WO 2011/ 030919PCT/ JP2010/ 065999 1 DESCRI PTION Title of Invention PROCESS
FOR REPAI RING PIT AND PROCESS FOR REPAI RING METAL MEMBER 5 Technical Field
The presewd wnvsmdibon relates to a process for repairi ngca/spidioossopri sing a
heat transfer salt therein, and to a process for repairing a nmetal nenber
in which a 10bl owhol e conprising a heat iransfer salt therein is forned.
Background Art A heat transfer salt as a heating nediumfor an
application at a high tenperature has been wi dely used in 15 various

chem cal reactions. Since the heat transfer salt is able to attain uniform
heat transfer to reactants for a chgiggalpreaction, it is an industrially

i nportant heating nmedium The heat transfer salt is heated in a reactor to
be used forpi¢ald QS IGhaMtGaln reactions. If the heat 20 transfer salt |eaks
out of the reactor, there is a potential danger since it may cause, for

exanpl e, vapor expl osi on @R&@gsa@tdmgzg@gﬁm g eyyprhus, use of the heat
transfer salt shall be under strict control

PROCESS FOR REPAIRING METAL MEMBER

Technical Field

The present invention relates to a process for
repairing a pit comprising a heat transfer salt therein,
and to a process for repairing a metal member in which a

10 blowhole comprising a heat transfer salt therein is formed.

Background Art
A heat transfer salt as a heating medium for an
application at a high temperature has been widely used in
15 various chemical reactions. Since the heat transfer salt
is able to attain uniform heat transfer to reactants for a
chemical reaction, it is an industrially important heating
medium. The heat transfer salt is heated in a reactor to
be wused for various chemical reactions. If the heat
20 transfer salt leaks out of the reactor, there 1is a
potential danger since it may cause, for example, vapor
explosion by contacting with moisture. Thus, use of the
heat transfer salt shall be under strict control.
The heat transfer salt, which is a mixture of NaNO,

25 | NaNO;, KNO;, and so on, may be decomposed on heating and



The heat transfer salt, which is a mxture of NaNO2, 25NaNC3, KNO3, and so
on, may be deconposed on heating and WD 2011/ 030919PCT/JP2010/ 065999 2
gener at e wowbMBMWIAS Nnitric oxides and nitrogen. Such gaeTIRW10/6E049 With a
nmetal of the reactor at a high tenperature to forma pit or a blowhole. A
bl owhole is a hole in the nmetal, and a ppt is an opening to outside of the
nmetal. 5 Wien such pit or blowhole is forned, there is a potential risk
that the heat transfer salt in a liquid sate at a high tenperature nmay | eak
out of the reactor through the pit or the blowhole. Thus, with respect to a
pit and a kjerhelte WHeheud® oMk Lsecacheakst LaRS At 3R dn t hed @i, g4 8
order to avoid the heat transfer salt fromleaking, it i's required %o bl ock
up the pit oy neRait Jith et caerperc idckddi g the DIl et bher sl fre
However, an effective nmeasure has not been found hithert©o. 15 Summary of

I nvention Techidgal a Ppobl 8% a plowWregar di ng Bibthgsie yaf %u'}ﬁ;lreeaﬁwg%ethe

i nventor of the present application has studied to prevent a heat

transfer saldefiromdeakigd e stddinig did eqted 40 yelha pliaitself or a

metal menber with a netal and thereby bl'ock up the pit or reinforce the

metal JTeTbehedNAIE Mot PeoP! bicAS e, Asfiea! Lhaps! gl saldoc i e

met al nmenber include a bl owhol e conpri'sing the heat transfer sa

25However, 4iina A58 e He ¢ AN rd D MV {1 e N&Alig sate at a high
temperature may leak out of the reactor through the pit or
the blowhole.
Thus, with respect to a pit and a blowhole which
10 comprise a heat transfer salt therein, in order to avoid
the heat transfer salt from 1leaking, it is required to
block up the pit or repair the metal member including the
blowhole therein. However, an effective measure has not

been found hitherto.

