> 20120037280A1

a9y United States
12y Patent Application Publication o) Pub. No.: US 2012/0037280 A1

Devaux 43) Pub. Date: Feb. 16, 2012
(54) METHOD FOR PRODUCING A PART MADE Publication Classification
FROM A SUPERALILOY BASED ON NICKEL (51) Int.Cl
AND CORRESPONDING PART C2OF 1/10 (2006.01)
C22C 19/03 (2006.01)
(75) Inventor: Alexandre Devaux, Combronde C22C 19/05 (2006.01)
(FR) B22D 7/00 (2006.01)
(52) US.CL ......... 148/501; 148/675; 148/677; 148/556;

(73) Assignees: AUBERT & DUVAL, Paris (FR);
SNECMA, Paris (FR);
TURBOMECA, Bordes (FR)

148/409
(57) ABSTRACT

A method for manufacturing a blank part in Ni-base superal-

(21) Appl. No.: 13/148,298 loy, wherein an alloy 1s prepared and heat treatments are
conducted characterized 1n that: the said superalloy contains

(22) PCT Filed: Feb. 5, 2010 at least a total of 2.5% of Nb and Ta; heat treatment 1s con-
ducted comprising a plurality of steps: a {irst step at between

(86) PCT No.: PCT/FR2010/050191 850 and 1000° C. held for at least 20 minutes to precipitate the
0 phase at the grain boundaries; a second step held at a

371 (¢)(1), temperature higher than the temperature of the first step

2), (4) Date: Oct. 24, 2011 allowing partial dissolution of the 0 phase obtained at the first

step; ageing treatment comprising a third step and optionally

(30) oreign Application Priority Data one or more additional steps at a temperature below the tem-

perature of the first step and allowing precipitation of the
Feb. 6,2009 (FR) .. 0930767 hardening phases y' and y". Part thus obtained.

aor 1Ty SE o #‘.J"Jr;lr :#-Jr:-h;t:_-.ll
. P . EA .
o -;-'-."';."'";.’r;.u.--:.-.'.*-""
- *J'i" 4 r " A
-_*r*b X
J_-'j-*ﬁ'* I"r-.- . : . . LS e et T e
R T - = . h LR T T SR
L T e e
-.-.-.'J-._rlr_lr-rl__'._ L
__.J_Jr:r_q_- L
rar )

[

—

T
a4 rxx’

L]
o .

! 2. e
- r -
B Ep
A
-

A

xm
- x

x
x-
LR

T e . - . . .
S : . : o . il .
e o e . AP L et _q ol T T Al L e : ) e e A s PR
Lo X B E k. LN . . . . P . S E . . e L e e o .. ot [N r . . . . . . . - [N . . . <
ERE *** S . . - - N . . TN ., S . . o . o ) . - r - . . - L . -
x . N . : e . L . o - : Frax I M . 1 o . . ; : . x L S : rr ,_r**a*a*.l_q.
3 El El L] - - - b - - 4 -

O T . 1-_ -
r rrr oy rrax o
. 1
AL N 'rq: X
.- - . : . . . e L T L
4 4T S b Lk rrd - .
rl- h_’?"*t"“*"":—:‘" LA . ‘J-*#.J-. _ﬁ'Tl.
. =,

|

-
rax -
ok vk P N
SN :-""a-‘q-_aa-l .

L T
JEE R A
e Ty
T -

-

r r "
J-q-q-' L
100 1 0 & kh
- o &k

2 a

4

.-
.
-

x4

. .
i rraa

L
rrT

FERE IR
I_rq

4 4 "

T T R R e e R
N i -I-'rll'rl"r‘rﬂ'*"lrr-'ﬂ
U *‘1*.11.: ’ . . .

L . ; . - M . . . L . . . . . a ey . . ; . . o . . . i oal P
L SRR N | -k . . . . ; . . ; .. . . . . ot L Pl b ip bprhus

. . . I P i e Y . . . . LA . T 1. . LR LT . o R e i
. . - . . - - r . . ‘:._-' .o 'd_lr‘_ir Jr.J_‘J T - . - .. - . a e L PR
. - . . - . .. . . b I B . e

x. . i ) i T L ) " *Jr T . d."',,‘:*-.".. r a4

N . .. . L. - ok kT .

- 0 L]
I R |
TN I
IR

TP e
. 4 - .
L i P A

P Finktalil

L
N L | rTrTT" . Fl P
R NN o L r . o e - LA s
r-JI-n'JrJrJrJ'lrJr'r- . . .. -'l- - ' LI -'r
o drodr WU de . . LI . s . F - . . . L . . . . SN I
i '-.."'-_"-.."'-..‘_."'-_"*"- LA Py Lot e . . . . . L PN R L L DR
. St i B g . . .. . - ey L AL Ny . . RN T T

e *.'_l_ .

[

*- J.-J--,-.'q-

a F] : o ax .

S e T e T
LA s APl PRI

sen

x

Jrex
T |
[ ]

FrToT

-
T

LT 'r'r.r'
R . L ¥
A "r-' Jr‘ LT '_ . ‘
;o S R R
L _#‘_k;!l‘_h‘_kb#*#‘_ﬁ.r‘_ﬂ- ) . i
Rl it ML . e . . . [ - )
S Sor LA . . . . N L o . . . . R AR
.'__IF__.d_lr r‘#_‘_;*r#'r
LR

e

'3 4 dr & &
FR!

[ R

x &

]
[

"
)
_"r i
LT
'r..-'r-'.dr_drd

)
I

‘ax R

O3 PR ML

. O e
[ P L

=Tk,
x

& .
T
N

a

f]
Y

'
PR T e i
AL L I P N
.
r

F
Tk a

o
ir
T

r

.-P
T e

r

Fle e AT Ty X i -
. a

e

T T T
- L NC )
= el
L JCE r r -
-
RN ."'*"bﬂ-" u
- ﬂr.Jr rb". -

. r
JEARIEE J‘_lr .
k1 1 - 1 -
* -:'n-J'-.'_a-'-r:a-:-r:a-'_" '_"t_r e
L e B B
N R




Patent Application Publication  FKeb. 16, 2012 Sheet 1 of 3 US 2012/0037280 Al

. a
N

5 —
. —.-
0 10 20 30 40 50 60 70 80 90 140

Time {min)

FIG. 1T

Temperature (°C)/T°)

25 p
-30

—-
ol
s~
e
a5 '—-

0 10 20 30 40 50 60 70 80 90 100110

Time {(min)

FIG.2

Temperature (°C)IT°6



Patent Application Publication

Feb. 16, 2012 Sheet 2 of 3

US 2012/0037280 Al

emperature (°C)

T
&
S

-39

B T,
¥ #If__#:_h'_-:}in-:__q_'-

.y -
q!-rj-l-rﬂ-
I

=

40

-

I e T T
s A A P P
P

[T

HEH I
: EHER R EOE T oo
et e A

SRS E 5 SRR

ETRC R N
ST

SR A -".J;' LT A Ty, -J-A.-.:\.:-:-.* P

60 80

Time {min.)

