REPAI R PROCESS BACKGROUND OF THE | NVENTI ON The present invention relates to
a process for repairing cracks in metal workpieces and nore particularly to
a brazing paste used in said repair process. Metal workpieces, such as
turbi ne engi ne conponents, often encounter difficult work environnments. As
a result of the harshness of the wogkpgn¥i pRBABSES, cracks may develop in
the workpieces over the course of their service I'ife. Over the years, nmany
t echni ques have been devel oped to repair the cracks in such netal
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Over the years, many technigues have been developed to
repair the cracks in such metal workpieces. These techniques
include welding and brazing the metal workpieces to repair the
cracks. Despite the existence of these technigues, there
remains a need for more effective repair processes and repair

products.

SUMMARY QOF THE INVENTION

Accordingly, it is an object of the present invention to
provide a process for repairing cracks in metal workpieces.

It is a further object of the present invention to provide
a brazing paste for use in a process for repairing cracks in
metal workpieces.

( The foregoing cobjects are attained by the process and braze
paste of the present invention.

In accordance with the present invention, a process for
repairing metal workpieces, such as turbine engine components,
is provided. The process comprises the steps of forming a braze
paste containing a first nickel base alloy material containing
boron and chromium and a second nickel base alloy material
containing chromium and cobalt, applying the brazing paste to an
area of the metal workpiece containing the cracks, and
performing a brazing cycle by heating the brazing paste and the

workpiece.



boron and chrom um and a second nickel base alloy material containing
chrom um and cobalt, applying the brazing paste to an area of the netal

wor kpi ece containing the cracks, and perform ng a brazing cycle by heating
the brazing paste and the workpiece. 1 Further, in accordance with the
present invention, a braze paste for use in the repair of cracks in netal
wor kpi eces  brogdlyheePEhS88carfhnst Nickethdase: Al RifSicH, GOmhai-ai ng
boron and chrom um and a second ni ckel base alloy material containing
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In accordance with the present invention, a process for

( repairing cracks in a metal workpiece, such as a turbine engine
component, is provided. The process broadly comprises forming a
braze paste containing a first nickel base alloy material
containing boron and chromium and a second nickel base alloy
material containing chromium and cobalt, applying the brazing
paste to an area of the metal workpiece containing the cracks,
and performing a brazing cycle by heating the brazing paste and
the workpiece. The brazing paste preferably contains from 20
wt% to 60 wt% of the first nickel base alloy material and the
balance comprising the second nickel base alloy material. In a
most preferred embodiment, the first nickel base alloy material

( and the second nickel base alloy material are present in a ratio
of 1:1.

While it is preferred to form the braze paste using the
aforementioned proportions of the first and second nickel base
alloy materials, the braze paste can be formed with the second
nickel based alloy material being mixed with a quantity of the
first nickel based alloy material sufficient to cause adequate
flow during the braze cycle.

In one embodiment of the present invention, the first
nickel base alloy material preferably contains nickel as a major
constituent and from 14 wt% to 16 wt% chromium and from 2.4 wt%

to 3.0 wt% boron. BAn example of a suitable first nickel base
2



and the second nickel base alloy nmaterial are present in a ratio of 1:1.
Wiile it is preferred to formthe braze paste using the aforenentioned
proportions of the first and second nickel base alloy naterials, the braze
paste can be forned with the second nickel based alloy material being m xed
with a quantity of the first nickel based alloy material sufficient to
cause adequate flow during the braze cycle. In aone enbodi nent of the
present i ety R aHe ) i iS5 onen RN D £ EPCSY rRle FRRIS 15EAR8r 961 YXe8ntdi ns

ni ckel as @, "By Qfr s CONrtlents RRM F oml4 W ko pL6 ot Yo, ghigmoursapdsf rom
2.4 W% to 3.0 wt% boron. An exanple of a suitable first nickel base 2

al |l oy mat erddl ictlone dHanart 2 cowhddia immadowsirs tilggedf afwdonngditedléb wt %
chrom um from2t.r.4 to 3.0 wt% boron, up to 0.15 m% total other elenents,
and the rehBWder*Siickel and inevitable inpurities. The second nickel base