15
Summary of Invention
Technical Problem
Regarding hitherto unfound measure, the inventor of
the present application has studied to prevent a heat
20 transfer salt from leaking. The study is directed to weld

a pit itself or a metal member with a metal and thereby
block up the pit or reinforce the metal member; wherein the
pit comprises the heat transfer salt, and the metal member
include a blowhole comprising the heat transfer salt.

25 However, in a case of the reactor in which the heat



WO 2011/ 030919PCT/ JP2010/ 065999 3 transfer salt has been used, the heat
transfer salt exists in the pit and the bl owhole. Therefore, the heat
transf er wel2biinseanes |iquid by heat fromthe wel di ng amrdtlhieaksossady of the
reactor. Thus, it is not easy to attain effective 5Srepair. The
present invention has been nmade considering the above descri bed problem
and the purpose thereof is to provide a process for repairing a pit which
has fornmed on or through a netal nenber and conprises a heat transfer 10
salt therein, or a process for repairing a metal nenber in which a bl owhol e

conpri si ngcaahettr! IS asabded NeS&IN Lol ALTRI . bhE rRL and tehﬁéﬂsowhol e

may be those generated in a reactor to which the heat transfer has

been | NErOduCRGhe 1 Solid | O LN EIADIEM TherfeBiE I AR Fh'ee& RRAGRSS,0f the

present invention'is, in order to solve t he "above probl a process for

repairing %Qiﬂ”@é@dﬂ%% q il f%ﬂeghgnwgﬁm%HéOHgH 2Q - STREA

menber and conprises a hegi tra sfer saft therein h process conprlses

a first Webfé' r&glestﬁoa&%rfor&'hﬂg a;pl lirsalﬂcf}ty s yetal alc%&ghs P Q; on)

the pit by a microTlG nethod i n Wwhich wel 'S conducted by arc scharge
to a weldipg omterial, ‘a conpression step for conpr essi ng 25the f or med
met al "l ayers by applying i npact on the netal WO

2011/030919PCT1%R%0¥%%gg§@9invention has been made considering the

above described problem, and the purpose thereof is to
provide a process for repairing a pit which has formed on
or through a metal member and comprises a heat transfer
10 salt therein, or a process for repairing a metal member in
which a blowhole comprising a heat transfer‘salt therein is
formed, the pit and the blowhole may be those generated in
a reactor to which the heat transfer salt has been
introduced.
15
Solution to Problem
A pit repairing process of the present invention is,
in order to solve the above problem, a process for
repairing (by welding) a pit which has formed on or through
20 a metal member and comprises a heat transfer salt therein,
which process comprises a first welding step for forming a
plurality of metal layers over (or on) the pit by a micro-
TIG method in which welding is conducted by arc discharge
to a welding material, a compression step for compressing

25 the formed metal layers by applying impact on the metal



4 |ayers so that a thickness of the netal layers is conpressed at a
conpression ratio of 50% or |less, and thereafter a second wel ding step for

form ng ayplwi@hdy of additional metal |ayers on the cogpPaS60:9%t al
| ayers by 5the mcro-TI G net hod. According to the above process of

the present invention, in the first welding step, since the netal |ayers
are formed in a short tinme by the mcro-TIG nethod, its heat is hard to be
transferred to the pit. Therefore, 10 the netal |ayers can be fornmed while
preventing the pit fromdeform ng and preventing the heat transfer salt

from | eakingerw t ey, drht he; CopRIERsLon SLEp, checauge sihe ermyession of
the netal |ayers can make a part of the netal |ayers nove into the pit, the