FlG.3

=

100 120 130

mm win . wwm e rr e rm L e M ML LR P e m m e PR P e T nomm e
7 e o T
' a v + . r LMLy tll:'.lq*##*k L e et X o W X e XA
x . > 2 i » x X e X r xar P
W -‘F‘ i, l“‘::._ i':q:' ey T e e ::ha
EAE N AN WY L L SN L) T N e e e W e e I--t‘; ) .
L i N O T 2 P N - T e T T T T e e T » .k ]
o :r-x-a-a-a-#:-:.-:-a-x:a-#':: RO *x a-a-‘c:'ua-:ra S N - e e e A T ey llilt.ﬂ"l
P S I B A E AL R e L A SR L I L i T oy A e o o e A i
R I S I L e e T o . T W S
M e e A W W e W 0 e r % q-"h: :;-lu: s -tﬁ-;-#t-":r-'
F e e e e e iy g T .. S S S 1-1-_%” A A
w e R e r j:l::tirlr-": x A » B i gy Ty e L
S Y L g ] - N #-I"‘l'l O e AW e WA
#H&.:‘:ga:'i A ﬁv +-rsr':d:€q- a-_:-,‘_#’_*"i--..ﬁ;- * N A I e N N LR N g .
Vi X s o et SRS R X A A A A e e e a
a0 Cal g i A A A A g T 1,:: P I A R i AN A A A a{:.l-'ti '
. A .
:":" *:":"n*}:“:r'::*:*:*:*:":“”:'a"at"fa:*:":”:':*:*:*:*:":":*:*:*:*:*‘*a*a-":-*:; *":"'**:*:*:*:* x :'.:-":":" :“#" :'a o :::"',. :-"'i"f:'* :":?:-*: - -'f*:‘ﬁﬂﬁ:":':*::*:*:”:'
T T T e l:rJ.'_uﬂ-l'l-icllJl'l'!'il‘l‘l‘#ﬂ'l"d'{{"#i#t O 0 W e e e ¥ e e R T e
B o e T ot g e e A e N MR e R A A 3 i ey e e i e R A e b e A e A o O N N
#Jt:q#.qu-quax##k#k#’;nnkkka;&ﬂ-a e e A e ke e e e e L N T T e
W W T D e T e W e e Y N, e e X e e N G N .: P AL P T, N o Nt e P N i
T T Tl e i M T N T g it N o o L e
e e :-a-a-fa-tla-:"i::a-kaq- LN I N N e e o L e e J.-:ra-;:rara-#}l":rt P e N
*”"'u::*##i'at*q'*t#.t#n -a--rna-ttil:*##":"#“n#Jrra-tx"q-#ta-tat#-rtn- T T T T e e T N T T e T A R R
e B I N i i e M P e i A AR A A R e A e A A AT e e AT o e e e e e
Ll a-nuuq‘a-#.r‘ Ll A N A :e#li: e e T e T e e T e T P A o N A |
W L e w&:##:ra-#an-t*##kt# :arrar PP, *ﬁ‘_qnnq-*a-#a*a- x A T T e g g o T T T e e T e
I T R N A R i N A I N e e g P N N L e ey ™S
NN ) A A e e A A I e e A R Y A e e e T
AL N N e a.-rat-.- PN I S N I g {a- RN #t?th:l;rl- R N e N S LI O S
W e A e A P T N o » ¥ u P i S L R i R e A
A I R e R WA NN NN PO VI S o o e N T e T L N R T N ]
L N AT WA W MR o X e 'y X e o o o ﬂrJrfr'rJr-"'Jr‘I'i'E#Jr-'r# ¥
Pl E e S i O A N S e My i e A e e kT e T
ia » Xﬁ&'l!kt!’k’rk#ﬂr*ﬂnﬁ'l‘#i‘f’rf » a-*:r:-:rq-ﬂ-a-;a-q-:-fux "x”:ut* e e e e Klh
x l:'dt’rirl'lrlrlrlrlr##t 1:#!.-!' N "5:,‘1- o e e e o NN AT SRR '
¥ & E e N PSRl n a ot T e e o L > A
w l'?rlrl*lr lr::n*l*a:t -t”-.'.kt'-:‘#ltt e #&b_a--l_-‘abuta-'&._':" ey AR A e e
¥ o b X T v ar o " " XX N AWK e W e e - ¥y A i TN )
P I T I e g e L e P PP L - agtalt, o P
L I N N e N N S Ry ™ N TR lr:rncx:.rf:ih-. *u
T T e e T e T T T T A e e e ke e e a ST T T e X T W Ao T
e e s A e L A [ e e S MG o e e e e
L N N N N S e o A i o A e A = s e e e e T e e T
A I B N I R e N B e It S L . M .uaca-q,rl}i_ﬂ._..f. » o S It I I L N S I R A TN o A ]
i T e e e A R e ke i e N e e e e A T e e e e e S e T e e
A N N a-'he"at:r:- T t##l-'l'-'r-'r-.'#lrﬁ'lq”-lll-l:ﬁl P . » LN e e T Ty P E e
ta:.:r:ra-a-q-q-ar#:_.,kra- A A N B N I I A S S DL e Wl -'.!.l;:;::pa-kir:.-::b e W Ty e ey e Al S
O L e I e et g g PN N N A S Sy g e Pt e
e B NN e M I M *mkhk: :_-":-*ut'.rﬁﬁ-:: DR T T T T T T T A P
W T e e =T Pt SV e S o o e e T o, o e e vk
o A e F o ko A e Tt T e T e e T o e R e w
ua-#q-_.ya- A #t%ak:.-a#-n-rtt AT e e e ae o e aa a a eoe ae a T e  aTa e AT
P vk oy X e e e T e e o e e X T AT A A e TR YA % Ll
W T e e P N T N L N A N Tk F o T e e e o Ak ke
WA T e e o e e e e o 3 e e e o :rq-:r-ra-a--'r-.-r-'-aa-a.-n-l.-a-a-a-::a-;tq,f I li:a-i-a-l
I A N i I N A B N e el S e e g s A W o e e e T e o e e o e ' a XX
B e N S Sl i I S Y ot L i g o g
ET T e o T S e A e e I A e LA T N A e N S e e X kT
O A SN N e e e B N A A Jrq-a-aéiqu-a-#r W e e e W e el e o e e  t  an  a e aa a e  w  we
O R e o iy Y L N T I e N L oy P Y I N N e
RN ) T W e e e e e X PN N S o e e e T e ety ey
o, o T w e e  a X LN N e B N ##F_*kt'?d'.t#i R A T irq-lt-rqurt-a-lr:_.r:xna-'a a-aran-:r::.,}#a-
T i L e e et aa gy U ¥ N ¥ L L I e i i e
E##Xil'#rktl'#*ﬁ:itﬂrkk W e o A T e IV I I I N ) A W A e N e
MR e o e e O e e T 3 O XA R 1;;#;5:#{*&#*#*# -:Jr‘,a-xq*# N e N N M A N
i o e ) L N N A n N R N I T o
ol gt #a-#w:.-::#aw&ux**-# A W e e e M e e A e e e e e e e e e
XN R W e WX T e W x ?*&###i}h!kt#####ﬂ"k#i‘#t’r o ’:t:#t##d"lﬁ'id\"lt####l WX e e e e
P B e A P A T e S S L el o
W R e A A X :r:r:rq-x:::n-n-#a- A T A e P e
###ki.k##tﬁ:k##uk#’li#!hkh## N o O e N
N P L e R W E e e L T T Sy P
NN LA A ##k#*#hl#t*kl#itlit*lkk N A I A e e k##at;atﬂﬂ#atr#kkat"#"’t##:
WA e e K e K e e e K e }a W e e T 0 o o e e e L St A N Ay
L I e  a e ay E P g o N A L I I L T i i
AN NN X e e o e e N R N .Tr.lr?:h#i'h#ﬂi###&ﬂh*ﬂlk&'t?l‘ﬁli?*##
e o o e e e e W e W o e A e e o e O O e e o e o a e o e e e e
WA i e e T e P S L N A PN o N A O e I A ol e i N I L A e Sy R P
X e a-#a*t}a#tu::::a-::a-q-.v':ra-tk{;ttukk;ﬂ:ﬁr*rﬁuakuhakaaq-#uq-a- krtﬁktk;ﬂa#ﬂkkﬂﬂnfﬁat NN
I S o M X W e W o e e S e W e e e o e e e e o xx % X
A e e T R e e i R A R e e e W O A e R e e AR 3 T e A e i i O R AP e MR R K A Or e K b
A #-!':k-ﬁ-l"'kl'l-kl.l.l: e e A A A e B R R e M i &kk#;kk#k##tk&;k;}xaﬂ- a-r-.-a-a-::-ya-#l:"u_r.t:eu
l#i'_':'{\.?:*:ﬂ'ﬂdl'lth'ﬂ'k wx ) N N Al e A N A e el N ML N S :?{’r#ﬂ'#k*t#ﬂq‘_l ot
s D I e I T e e T I N T o T g e R o » W I b
X o e e e e T e e e e w3 W e e ##a-t#.u:.-a-a-#ata-x"l"':- A
O T N e e W o a U r an  e an  ar  a e e e e e e o e e
I I I N T e e e T B N N o F S S N T R o
t_uI'Jl'IrJrJr-l'E‘lr a-a-a-a:‘,;::txura-::a--r#q-¥¢ta-na-::"‘-\-a-a-a-ta-a-a*a-& ##:«a-n.u'::na-:.q-l‘:’{;#ka-t#kyn*rkvkkktk# K e e W WY K
#El#_*_i‘_kl\":ﬂ'#tk A A RO e e A e g A *:Jl'lrlri'n'r-l'irlllrlr’ri T A A N N HOH L W e e
T T e R A AT B A T e B e A e A e P x AR
R -IFJI'#!'.!:!'#!'J:-I'# NN NN N A A A Vel i TN N NN N A
oy e T R o o e W e ta-*arq-:r:rq-lr:rt*tq-a--r:pq_lr*f A o e e PN AR I I e g e
S IR R e i o I I N Rt T a e o vy 3 e e R L i i A e N I
rr'.Jr-v:a-n-a-:rq-.r#i"h:éafn::a-i::#n-ttk#k X il.tr:ra-:a-:r‘:-vq-a-q-q-a-a-t;-a-a-n-a-a-:ul”ﬁa-a-a'a-a-aa- P W A
TR I I k##tatr#::#an::‘_ac#-rn e W o e e s e -r-rlgt- ol 42 A Y N
R A e t Ly D i I A i o o e o Pl s .
P Jrl--'l:ﬂl --ftk.ﬁuatr"umé:’q-t;n* WK " l:!-t"tkt'rlq'l-q'#-'rt'k&'l'nl':klt#t PN T e e
N A B S R A o S o FNE W W e e W e T A e A i A A A
L P S Sl A g S Vg " ' A i AR e i e ¥ e AT T A e e W
e e T e T T T T e kl‘#“-‘!tuirﬁlrlrllklrtl'!rl o N S S e I Al o e e A T
S R T e e e T o e T e S T o L e o T e e e T e T e A W e e Y AN
o R T T I T T a a o i T e e B T o N o o A A e
R B o N N o S e R R e R ?k#h’#?l##qﬂ. S ot AL
¥ e W -:u T T A e T T T e T e T e T e e e T T T T T T e e e T T e e a  w ar PN
PO L i i g L I v v e e e RS ST T e T T e e e T T T e N
x-.r*mra-*u- ' PN W e D e e e e Sl e el e T T e e T e e e e T e o
' Lo A A L g o T e A o e W N T e T A e e T T T e
N N N L N e N T ey P . R L i Ll e T T P
P N N W e e e e e T T e L s e e e a3 e e T e e e e e e N
X T e L ¥ X e e e e T e e e o e e e o
A L e A A e B I e Ly e N el it IV 0 I el
o T a a T ar  r To Th  a  a  a  a  a a  a a
A e T e e T T T e e e X AT T e T T T e o T e e T g T e e e e e
R B N I I I L N s S N L T el g Sy g g T
T T e T T T e T e e e T S u}‘_a B T A ae T e e X e :
KT e W e e W e s e O e e 0 oy e W x
e L N I L N e B o R O B B R U A ey iy el e 1 r '
T LI e N A L o ML T NN A s :r:.-k&kkk#kk#kk@bkt"ktk;{a*pk# x ' T
W, = e W e e o e e e e e e o e e e e e e e e e 'R & .
PN P e e e e a T T A T o o T o T ' y
i N T e A e T P N N I B T e e ? &R



Patent Application Publication

ki

WY

Far aia'r . N

..'.I__.'.
TNkl

ELgEN
T

ol
PP P
. '\-'.I"'\-'LJ-"q-""\.- -

A S a

. a ,_,:*_;.:"' S .-Cr.-':- -
A= -‘_l: .r"nr e Jr:'a- X

AR L
e - N TP
T P A A R
R e R
x5 PO ATMEII
PR ‘-';.:‘-'\.-J"'v Wt .
:'T:T**-'.'*" |._\__L‘.,. __J!_ l:_!-'".._l LS
. x . -
T .'re- __-_ar_lc*-__. ;;.-.:\_
L L s
W g T

A b
L LR L N O
. .i“ 4 B Jll-r'.__l'_

. A )
¥ b A

S

I IRy l.-'_'_';
-

Feb. 16, 2012 Sheet 3 of 3

]
L
L]

&

I L] +*

[ )
e
e

L | aF ] dn

[ ] E-I' *-'fv

] L/

CEE ]
AR
kR i
! e i

:l- :" 1:."&-'
." [ ] , J“.l:ul: L
XY #"* A,
. EY) o |
Rt e
£ :::::t*ilt
'™ A’Jr-b

N
i

o W

L]

L]

i

i
ik
o NN )
oW 3
Ly I
4

X

4

A

4

4

.lrlriri?k-l'lr-l'k:ﬁ'-:tl
]

L3

Eh
L)
x
i
o
I 3
L ]
"y
R'.-'r

X X W
X

ay

o
]

T
X

'
ur
oA
L |

o
-l'#-l‘*-'i*l
& ip
X 4
-k*nl".
-\'lel\'-h'
&4
i &
L 3
L
"-!
ar
i
I &N
i ip &
X
L
ll*i
£k X
oo
E]
T
N
v i
ey
Jr
dp M
i oo g

X #:-t-:-l':k:l
WA
s

Foy

A % ke
N NS

-r":‘nc":"t

L

a-"-t*:'-lr .1

r
]
o
L
x

N
B
e
o
s
-'..'-'r-'r:-l'*’! A
Xoxx
o
X
o
i
¥,
J,
X,
B ar

y]

.

vroa
e
-t-'r-v:-r

P

L
i
WG
* o
RN RN
i
o
LN )
E Y
K
A

RN AN

I
s

¥
o

PN M N
x

o
W

o

NNl e

.
¥

X
»

e
iy
Pl

X
ar

=y
wrr
L g
v
o
:-'-:##1 f:-r .
Ly
o
"
N
»
AL
e
w ¥
o
i L
5
-
N
}#
-

P e e )
Foaar

Y

X R

o
x
]
T
i
-

“

L]

'y
o e N

" om
A
v
£
¥
x
s
RN X Y
LN
i 3 i
Xy

X
Il
X
»

:al
x
¥
E ]
:;.
o
X
*
v
r
[
E

)

o e
)

e

ol S . S
:‘_#Jr-r*#*#*#q_-'rkl AN
i

T e e

T a4

v
o't
[ ]

X
o
X i
_tar__r-u-"‘n-
)
e
i
a3
WX
+
i &L
ey
I

',\_-v_"-h'
ih

i
&
L)
]
ﬁ:

L P N R N
e od g 0 o Lt

?*Jdkl"r‘l“-'r JI'J.’l'Jcl--'-"'_.‘l.l" JrJ‘lk
L L . ok i b N

i-ti::#:k‘l-- *J.-:a-: o R
Lo N .
P .
EE N X
o .
PONALNMENIN
:a-:t"a"a-*a*ﬁ*t"'#ﬂ-*a-
¥

X
L]

: R
o

.
3
F
> 3
o
X
T {?
)
oty
N N N N
e o
e
Fraly

e
P
NN

E*#*F*Hl'-b*##

i
NS
X
s
r

X d
'

e
P
*

o
¥
*
S
)
¥
=
E

Il
i
)

o
¥

.

»

i

[
N

-

7
A
s

b
ar
A
J,
-
Ty
b
¥
[
<«
b
o
;
L
i
i
-,
oy
.
H
7

i
X
™
¥
i
'

.

i E,
Sty iy N i

)
L L :*'ll i
2
e

Lo}
*5

B
a
.
i

s

Pt

i

o

M

h

»

¥

X

ar

¥

i
‘]: .
.

"

o
i
Y -v*:

=

XX
L)
¥

k*-l‘ i !
&
'
¥
L ]
"
»
Fy
X

o
I r
T

x"

Pt

Ty
¥ :"-h*\-'-'.-

XN

e
X A e e
A M *ﬁ*ﬁ":"#" X a
N TR A A I M
e e T 5‘?
- .-"':,’«',‘h,ﬁ-t.::-:a-:u:k:# :*:*.t"::: o
A B R A A

X
)
)

e L
P L e
X K G W e W x
x P x
L e i A x
X0 T R e ¥
e e e i e R r o e
e T "a-"i::t*t"-s*ﬂlc o i "&*{t"ﬁt ¥
P N N L x N L
T :‘#éfq-"i”#"tx:t*:'#ﬂﬂ e
T e -letkll*-l-#!.‘t
&+ E = I ¥
>
2

Wk &
J't‘-t
i
L]
Y
¥
My
]
#H'
i
Jr
&
¥
W
i
X
X
S
i
&L
T

L

-
L]

NN NN
o e e

r £

L
N L L N
-l'**‘* A X -I", i A& Jr‘r‘_

L ]

PN NNl i e

K T
)

0

L E A N N
LI A

ik X

A

iyt

v
N N N )

X
&

EE

¥

X

x

)

I A

T
L e

W e

W x Tk = '-'i'q_

N
o
"y

i -':'.'

