 | 13 6,5
900 %0 | - % 7 12 W ol s

FTD-HT-73%-1608-67 :




O.1=-0.0 £t Se0u5 g, hie oaeilitetos the Ao Tormetion rrocess within
the grains ani toads, in rartisulsr, to ito wccurulation to a 1l-wvel,

corresrondine te the yiold roint (- ) at lower ztresses,

with =an increazes in tecting t-mr ratur:, th- intcrangular displace-
ment riseos, =2nd in this connection interangular cracks originate at
much =arli-r leformation stages, At 4 yur intorsngular destruction,
characteristi~ ror nickel base =lloys, this =ppears to be one of the
major caurcs of roducing the rlasticity or the alloy at high tempera-
tur-> tests, At the sams time ~ favorable rtructure of Inter=sngular
layer of nalloy =T7-2, in *he~ comrosition of which yrovail large 7'-
rhase rarticle-, =nd high rlasticity of the die hard 3 - solution, as-
aure ur to tho momant o! destruction, 2 r-latively high plasticity
lev=1 «y-on 2t high tempeorature tests,

In “I%76 =lloy, the y!'-rhase corrszronds to an Ni7(Ti, Al) com-

round, In samrler, thormally treoat-3 by the adopted regime, are ~on-
tainedq?bout 2t of that phase, further 2t aging right up to 10CLC hr:
at 8.7, the amount of 3 '-phase chang.o relatively little, reaching
approximately 2C", The rational ratio in aluminum and titanium alloy
(%% = ',% <~ 1.,7Y, of th>? basic slem-ntc determining the amount and
dispersion of the strenchtening rhase, 13 assured by the high degree

of its ztarility, which in turn promoter to a conslderable degree, the
preservation o =rrroximately one ani tno same level of such an import-
ant charact-ristic, as relative ~longation at rupture in varlous aging
conditions {s~ tabls: 5 and €),

Table ~, DNizpersion Characteristic of y'-phase in
BI826 Alloy.

d Uep, ; Clomsat-| -esiing

Themo precessing :‘i rate o rowi* ion at terperas

re-imy wx] destiuct-| 0
Tradual  Azins - — 16 650

650°C, 5000 v hp 0,241 - 12 2

¢ QGradual Aging :

750°C, 1000 « 0 0,168 .10-§ 15 7

730°C, 3000 4 - ongs || 131G 4 700

750°C, 5000 ¥ - 0.231 e 15 700

750°C, 10000 « 0,3% 19-10 17 700
“radual tging

800°C, 1000 « 0,325 -6 15 8

800“C, 5000 « 0,336 } 2.5-10" 12 80

800°C. 10000 « " 0,430 18,8-10 15 800
Gradual Aging

850°C, 500 « " 0,318 - 15 8

850°C. 1000 v » 0,370 } 10410 15 85

850°C, 3000 ¥ 9-10 14 850
7radual  Aging :

900°C, 3000 « " 0,635 - 12 " 800

v VT ron mlcraceore Anven i Lon
tlye cyalgation of “tructural echanger in
I. 2. Yel'nikova,

FTD=-HT=-"2<1h7 Y =f7 3

of ETHiH alloy with a quantita-
the alloy was made by enginesr




Table 7, thas~ Nomrosition of Ele~tro-
lyticaLly Separated Recidues from Samples
or' MI82% Alloy (Thermal Trocessing:

11&(0C. 6 hrs; Qupnchlnp in the air +

4 100c8¢, 1 hra 4 90000, & hre + A509¢,

17 hrs).
Mditienal aging

e oonlliuon Phase cempesitien

Temperature °¢
— —_ 1, Y, MenC, ca. Me,C, TIC
700 1000 1, Y, Me;Cy, ca. Me,C, TiC
7 5000 7', Y. MeC,, ca. Me,C, TIC
700 10 000 v, ¥, Me,Cq MegC, TIC
800 1000 v, Y, MenC,, ca. Me,C, TiC
800 5000 7, ¥, MenC,, MeC, TIC
800 10000 v, Y, MenC,, MeC, TiC
850 1000 T Y, MeyC,, e "Me,C, TiC
850 5000 v, ¥, MejCq, MeC, TIC