pi t can be Dhpckaddep, aclf Sifpslebs fHiakhysol Nk NS siecand yeLdi ng,sf ep,

the additional netal |ayers are fornmed on the conpressed net ayers, and

therefor e Lhe Rl ean e Johp LR SRS BdY oy JeRGLmanof 0 the

pit repairing process of the present 7l nverition, i's preferabl e that

fol'l owi ng they;sqcenRd wWelding steps bLhe [HUTLSRA Ol 4 eRefad tﬂaefe%gscgdw

wel ding step are sequentially tonducted tw ce or

resul t;, si (] 42817 i tep is conducted nore than once, a nore
annun% of E&% h@?ﬁ?’ﬁgcﬁg%g r&ldfito 25the pit, and thus the pit can be

bl ocked up by tagcgl}rdqn WO OlléQQOQél%lg 1JP 11065999 St%gourgreosfethe
Ce the second “wel'di nd s Than

metal. In addition, sin ep 1 s conducted "riore
once, a th‘i%%’%%[%io%f the nehdl 4 AVE S JAdiNY eased, apd thuscibe i, can be
repaired nore strongdly:
layers are formed in a short time by the micro-TIG method,
its heat is hard to be transferred to the pit. Therefore,
10 the metal layers can be formed while preventing the pit
from deforming and preventing the heat transfer salt from
leaking. Further, in the compression step, because ﬁhe
compression of the metal layers can make a part of the
metal layers move into the pit, the pit can be blocked up,
15 strongly. Finally, 1in the second welding step, the
additional metal layers are formed on the compressed metal
layers, and therefore the pit can be repaired substantially
without deformation.
In the pit repairing process of the present invention,
20 it is preferable that‘following the second welding step,
the compression steb and the second welding step are
sequentially conducted twice or more.
As a result, since the compression step is conducted

more than once, a more amount of the metal is moved into

25 the pit, and thus the pit can be blocked up by the more



5A netal nenber repairing process of the present inventionis, in order to
sol ve the above problem a process for repairing a netal nenber in which a

bl owhol e WwomR{1/Shdlg & heat transfer salt therein is forpeggpyibeésesy oCcess
conprises formng a plurality of metal layers on a 10 surface of the netal

menber which surface is |located within agdistance of typically 2.0 nmfrom
the blowhole by a mcro-TIG nethod in which welding is conducted by arc
di scharge to a welding nmaterial. According to the above process of the
present 15 invention, since the plurality of the netal layers is forned on

the surfacepf,fhe setal qmmer and 4 e’fjc,(}{,oﬁ'?n%él]‘rf‘t;ﬁéodsé' ﬁ%l@ﬂ?én

whi ch welding 1's conducted by arc discharge, es ace o e neta

menber can e e:écg‘g?hﬁf% LA Ly %??é‘ &N in‘i:é%%s%.“ dihe QN!’é%lleTﬁg

t he 20heat trans t. Advant ageous ects o nventi on

pit repairi 0 . resent.Jdnvepilon.is S .de ' V. a
process forl%g'ée%rpzfisi ﬁﬁ}%@é%% n%?&'at %%I Fflé/np%% ﬁgg fb%r %\%@%ﬁgﬁqﬁ]ﬁe&ough a
metal nenb I A WO 2011/ 030919PCT1JP20101065999 6 conpri ses a heat

transfer salt t _eltye'i n, which process conprises a first welding step for

ot hod i 1 whi ch welBiRg | BB dcCBE oty A & eKbe To el PP
2ppl yi ng' | AESERARE heohet 8 | 5AFE 05 { RSLTE ¢ KPekneBe r PREPatal 3 ayers
T AL gt e T OpR ek  BRP G Lot

comprising a heat transfer salt therein is formed, which
process comprises forming a plurality of metal layers on a
10 surface of the metal member which surface is located within
a distance of typically 2.0 mm from the blowhole by a
micro-TIG method in which welding 1is conducted by arc
discharge to a welding material.
According to the above ©process of the present
15 invention, since the plurality of the metal layers is
formed on the surface of the metal member and the micro-TIG
method is a method in which welding is conducted by arc
discharge, the surface of the metal member can be repaired
substantially without influence on the blowhole and the

20 heat transfer salt.