H
40 v

_..
EE

=

A

L3

I dr
o

o N )
&

i &

T o & ¥ I X i i
=k i N L L
A oy R
POl N I O L AL o ) P A e A e
'rl'i.lrﬂ'thl\."ré.'l-? lrﬂl.#ﬂ'i'.l:iip -
o R T IR T R Ul T ap L, E‘," k
" WA S S x

L

EN N

.,

T
-

'

r
"+
]

Rt

x LI )

N L A A I M

Pt

X N
T e W

L 4
wor
tl"_-'l
5
e
u:-u-i-':*
Eol il

¥
4 P
Sy

- L o &+

n
ar

£
Aix
L N

i
=
.
i
-
i
L]
I
-
»
i
3
)
x
* -
r
-
T 1
i
X
L]
i
tﬁl
wx

a-:a-:e*a-:;:a-
e W
oA
¥ RN b

L)

L

oW
a4
)
[
i
)
ay
X
o
.
¥

)

LS
Ty
.
iy
PN
:-t*.rr
)
iy
-:.:}
%
»

i :: i:"
5
*ﬂ'

L4
'
r
*I‘
L ]
i
o
ir
ap
E
»
ir
»
X

EY
e O]
x

;-
L

L)

¥

-
o
s
%
i
2
i

F)
* "ka-r
-\-\'-t-l.-a-u-\-#ir:w"-\-"'
R e

P S

L)

X
L

o
wox
i
3.
a:‘-vr
r
N
T

x
4
»
i

X -
Pl
N
L g )
& d i
X
]
L]
I
o
i
¥
r
”
-':*‘:l'#’:
L
o
r
EY
T I
k-’rk:w
:.*:-::::“
ir
x ¥
-II-I"
o
5 X

L]

r:r-hl#-l'.l'l'-'r-v

***:*:a#-t#-\'kq'-\'
¥ 4

NN NN M T
x i
e

¥

]

&

L ]

'l':"r

L

3

o
"
¥
oy

i

x

u-*.u-

N
4

E
L]
X
i
o
r
)
L'
T &
FIEN
L
-':‘_l'r
E
£ _Jr
¥ u
L
& £ i
o
¥
ir
¥
™
i
i
o
*
&
;.}
2°
a
Pty
Y
I
ﬁ":##*
LG AL
?r*-'r*-l‘ M i i
b
& i
L #*-I'H:*
Jr
"
i
2
o
¥
W
¥
)
-I'I'i'
o
o

X

&
L
i
-
x
i
-
]
L
o

)
x
Ll Y
a-h-t":'t-t*-t:-t-tx.-'r
()
X X ¥ i
x,

a
L

S o o T e e
LR R g MR R e )
R R A MR N
E N SR A )
L e R
oo "'w**_"‘_'**h'_‘_***&x:*'
oy A e e
X k:":*:'*:*t*t*k”#*ffﬁ e
'r-'r#:ﬁ.####i-ki#-\'ktlt

m

¥

F

& i
&
i
ark
wy

P

WA kA
P

w
i
X
*J:_‘_:-#-t:__a“i
L
X T

I
I
L
o
[
& i
o4k
£y
L] -l':l':i:ﬂ' £ ir
L A
o
£ & -
L L
-':l*?r‘-'!"'r*'l'
e

u-*-t,:*::*t
AL

X_Jp i

X b b
&

o

N kN o
W

T Tk

& i

) LI

E

'
2N i Ty
P I

L)
2w e
Far
N )
¥
I e
" o
e

*:v#'t"*""‘*

-l

NN

x
SR

T

-l
w4
Pl

L

¥y
Pl
Faroar
Q
M
W
N
¥
L/
;
L |

t“i“iﬂ"‘

E N e e N

it

& w o
i

»

L]

¥

R N
MM N A
Ty

3 e e

4 ¥ kb ¥ x EX A
L
#:*A'
'l"_-'ll
]
L]
)
)
&

5
-\'dr*i‘r

=Ty
gt
STE ey

X i

Ny

v
o o e e e e T
'
"':"-v-t
NN
:::-t"'.r"l-"-'-r

x

sy J‘l#"t‘.#*ﬂ':.b:*r:#:#:
L R

o
F]

* '.#ltt*#kkﬂ

¥
+ i
o

L N N
. N
. L

. _J:l_#*a-*#?:q-: Eal ol o

E)
e
]

L R
-'ll_t?r

T ¥

X
oy
e

™
r
T T e T o o e T a—*:::i-" T AT e e
AW e e e e oy T :Pr ¥
P T, A A Tl S PN
e N e e
PN

4r
i

o

X

[

y

i

*

i
S
4
Loy

3
ur

o)

kl‘k!‘!ﬁ- \'\'#*##*“#J‘tk * ¥

a
¥
o,
::
L
X
¥
¥
o
.
'r:l‘::-l'

]
a
LA

x
ry
iy
'.lh

&
L]
*:(;“ﬂ.

9:??

iy i'-:ﬁ'

L]

L
¥
Jr
i
i
A
o
r
k]
*:"**t*'.‘.

E N E N N N H:.Hl'l'
Jrl‘_vn’:*#‘d-ll##*’r*#*k*’:‘_* ]

ok

>

it L N N

X L ) W'y

1 )

L
T T T e S L A

T
e e

O e )
o
-H:-h_'t P ]
h
.r*:".»*

r

FlG.9

s

e

k]
¥ -
W

*
.

T i
L)
N Vi T *
X A N ) Jr.ﬁ o
###-ti*_###xitlﬂ#kﬂ‘_#:‘-ﬁ&#h L) :xai-arr:r
e N NN N N )
J:q-tlrr:r:prtlr&q-ﬁ ¥
N M AL o
TR Wk 3 X
XX
i
ot Pt o, ¥, .-,:;,"':.-"q: ¥

3

~ o d ofo o dr
. e ¥ I L ST T - o L 4

o N #*##&'k#kﬁl"‘#ﬂ

T N bk k4 XM EER YL LN i &

I odror 4K LA N L *lk#l‘l‘l‘ﬂl‘##h“l«' “!’
Jalllrk#kﬁci' #*hal'*kk##k#b.h'lr#

LA
P A VT

LN N
A A AL O B I B AL i L
O L N T I A RL e
e e S S T *b:*i"ar*k*-r:#*a-:u"t:t: :‘_J::’r:lr :-r:a-*r:q-:rrﬂ- w o
‘:"a-'!:*m* PN :n-:t »
Mo Wy

x

x PN ur

q‘b;:,"..*;:*kﬂ: :t:t"'a- i :Jr:ﬂ'# t‘_.!:‘_r'::*:‘k h"::*i-ﬂ-"ii
T T

LI )

TN Sl S e
BN N

oy
L
PN Pl
N e N RN Ak
A A
X A
X

E RS

PN N N

I
¥
¥
P
-
¥
E

x ¥ %

P N NN,
T PN

N

o

N A N i
Y

L AR ¥

¥ L NN
mE

N

[
-
x
£ >
x »
x

D i S )

X
T
o

o
e

' ¥ Wy
gﬂ-ﬂﬂ"’fﬂ :"'::*-r
e T
R o o
X :?t

X ¥

i

N )

iy

L i el y# e

L A N R e R A N e N

::_.‘,\':rlla-r Lk R A R N N N A AN IR AE N NN N N
E e N

WX X PN RN .h,‘:*n
-
R A e e X e '\r.l'#'l.lr*i-* .

. e N A e N

:b\'*k*;':'k':'.:!l*“ e t**ﬂ*#:ﬁﬂ *"ﬂ*'-":":*;::':*:*:*t Wi o e e e X X

oL H

P S Jr"J.-*q”t":r*::"a-*aq:in::-:-r*#:b:n‘_w:a-:#:#:#:u* :#:#:#*i:*:t:t:lrf#*#:#:- A
*}#ti# L e

L3
F) A A i L)
N A R e ) tt:#ﬁ:;.‘q-k:*ﬂ-ta-tt#;a_ﬂ e a
*?r*#t####i#i'll"t# *4--:‘_;* “,:ck N L A

-

)
o
RN R XN NN NN FM A IORANNR,

US 2012/0037280 Al

F d

CIE )
X

E =
LR
AN N RN :l
4 M ] Ir'r -1" -'i"
, i 4 !
*- o, :.;.*ﬁ g
o

e T s
L] i £ Tt K o !:‘I-

L - - L I iy "I

X L) & - Ak [ 4

TR ey
*J-"l- J-ll‘bkl- b‘r r }‘b b-.'r I-#.'r~.'|lll-’:
a
[

=

S0 L

BT e e Y TR T T AT e e e e 'J-I

L -
Jr'ri!*ir‘- 'f'*lr

"
A
".i_'_-'r i

X
L
"
X
L

oo i i L]

Y
":c"q-:a-*q
XA

i
)

iy
My
y
o
»
e
=
Lo W
T L,

ANy
Rk

L]

<
e
L]

o

H o M
X ‘IJF I._n'l' ‘_Jr *Jr *‘r:r# "ﬂ t-l'

F
F]
N

A A u:
ata
o
'Y W
i
P *Ei*a*a*#*uwe*u*w*yy
NI

*-t*-b‘:-l' LN ]

MK
¥ o

o k*-'r*:l'i
s

Ll
ol

e o

PN
i

-‘r:I"
[ ]

>
M
e

) A
Ty iy

i
X

W

]
a"?'l':-'r. .-t'..‘iﬁ'i'f#ft'.. ¥

L

X
w Rk
L R R ]
> W X 3
-rq:-v”q-'t#

X
LN e
L]

I

x
¥
o ;
nX e BT
e

)
[

e N

o e e

A
R N AN ]

X
e
ity

¥

&

-
'

+
Lty

L
a;
A

¥
X
L
%

P
” it"‘l o P
:{E:ﬂ. T el e e
P N R A A S

F e A

PN N I S NN
1] L9

::*q-".u-:a-:a{*#* R T l:::a.-:a-:#_

R

i e A e e

o e e X e ke e w
w : e N :"‘i.. X v:!*.:*n*:::::}*::"y:
Yo e WM na&r'aﬂ'hﬂ:tﬁt ¥ ﬂ‘li
EE N ¥ 0 Aok I
:lr:a-*a- ":'&:t:a"#'t* N N NN
R AL N

»

¥ J:Q:a-q-lrvta-t#a-#!ar
: ” ¥ )
E o ke 4-*_#:# *t}aigv:#g__:‘g*t‘_::

)

.
N

X
£

&

Y
L
=Ty

O
P

*l.-" a
)
+
.'-"
l_-'l' 3
i
L]

"

k

ok
T g )
-'I"‘#-f-‘:

k-‘:

i

.

L]

I

E

X

Yy

I

Ty e T

i P ¥

" ey -\':l-tﬁtk*txi*# By

e Jrq-a-m’:ﬂa:u:.rbles.-a:e .
oA J:i_a-‘_t***t*::# L
a e w3 T e ]

*q-k:‘.:ﬂ W ‘*:*l".l*ﬁ'*’lﬁ-i ey

o :

X n .
T
2
X
X
o
o
k-]

-
o

» -u
W
LT
X &

.
T A

L]
kX

. .
X A
:":":". ‘I:::
F A LA RN
e ST UL S et N e o e

¥ ' a vt *

.,*.
ﬂ":\'
)

o
E
>
2
L]
oy
.,55
L ¥ ‘?'

A 3 T A A 1#@’###
!'i'*#ﬂ:‘_l'r-':‘_i:‘_l:~*#-&il-ﬁ ) :-&:1
PN N N N e

LN N ﬂ*‘i"fﬂﬂ;‘urn':*} LN
e T )

e ey

5

I

A :_;:{E‘: :

of e e e . e
HJ__#:_J:- l.-a-‘_q-#x“

L
- e R e A R e ke e e



US 2012/0037280 Al

METHOD FOR PRODUCING A PART MADE
FROM A SUPERALLOY BASED ON NICKEL
AND CORRESPONDING PART

[0001] The invention concerns nickel-base superalloys,
and more particularly a heat treatment method which can
beneficially be applied to some thereof for the improvement
in particular of their creep resistance and tensile strength.