al loy material mefarabhly haka weesilldyomagertiailnipie ferami45hut % ni ckel
to 51 wt%nickel, from 22 wt%to 23 wt% chrom um and from18.5 w%to 19.5
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chrom um rgwn%?ié:.cgaévf%t?éo ?g é lvﬁ’v{"!% %c?galfir,r qﬂ%rﬁ%% V\;C‘t% t%'%%%ﬁ/?alt'
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alumnum fram1.2 wt%.to 1.5 wt % tantal um_.from.0.8 %to 1.2 wt%
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0. 015 wt % phpsphiiisn, UWrdnP 16 B0 wM¥to 19.5 wt% cobalt, from 3.5 wt% to
4.0 wt% titanium, from 1.8 wt% to 2.2 wt% tungsten, from 1.7 wt%
to 2.0 wt% aluminum, from 1.2 wt% to 1.5 wt% tantalum, from 0.8
wt% to 1.2 wt% niobium, from 0.13 wt% to 0.17 wt% carbon, up to
0.20 wt% manganese, up to 0.015 wt% phosphorous, up to 0.10 wt%
copper, up to 0.25 wt% iron, up to 0.10 wt% silicon, up to 0.04
wt% zirconium, from 0.001 wt% to 0.008 wt% boron, up to 0.00S
wt% sulfur, up to 0.005 wt% nitrogen, up to 0.003 wt% oxygen, up
to 0.0005 wt% silver, up to 0.0005 wt% lead, up to 0.00005 wt%
selenium, up to 0.00003 wt% bismuth, up to 0.00005 wt%
tellurium, up to 0.00005 wt% thallium, and the balance nickel
and inevitable impurities.

To form the braze paste, the first and second nickel base
alloy materials are provided in powder form. The first and

( seceond nickel base alloy materials are then mechanically mixed

to form the brazing paste. If desired, the first and second
nickel base alloy materials may be mixed with a binder, such as
Nicrobraze S binder, to form the brazing paste. Any suitable
mechanical mixing means known in the art may be used to form the
brazing paste.

The braze paste may be applied to an area of the workpiece
containing the cracks using any suitable means known in the art.
Prior to applying the braze paste, a crack to be filled may be

cleaned of any debris using any suitable means known in the art.




copper, up to 0.25 wt%iron, up to 0.10 wt% silicon, up to 0.04 W%
zirconium from0.001 wt%to 0.008 wt% boron, up to 0.005 wt%sulfur, up to
0.005 wt % nitrogen, up to 0.003 wt% oxygen, up to 0.0005 wt% silver, up to
0.0005 Wt % |l ead, up to 0.00005 wt % selenium up to 0.00003 wt % bi snuth, up
to 0.00005 wt% telluriu up to 0.00005 wt%thaILi um and the bal ance
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Fahrenheit for m tdowe perstecicewlf i€l pAY be ayseabhe b6 agrag: pasiee to flow
into and fill the crack(s). Any suitabl'e neans known in the art
crack({s) with the second nickel base alloy material in powder
form. This is because during the brazing cycle treatment, the
first nickel base alloy material becomes liquid, while the
second nickel base alloy material stays solid. The solid is
carried along with the liquid when the mixture flows into a
crack to be repaired.

The braze paste used in accordance with the present
invention is advantageous in that it allows the repair of
cracked components without causing undesirable metallurgical
changes in the repair area or adjacent parent material.

The repair process of the present invention may be used to
repalr gas turbine engine components, both for flight and power
generation applications.

{ While the metal workpieces being repaired may be formed
from any suitable substrate material, such as nickel based
alloys, the process of the present invention works particularly
well when the workpiece iz formed from the same material as that
forming the second nickel base alloy.

It is apparent that there has been provided in accordance
with the present invention a repair process which fully
satisfies the objects, means, and advantages set forth
hereinbefore. While the present invention has been described in
the context of specific embodiments thereof, other alternatives,

modifications, and variations will become apparent to those
4



may be used to performthe brazing cycle at the above tenperature range. In
sone i-nstances, it nmay be desirable to prefill the crack(s) with the second
ni ckel base alloy material in powder form This is because during the
brazing cycle treatnent, the first nickel base alloy material becones
l'iquid, whil,e the, .second nickel .base all] terial st solpd,. _The solid
i's carrieuf%ﬂ%%ﬁf\ﬁQI1 ehglFiéﬁf&nﬁhéﬁaéhg%ﬁygfﬁFgoﬁ %%gﬁ gpalogfack to be
repai red. The-dydizgyipastie usednitrndecortdara®raickeh thbeepuesenhatingention is
advantageous in that it allows the repair of _cracked conmponents w thout
causi ng undedifgiad imsal 1pgdgivegiiatdratgés ifR lth&it8aai fher R agpaeent
par ent natqﬁkgkq) JeRaly; rocess of the present invention may be used to
repair gas turbi'ne engi ne conponents, both for flight and power generation
applications. Wile the netal workpieces being repaired nmay be fornmed from
any suitable substrate material, such as nickel based alloys, the process
of the present invention works particularly well when the workpiece is
formed fromthe sanme naterial as that formng the second ni ckel base all oy.
It is apparent that there has been provided in accordance w th the present
invention a repair process which fully satisfies the objects, neans, and
advant ages set forth hereinbefore. Wiile the present invention has been
described in the context of specific enbodi nents thereof, other
alternatives, nodifications, and variations will becone apparent to those



