REPAI R PROCESS BACKGROUND OF THE | NVENTI ON The present invention relates
to a process for repairing cracks in netal workpi eces and nore
particularly to a brazing paste used in said repair process. Metal

wor kpi eces, such as turbine engine conponents, often encounter difficult
work environnments. As a result of REPAIRh&ROOBESSs of the work environnments,
cracks may develop in the workpieces over the course of their service
life. Over the years, nmany techni ques have been devel oped to repair the
cracks in such netal workpigcesrdhasor egnigResTiore! ude wel di ng and
brazing the netal workpieces to repair the cracks. Despite the existence
of these techBhguesesehernvemnion xlvded ftor anprecefke foirveepepai ng
processe repair roducts. SU Y OF THE,IL.NVENTL.ON Accordingly, it
is an ob?gggggf§$h%e%?gs%$:k?%ﬁﬁﬁli%ﬁ]t%?rﬁm3§ﬁt&§”§aﬁPgb§§saf FaFgBéiring
cracks i papetalis®0r kpi €€83%.rdgais prddédher obj ect of the present
invention to provide a brazing paste for use in a process for repairing
cracks in meflab2horRpfREREES THEG Aey SiUTY o] €894 ngr 6cRPPARNREE . byftdwe
process andobhede aPApt&u! Jdif REASEUnraAYENt | 4. ol BaaGG0r dangh i Lh the
present invention, a process for repairing netal workpieces, such as
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Over the years, many techniques 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 techniques, there
remains a need for more effective repair processes and repair

products.

SUMMARY OF 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 objects are attained by the process and braze
paste of the present invention.

In accordance with the present invention, a procesg 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 performng 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 {TEF al V\DI’H;LIDﬁ'tQmS, djbr F]Ea‘.ﬂﬂqrdquf{jlh&é@ ahki psesantkehveasecnl |aybpazeri al
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thereto, are set forth in the follow ng detail ed description. DETAI LED
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i nvention, a process for repajri racks in a netal workpiece, such as a
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by heati ng e’ brazing paste and e workpi éce. The brazi ng paste
preferably contains from20 w%to 60 w% of the first nickel base alloy

el and g PSR GG 16 Whe SepRntelkRhobasR ey |

mat eri al 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. 1In 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. An example of a suitable first nickel base
2



and the second nickel base alloy nmaterial are present in a ratio of |:1].
Wiile it is preferred to formthe braze paste using the aforenentioned
proportions of the first and second nickel base alloy materials, the
braze paste can be fornmed with the second nickel based alloy materi al
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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 0.005
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% 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 w % 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 wmt% selenium up to 0.00003 w %
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are subgeecbedatara baazeng cycle during which the workpiece and the braze
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means known in the ar
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
repair 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 is 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 therecf, other alternatives,

modifications, and variations will become apparent to those
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may be used to performthe brazing cycle at the above tenperature range.
In sone instances, it may be desirable to prefill the crack(s) wth the
second ni ckel base alloy nmaterial in powder form This is because during
the brazing cycle treatnment, the first nickel base alloy material becones
liquid, siilledHe tdecand hiackeh hase ahkoYowayernal dstayspsobhd. The
solid | car |eq al gng with the liquid when the m xture f?oms into a
crack t Qﬁ?ﬁdﬁ&ﬁ VedltTﬁé Brksadsdste GERIarR hBespdamternrthvese present
i nventi ebdi¥ iddyaptageans '\r@rﬁgﬁtﬂ.ohg %' @‘3@ tt&?th?ﬂatfu of 0§45 3EKES
conponents W t hout causing undesirabl e | f gi'cal ~chaRges”in the Fepair
ar ea orté@]@@@ﬁndpdre&almaterlal The repalr process of the pr esent
invention may be used to repair gas turbine engi ne conponents, both for
flight and power generation applications. Wile the nmetal workpieces
being repaired may be forned fromany suitable substrate material, such
as nickel based alloys, the process of the present invention works
particularly well when the workpiece is fornmed fromthe sanme naterial as
that formng the second nickel base alloy. It is apparent that there has
been provided in accordance wth the present invention a repair process
which fully satisfies the objects, neans, and advantages set forth

her ei nbefore. While the present invention has been described in the
context of specific enbodiments thereof, other alternatives,

nodi fications, and variations wll beconme 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 clainms. WHAT IS
CLAIMED IS: 1. A process for repairing at |east one crack in a netal

wor kpi eBBATONPr CEADGEDhesst eps of : form ng a braze paste containing a
first nickel base alloy material containing boron and chrom um and a
second ni ckel base alloy material containing chrom um and cobalt;

appl yi ng. S8k dpPoazb 89 PASEEpt 8- A A Ao AL AL Jyorkplgcs containing
said at | east one crack; and subjecting sai razing paste and ‘sai d

wor kpi eeerkpiace brampnis tygl ehdysthmat iofg: sai d brazing paste and said

wor kpi ece. 2. A process according to claim1l, wherein said heating step
conprises heating said brazing paste and said workpiece to a tenperature
i n the rangeroinZf0: dogs £eSIRN el difihi230G i dedrseraTaphemnel]y g A
process according to claim1, wherein said™braze paste feorm ng step

provi di Ayt eri &l feorta bmons dewreh mrckelhsasiemlangy a setendahs ckal ponder

form anggf@}gqgﬁ%&léy crg%éanlq]%?#gd{%gm?}ugﬁ%%ﬂ %T%E)%ﬁgéni ckel base all oy

materia rocess accor r conprising
prefilling said at | east one crack with said second nickel base alloy
mat eri al .