[0002] By <<nickel-base superalloys>>, 1s meant alloys 1n
which Ni accounts for at least 50% by weight of the compo-
sition (all the percentages given 1n this text are weight per-
centages).

[0003] More precisely, the mnvention concerns a heat treat-
ment method applicable to alloys having a content of niobium
and tantalum totalling more than 2.5%, and which are there-
fore able to cause the onset of double precipitation:

[0004] intergranular precipitation of the O phase
(N1;Nb-0 or N1;Ta-0) at between 800 and 1050° C.;

[0005] intragranular precipitation of the hardening
phases of types v'(N1, (Al—T1)-v") and/or v" (N1;Nb-y"
or Ni1,Ta v") during ageing conducted at between about
600 and 800° C.

[0006] This 1s particularly the case with the alloy
NC19FeNb, commercially known as INCONEL 718® (718)
and alloys dertved therefrom or comparable therewith such as

625, 718Plus and 725.

[0007] In the aeronautic and land-based gas turbine imdus-
try, in which a nickel-base resistant alloy has numerous appli-
cations, experience has shown that the fatigue strength of

alloys 1s among the most critical factors for the sizing of
turbine discs and shafts.

[0008] The relatively low cost of the 718 alloy, through the
absence of cobalt 1n 1ts composition and the acquired know-
how for 1ts production and transformation, give this alloy
privileged ranking among the high characteristic alloys used
up to a temperature close to 650° C. However, the increased
yield and performance of turbo-machines translates as an
increase in temperature at the output of the combustion cham-
ber, and therefore requires improved creep resistance of the
718 alloy to increase the possibilities of extending periods of
use up to 650° C. The improvement in the creep resistance of
the 718 alloy, whilst maintaining a fine grain microstructure
(>7 ASTM) so as not to compromise fatigue strength, 1s
therefore of major industrial interest. It 1s recalled that the
ASTM standards governing the estimation of grain size
define the grains as being finer the higher the attributed
ASTM number.

[0009] 'Two different thermo-mechanical treatment meth-
ods are known and currently used to improve the fatigue
properties of the 718 alloy.

[0010] According to a first option such as described 1n
FR-A-2 089 069, it was chosen to perform thermo-mechani-
cal treatment allowing the N1,Nb-0 phase to be precipitated at
the grain boundaries, followed by recrystallization treatment
of the alloy at a temperature below the dissolution tempera-
ture of the N1,Nb-0 phase, the N1,Nb-0 phase precipitated at
the grain boundaries being used during recrystallization to
prevent grain growth. With this method 1t 1s possible to obtain
recrystallized structures with very fine grain size, of ASTM
10 or higher. Their fatigue characteristics are improved but
the creep resistance thereof 1s insuificient. Indeed 1t 1s known
that the presence of the N1,Nb-0 phase, having an orthorhom-
bic structure, 1s detrimental since 1t fixes the niobium and
thereby limits the formation of the N1,Nb-y" hardening phase,
that 1s metastable and of centred quadratic structure. The
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N1;Nb-y" hardening phase allows the slowing of dislocation
movement within the crystallographic lattice and thereby
Improves creep resistance.
[0011] Simuilarly, it 1s also known that the presence of the
N1, Ta-0 phase 1s detrimental, since 1ts fixes the tantalum and
therefore limits the formation of the NijTa-y" hardeming
phase.
[0012] Another known solution for improving the proper-
ties of 718 consists of conducting ageing directly after
thermo-mechanical treatment 1.e. without the usual solution
heat treatment at between 900 and 980° C. carried out
between the thermo-mechanical treatment and the ageing
treatment. Although this option allows limited formation of
the N1;Nb-0 phase which may precipitate during the solution
heat treatment, and the obtaining of fine grain size together
with improved tensile and fatigue properties, it does have
disadvantages.
[0013] It has been found that heterogeneous microstruc-
tures are obtained within one same part owing to major local
variations 1n grain size and to the proportion of 6 phase
formed during thermo-mechanical treatments.
[0014] As a result, creep resistance 1s degraded compared
with prior practice over a wide temperature and stress range.
[0015] Document EP-A-1 398 393 describes treatments of
Ni-base superalloys 1n the form of directionally solidified
single crystals or alloys. If the alloy 1s a single crystal there 1s
evidently no precipitation of o phase at the grain boundaries
since there are no grain boundaries. With directional solidi-
fication, any precipitation of ¢ phase could only occur het-
erogeneously and would not prevent grain growth. At the end
of the treatment, the grains would be too large in size. In
addition, the alloy compositions preferably described 1n this
document would not allow precipitation of the 0 phase, hav-
ing regard to the T1, Ta, Nb and Al contents thereot, since this
phase would not be stable on account of the high Al content.
[0016] Document U.S. Pat. No. 4,459,160 also describes
single crystal Ni-base superalloys 1n which no precipitation
ol 0 phase can be observed at the grain boundaries.
[0017] It 1s the objective of the mvention to improve the
creep resistance and tensile strength of nickel-base superal-
loys having a content of niobium and/or tantalum higher than
2.5%, without deteriorating the fatigue properties and whilst
avoiding the disadvantages of the atorementioned prior art.
[0018] For this purpose, the subject of the mvention 1s a
method for manufacturing a Ni-base superalloy blank con-
taining at least 50% N1 as weight percentage, according to
which an alloy of said superalloy i1s produced and the said
alloy 1s subjected to heat treatments, characterized 1n that:
[0019] the said superalloy, 1n weight percentage, con-
tains Nb and Ta at least to a total amount of 2.5%:;
[0020] the said alloy 1s subjected to heat treatment com-
prising a plurality of hold steps distributed as follows:

[0021] afirst hold step during which said alloy 1s held
at between 850 and 1000° C. for at least 20 minutes to
precipitate the 0 phase at the grain boundaries;

[0022] a second hold step during which said alloy 1s
held at a temperature higher than the temperature of

the first hold step and allowing partial dissolution of

the 6 phase obtained at the first step;

[0023] aging treatment comprising a third step and
optionally one or more additional steps conducted at a
temperature lower than that of the first step and allow-
ing precipitation of the hardening phases ' and/or "

[0024] Preferably, the Al content of the alloy 1s equal to or
less than 3%.

[0025] Preferably, the (INb+Ta+T1)/Al ratio of the alloy 15 3
or higher.
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[0026] Preferably, the grain size obtained at the end of the
aging treatment of the alloy ranges from 7 to 13 ASTM, more
preferably from 8 to 12 ASTM, further preferably from 9to 11
ASTM.

[0027] Preferably, the distribution of the 6 phase 1s homo-
geneous at the grain boundaries on completion of the ageing
treatment.

[0028] Adter the second hold step, preferably a quantity of
0 phase 1s obtained of between 2 and 4%, and 1s best between
2.5 and 3.5%.

[0029] The first and second hold steps are preferably con-
ducted without intermediate cooling.

[0030] The changeover from the first to the second hold
step can then take place at a rate o1 4° C./min or less, prefer-
ably between 1 and 3° C./min.

[0031] The first hold step can be conducted at between 900
and 1000° C. for at least 30 min, and the second hold step at
between 940 and 1020° C. for 5 to 90 min, the temperature
difference between the two temperature holds being at least

20° C.

[0032] The content by weight of the alloy may be as fol-
lows:

[0033] between 50 and 55% nickel,

[0034] between 17 and 21% chromium,

[0035] less than 0.08% carbon,

[0036] less than 0.35% manganese,

[0037] less than 1% cobalt,

[0038] less than 0.35% silicon,

[0039] between 2.8 and 3.3% molybdenum,

[0040] at least one of the elements mobium or tantalum,

such that the sum of niobium and tantalum totals between
4.75% and 5.5% with Ta being less than 0.2%,

[0041] between 0.65 and 1.15% titanium,

[0042] between 0.20 and 0.80% aluminium,

[0043] less than 0.006% boron,

[0044] less than 0.015% phosphorus,

[0045] the residual percentage being iron and impurities

resulting from processing.

[0046] The first hold step can then be conducted at between
920 and 990° C. for at least 30 min, and the second hold step
at a temperature of between 960 and 1010° C. for 3 to 45 min.
[0047] The total content of Nb and Ta of the alloy may then
be between 5.2 and 5.5%, the first hold step being conducted
at between 960 and 990° C. for 45 min to 2 h and the second
hold step at between 990 and 1010° C. for 5 to 45 mun.
[0048] If the total content of Nb and Ta of the alloy 1is
between 4.8 and 5.2%, the first hold step can be conducted at
between 920 and 960° C. for 45 min to 2 h and the second hold
step can be conducted at between 960 and 990° C. for 5 to 45
min.

[0049] The content by weight of the alloy may be:

[0050] between 55 and 61% nickel,

[0051] between 19 and 22.5% chromium,

[0052] between 7 and 9.5% molybdenum,

[0053] at least one of the elements niobium or tantalum,

such that the sum of niobium and tantalum totals between
2.75 and 4% with Ta being less than 0.2%,

[0054] between 1 and 1.7% titanium,
[0055] less than 0.55% aluminium,
[0056] less than 0.5% coballt,

[0057] less than 0.03% carbon,
[0058] less than 0.35% manganese,
[0059] less than 0.2% silicon,

[0060] less than 0.006% boron,
[0061] less than 0.015% phosphorus,
[0062] less than 0.01% sulphur,
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[0063] the residual percentage being iron and impurities
resulting from processing.

[0064] The alloy may have a weight content of:

[0065] between 12 and 20% chromium,

[0066] between 2 and 4% molybdenum,

[0067] at least one of the elements niobium or tantalum,

such that the sum of niobium or tantalum 1s between 5 and 7%
with Ta less than 0.2%,

[0068] between 1 and 2% tungsten,

[0069] between 5 and 10% coballt,

[0070] between 0.4 and 1.4% titanium,

[0071] between 0.6 and 2.6% aluminium,

[0072] between 6 and 14% 1ron,

[0073] less than 0.1% carbon,

[0074] less than 0.015% boron,

[0075] less than 0.03% phosphorus

[0076] the residual percentage being nickel and impurities

resulting from processing.

[0077] Preferably the alorementioned alloys, 1n weight per-
centage, have a phosphorus content of more than 0.007%.
[0078] In general, the first and the second hold steps can be
conducted at 6 phase sub-solvus temperatures of the alloy, the
first hold step being conducted at a temperature of between
50° C. below the 0 solvus temperature and 20° C. below the 6
solvus temperature, and the second hold step being conducted
at a temperature of between 20° C. below the 0 solvus tem-
perature and the o solvus temperature.

[0079] The temperature of the hot-formed blank can be
held constant during at least one of the steps.

[0080] The said third step can be conducted at between 700
and 750° C. for 4 to 16 h and a fourth step 1s then conducted
at between 600 and 650° C. for between 4 and 16 h, cooling
at 50° C./h to +/-10° C./h being conducted between said third
and fourth steps.

[0081] Between the first and second steps, it 1s possible to
hold the hot-formed alloy at an intermediate temperature
between the temperatures of the first and second steps for a
maximum time of 1 h.

[0082] The said blank may have been produced in the form
of an 1ngot and then hot-worked.

[0083] The said blank may have been produced using a
powder metallurgy method.

[0084] A further subject of the invention i1s a part 1n a
nickel-base superalloy, characterized 1n that 1t was obtained
from a blank produced according to the above-mentioned
method.

[0085] This may be a blank of a part for an aeronautic or
land-based gas turbine.