4 skilled in the art having read the foregoing description. Accordingly, it
is intended to enbrace those alternatives, nodifications, and variations as
fall within the broad scope of the appended clains. K, 5 Wat is clained
is: 1. A process for repairing at |east one crack in a netal workpiece

conpri si nguthe stensiptg formng a braze paste containing a first nickel
base alloy material contalning boron and chrom um and a second ni ckel base

alloy material containing from22 w%to 23 w % chrom umand from 18.5 wt %
to 19.5 wt % cpbalt applLying sai.d_brazi aste to an area o aid netal

wor kpi ece gbn}tga?arrﬂcr?ﬁgsg%% att 1'éast %éeﬂ%ar%cl?;neaﬁﬁa tibj e & f“ﬁéaia‘?"ﬂrwgf‘?ng
paste and samgrisimigptreestepsa di:azing cycle by heating said brazing paste
and said workpiece. 2. A process according to claim1, wherein said heating

step conprises heating said brazing paste and said workpiece to a

tenperature in E8enimNGe hz2000sleqiRes ol enhigirk et B 4200 Hiegr gesoy
Fahrenheit. 3. A process according to claim1l, wherein said braze paste

form ng /matehladr oerRrAgiRaiRpTony 3nd aplr asdaonandi ¢ lascopdsaickebyanst eri al s
in \ pomdghc}}gr“(%f%g a'ﬂeg&?@di(iﬁlnlgyf%%'ﬁg&%' gofb%%rf?a%t SHEARd M Gkal, base

alloy materia process according to clarm er conpri sing
prefillingl8.5 wt% to 19.5 wt% cobalt

applying said brazing paste to an area of said metal

(' workpiece containing said at least one crack; and

subjecting said brazing paste and said workpiece to a brazing

cycle by heating said brazing paste and said workpiece.

2. A process according to claim 1, wherein said heating step
comprises heating said brazing paste and said workpiece to a
temperature in the range of 2000 degrees Fahrenheit to 2200 degrees

Fahrenheit.

3. A process according to claim 1, wherein said braze paste forming
step providing said first and second nickel base alloy materials in
powder form and mechanically mixing said first and second nickel

bage alloy materials.

4. A process according to claim 1, further comprising prefilling
gsalid at least one crack with saild second nickel base alloy

material.

5. A process according to claim 1, wherein said braze paste forming
step comprises forming a paste containing from 20 wt% to 60 wt¥% of
the first nickel base alloy material and the balance comprising

said second nickel base alloy material.



said at .| east one crack with said second nickel base alloy material. 5. A
process according to claim1l, wherein said braze paste formng step
conprises formng a paste containing from20 wt%to 60 w% of the first

ni ckel base alloy material and the bal ance conprising said second nickel
base alloy material. E 6. A process according to claim5, wherein said braze
paste formng step conprises formng a braze paste with a 1:1 ratio of said
first nickel abasecedd ayromatiénygato tdda d, seicaryd misakal bbase midrey famhiatg al .

7. A process according tao claiml, wherein said braze paste formn ste
conpri ses rﬁst nﬁoﬁpﬂ‘%ﬁ %r?FE‘P(E? HATEZR PEFRaY e & 166?\’(’%‘?& Rf Sﬁilgk@rrsa‘g a
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3.0 wt % boron and_a second ni ckel base alloy material containing from45

W % ni ckel Ma&e53aht % ni ckel C 8. A brazing paste for repairing cracks in a
met al wor kpi ece, said paste conprising a first nickel base alloy material
contai ning boron and chrom um and a second ni ckel base alloy materi al

cont ai ni ng T.r anpREceR oo ing %6 ¢ hrlarrinuin avidefaiomsa8dsbyEé ttmste. bormiith

cobalt 9. A.,brazin ste.accordi to claim.8 wherein said paste _contains
from 20 wt RCE BOMREbRG TERETFI T L i o RAF Bheis Fay oY ATl ARACTHA S
bal ance comirckelngs Sainthjsecebfstilalt hasefadh ay wiat €61 84 .wd% chromium

and from 2.4 wt% to 3.0 wt% boron and a second nickel base alloy

material containing from 45 wt% nickel to 51 wt% nickel

8. A brazing paste for repairing c¢racks in a metal workpiece, said
paste comprising a first nickel base alloy material containing
boron and chromium and a second nickel base alloy material
containing from 22 wt% to 23 wt% chromium and from 18.5 wt% to 19.5

wt% cobalt

9. A brazing paste according to claim 8, wherein said paste
containg from 20 wt% to 60 wt% of the first nickel base alloy
material and the balance comprising said second nickel base alloy

material.