The growth rate of particles at 75 -& ¢ with a rrricd of ur tc

101000 hrs constitutes 3 totzl of only 16-10 » 1F76 4 hrs, koenteeno-
graphic determination of dimensions of tlocks in particler o <1 ~tro-
lyticallg separated 3 '-phase has shown, that this value conctituter

LOG-50C A and also changes 1little in the =ging rrocess. The procor -
in titanium and the relatively high chromium ~ontent (18-157) canuger
formation in thermally processed steel, ir addition to 7 '-phace, titar-

**m carblde TiC, carblde of type Meoxcg ani traces of binary carbild~

W°6L of Mnln and Megm type, Among electroly*irally seraratad rhases,

a borlice phase 1s also contained - ¥, the =mount of which do#: rot
change i, the aging process. That phacse in N. F. Lashko, N. T. *-lck
and D, E. TLivshits' report was decod~d as an Me_R_ comrouni, whers Vo
corresponds to Cr, w, Wo elements, ‘

2
having an ldentical cubical fac« center«d lattice and close parametors
10,65 and 11,02 dKH) is determined by temperature and aring duration,

The ratio between the amcunt of carbides of Me ,C- and Mo 0 type,

In EIB? allcys, the carbide H;jjﬁ{, thanks t¢ hifrh chrominur ~on-

tont in 1it, =2ppe~rs to bp a highly stable phase, only within H0¢C-
10C0C hrs of aglng ~t 700°C or within Wit -C00( hrs at 8CU and =6,000
the amount of the carbide phase Meg, C toromes comparable with the

)

amount of Vrﬁ7ﬂ~ typr of carbide

1 "
to formila Me ?1 Cﬁ where Me

s, Carrides of type Me L0 correspond
~ <.
1-Ni, Cr and M~' =Moo, W, analofFcus to
- ~
this binary rcartide Wn‘rMndm can be doreded as Mol-Ni and Me’ -4, Mc,

Cr. 1In the aglng rrocess, carbide Mw?,df beromes enriched with Mo and
W and ~hangoc into ¢ more o able form v thece ronditions -

M!‘{‘C (tab'l“ 7>“

FTD=1T=03=1A" 7 7
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Fig, 1. Mirrostructure of nI&20 alloy (X2000):

a - after thermal processing ty the rpcommanded regime

and additional aging; b - 60COT, 5000 hrs; - 700°C

10000 hrs; ¢ - 200°C, 1000C hrs; d - 850°¢C, 5000 hrs: e -
QOOOC, 2000 hrs, htching by reageht 1 (revealment of inter-
angular and interphasial toundaries) 2 hrs; reagent 2 (used
atter otchine with reagent 1, 1t colors the carbide phase
parti~lec 1in black ccler) - 10 g KOH, 10 g potassium ferri-
eyanide, 1CC m liters 1.0 (redur*ion at reproduction 1/2).

o

Metallogranhic investiprations of the alloy in thermally treated
state clearly reveal only rrain beundaries, along which are situated
in dense chains dilsrersion particles of y'-phase and carbldes, 1In the
procecs of aging at ~00-£507C, there 1s a noticeable coagulation of
carblde particles over the prain toundaries, they acquire in this cas
an elongated rod-1like form, With an 1increase 1n aging temperature,
the carbide and ~'-<phas  particles become enlarged, and since this
process 1s more intencive over the ;'rain boundaries, then interangular

.