Advantageous Effects of Invention
The pit repairing process of the present invention is,
as described above, a process for repairing (by welding) a

25 pit which has formed on or through a metal member and



10 layers on the conpressed netal |ayers by the mcro-TI G nethod.
Therefore, the present invention has an advantage in that the pit can be

repai red whi2bf/@36A¥enti ng the pit fromdeform ng and pre¥enprdidoésde heat
transfer salt from 15| eaki ng. Further, the nmetal nenber repairing

process of the present invention is, in grder to solve the above problem a
process for repairing a netal nenber in which a bl owhol e conprising a heat
transfer salt therein is forned, which 20 process conprises formng a
plurality of netal |ayers on a surface of the netal menber which is | ocated

W Ehin & dicohRae sl 2 OnEHk!rerhhbech! QuboLe btefe mer aufl G Meshockdg

whi ch welding is conducted by arc discharge to a weldi ng nmater

25Ther ef or e, %y the plyugal of t t I IS ;
2011/ 030915 PRP I 185 5101055585 %’Eggrﬁgd@%ﬁrﬁfh%%u%g@?%f at:@guﬁeatléltyrreo er

and the ni gre-¥l Cféé%ﬁ{éo%\jesr a(c?&ﬁt%gﬂ weggksh{ogg'admwos. %Ccth%?i by, arc

di scharge, the pre i nventi on s an van e i n that the surtace’ of

Dol o o NEIRE ol fify | €0RIIHA R0 AD! LAk IO 8L UeRa £ihd e,

bl owhol e an eat tTansfer sa SCrip f awi ngs
(a) S@OWS %a$%%§%1§ecé'(ﬁgﬂpfgéégéﬂz %té%acéé¥’ compressing the formed

metal layers by applying impact on the metal layers so that
a thickness of the metal 1layers is compressed at a
compression ratio of 50% or less, and thereafter a second
welding step for forming a plurality of additional metal

10 layers on the compressed metal layers by the micro-TIG
method.

Therefore, the present invention has an advantage in
that the pit can be repaired while preventing the pit from
deforming and preventing the heat transfer salt from

15 leaking.

Further, the metal member repairing process of the
present invention is, in order to solve the above problem,
a process for repairing a metal member in which a blowhole
comprising a heat transfer salt therein is formed, which

20 process comprises forming a plurality of metal layers on a
surface of the metal member which is 1located within a
distance of 2.0 mm from the blowhole by a micro-TIG method
in which welding is conducted by arc discharge to a welding
material.

25 Therefore, since the plurality of the metal layers is



10 and Fig. 1 (b) shows a cross sectional view of a region in the vicinity
of a reaction tube and a heating nediumreserving part showmn in Fig. 1 (a).

Fig. 2 shousofri@esesectional views of respective steps @rr/ypRAN/HEHD

processes in enbodi nents of the present 15i nvention. Fig. 3 shows
cross sectional views of objects to be repaired by a repairing process in
Exanpl es. Fig. 4 shows cross sectional views of a part around a

pit after being subjected to a repairing process in 20Exanples 1 and 2.
Fig. 5 shows cross sectional views of a part around a bl owhole after

subj ected @ RckeRA tindJ sREFERES ofN tREARRIR 13 ntb PO RRT alHe & iRXYTIR; 3.
Fig. 6 shows cross sectional views of a part around a 25pit after subj ect ed

Lo a repal peRGoRr Ofess i rHial Al whqchMQP&%§39§19cP&fd T 0p0023 8

Exanples 1 and 2. Fol I owi ng reference si enote t OW ng

elenents discharge, the present invention has an advantage in that
the surface of the metal member can be repaired

5 substantially without influence on the blowhole and the

heat transfer salt.