[0086] As will have been understood, the invention consists
of subjecting a Ni-base alloy containing Nb and/or Ta to a heat
treatment for which structural hardening i1s obtained by pre-
cipitation of the gamma' (N1, 11-y") and/or gamma" (N1,Nb-y"
and/or N1, Ta-v") hardening phases, these phases respectively
comprising Titanmium and Niobium and/or Tantalum. The heat
treatment comprises at least three hold steps which chrono-
logically are the following:

[0087] afirst hold step conducted at 850-1000° C. which
1s intended to precipitate the delta phase N1,Nb-0 and/or

Ni1,Ta-0 at the grain boundaries, with substantially

homogeneous distribution of this phase in the grain

boundaries, and to homogenize the microstructure of the
material; with regard to partly recrystallized microstruc-
tures 1t also allows completion of recrystallization and
causes the 0 phase to precipitate at the boundaries of the
new recrystallized grains;

[0088] a second hold step conducted at a temperature
higher than that of the first step and intended for part
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dissolution of the said delta phase Ni;Nb-0 and/or
Ni1,Ta-0, whilst maintaining the substantially homoge-
neous distribution obtained after the first step, and avoid-
ing grain enlargement; the second step 1s completed by
o1l quench or air cooling;

[0089] the third step and any optional following steps are
thermal ageing steps conducted at a temperature below
the temperature of the first step and allowing precipita-
tion of the gamma' (Ni,(Al—T1)-y') and/or gamma"
(N1;Nb-y" or N1, Ta-y") hardening phases.

[0090] One or more mtermediate cooling operations are
possible between each step but are not compulsory.

[0091] The method of the invention allows parts to be pro-
duced which, compared with those of the prior art having the
same composition, offer a better compromise between yield
strength under heavy loading, high fatigue strength and long
creep resistance lifetime.

[0092] The invention will be better understood on reading
the following description given with reference to the follow-
ing appended figures:

[0093] FIGS. 1to3 which schematize three examples of the
two first heat treatment steps according to the invention, FIG.

2 also showing an intermediate step between the first and
second steps; the temperatures along the Y-axis are referenced

in relation to O phase solvus temperature.

[0094] FIGS. 4 to 9 which give micrographs of alloys sub-

jected to reference heat treatments (FIGS. 4 to 7) and accord-
ing to the mvention (FIGS. 8, 9).

[0095] The method for manufacturing a part 1n N1 superal-
loy according to the invention may be initiated by preparing
and casting an 1ngot of said superalloy using conventional
methods such as a double melt method (VIM Vacuum Induc-
tion Melting—VAR Vacuum Arc Remelting) or triple melt
(VIM—ESR (Flectroslag remelting)—VAR). However, the
method of the invention can also be applied to a blank pro-
duced by power metallurgy. In the remainder of the text the
examples of applications described are examples 1n which the
starting product 1s obtained by the conventional route called
<<ingot metallurgy>>, but the transposition thereot to pow-
der metallurgy will be obvious for persons skilled 1n the art.
The treatments following after hot-working that are charac-
teristic of the mnvention will be the same 1n both cases.

[0096] The imnitial microstructure of a product (on the
understanding that the term <<product>> designates a semi-
product or blank of a part) before the treatment typical of the
invention, may vary in relation to the deformation thermo-
mechanical treatments conducted upstream, for example
forging, punching or hot rolling:

[0097] metallurgical state 1 (or <<state 1>>): the delta
phase Ni1;Nb-0 and/or Ni1;Ta-0 can be present at the
grain boundaries but not uniformly distributed between
the grains subsequent to deformation conducted at a

temperature lower than 6 phase solvus temperature;

[0098] metallurgical state 2 (or <<state 2>>): the delta
phase N1,Nb-0 and/or N1;Ta-0 may be absent or practi-
cally absent (<1%) from the microstructure subsequent
to deformation conducted for example at a temperature
higher than the 0 phase solvus.

[0099] Inthe first case, 1.e. starting from metallurgical state
1, the first treatment step according to the invention allows the
distribution of the 0 phase to be homogenized within the
microstructure, and permits the reducing of local variations in
the 0 phase fraction present after the thermo-mechanical
treatments due to temperature variations of greater or lesser
extent after deformation. Persons skilled in the art, if neces-
sary, are easily able to adjust the parameters for conducting
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the first step through routine testing, 1n order to optimize this
homogenization of 0 phase distribution.

[0100] In the second case 1.e. starting from metallurgical
state 2, the first treatment step according to the mmvention
allows (substantially) homogeneous precipitation of ¢ phase
at the grain boundaries which were devoid of this phase after
the thermo-mechanical treatment. Persons skilled in the art
may also, through routine testing, adjust the parameters i
necessary for conducting the first step so as to optimize this
homogenization of 0 phase distribution.

[0101] Whether in the first or second case, the first step also
allows completion of recrystallization in the regions where
recrystallization may not have been complete during thermo-
mechanical treatment, and it thereby homogenizes the global
structure of the alloy.

[0102] At the second step of the treatment according to the
invention, conducted at a temperature close to the o0 phase
solvus, the delta phase Ni;Nb-0 and/or Ni,Ta-0 1s partly
dissolved.

[0103] At the second step, the dissolution of the o phase
takes place in substantially uniform manner. The so-called
residual 6 phase 1.¢. the non-dissolved 0 phase maintains the
same distribution as obtained after the first step. On this
account, the residual 6 phase remains substantially uniformly
distributed around the grains, allowing the slowed growth of
all the grains and the limiting and even the avoiding of the
onset of large grains at the second step, which 1s conducted at
a temperature higher than that of the first step. The homoge-
neous distribution of the 0 phase at the grain boundaries
promotes the homogeneity of grain size 1n the microstructure
of the alloy at the end of treatment.

[0104] The second step therefore allows a reduction 1n the
quantity ol 0 phase obtained after the first step, down to a
residual quantity that 1s optimally lower than 4%, even below
3.5% whilst avoiding grain enlargement.

[0105] The greater dissolution ofthe 0 phase 1n a fine-grain,
homogeneous microstructure allows more niobium to be
released for precipitation of the gamma' and/or gamma™ hard-
enming phases during a third step and even other subsequent
steps forming an ageing treatment of the alloy.

[0106] Inunexpected manner, the inventors have found that
the absence of the first treatment step does not allow these
elfects to be obtained, 1rrespective of the 1nitial microstruc-
ture after thermo-mechanical treatment.

[0107] Evidently, for an initial microstructure devoid of o
phase (state 2) the absence of the first step will not allow
homogenization of the global structure of the material and
precipitation of the 6 phase at the grain boundaries, limiting
subsequent growth of the grains during the second step.

[0108] In the absence of the first step, when the initial
microstructure results from sub-solvus deformation which
led to 6 phase precipitation (state 1), the distribution of the o
phase 1s heterogeneous (see FIGS. 4 and 5). Therefore some
grains may contain a large quantity of 0 phase at the grain
boundaries, or little or no 0 phase at the grain boundaries, or
even a heterogeneous distribution of 6 phase at the grain
boundaries.

[0109] By conducting a heat treatment directly at the tem-
perature of the second step, without a temperature hold at the
temperature of the first step, the grains which are not sur-
rounded with 0 phase or which have little 6 phase at the grain
boundaries, or a non-uniformly distributed 6 phase will
enlarge uncontrollably up to a grain size possibly exceeding
about ASTM 3-6. The presence, even much localised pres-
ence of ASTM 5-6 grains (see FIGS. 6 and 7), reduces the
fatigue lifetimes by a factor of 10 compared with a homoge-
neous microstructure having ASTM size 10 grains. The com-
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bination of the first and second steps according to the mven-
tion therefore (see FIGS. 8 and 9) allow the partial dissolution
of the 0 phase and 1n homogeneous manner, whilst avoiding
the presence ol these large ASTM 5-6 grains which 1s redhibi-
tory for guaranteeing high fatigue properties.

[0110] With an initial microstructure comprising o0 phase
(state 1), the absence of the first step does not therefore allow
the desired microstructure to be obtained i.e. having a
residual, homogeneous 0 phase content preferably less than
4% with a homogeneous and acceptable grain size.

[0111] The preferred grain size for the products dertved
from the method of the invention follows from the desire to
achieve a good compromise between contlicting properties
with regard to their grain size requirements. Fatigue strength
and tensile strength effectively benefit from a small grain size,
whereas creep resistance and crack resistance benefit from a
coarse grain size. In this perspective, the preferred grain sizes

are ASTM 7 to 13, preferably ASTM 8 to 12, and best ASTM
9to 11.

[0112] The absence of the second step after conducting the
first step corresponds to treatments of usual type performed
on superalloy products to which the invention applies, and for
which i1t was seen above that they are not satistactory.

[0113] In addition, for an mitial microstructure devoid of 0
phase (state 2), and 1f neither of the two first steps required by
the invention are conducted, and therefore 1f thermal ageing
treatment 1s directly applied to the alloy (so-called <<Direct
Aged>> treatment) after its hot-working at 0 phase super-
solvus temperature (state 2), in the final structure a total
absence of 0 phase 1s obtained which 1s undesirable.

[0114] Unexpectedly, the inventors were effectively able to
evidence that a presence of 6 phase of between 2 and 4% and
optimally between 2.5 and 3.5% allows the properties of the
material to improved without weakening thereof.

[0115] On the other hand, microstructures which are devoid
of 0 phase are 1n general more subject to intergranular weak-
ening which c0n31derably reduces high temperature ductlhty
and strongly increases the alloy’s sensitivity to notch eflect
(for example premature creep rupture at a notched point).
Therefore, when the 0 phase 1s absent after thermo-mechani-
cal treatment, the first step 1s also necessary to create a mini-
mum amount of 0 phase distributed homogeneously at the
grain boundaries and to homogenize the global structure of
the material.

[0116] The hold period ofthe alloy at the temperature of the
first step 1s equal to or more than 20 minutes. The temperature
of the first step 1s between 850 and 1000° C. to precipitate the
0 phase. The temperature and the holding time are adjusted 1n
relation to the heterogeneity of the microstructure after defor-
mation, and with a view to maintaining an amount of 0 phase

alter the second step that 1s higher than the minimum required
for hot ductility.

[0117] The second step conducted at a temperature higher
than the first step 1s therefore necessary to allow lowering of
the quantity of 6 phase by dissolution down to the desired
level, preferably to a content of between 2 and 4% and opti-
mally between 2.5 and 3.5%, to release the Nb and/or Ta
needed for prec1p1tat1011 of the v' phase and/or v phase whilst
maintaining a suilicient quantity of Nb and/or Ta 1n 0 phase
torm distributed homogeneously around the grains for the hot
ductility of the matenal.

[0118] The temperature and the duration of the second step
are adjusted 1n relation to the fraction of 0 phase obtained
after the first step in order to obtain the desired residual
fraction of ¢ phase, whilst avoiding grain enlargement. The
duration of the second step 1s also related to the temperature
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determined for this step. In general, the duration of the second
step 1s shorter the higher the temperature thereof.

[0119] According to one preferred variant of the invention,
the two first treatment steps are successive steps (FIGS. 1 and
2).

[0120] By <<successive treatment steps>>, 1s meant that
the changeover from the first treatment step to the second
treatment step takes place by progressively increasing the
temperature to move from the first step onto the second with-
out passing through an intermediate temperature lower than
that of the first step.

[0121] The succession of the two first steps without
descending down to a temperature lower than that of the first
step, for example down to ambient temperature, allows the
avoiding of large temperature gradients inside the treated
sample, and the avoiding of heterogeneous dissolution of the
0 phase which could cause grain enlargement 1n some
regions. It 1s therefore preferable to adopt a sulliciently low
rate of temperature rise (<4° C./min) between the steps so that
the temperature remains homogeneous within the treated
sample during the second step. It was verified at the second
step that the temperature was homogeneous after 5 minutes
within a cylindrical sample of 1000 cm” after a rate of tem-
perature rise of 2° C./min from the first step. Therefore, any
changeover between the two steps at a temperature lower than
the first step risks increasing the time needed for homogeni-
zation of the temperature within the sample during the second
stage, and risks promoting heterogeneous dissolution of the 6
phase. Nevertheless, said changeover to a temperature lower
than that o the first step 1s not excluded by the invention (FIG.
3) 11, m particular 1n relation to the size of the treated part, the
parameters of the second step are adjusted, optionally by
adding an intermediate step so as to avoid the possible disad-
vantages that have just been mentioned.

[0122] Preferably, the first treatment step 1s conducted at a
temperature of between about 900 and 1000° C. for a time of
at least 30 minutes, and the second treatment step 15 con-
ducted at a temperature higher than that of the first step at
between 940° and 1020° C. for a time of between 5 and 90
minutes. The difference in temperature between the two steps
must therefore be at least 20° C. The temperature ranges and
time durations thus obtained allow a homogeneous micro-
structure to be obtained with an adequate grain size 1.e.
between ASTM 7 and 13, preferably between ASTM 8 and
12, best between ASTM 9 and 11, and a residual 6 phase
fraction of between 2% and 4%.