Y-ray structural and phace analysis of the EIB2, alloys carried
out by the Inginacrs 5, 0, Plrrova and &, T, Korkka,

FTN=HT =02 a1 e 7 a




layers of the metal, aged at 7UO-85UOC, represent a conglomerat: of
quite large carbide and - '-phase particles, The state of grain boun-
daries, and the strength level of near boundary areas and bodirs 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 the alloys by the method ~dop-
ted at the TSKTI, was carried out by determining the plasticity of the
metal during tensile testing of the samples at constant rate of defor-
mation at various temperatures [3]. Results of testing the EI82, alloy
are given in table 8,

At a deformation rate of 314%/hr, usually applied when tensile
testing the samples, with a testing temperature rise to 75C°C and over
plasticity decreases from 22-27 to 12-16%, When testing at a rate
z2,6; 0,8 and ©.C8%/hr, the plassicity of the metal remmains preserved
at an approximately constant and sufficiently high leovel (9-117) for the
entire temperature range, which attests to the high stablility rrorer-
ties of the alloy (Fig. 2, curve 1),

In addition to the data presented in tatle 9, test results are
presented at constapt deformation rate of the samples, preliminarily
aged at 850 and 9CO°C for a perlod of 1CC¢ nreg., Such z treatment of the
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 inclidental overheatings of the blades,
In addition, the formation over the intergranular boundaries of large
particles of carbide and intermetallide phase, allows one durins the
investigation of the structure of disrupted samples, to establish the
effect of these structural components on the origination and develorp-
ment of cracks, A strength reduction by approximately 207 is observed
at such tests as a result of aging at QOOOC. For the REI82% alloy at a
gradual thermal treatment regime, the absence of a clearly expressed
effect of change in the deformation rate on the plasticity level 1is
characteristic.

With a rise in testing temperature, the appearance of a rising
branch of the plasticity curve 1s bound with the change in the physical
nature of intragranular deformation processes. At approximately 9u(©°C,
thanks to the intensification of diffusional processes, the overcoming
by diclocations of any kind of hindrances is considerably facilitated,
In this connection there 1is an equilibration of deformations bty the
grain volume and the work of prevlously blocked dislocation sources is
facilitated. The mentioned circumstances determine the resistance re-
duction of body grain deformation and reduces localizatiocn of defor-
mation to intergranular boundarles, All this leads to a rise in accu-
mulated)deformation tc the moment of destruction (see Fig., 2, curves
2 and 3).

On microphotos, Flg. 3, a,h is shown, that the origin of cracks
takes place on interphasal boundarie:, separating carbide parti-les
from the intermetallide +y'-phase or dir y'-so0lid solution. Mrack
~enters have the nature of disconnectad rores, originating at various
deformation stagen of deeply aged asnmples which dvevelop slowly in
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Table 5., Results of Testing the EIEM Alloy at Constant
1180%¢c, 6 hrs;

Deformation Rate (Thermal Processing:

1000°C, & hrs + 900°C, 8 hrs + 8500C, 15 hrs).
Testing oenditiom }
a2 Segpenh~ P 3, Y w Time 111
| Jure R“: KFjun? | kljun? ' % % destrustian
Al 60 3 51 % » 2 -
A 700 314 52 % P+ M -
A 750 314 54 87 |- 15 16 -
A 800 3l 57 81 12 21 -
A 850 314 49 3 13 2 -
A 900 3l 0 49 16 ) -
A 700 3,6 % 8 10 14 3h25 min
A 800 3,6 s 65 9 17 3h10 min
A 850 3,6 3 3% 6 12 | 2h40 min
A 700 0,8 62 75 9 9 | 1045 min
B 700 08 55 82 10 14 (13020 min
A 800 0.8 - 3 9 n {un
"B 800 0,8 48 50 9 15 [10n
A 850 0.8 - 2 n 16 | 13140 mn
A 900 0,8 2 20 9 16 [nn
B 650 0,08 2 | 88 1 12 | 143040 min
8 800 0,08 32 39 10 Ny
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Fig. 2. Change in relatlive elongation during the
rupture of samples from EI826 alloy, tested at vari-
ous temperatures with constant rate of deformation
(0.8%/hr): 1 - after thermal processing by the recom-
mended regime; 2 - after additional aging at 850°C
within 1000 hrs; 3 - after additional aging at 900°C

within 1000 hrs,
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Table 9. Results of Testing the Alloy EIB26 at Constant
Deformation Rate (Thermal Processing: 1180°C, 6 hrs;
1000°C, 4 hrs + 900°C, 8 hrs + 850°C, 15 hrs),