Brief Description of Drawings
Fig. 1 (a) shows a cross sectional view of a reactor,
10 and Fig. 1 (b) shows a cross sectional view of a region in
the wvicinity of a reaction tube and a heating medium
reserving part shown in Fig. 1 (a).
Fig. 2 shows cross sectional views of respective steps
of repairing processes in embodiments of the present
15 invention.
Fig. 3 shows cross sectional views of objects to be
repaired by a repairing process in Examples.
Fig. 4 shows cross sectional views of a part around a
pit after being subjected to a repairing process in
20 Examples 1 and 2.
Fig. 5 shows cross sectional views of a part around a
blowhole after subjected to a repairing process in Example
3 and Comparative Example 3.
Fig. 6 shows cross sectional views of a part around a

25 pit after subjected to a repairing process in Comparative



8t ube sheet (netal nenber) 58anetal surface (surface of the netal nenber)

9pit 10bl owhole 11 --- netal l|ayer |laconpressed netal |ayer 10 Description

of Enbodiwenbsi/dzembodi ment 1] A pit repairing process/geioldhesopr esent
in one enbodiment will be hereinafter described with reference

1 and Fig. 2. Firstly, in Figg 1 (a), there is shown a reactor
to which a heat transfer salt has been introduced. Fig. 1 (a)
view of the reactor 1. The reactor 1 is a known reactor to which

i nvention
15 to Fig.

secti onal

an inorganic heat transfer salt is introduced and which is 20used for

various reaghm@les 1 andlPke reactor 1 is provided with a bottomcover 2 at

is a cross

1

a lower section, reaction tubes 3 at a mddle section, and a top cover 4 at
an upper sectiolo1Tb&ingact pErdrbfical S MY dednWckh acheat ing MR

reserving

part 5 surroundi ng 25the reaction tubes 3, an inorganic hea

transfer sahtmesits:

10

15

20

25

8 -::- tube sheet (metal member)

8a --- metal surfgge (surface of the metal member)
9 --. pit

10 --- blowhole

11 --: metal layer

lla --- compressed metal layer

Description of Embodiments

[Embodiment 1]

A pit repairing process of the present invention in
one embodiment will be hereinafter described with reference
to Fig; 1 and Fig. 2. Firstly, in Fig. 1 (a), there is
shown a reactor 1 to which a heat transfer salt has been
introduced. Fig. 1 (a) is a cross sectional view of the
reactor 1. The reactor 1 is a known reactor to which an
inorganic heat transfer salt is introduced and which is
used for various reactions.

The reactor 1 is provided‘with a bottom cover 2 at a
lower section, reaction tubes 3 at a middle section, and a
top cover 4 at an upper section. The reactor 1 is also
provided with a heating medium reserving part 5 surrounding

the reaction tubes 3, an inorganic heat transfer salt is



WO 2011/ 030919PCT/ JP2010/ 065999 9 reserved (or stored) in the heating

medi um reserving part 5. The inorganic heat transfer salt is heated with a
heat er (w0 28hwsmg19 various raw materials introduced i nPoTamoivbeosal space
of the bottomcover 2 are heated to a high 5 tenperature in the reaction
tubes 3 to make a chem cal reaction procged. The resultant which is
generated through the reaction tubes 3 is recovered into an internal space
of the top cover 4. The heating nediumreserving part 5 is provided with a
heati ng medi um supply part (or port) 6 and 10 a heating medi um di scharge

part (or peklkriedqdhaidra)i nef g3l GRaing MEhel @ dr i Qealswp;llied
thereto and di scharged therefrom For illustrative purposes, t nunber of

reacti on tyhes BhdSgSomnnaatl QWardr dhesalf @i B0 hdiitled twi€hnQt Aéa{ﬂéled to
t he nunber shown in the drawi ng. 15The nunber may be a very |arge nunber,

for exanplgno%OOSgbwﬁ@re,Vaggohgrtpga biga 40, 9995 01 i ADFSakfe®! AL OF dihe

heating medi um supply part 6 and the heating medi um di scharge part 7, other

confi gurat ll%e%%h apf-LiSEULALT BB PHAP R DS a@g%_geatgm% iang{gapi c

heat transfer salt used in the reactor 1 is in a state at ord’nary

temersatur%eﬁ%é@at@ﬁ% gt a?gggé&oﬁf t s Present %&%@facaéﬂeqrﬁﬁaalsa't

m xture of a nitrate an nitrite which nelt and becone liquid

at a high E%gg%1%59$%d%ee%gocf%é éﬁr%iﬁéuahlch is generated through

the reaction tubes 3 is recovered into an internal space of
the top cover 4. The heating medium reserving part 5 is
provided with a heating medium supply part (or port) 6 and