[0123] As will have been understood the invention 1s firstly
based on a synergy eflect between the two first steps, and the
optimised balancing between these two first two steps allows
the objectives set by the invention to be best met.

[0124] The 0 phase solvus temperature 1s directly depen-
dent upon the miobium+tantalum content of the alloy. The
quantity of mobium and/or tantalum present 1in the composi-
tion of the alloy therefore has a direct influence on the tem-
perature and duration of each step.

[0125] If an alloy of type 718 1s used (whose standardized
composition 1s detailed below), it 1s indicated to conduct the
first temperature hold at between 920 and 990° C. for at least
30 min, and the second temperature hold at between 960 and
1010° C. for 5 to 45 min. The optimal durations of the treat-
ments are also dependent upon the massiveness of the part to
be treated, and can be determined using modelling or experi-
ments usually used by those skilled 1n the art.

[0126] For atotal Nb and Ta content of the 718 alloy (with
less than 0.2% Ta) of between 5.2 and 5.5%, the first step 1s
preferably conducted at a temperature of between about 960°

C. and 990° C. for a time of between about 45 minutes and 2
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hours, and the second step 1s preferably conducted at a tem-
perature of between about 990° C. and 1010° C. for a time of
between about 5 and 45 minutes.

[0127] ForaNb+Ta content of the 718 alloy (with less than
0.2% Ta) of between about 4.8 and 5.2%, the first step 1s
preferably conducted at a temperature of between about 920°
C. and 960° C. for a time of between about 45 minutes and 2
hours, and the second step 1s preferably conducted at a tem-
perature of between 960° C. and 990° C. for a time of between
about 5 and 45 minutes. The duration of treatment 1s also
dependent upon the massiveness of the part to be treated.
[0128] The temperatures at the treatment steps are gener-
ally held substantially constant throughout the duration of the
temperature hold.

[0129] The rate of temperature rise between the first and
second step 1s preferably lower than 4° C./min, to avoid
temperature gradients that are too high, especially 11 the parts
being treated are large parts.

[0130] The rate of temperature rise from the first to the
second step 1s preferably between 1° C./min and 3° C./min.
[0131] The invention therefore applies to nickel-base
superalloys containing at least 50% Ni, 1n which the sum of
Nb+Ta exceeds 2.5% by weight.

[0132] In one particular case, the alloy 1s nickel-base alloy
of 718 type also called NC19FeNb (AFNOR standard), with
a weight content of,

[0133] between 50 and 55% nickel,

[0134] between 17 and 21% chromium,

[0135] less than 0.08% carbon,

[0136] less than 0.35% manganese,

[0137] less than 0.35% silicon,

[0138] less than 1% cobalt,

[0139] between 2.8 and 3.3% molybdenum,

[0140] at least one of the elements niobium or tantalum,

such that the sum of niobium and tantalum i1s between 4.75
and 5.5% with Ta less than 0.2%,

[0141] between 0.65 and 1.15% titanium,

[0142] between 0.20 and 0.80% aluminium,

[0143] less than 0.006% boron,

[0144] less than 0.015% phosphorus,

[0145] the residual percentage being iron and impurities

resulting from processing.

[0146] The elements for which no minimum content 1s
given may only be present in trace form, in other words at a
content which may be zero, at all events sufficiently low to
have no metallurgic efiect (this 1s true for the compositions
which will be mentioned).

[0147] Advantageously, an addition of phosphorus allows
grain boundary strength to be reinforced, in particular against
stresses such as creep and notched creep. The application of
the mvention to said alloy with phosphorus content higher
than 0.007% and lower than 0.015% 1s of particular interest
since the creep gain obtained 1s distinctly greater. It therefore
becomes easily possible to improve creep lifetimes by a factor
of 4 whilst maintaining the same grain size. This presence of
phosphorus, for the same reasons, may also be recommended
tor the other examples of alloy give below.

[0148] In another particular case, the alloy 1s a nickel-base
superalloy of 725 type, having a weight content of:

[0149] between 55 and 61% nickel,

[0150] between 19 and 22.5% chromium,

[0151] between 7 and 9.5% molybdenum,

[0152] at least one of the elements niobium or tantalum,

such that the sum of niobium and tantalum 1s between
2.75 and 4% with Ta less than 0.2%, between 1 and 1.7%
titanium,
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[0153] less than 0.55% aluminium,

[0154] less than 0.5% cobalt

[0155] less than 0.03% carbon,

[0156] less than 0.35% manganese,

[0157] less than 0.2% silicon,

[0158] less than 0.006% boron,

[0159] less than 0.015% phosphorus,

[0160] less than 0.01% sulphur,

[0161] theresidual percentage being iron and impurities

resulting from processing.

[0162] In another particular case, the alloy 1s a nickel-base
superalloy of 718PLUS type, with a weight content of:

[0163] between 12 and 20% chromium,
[0164] between 2 and 4% molybdenum,
[0165] at least one of the elements niobium or tantalum,

such that the sum of niobium or tantalum 1s between 5
and 7%, with Ta lower than 0.2%,

[0166] between 1 and 2% tungsten,
[0167] between 5 and 10% cobalt,
[0168] between 0.4 and 1.4% titanium,
[0169] between 0.6 and 2.6% aluminium,
[0170] between 6 and 14% i1ron,
[0171] less than 0.1% carbon,
[0172] less than 0.015% boron,
[0173] less than 0.03% phosphorus
[0174] the residual percentage being nickel and impurities

resulting from processing.

[0175] Ingeneral, the alloyis anickel-base superalloy char-
acterized by a content of niobium+tantalum higher than 2.5%
and by the presence of an intergranular phase of N1,Nb—Ta
type (0 phase) at between 800° C. and 1050° C. and by the
presence of an intragranular phase of Ni,(Al—T1)-(y") type
and/or of N1;Nb—Ta (y") type at between 600 and 800° C.
For a nickel-base superalloy containing more than 2.5% nio-
bium and/or tantalum and characterized by the presence of an
intergranular phase containing niobium and/or tantalum and
of N1;Nb—Ta type, the effect of the invention 1s also found
even 1n the absence of the y" hardening phase N1,Nb—Ta.
The greater dissolution of the intergranular phase of delta
Ni1,Nb—Ta type therefore releases niobium (y'-gen element)

which 1nserts itself 1in solid solution in the y' hardening phase
—Ni1,(Al, T1) and hardens the latter.

[0176] The treatment of the invention may comprise a
fourth step allowing completion of the precipitation of the
gamma" (N1;Nb—Ta-v") and/or gamma' (Ni1;(Al—T1)-y'")
hardening phases at a temperature lower than the temperature
of the third step.

[0177] For example, provision can be made for a third step
at between 700 and 750° C. for4 hto 16 h followed by cooling
at 50° C./h+/-10° C./h down to the temperature of the fourth
step at between 600° C. and 650° C. which 1s held for between
4 hand 16 h.

[0178] The treatment of the invention may also comprise at
least one intermediate step of short duration (no more than 1
h, see FIG. 2) between the first step and the second step to
facilitate homogenisation of the temperature within parts of
large-size during the temperature rise between the two {first
steps.

[0179] According to the invention, in which the (Ta+Nb)
content of the alloy 1s atleast 2.5%, 1t 1s recommended that the
Al content does not exceed 3%, so as not to cause precipita-
tion of the v' phase at the grain boundaries. Over and above
3% Al, the v' phase tends to stabilise to the detriment of the o
phase and the Nb comes to insert itself 1n the ' phase.
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[0180] Also, still to give priority to the precipitation of the
0 phase at the grain boundaries, it 1s preferable that the (Nb+
Ta+T1)/Al ratio should be 3 or higher.

[0181] The mvention will now be illustrated by several
examples of embodiment of the heat treatment according to
the invention, given 1n non-limiting mannet.

[0182] The first examples of embodiment of the method
according to the invention are applied to articles 1n 718 alloy
obtained after thermo-mechanical treatment of an alloy
obtained via conventional route of VIM+VAR+{orging, but
which could just as well have been obtained by powder met-
allurgy, and typically intended for the manufacture of aero-
nautic turbine discs.

[0183] On experimental level, using a VIM method we
prepared then re-melted 1ngots 1n 718 alloy using the VAR
method which were then hot-worked according to three diif-
terent schedules of thermo-mechanical treatment (1TTM, cf
Table 2) numbered 1 to 3 1n Table 2. The products obtained
alter thermo-mechanical treatment were cut up 1into samples
(designated A to P 1n Table 1). The samples were then sub-
jected to different heat treatments (TTH) comprising two to
four steps depending on different cases (see Table 2).

[0184] The schedule for thermo-mechanical treatment N° 1
comprised rolling conducted with different passes at a tem-
perature higher than the 0 phase solvus temperature of the
alloy. The products formed according to thermo-mechanical
treatment schedule N° 1 are bars whose metallurgical struc-
ture 1s devoid of delta phase (metallurgical state 2). In Table 2
the samples F, K, L, N were produced from bars obtained
according to this first thermo-mechanical treatment schedule.

[0185] The thermo-mechanical treatment schedule N° 2
was a conventional forging schedule with reheat (by
<<heat>> 1s meant holding in a furnace followed by defor-
mation; <<reheat>> therefore means two deformation steps,
cach being preceded by holding in the furnace) at a tempera-
ture lower than the 6 phase solvus temperature of the alloy
(<<sub-solvus temperature>>). This schedule allows precipi-
tation of the 6 phase 1n the alloy. The products formed accord-
ing to the thermo-mechanical treatment schedule N° 2 are
so-called pancakes (a product globally 1n the rough shape of
a flat disc resulting from deformation by forging) whose
metallurgical structure contains some 6 phase distributed het-
crogeneously at the grain boundaries (metallurgical state 1,
see FIGS. 4 and 5). In Table 2, the samples C, E and H were
produced from pancakes obtained according to this second
thermo-mechanical treatment schedule.

[0186] The thermo-mechanical treatment range N° 3 was a
conventional stamping schedule 1n a single heat step at a
temperature lower than the 0 phase solvus of the alloy. The
products formed according to the thermo-mechanical treat-
ment schedule N° 3 are blanks of discs whose metallurgical
structure contains some 0 phase distributed 1n highly hetero-
geneous manner at the grain boundaries (Metallurgy state 1,
see FIGS. 4 and 5). In Table 2, the samples A, B, D, G, 1, I, M,
O and P were prepared from blanks of turbine discs obtained
according to this third thermo-mechanical treatment sched-
ule.

[0187] Samples A to P were then subjected to five different
schedules of heat treatment (<<T'TH>>) designated a, b, ¢, d,
¢ (I'TH column, 1n Table 2) comprising two to four steps as

per each case.

[0188] The heat treatment schedules of types <<a>> or
<<b>> are reference heat treatment schedules representing
the state of the art.
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[0189] The heat treatment schedules of type <<a>> com-
prise one step of so-called 1sothermal solution treatment and
two ageing steps. For these schedules, the solution heat treat-
ment for samples A, B, C, D, F and P consisted of holding the
alloy at a constant temperature of between 955 and 1010° C.
for 40 to 90 minutes. The two ageing steps consisted of one
hold at 720° C. for 8 hours followed by controlled cooling at
50° C./h down to a temperature hold of 620° C. for 8 hours.

[0190] The type <<b>> heat treatment schedule known as
<<Direct Aged>> does not comprise any solution heat treat-
ment and consists solely of two ageing steps conforming to
type <<a>> treatments. Only sample E was subjected to the
type <<b>> schedule.

[0191] The type <<c>> heat treatment schedules are in
conformity with the invention and comprise two so-called
solution heat treatment steps, respectively designated as the
1*" step and 27 step, and one or two ageing steps, respectively
designated as the 3" step and 47 step.

[0192] For these schedules which concerned samples G, H,
J, K, M and N, the 1% solution heat treatment step consisted of

holding the alloy at a constant temperature of between 940°
C. and 980° C. for about 50 to 60 minutes. The 2nd solution

treatment step consisted of holding the alloy at a constant
temperature of between 980° C. and 1005° C. for about 15 to
40 minutes. The changeover from the 1** temperature hold to
the 2”? temperature hold was performed by controlled reheat-
ing at a rate of about 2° C./min. The 3™ and 4” ageing steps
were 1n conformity with the corresponding ageing steps of the
type <<a>> reference schedules except for samples H and J.