Tastin: condition . . . . tme 411
v B | i | owrioe | X 3 destras-
Aditienal aging —850°C, 1000 «

700 36 46 L 13 10 18 2h 40 min
800 3,6 .3 3 4 1 1k 50 oin
900 3.6 19 7 10 18 3h 10 min
700 0,8 ' 80 6.5 8 7k 50 min
800 0.8 46 S0 8 13 10h

850 0,8 3 9 16 11h 30 min
900 0.8 .16 19 1 17 13h 40 mir.

additional aging —900°C, 1000 «

700 314 43 L) 16 21 -

800 314 “ 67 s 10 -
850 314 “ 63 8,5 4 -
900 . 314 31 43 2 30 -
700 3.6 49 60 4,0 10 2 h40 min
850 3.6 48 54 45 7 1 h43min
900 3,6 20. 25 1,5 16 3 h15min
700 0,8 55 69 4 8,5 S h10min
-800 0,8 50 S5 6 9 7 h15min
850 0.8 k73 37 9 12 1} h 0 min
900 0.8 - 13 [ 12 6 h15min

connection with the favorable structure of intergranular layers in the

EI826 alloy (presence of large y'-phase particles, delaying the develop-

ment of pores). As to the effect or the carblde phase on intergranular

strength and plasticity, there are various viewpoints in this problem,

On the basis of TSKTI data, the effect of MeQ,C6 type carbides is con-
~

sidered more favoreble: in reports of D, F, Livshits =nd N. F, Lashko,
there 1s mentioned the positive offect on the heat resistant properticc
of the alloy of Me6C type carbides which predominate in intergsranular

layess after thermal treatment by the regime - 1?100C, 2 hrs, air;
1050¥C, 16 hrs, alr at a testing duration of up to 2000 hrs,

The persistent strength of EI826 alloy was investigated in a wid~
temperature range 650-850°C), in many instances the testing duration
reached 10000 hrs (table 10), Plasticity of the alloy at 650°C 1is
characterized by a summary relative elongation at destruction, lyins
within limits of 2.2-4 6% at a test duration ranFing from 17 C=8C07 hre,
Even much higher plast%city values were obtained at a raise in testing
temperature to 700-800°C, in these conditlons at a test duration within
limits of 200-6500 hrs, the summary deformation does not decrease to
below 3.0 and for individual tests of greater duration it rconctitutes
5,5=6,0%. In the role of positive moment, there should be mentioned an
extremely weak appearance of a tendency toward reduction of the plasti-
city of EI82% alloy with a raise in time til1 destruction., ‘this
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Fig. 3. Microstructure of samples (at the rupture goint)
destroyed during tests: a - preliminary aged at 850 c,
1000 hrs, rate of deformation 3,6%/hr, testing temperature
800°9C; » = 4,0%; b - preliminary aged at 900°C, 1000 hrs,
rate at deformation 0 ,8%/hr, testing temperature 800°C,

' = 6%; v -~ tested for durable strength at 850°C, o = 11

kg/mm”, time t11l destruction ©000 hrs, b = 2.504 (X2000),
~tching with reagent 1, see File, 1 (reduction at reproduc-
tion 3/4,

tendency appears more ~learly at a test temperature of 850°C. In sam-
ples of smelt A, this is expressed in a reduction in summary deformation
from 7 to 2.5% at an evtension in time ti11 destruction from 100 to
56000 hrs, in samples of smelting B from 5,7 to 4,0% respectively, at
Changes in test duration from 1800 to 2800 hrs. In spite of testing

a greater number of samples (more than 90 pieces) of a metal of three
industrial smelts, there ic a slight dispersion in data even at such a
high temperature, as R5:0n
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The lasting strength tesd results are giver on a logaritiv.i- ;rarh
(Fig. 4) and in table 10, FEvaluation of sensitivity tc stroos conciv-
trations was made by testing with constant rafe of deformation o: j
samples with spiral notching and testing the durable strength of =amrlec
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 noteh has
a depth of 0.75 ,,. pltch 12,7 mm and a rounding radius of 0,1% mm,
The angle at the peak of the notch equals A0°. The coefficient of

concentration in case of a spiral notch kSt L 2,7. The sample with
annular notch has a calculated length of 55 mm, The rounding radius
at the bottom of the notch is 0,22 mm, epth of notch 1 mm, The notch
angle 1is also 60°, For this sample, the concentration co«fficient
ky = 3.8.