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 base alloy materials.

4. A process according to claim 1, further comprising
prefilling said at least one crack with said 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.



5. A process according to claim1l, wherein said braze paste formng step
conprises formng a paste containing from20 wft%to 60 w%of the first

ni ckel base alloy material and the bal ance conprising said second nickel
base alloy material. G 6. A process according to claimb5, wherein said
braze pdste A frommieny stapmbingy itses:fadmmnisng whehkdze spadt Brubéhpasdel ratio
of said first nickel base allqy material to said second nickel base

al | oy materiial® SFePa G BIeSEa SNy & 6TEZ45 RAEECWHEERI A 3al drdkageof
paste f0rid Mg Siep iGRES LS HiXi Wish Rickel: 4b I erial
contai ning nickel as a nmjor c?r})gtqqy?ﬁr%{ergﬁdl ?Po%ngﬁ \%?g/??!g g%cg\é;é()}éége
chrom udldmy freémriad .w % to 3.0 wt % boron and a second nickel base alloy
material containing fromd45 w%nickel to 51 w%nickel, from22 wt%to
23 wt% chromum and from18.5 wt%to 19.5 w%cobalt. 8. A brazing paste

for repai.ringpeoaeks iavcodrdEhna twoChpiece, whakdiRaghedCOrRELshaga first
ni ckel hase alloy material containing boron and chrom um and a second

ni ckel B&LBIZE & CPnECEPTAESEoALEiLAPNG ERFERI DATERY kabalalleoy matwrmaizahg
paste aceRkdiRInbOngkalem 8 WHRLSI ' L3 oM 20 wppto 60
wt % of the filrstnbninckel basse aﬁag;lc?g ?rgthg'r:?gﬁégﬁdg?ﬁe?%%ﬁa{n‘%:ew%ﬁo TARS ng
sai d se®Gidchirokelbmbagd faboy . daweki ab. 310. wAsbbarongampasd eseesi di ng to

claim9,_. ein sai?rg first nickel base alloy naterial and said second
ol piReE bl R L b B e S honRa g YR £5 | gt ioke] T
wt% nickel, from 22 wt% to 23 wt% chromium, and from 18.5 wt% to

19.5 wt% cobalt.

8. A brazing paste for repairing cracks 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 chromium and cobalt.

9. A brazing paste according to claim 8, wherein said paste
contains 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%
7



11. A brazing paste according to claim8, wherein said first nickel base
alloy material contains nickel as a major constituent and from1l4 wt% to
16 wt% chromumand from2.4 wt% to 3.0 w % boron. 12. A brazing paste
according to claim8, wherein said second nickel base alloy material

cont ai nsifakeh, 4% nedori okel tho 251wtk % Rroinekal , ahd OFFaR 16 %8 tgr 23 WM %
chromum_and from18.5 wt%to 19.5 w% cobalt. 13. A process for
repairiﬂﬁ”éi“Féa§Pb@&é'crack in a turbine engine conponent conprising the
steps of: formng a braze paste containing a first nickel base alloy

mat eri al containing boron and chrom um and a second ni ckel base alloy

mat er i all3contfaipriocgsshifom urpandiogbatt leappl ynagesad hiazimg-miast e to an
area ofegng t ur bi ne En ine cor onegt containing said at |east one crack;
and heatT 17g Sai- @™ BPAS g “pREE&S4Ad §8FdStEPHi 7k’ engi ne  conponent to cause
said braze paste to flowinto and fill said at |east one crack. 14. A
process according to claim13, wherein said heating step conprises
heati ng sai d ferainggaphspecandssai donua b heg engf st cunparieriage ad loy

t enper ature i.n.t nge_of . from 2000 degrees _Fahrenheit.to 2200 degrees
Fanr enndrrer 181" ABat 31808 boE R 2l GHERRTTT oI P 1 ind e et o
form ngadtley proerdadgcsatdifiingt chncmbes ot niddkele base alloy materials
in powder formand nmechanically mxing said first and second nickel base

all oy materi al s.
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 intoc and fill 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 said 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



16. A process according to claim113, further conprising prefilling said
at |least one crack in said turbine engine conponent with said second

ni ckel base alloy material. 17. A process according to claim 13, wherein
said braze paste formng step conprises formng a paste containing from
20 wt % t6® &tB0 oft Yhef ftiketf iniskeni kel haseyahheyrimteshdl tRadLS henbal ance
conprising said second nickel base alloy material. 18. A process according
to clai FOTPL L& PR 16aPG PRaz 81548l e PaF6r Al hGYsh@peEsabri ses fornming a
braze paste with a 1:1 ratio of said first nickel base alloy material to
sai d second nickel base alloy material. 19. A process according to claim
13, wheré&i.n @apdobﬁazeapastdingotmingaSmem7cowhefSEﬁ 82 Xd ngrazd i psdrni ckel
base allo¥_nater|al cont ai ni ng ni ckel a maj or constituent and from 14
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ni ckel kasa alkhey ﬁab%uabagensaaeynaaté%h%cw Janhckel 4o éﬁc}@%%a%
nickel, from22 wi%to 23 wt% chromum and from18.5 % to %
cobal t . @dloy 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, from 22 wt% to 23 wt% chromium, and from 18.5 wt% to

19.5 wt% cobalt.