[0193] With regard to sample H, the temperature of the 37
ageing treatment step was brought to 750° C. instead of 720°
C. as used for the other samples. This difference allowed the
demonstration that the field of the invention 1s not limited to
restricted temperature conditions and duration of ageing
steps, but on the contrary that the invention can also be
applied with temperatures and durations of ageing steps such
as those used 1n the field of nickel-base superalloys.

[0194] As for sample 1, this sample was only subjected to
one ageing step at 720° C. for 10 hours. The ageing treatment
applied to sample J shows that invention can also be applied
when the alloy only undergoes a single ageing treatment step.

[0195] The type <<d>> schedules of heat treatments com-
prised two solution heat treatment steps and two ageing steps.
Samples I and L were treated 1n accordance with these sched-
ules. However these treatments do not conform to the mnven-
tion on account of a second step conducted at a temperature
that 1s too high or for duration that 1s too long. The conditions
of the 27? step effectively cause too extensive dissolution of
the 0 phase and grain growth 1s no longer controlled, leading
to major, uncontrolled grain enlargement during the second
step for samples I and L.

[0196] The type <<e>>heat treatment schedule comprised
a single solution heat treatment step at 1005° C. for 15 min-
utes, and two ageing steps. Only sample O was obtained
according to this heat treatment schedule which does not
conform to the mvention as explained below.

[0197] Samples A to L and O were alloys of type 718 with
5.3% of Nb and 40 ppm of P. Sample N was an alloy of type
718 with 5.0% Nb and 40 ppm of P. Samples M and P were
alloys of type 718 with 5.3% Nb and 80 ppm of P.
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TABLE 1
compositions of tested samples
Samples N1% Fe% Cr% Al% Ti% Nb% Mo% B % C% P%
A-L,O 54.2 resid. 179 0.5 0.97 5.3 3 0.003 0.03 0.004
N 53.7 resid. 17.9 049 098 5.0 3 0.003 0.02 0.004
M, P 54.0 resid. 18.1 0.5 1.00 5.3 3 0.003 0.03 0.00%8
[0198] 'Table 2 summarizes the treatment conditions for the [0207] Product L was treated with two-step solution heat
different samples, and the ASTM grain sizes and percentages treatment but with a second step conducted at too high tem-
ol surface o phase which can be seen 1n a micrograph_ perature and with too IOIlg duration, outside the field of the
[0199] Table 3 summarizes the main mechanical properties invention for a 718 alloy. o
of some of these samples, namely: [0208] Products K and N do not have the same niobium
[0200] the yield strength (YS) during a tensile test at 20° content, but both were subjected to a heat treatment schedule
C of type <<c>> according to the mvention.
[0201] theultimate tensile strength during a tensile test at [0209] The products in 718 alloy identified as €, E andDH
20° C (UTS were transformed as per the thermo-mechanical schedule n® 2
( ) _ which allows heterogeneous precipitation of the o phase.
[0202]  the numbe;' of cycles before rupture during a [0210] Product C is a reference sample which, after the
fatigue testat 450° C., comprising, with sinusoidal cycle thermo-mechanical schedule n® 2, was treated as per standard
and maximum stress 01 1050 MPa, a frequency of 10 Hz <<a>>type heat treatment of alloy 718 (treatment comprising
and a load ratio R ot 0.05; only one solution heat treatment at sub-solvus temperature).
[0203] the lifetime during a creep test at 650° C. under a [0211] Product E i1s also a reference sample which, after
stress of 550 MPa and under a stress of 690 MPa. thermo-mechanical schedule n° 2, was treated as per type
[0204] The grain size 1s defined according to the ASTM <<b>> heat treatment schedule and was therefore directly
standard and 1f the grain size 1s relatively inhomogeneous, the aged after forging and therefore did not undergo solution heat
maximum grain size (ALA) 1s also specified. treatment before ageing.
TABLE 2

Characteristics and treatments of the different test samples

Solution heat treatment steps

Ageing steps

1% step 279 step 379 step cooling 4% step Microstructure
Time Ramp Time T°  Time T° Timme  Grain
Sample Alloy Nb% TTM TTH T°(°C.) (min) °C. min T°(°C.) (min) (°C) (h) °C/h (°C) (h) ASTM %
A 718 5.3 3 a 955 60 — — — 720 8 50 620 8 11-12 5.9
B 718 5.3 3. a 970 60 — — — 720 8 50 620 8 11-12 5.1
C 718 5.3 2. a 973 90 — — — 720 8 50 620 8 10 4.8
D 718 5.3 3. a 1010 40 — — — 720 8 50 620 8 9 2
ALAS
E 718 5.3 2. b — — — — — 720 8 50 620 8 10-14 3-5.5
F 718 5.3 1 a 970 60 — — — 720 8 50 620 8 9-10 5.5
G 718 5.3 3 C 9RO 60 2 1005 15 720 8 50 620 8 11-12 3.1
H 718 5.3 2 C 980 60 2 1005 15 750 8 50 620 8 10 2.9
I 718 5.3 3 d 970 80 2 1005 60 720 8 50 620 8 9 1.9
ALAS
J 718 5.3 3 C 970 50 2 9935 40 720 10 — — — 11-12 3.5
K 718 5.3 1 C 980 60 2 1000 20 720 8 50 620 8 9-10 3.3
L 718 5.3 1 d 973 60 2 1015 20 720 8 50 620 8 8-9 1.4
ALA4
M 718 5.3 3 C 980 60 2 1005 15 720 8 50 620 8 11-12 3.0
N 718 5.0 1 C 940 60 2 9RO 15 720 8 50 620 8 9-10 34
O 718 5.3 3 e 1005 15 720 8 50 620 8 10 3.2
ALAS
P 718 5.3 3 a 970 60 — — — 720 8 50 620 8 11-12 5.3
[0205] The products in 718 alloy, F, K, L, N were therefore [0212] Product H was subjected to heat treatment accord-

transformed according to thermo-mechanical schedule n® 1
which does not allow 0 phase precipitation.

[0206] ProductF 1s areference sample which, aiter thermo-
mechanical treatment schedule n° 1, was treated using stan-

dard type <<a>> thermo-mechanical treatment of alloy 718
(treatment comprising a single solution heat treatment step at
0 phase sub-solvus).

ing to the invention (type <<c>>) with two-step solution heat
treatment within the field of the invention.

[0213] Theproductsin 718 alloy identified as A, B, D, G, 1,

I, M, O and P were transformed according to thermo-me-
chanical schedule n° 3 which allows highly heterogeneous
precipitation of the 0 phase.
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[0214] Adter thermo-mechanical treatment n° 3, the prod-
ucts A, B and P were treated as per the standard treatment for
alloy 718 (treatment of type <<a>> comprising a single sub-
solvus solution heat treatment).

[0215] Product D was treated with treatment comprising
only one solution heat treatment step but at higher tempera-
ture than for products A, B and P, 1.e. at a temperature close to
0 phase solvus.

[0216] Adfter thermo-mechanical treatment, product I was
subjected to two-step solution heat treatment but whose dura-
tion for the second step was too long having regard to the
temperature. The heat treatment applied to product I therefore
lies outside the field of the invention.

[0217] Adter thermo-mechanical treatment n° 3, product G
was treated with two-step solution heat treatment within the
field of the invention (heat treatment <<¢c>>). Product ] was
also treated with two-step solution heat treatment within the
field of the mnvention, but was not treated with a fourth step.

[0218] Product M was treated with two-step solution heat
treatment within the field of the invention, but has a phospho-
rus content of 0.008% which 1s twice higher than that of
products A-L and N-O.

[0219] Product O was subjected to <<e¢>> heat treatment
with one-step solution heat treatment; this treatment lies out-
side the field of the invention.

[0220] Product P1s areference sample having a phosphorus
content of 0.008%. It was treated using a standard treatment
schedule for alloy 718 (treatment of <<a>> type comprising
a only one solution heat treatment at sub-solvus temperature).
[0221] Products A, B, C which were treated with standard
sub-solvus heat treatment (schedule type <<a>>) have a fine
grain microstructure (>9 ASTM) but comprise a fraction of 0
phase (>4.5%) greater than the preferably desired 6 phase
fraction according to the invention. The mechanical proper-
ties obtained with these products constitute the reference for
assessment of the tensile, fatigue and creep properties
obtained with the thermo-mechanical schedules (1TTM) 2 and
3.

TABLE 3

Mechanical properties of the tested samples

Fatigue 450° C.

R =0.05
Tensile 20° C. 10 Hz omax = Creep lifetime (h)
UTS 1050 MPa 650° C.
Sample YS (MPa) (MPa) Lifetime (cycles) 350 MPa 690 MPa
A 1210 1470 >3 000 000 290 40
B 1240 1480 >3 500 000 340 60
C 1170 1465 1 400 000 350 70
D 1310 1495 60 000 1600 200
E 1350 1520 >3 000 000 180 40
G 1340 1520 >3 000 000 940 120
H 1290 1505 >3 000 000 770 150
M 1335 1520 >3 000 000 1400 330
P 1245 1492 >3 000 000 500 80
[0222] Product D was treated at a higher temperature than

products A, B, and C, 1t comprises ASTM 5 size grains and a
0 phase distributed heterogeneously (<2.5%) that i1s lower
than the preferably desired 6 phase according to the mnvention.
It 1s ascertained that this treatment did not allow a fine grain
microstructure to be maintained (at least ASTM 7, preferably
at least 8, and best ASTM 9) nor the satisfactory fatigue
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properties found for products A, B, and C. The considerable
reduction 1n the fatigue lifetimes 1s attributable to the pres-
ence of large-size ASTM 35 grains which form fatigue mitiator
sites.

[0223] Product E which was directly aged after thermo-
mechanical treatment N° 2 has a very heterogeneous grain
s1ze (ASTM 10 to 14) and major vaniations in the level of &
phase, this level being found in most of the regions of the part
(1n particular the regions subject to creep) and 1s higher than
the desired fraction of 6 phase. Although the tensile and
fatigue properties of product E are greater than those of prod-
ucts A, B, C, 1t 1s ascertained that the creep lifetimes obtained
with product E are shorter than the creep lifetimes for prod-
ucts A, B, C.

[0224] The absence of solution heat treatment does not
allow homogenization of the microstructure and 1s respon-
sible for the presence of very fine grains (>12 ASTM) and of
0 phase fractions that are too large, which are the cause of this
degradation of the creep properties.

[0225] Theabsence of solution heat treatment for productE
also allows the maintaining of residual work hardening after
forging, which 1s beneficial for tensile properties but 1s detri-
mental to creep resistance 1n the low stress area.

[0226] Products G, H, M were treated within the field of the
invention and have a fine grain microstructure (>9 ASTM)
and a 0 phase fraction (2.9% and 3.5%) included within the
desired range of 0 phase fraction, namely no more than 4%
and at least 2.5%. It 1s ascertained that the tensile properties
are distinctly greater than those of products A, B, C and of the
same level as those of product E. It 1s also ascertained that the
creep properties ol products G, H, M are distinctly better than
those of products A, B, C, E whereas the grain size 1s similar
in these products. The fine grain microstructure of products
G, H, M allows preservation of the fatigue properties obtained
with products A, B, C, E, and the smaller ¢ phase fraction of
products G, H, M allows for improved creep resistance.
[0227] The comparison between samples B and P shows
that the increase 1n phosphorus content for a 718 alloy sub-
jected to a reference treatment (a) does not substantially
Improve creep resistance.

[0228] Unexpectedly, the application of a treatment
according to the mvention to product M which has a higher
phosphorus content (80 ppm), allowed a considerable
increase in creep lifetimes up to a factor of 4 compared with
products A, B, C, and also compared with product P whose
phosphorus content 1s comparable with that of product M but
which was not given treatment according to the invention.

[0229] The combination of added phosphorus with the

treatment of the invention therefore has a synergic etiect
which 1s positive on the creep properties of the alloy obtained.