Results of testing at constant rate of C,37/hr, carried out at
600-850°C, are shown in Fig. 5. Maximum sensitivity to concentration
is observed at 5600-700°C, relative elongation in these testing conditicrnr
decreases from 9-10 to 1.5-1.,7%. The stres: concentration co<fri -ient
constitutes 0.5 for 650°C and 0.8 fpr 750-R5000,

At 21l 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 recommended regime, ic
higher than the durable strength of smooth samples,

In this case, when in the zone of perturbation action of ithe notch
a considerable creep deformation may take place, as it dces take rlace
at a spiral notch, the sensitivity to the notch appears in 2 reduction
of limits of durable strength by approximately 20% and in reduction of
plasticity at a relatively low testing temperature (650°C), This cir-
cumstance should be considered during the construction and rreraration
of detalls from the investigated alloy.

An interesting microstructure, obtained during the investicratiion
of the sample, destroyed within 5000 hr.a when testing for duratl.

strength a? 8500 and stress o = 11 kg/mm2 {ser FiF., 2, v). Th oftrig -
ture of the intergranular layer represents a typical picture tor uT 7
alloy - chains of carbide, divided either 1in larger sections o1 ti.«
dispersion y'-phase with particles, close in dimensions and fcrm to
intragranular formations of that phase, <r in large particler of tie
very same phase, having an improper form. At the initial destru-tiocn
stage, disconnected pores are formed. The development of fucion of
same at the indicated structure of intergranular layers ocrurs cuftic-
iently slowly and assures the accumulati'n of a relatively :srent sum-
mary deformatlon, whilch appears to be a highly important reliatility
characteristic of the blade material,

Investigation of corrosion resistance of alloy KI82 has shown,
that by general oxldizabllity it belongs to highly cinder recictant
materials (depth of corrosive destruction after 10000 hrs at (0=
1000°C constitutes 0,007-0,145 mm), It should be mentioned, that the
chromium content in FI826 alloy (atout 14-157) and the favoratle
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Table

10,
EIS2 Alloy (Thermal Treatment: 1150°C,
1000°C, 4 hrs + 9000%C,

Results of Otrength Turation Testing of

-

¢ hrs,

2onrs + 8500C, 19 hre, air).

air;

~

] Stress —_ _ Degtructjon
Melt xl'/q_.'u‘? 74me, hre 5 % o %
1 2 _ 3 4 5
Testing temperature 030°C
5 60 1211 40 7.4
b 55 3233 2,2 5.5
B 49 7202 2.6 6.3
B 6 10000 Test
centinues
: & ~ umn 46 7.8
5 2000 Test
contimes
Testin temperature 700°C
A 54 178 5.5 7.8
A 48 693 3,8 . 6,4
A L] 967 4.7 7,8
A 4“ 1225 3,0 5.6
TA o 951 43 4,0
A 42 2828 47 5.9
A 40 4400 3,7 6.1
A 6199 38 4,4
Testing temperature 790°C
5 % 9 6,0 10,2
B X 1227 5.9 7.6
B T30 3670 4,5 9,3
B 2 3500 1,9 Test
oentinyes
B 40 357 7.9 10,9
8 % 870 5,8 38"
Testing temperature 800°C
A % 54 3.8 9.0
A 30 188 7.1 10,0
A 28 g 5,0 7.8
A b4 564 3,6 6.9
A » 873 4,0 9,8
A % 1377 44 8,1
A 24 1550 4,1 73
A » 1692 5.2 10,0
A p-] 170 3,7 7.1
)
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Table 1. continued