10. A brazing paste according to claim 9, wherein said first nickel
base alloy material and said second nickel base alloy material are

present in a 1:1 ratio.

11. A brazing paste according to claim 8, wherein said first nickel
base alloy material contains nickel as a major constituent and from

14 wt% to 16 wt% chromium and from 2.4 wt% to 3.0 wt% boron.

12. A brazing paste according to claim 8, wherein said second

nickel base alloy material contains from 45 wt% nickel to 51 wt#%



10. A brazing paste according to claim9, wherein said first nickel base
alloy material and said second nickel base alloy material are present in a
1:1 ratio. 11. A brazing paste according to claim@8, wherein said first

ni ckel base alloy material contains nickel as a major constituent and from
14 t%to 16 wt % chromumand from2.4 wt%to 3.0 wt% boron. 12. A brazing
past e accofdrhgito claim8, wherein said second nickel base alloy material
contains from45 w% nickel to 51 w% | nickel, 13. A process for
repairing at |east one crack in a turbine engine conponent conprising the
steps of: formng a braze paste containing a first nickel base alloy
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19. 5 W % cebapbnent apipyiieingatltk tapsngf paste to an area of said turbine
engi ne conponent containing said at | east one crack; and heating said
brazi ng paste and said turbine engi ne conponent to cause said braze paste

to flow into angobhihgSRivtak bgacE QN aithiagka AidstAnREREESSaALGQRELNT O
claim 13, wherein said heating step conprises heating salid brazing paste
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to claim1l erein-sai raze ste orm ng step providi ng sail irst and
second ni ckelsbatse tal [10y5 wt% cobalt ¥

(' applying said brazing paste to an area of said turbine engine

component containing said at least one crack; and

heating said brazing paste and said turbine engine component
to cause said braze paste to flow into and £ill said at least one

crack.

14. A process according to claim 13, wherein said heating step
comprises heating said brazing paste and said turbine engine
component to a temperature in the range of from 2000 degrees

Fahrenheit to 2200 degrees Fahrenheit,

15. A process according to claim 13, wherein said braze paste
forming step providing said first and second nickel base alloy
materials in powder form and mechanically mixing said first and

second nickel base alloy materials.

16. A process according to claim 13, further comprising prefilling
gsaid at least one crack in said turbine engine component with said

second nickel base alloy material.

17. A process according to claim 13, wherein said braze paste

forming step comprises forming a paste containing from 20 wt% to



materials in powder formand nechanically mxing said first and second

ni ckel base alloy materials. 16. A process according to claim 13, further
conprising prefilling said at |east one crack in said turbine engine
conponent with said second nickel base alloy material. 17. A process
according to claim 13, wherein said braze paste formng step conprises
formng a paste containing from20 wt%to 9 60 wt%of the first nickel base
al | oy mat erdoaktangs ttiee bahaRcai cRONMdsH AJ167i khieaGandanicked Hasacal | oy
material. 18. A process according to claim1l7, wherein said braze paste

f or m ng sté’;ﬁ’“@%ﬁ%?%e%alfdorsﬁcﬁﬁdanb?]%ﬁz]e hget alipy magerialratio of said first
ni ckel base alloy nmaterial to said second nickel base alloy material. 19. A
process according to claim 13, wherein said braze paste fornmng step
conprises riidi ﬁgpa0¢¢$$taq¢iog‘idéhgbmecladlilnby'frrawlmﬁailn sed;dtlaiarﬂm@arsitekel as a
maj or ConStfotr‘rJn?Ht agéj fro?nmrlée""tf/ tn91n16 \N}JO/ é:hro %omrz 4 % to
3.0 wt % boron and 3 Rdond ni-ckef® Fof/ rPaat |aI1 o?‘lt i*hi r‘_ilé Prdm 45

Wt % ni ckel dadd5%iwkQ0midKedl blse alloy material to said second nickel base

alloy material.

19. A process according to claim 13, wherein said braze paste
forming step comprises mixing a first nickel base alloy material
( containing nickel as a major constituent and from 14 wt% to 16 wt%
| chromium and from 2.4 wt% to 3.0 wt% boron and a second nickel base

alloy material containing from 45 wt% nickel to 51 wt% nickel