[0230] Theinvention targets the maintaining of a residual o
phase fraction (preferably higher than 2.5%) which allows
satisfactory ductility to be maintained at high temperature. It
the content of the 6 phase i1s too low this has an effect on
damage and ductility under tensile testing at high temperature
(650° C. with a strain rate of 10™s™"). It is effectively ascer-
tained that product D whose 6 phase content 1s close to 2% has
a ductility (elongation at break of 7%) that 1s much lower than
that of product G (elongation at break of 27%) whose 0 phase
fraction 1s close to 3%. This reduced ductility of product D
results from intergranular damage caused by a fraction of o
phase that 1s too small and distributed heterogeneously.

[0231] The influence of the treatments of the invention on
the microstructure will now be detailed.
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[0232] An examination was made of samples A, B, C, D, E,
G, H, I, I, M, O and P which are 1n 718 alloy and were

transformed using thermo-mechanical schedule N° 2 or n® 3.
[0233] FIGS. 4 to 9 are micrographs representing the
microstructures:
[0234] ofsamplesA,B,C,D,E, G, H,I,J],M,OandP in
their initial state after thermo-mechanical treatment
(FIGS. 4 and 5),

[0235] of samples D and O after being subjected to heat

treatment comprising only one solution heat treatment

step (FIGS. 6 and 7)
[0236] of samples G, H and M after being subjected to
heat treatment according to the invention (FIGS. 8 and
9).
[0237] FIGS. 4 and 5 illustrate the microstructure of
samples A, B, C, D, E, G, H, I, ], M, O and P (metallurgical
state 1) after being subjected to sub-solvus thermo-mechani-
cal deformation (thermo-mechanical schedule 2 or 3). This 1s
a microstructure which shows delta phase N1,Nb-0 and/or

Ni1,Ta-0 at the grain boundaries, but 1n a manner not uni-
tormly distributed between the grains.

[0238] FIG. 4 shows that the samples have a fine grain of
about size ASTM 11, with heterogeneous distribution of the 6
phase (black spots at the grain boundaries). After the thermo-
mechanical deformation schedule, the 06 phase percentage 1s
2.8 to 6% and the grain size 1s ASTM 10 to 13. This gives a
very heterogeneous microstructure from these two view-
points.

[0239] FIG. 5 1llustrates the microstructure of the samples
with greater enlargement and shows grains whose boundaries
are mostly fully devoid of 6 phase (this phase 1s shown 1n
white 1n this micrograph).

[0240] When a treatment 1s applied to a sample (sample B)
that only comprises one solution heat treatment step at 970°
C. for about 60 minutes, the percentage of 0 phase obtained 1s
4.7 to 5.5% and the grain size of ASTM 11 to 12. The homo-
genelty of the sample 1s therefore improved but a large frac-
tion of 0 phase 1s maintained, for which it 1s known (see
sample B, Tables 1 & 2) that 1s highly unfavourable for creep
resistance.

[0241] If the heat treatment applied to a sample (see for
example sample O 1n Table 1) 1s treatment only comprising
one solution heat treatment step at 1003° C. for about 15
minutes, corresponding to the <<second step>> of the inven-
tion, the percentage of 0 phase obtained (see FIGS. 6 and 7) 1s
1.1 to 3.5%, and the grain size 1s ASTM 5 to 9. The level of 0
phase 1s therefore reduced, which 1s 1n the right direction for
creep resistance, but heterogeneous distribution of grain size
1s observed. This can be accounted for by the heterogeneous
grain growth during this step resulting from non-homoge-
neous distribution of the 6 phase inherited from the nitial
microstructure.

[0242] Indeed, and as previously explained, the nitial
microstructure results from sub-solvus deformation (state 1),
the distribution of the 0 phase 1s heterogeneous in the 1nitial
microstructure. As a result, some grains may contain a large
quantity of 0 phase at the grain boundaries in the mitial
structure, whereas other grains only have little or no o phase
at the grain boundaries (see FIG. 5).

[0243] By conducting heat treatment directly at the tem-
perature ol the second step, without any mtermediate tem-
perature hold at the temperature of the first step 1n accordance
with the invention, the grains which are not surrounded with
0 phase or which have little 0 phase at the grain boundaries
will enlarge uncontrollably up to a grain size which may
exceed about ASTM 5-6, whereas the growth of the other
grains surrounded by 0 phase will be hindered and will give
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rise to grain sizes close to ASTM 9. This heterogeneity of
grain size can be clearly seen 1n the micrographs 1n FIGS. 6
and 7. The presence, even much localized presence of ASTM
5-6 grains considerably reduces the fatigue lifetimes.

[0244] On the other hand, 1f some samples (samples G, H
and M) are given the heat treatment according to the mven-
tion, namely a first step at 980° C. for 60 min and, immedi-
ately afterwards, heating as per a ramp of 2° C./min up to a

second temperature hold at 1005° C. for 15 min, a ¢ phase of
2.9 to 3.5% 1s obtained with a grain size of ASTM 10 to 12.

[0245] The micrographs in FIGS. 8 and 9 show that, com-
pared with the 1imitial state of the sample:

[0246] the grain size 1s more homogeneous and remains
very fine;
[02477] the O phase 1s now distributed regularly at the

grain boundaries, which efficiently prevents the growth

thereof.
[0248] By means of the small formation of 0 phase precipi-
tates, which leaves the Nb and Ta elements available 1n dis-
solved form, by means of the reduced grain size, of the homo-
geneous distribution of the 0 phase at the grain boundaries
and of the well-adjusted level of the presence of this 0 phase,
creep resistance and tensile strength are improved. It 1s 1n
particular the fine grain size associated with controlled dis-
solution of the 0 phase which allows the objectives of the
invention to be reached, which are:

[0249] strong fatigue properties, avoiding premature
crack initiation in large grains and giving priority to
crack initiation 1n niobium carbides:

[0250] 1mproved yield strength due to more extensive
hardening generated by a larger fraction of hardening
phase;

[0251] adistinct, even considerable, improvement in the
creep resistance of the alloy with suificient phosphorus
content (sample M).

[0252] Once the alloy has been treated according to the
invention, the finishing operations can proceed as 1s usual 1n
the prior art to obtain the end part.

[0253] In addition, the inventors conducted additional tests
on samples of alloys of type 718Plus and 725, and were able
to confirm that the mvention when applied to other nickel-
base superalloys having a niobium and/or tantalum content of
more than 2.5%, allowed a marked improvement in their
creep resistance and tensile strength.

1. A method for manufacturing a blank of a part 1n Ni-base
superalloy comprising at least 50 N1 1n weight percent, com-
prising;:

preparing an alloy of said superalloy, and

conducting heat treatments of said alloy, wherein:

said superalloy 1n weight percentage comprises at least a
total of 2.5% Nb and Ta;
heat treatment 1s applied to said alloy, comprising a
plurality of steps distributed as follows:
in a first step, during said alloy 1s held at between 850
and 1000° C. for at least 20 minutes, precipitating a
0 phase at grain boundaries;
in a second step, during said alloy 1s held at a tem-
perature higher than the temperature of the first
step, allowing partial dissolution of the 0 phase
obtained at the first step, and after the second step to
obtain a 0 phase quantity of between 2 and 4%, the
first and second step being conducted without inter-
mediate cooling; and
in ageing treatment comprising a third step and
optionally one or more additional steps conducted
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at a temperature lower than that of the first step,
allowing precipitation of v' and/or y" hardening
phases;
the first step being conducted between 900 and 1000° C.
for at least 30 min, and the second step at between 940
and 1020° C. for 5 to 90 min, the difference 1n tem-
perature between the two steps being at least 20° C.

2. The method according to claim 1, wherein an Al content
of the alloy 1s equal to or less than 3%.

3. The method according to claim 1, wherein a ratio (Nb+
Ta+T1)/Al of the alloy 1s equal to or more than 3.

4. The method according to claim 1, wherein a grain size
obtained at the end of the alloy treatment 1s between 7 and 13
ASTM.

5. The method according to claim 1, wherein distribution of
the o phase 1s homogeneous at the grain boundaries after the
ageing treatment.

6. The method according to claim 1, wherein after the
second step a 0 phase quantity 1s obtained of between 2.5 and
3.5%.

7. (canceled)

8. The process according to claim 1, wherein a changeover
from the first step to the second step 1s performed at a rate of
4° C./min or less.

9. (canceled)

10. The process according to claim 1, wherein the alloy
comprises by weight:

between 30 and 55% nickel,

between 17 and 21% chromium,

less than 0.08% carbon,

less than 0.35% manganese,

less than 0.35% silicon,

less than 1% cobalt

between 2.8 and 3.3% molybdenum,

at least one of the elements niobium or tantalum, such that

the sum of niobium and tantalum totals between 4.75
and 5.5% with Ta less than 0.2%,

between 0.65 and 1.15% titanium,

between 0.20 and 0.80% aluminium,

less than 0.006% boron,

less than 0.015% phosphorus,

the residual percentage being iron and impurities resulting

from processing.

11. The method according to claim 10 wherein the first step
1s conducted at between 920 and 990° C. for at least 30 min
and the second step 1s conducted at a temperature of between
960 and 1010° C. for 5 to 45 min.

12. The method according to claim 11, wherein the total
content ol Nb and Ta of the alloy 1s between 5.2 and 5.5%, 1n
that the first step 1s conducted at between 960 and 990° C. for
45 min to 2 h, and 1n that the second step i1s conducted at
between 990 and 1010° C. for 5 to 45 min.

13. The method according to claim 11, wherein a total
content of Nb and Ta of the alloy 1s between 4.8 and 5.2%, 1n
that the first step 1s conducted at between 920 and 960° C. for
45 min to 2 h, and 1n that the second step i1s conducted at
between 960 and 990° C. for 5 to 45 min.

14. The method according to claim 1, wherein the alloy
comprises a weight content of:

between 35 and 61% nickel,
between 19 and 22.5% chromium,
between 7 and 9.5% molybdenum,
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at least one of the elements niobium or tantalum, such that
the sum of niobium and tantalum 1s between 2.75 and

4% with Ta less than 0.2%,
between 1 and 1.7% titanium,
less than 0.55% aluminium,
less than 0.5% coballt,
less than 0.03% carbon,
less than 0.35% manganese,

less than 0.2% silicon,
less than 0.006% boron,

less than 0.015% phosphorus,

less than 0.01% sulphur,

the residual percentage being 1ron and impurities resulting

from processing.

15. The method according to claim 1, wherein the alloy
comprises by weight:

between 12 and 20% chromium,

between 2 and 4% molybdenum,

at least one of the elements niobium or tantalum, such that

the sum of niobtum or tantalum 1s between 5 and 7%
with Ta less than 0.2%,

between 1 and 2% tungsten,

between 5 and 10% coballt,

between 0.4 and 1.4% titanium,

between 0.6 and 2.6% aluminium,

between 6 and 14% 1ron,

less than 0.1% carbon,

less than 0.015% boron,

less than 0.03% phosphorus

the residual percentage being nickel and impurities result-

ing from processing.

16. The method according to claim 1, wherein the alloy has
a weight percent content of phosphorus of more than 0.007%.

17. The method according to claim 1, wherein the first step
and the second step are conducted at sub-solvus temperatures
of the o phase of the alloy, the first step being conducted at a
temperature between S0° C. below the 6 solvus temperature
and 20° C. below the 0 solvus temperature, and the second
step being conducted at a temperature between 20° C. below
the o solvus temperature and the ¢ solvus temperature.

18. The method according to claim 1, wherein a tempera-
ture of the hot-worked blank part 1s held constant during at
least one of the said steps.

19. The method according to claim 1, wherein the said third
step 1s conducted at between 700 and 750° C. for 4 to 16 h and
in that a fourth step 1s conducted at between 600 and 650° C.
for between 4 and 16 h, cooling at 50° C./h to +/-10° C./h
being carried out between the said third and fourth steps.

20. The method according to claim 1, wherein between the
first and second steps, the hot-worked alloy 1s held at least at
one intermediate temperature between the temperatures of
the first and second steps for no more than 1 h.

21. The method according to claim 1, wherein said blank
part was prepared in ingot form and then hot-worked.

22. The method according to claim 1, wherein said blank
part was prepared using a powder metallurgy method.

23. A part 1n nickel-base superalloy wherein it 1s obtained
from a blank part manufactured using the method according
to claim 1.

24. The part according to claim 23, wherein it 1s an aero-
nautic or land-based gas turbine part.
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