1 2 3 4 5
A 21 2064 3.7 8.4
A 20 3448 5,0 10,5
A 19 4118 3.2 6,3
B 23 2556 6.4 10,9
B 17 5800 1,6 Test cone
tinues
B 15 6400 0.6 Teat con= .
tinues
Testing temperature 850° C
A 28 2.5 5.8 11,4
A % 6 4.4 8.3
v A 26 48,5 7.6 11,4
A 4 102,5 ) 6,9 12,9
A 2 135,0 - 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 7€0 2.8 5,2
A 15 896 4.4 8,3
A 13 1642 2,5 4,0
A 1 5050 2,5 —
B 14 1842 5,7 10,9
B 12 2796 3.9 9,5
L)
- §
14
i
£
« - Lt LT .
e I 11T ot b+ hégs |
4 56789 2 3 4 56789 2 3 ¢ 56789
00 000 ’f“) Bpews, ’nwo
Fig. 4. Durable strength of EI#2n alloyv: 6
1 - at £50°C; 2 - at 7090 2 - at 700 Ony b)Y et OOy
5 - at 850°c., a) stress, ke/mm: ) time, hours,
~hromin™ and aluminum ratio (2.7 A1) ~ilow gne *to consider a cuererc-

ful apglication of the alloy for work at S0 0
to 880°c without local damages>,

v twaluation ol corrosion ntabiltity v the

Fngr, A. I. Rytvinskily.
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o buasicone 0o
2. The annivcis ot ovperimera-
tal data, ottosting nbout the hi;nh
constancy ot th Jdeorormatility
level ot the alloy at a temperature
orf BUC=-50°C0, as well as the con-
tinuings duratle ztrength tests, of-
fer tases of rec o"wtnding this
alloy in the rnle o a meterial tor
tlades with a working temperature
of 2UCY2 and resource of 15000-
20007 hrs, and at 35000 within =a
reriod of “0CC hrs,
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2. Tomyarative tests of alloy
ZI»X csnmrles rrom several indus- - ch lasticit £
trial melts with various thermal £ Jorg \ange in plasticity o
treatment, 2llow one to recommend )}f' Rl en tesé%ng constant
the following regime: 11809C, € ‘ crmation rate (0.8%/hr): a -
hours; cocling in the nir; 10(c9C, F oth samples, b - samples with
4 hrs, cocling with the furnace to sglral notch; 1) relatlve elonga-
900°C, & nrs, cooling with furnace tlon.

to QSJO 17 hours, cooling in air,

14

3, Ar*er realizing the mentioned alloy treatment, the alloy
possesses a righ stablility of properties in conditions of long lasting
thermal acticon and preserves a highly satisfactory deformability when
testing at constant rate of deformation in a wide range of its values
and when testings for lasting strength in a temperature range of 650-

2500

4L, wWhen =zroazting structural elements from allcy EI826, the
results of the atove carried out investigations should be considered,
including sensitivity to stress concentratlons, evaluated by various
methods,
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PHASE COMPOSITION OF CLINKERS AND HEAT
RESISTANCE OF NICKEL BASE ALLOYS

A. I, Rytvinskiy and G. D. Figrova

Sas engine installations acqulre a greater circulation not only
in transport machine construction, but alsc in stationary power engin-
eering. 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 1u¢CC-
12009C, It is perfectly evident, that the immediate problem of a
stationary power engineering gas turbine construction is the obtair-
ment of alloys, capable of malntaining such high temperatures at 2 time
resource, applicable for this type of turbines,

For the development and adoption by industry of each new alloy,
very great time and media losses are required, Therefore, the «ffort
is natural of a more detalled examination of already adopted by indus-
try, highly heat resistant alloys, aprlied at the present time for
nonstationary GTU, for the purpose of explaining the temperature linmit
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 to
te the 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 btase
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 flrst of all, in a majority of instances the composi-
tiin of the investigated alloys differs conslderably from technical
alloys, presently used 1n native nonstationary gas turbine construc-
tion; secondly, the glven data were obtained as a result of comparative
brief tests [1-8].
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Theopurvoss o this revort wee o dfermine eereral oxiastion
ratoe or cdieht mickel tasg allovs, rrecomtly weed L tree role ol
S inly in transportstion =3 furtine construction, = w1l
‘. vror to tind o+ rolationshiy 1 twesn the heat resistanc: of thes.
wllove and the tasic allogive clewernts included in thelr conyositicrn.
Th tellowings nickel tase alloys were iluvestigated: Types EISET,
SIST7, THSCK, RIS, EP99, RIE17, WIZ3Z, N0,

oy

t +

5

The tosts were carried out in open alr at a roange of temprratur:c
of Se0-100t®, The testins duration conutituted 20CCG-2000 hrs, The
testing method ard processing of erperimental data have been thorourhi-

ly descrived in our previous reports [7].

Together with the study of oxida*ion kinetics of the selected
~lloys, we also investizate phase and chemical composition of the
»linkers formins on them, The obtained results are given in table 1,
These rosults enabled one to establish the following general oxidation
rules o:! hichly neat recistance a2lloys o nickel bvase,

Table 1. Results of Testing the Investigated

Alloys, .
y : T 4 . n “arapeter of
Type of |B8L0 of Oxidation .enst nt, o/t , hre ?of:l!’ing Spinel
Alley | BOO°C | BS0°C 900°C | 950°C | 1000° C
EX
3Us67 0,013 | 0,028 Qms‘ Qmm‘ - a=8,13X
%( 527 0,012 0,029 0,049 0,105 | — a=28,13%X
6K - 0,043 0,095 0,214 0,320 a=28,15kX
3u182% 0,02 | 0,053'( 0,120 - 0,480 a=8,24X
383 0,059 0,200. — 0,920 3,300 a=829kX
3U869 0,152 0,545 2,080 - 20,000 a = 8,36 kX

1. At temperatures less than 1000°C, the prevalent phase of the

clinker aprears to be spinel (Ni,C0)0 - (Al,Cr)203. In addition te

the grlnel, small amounts of nickel ovide NiQ are present, also
chrormium oxide Cr205.

2. At temperatures atove 1OOOOC, a three-layered structure is

ctserved of the clinker, 1In this case, the basic phase of the exter-
n2l layer appearc to be NiO, on the middle layer - spinel (Ni,Co)C
(Al,Cr. ,, and in the internal layer adjoining the alloy, in addition
t

0 srinel, there is in noticeabhle amounts the NiMoOu phase,

7. The content of chromium and aluminum in the clinker exceeds
their content 1In the alloy by approximately 1.2 and 1.5 times corres-
pondingly, whereby thelr greatest amount is contained in the internal
2linker 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=-27%-10 U867
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Its content in the clinker constitutes aprrozimately 2°.-307 rrow the
content in the alloy. The amount of molybdenum in the ~linker, form-
ing at a temperature below 1OOOOC, is approximately the same, With a
rise in temperature the molybdenum contsnt in the clinker rises sharply.

In this way, for the investigated alloys there is otserved a
clear selective oxidation of chromium and aluminum, Tn conformity
with the structure and composition of the clinker for heat resistant
alloys, two oxidation cases should be distinguished,

1, Oxidation of alloys at temperatures uy Lo 100090

As is evident from the data, given in table 1, the rate o! orida-
tion constants rise from alloy EIZ27 to alloy RIS G. 1Ir thic case,
the parameter of the forming spinel also rises (Ni,Co)C - (Al,7r). ..

Since at these temperatur~s spinel appsars to te the prevalent rhase
on the clinke., it should be anticipaterd, that the protcciive rrop r-
ties of the clinker are determined by tne structure and compositicn
of the spinel, The spinel phase in the clinker - is a solid sclution
of orides (Ni,Co)C -« Cr,0, and (Ni,Co)Ul . A1,C,. The parameter of

+he gpinel lattice 1s determined by the concentration of thes: crider,
It was fourd that the parameter of spinel is in a regular relationzhir
wlth the chromium and aluminum content in the alloy, which incr -asecs
with the rise in chromium fo aluminum ratic., In such a regular r- lz-
tionship, with the composition of the alloy are values A =2rd 0 in t:-
expression of oxidation rate constant:

—
[N
—r

where K - rate of oxldation constant, gc/mu + hrs;
A - constant;
9 - activation energy of oxidation process, cal mol.
For A and Q were obtained equatiors, expressing thelir relatio.-
ship with the composition of the alloy:
(“)
gA=3,70-+122m

and
Q = 28000 + 5100 m, ()

% at Cr
where m = TAT AT (in the alloy).

The rate of oxidation copstant can he expressed as a faretion of
temperature and composition of the alloy
s ]
gk=370~$R - (1.2 - =7 ) m. (0
Calculation of rate of oxidatlon constant for the Investirated
alloys, given in formula (4), gives a catisfactory coincidence with
axperimentally found values,

In this way, the general heat reslistance level of nickel base

allcys, alloyed with chromium (10-20%) and aluminum (1-32%), is deter-
mined by the magnitude ratios of these ~lemerts, In this cace,
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; or
maximum heat resistance is poseenced bty alloys, in whileh the g
ratio < 2,

c
Ovidation rf al’oys at tempopratur s above 110 "C,

The al_oys investigated by us, with the ex~rrtion of EI89, ~on-
tain molybdenum 2s 2 basic strengthening 2lem-nt., As was chown ~tov. ,
2 well as in report (2], its rols a2t tomp:retures up to 1090 in the
oxidation of alloys, is insignificent, In the Internal 1layer of th
clink=r, formation is possible of NiMo., ph=2se on account of r.=2oticn
ot the molybdenum with nickel oxid< by reaction

4 NiG + Mo — N]’.MO\.LI + *Ni.

Tn =2ddition as was shown in report 78], during the oxldation of nick 1-
molybd-num =2l1lloys, the outer layer of the =1lloy becomes enriched in
molybdenum dioxide Mol ,

The rapid growth of the clinker =t a temperature above 100000,
leads to the origination of d=fects in the structure and disruption
in the solidity of the clinker, which rromotes oxlidation of the Mot
2linker into M003, on account of facilitated approach of oxygen to
the surfac~ of the alloy, enriched with Moog. MoOz, possessing a high
vapor elasticity, 1is partially aublimated, Aisturbing the layer of th«
clinker, enters partially partially into reaction with nickel oxide
NiC, forming the NiMoOn phase., As 2 r:sult, the oxlde layer sufferc

a total loss in its protective propertir ., and the very oxidation
process 1ls so fast, that it derived in literature the name of "catas-
trophic" destruction [9].

We have pr=viously shown [7], that this characteristic for alloy-,
containing molybdenum, the type of corrosive destruction is observed
for nickel base alloys also at temperatures of the order of 800-850°r,
when tJjese alloys come in contact with ferric oxide, The role of
the latter in the 1initiation of accelerated destruction is included
evidently, in the fact that In the cuter clinker layer brittle spinel
is formed, capable of spontaneous cracking. The mechanism of further
jestruction remalns the very same, as during the oxidation of alloys
at temperatures above 1C00°C,

The charactericstic feature of accelerated destruction and the
evidence of nonsultability of the alloys for long lasting exploitation,
appears to be the presence in the clinker of noticeable amounts of
NiMoOu phase,

Conclusions

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

2. At temperatures of 800-1000°C, the protective propertles of
the clinker are determined by the spinel phase and the total level of
heat resistance depends upon the chromium and aluminum content in
the alloy.

FTD=-HT=23-1608-67 20 ‘




3. At temperatures above 1@OOOC, the rate of oxidation of nirkel
base =2lloys containing mo ybdenum, rises sharply on account of the
appearance of the NiMoOu phase,

L, Accelerated oxidation of nickel base alloys, containins molyt-
denum, may tak: place at temperaturss of 800-£5090 when these alloys
come in contact with ferric oxides,
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