10 a heating medium discharge part (or port) 7, so that the
inorganic heat transfer salt can be supplied thereto and
discharged therefrom. For illustrative purposes, the
number of reaction tubes 3 is shown as four in the drawing,
but it is not limited to the number shown in the drawing.

15 The number may be a very large number, for example, 100 or
more, and further be 10,000 or more. In place of the
heating medium supply part 6 and the heating medium
discharge part 7, other configuration such as a circulation
pump may be applied.

20 The inorganic heat transfer salt used in the reactor 1
is in a solid state at ordinary temperature (25°C) and, in
the context of the present specification, a salt mixture of
alkali nitrate and alkali nitrite which melt and become
liquid at a high temperature of 130°C or more. As the

25 inorganic heat transfer salt, those known as such can be



25i norgani c heat transfer salt, those known as such can be WO
2011/ 030919PCT1JP20101065999 10 applied with no limtation. Mre

speci fi cajbyor@sgip! es of alkali nitrate and al kali nit pcrgpsHEY0és06d ude
NaNO2, NaNC3, KNO3, and so on. In general, the salt mxture is conposed to

have a nolar ratio of NaNO2 : KNO3 = 1 :14, or of NaNO3 : 5NaNC®2 : KNOB = 7
© 44 : 49.OF course, the mxing ratio can be changed appropriately.

The inorganic heat transfer salt may be gasified during welding and cause a
pit or a blowhole in a weld netal in sone cases. They are deferent from

or @ blowhole in awveld e : _Th
each ot her 41 3Qhaki e Rid 1115134 ©ORENT NG1d.Q %&e%e%lfy\”%%}mg%ﬁfng

while a blowhole is a hole existing In a neta

nedi um resgnyiang Paltra®d Srfd xetkdyi miube- sheel 8ncTheeIRaNESSCHAREd above
is likely to get into, for exanple, a space between the reaction tube 3 and

the 15 heaiong gRAI WW Ieser viNdgPadta b, Phet BE1LURExENSEL & UMRELN

with the heating nmediumreserving part 5, so that the pit or the bl owhol e

tends to bedf enedat heher ][%iag-iolo(fbhqa%gw@ eer0§sl seci i ogal o ¥igyef a

region Ain the vicinity of the reaction tu 3 and the heat i ng nmedi um 20

reserving paib,>.Shaw in Fig. 41 (ﬁ)%9A5 oL qu%hé (ki nIOTE ¢ 5 o

specifically, fhe reaction tube 3 and the tube sheet are connected to

each ot her al . ld metal W however, as shown in
Fig 1 (b)?gé %F?%bgpggboﬁﬁﬁg?%gﬁégglgfomhole 10 is forned. The pit 9 is

open 25to outsiggcof ;heupld ngLal W yhite-thesplovale 10 gasifieq

during welding and cause a pit or a blowhole in a weld

metal in some cases. They are deferent from each other in
10 that a pit 1is an opening to outside of a metal member,

while a blowhole is a hole existing in a metal member.

The heating medium reserving part 5 is fixed by a tube
sheet 8. The gas described above is 1likely to get into,
for example, a space between the reaction tube 3 and the

15 heating medium reserving part 5, or the tube sheet 8
contacting with the heating medium reserving part 5, so
that the pit or the blowhole tends to be formed there. Fig.
1 (b) shows a cross sectional view of a region A in the
vicinity of the reaction tube 3 and the heating medium

20 reserving part 5 shown in Fig. 1 (a). As shown in Fig. 1
(b), more specifically, the reaction tube 3 and the tube
sheet 8 are connected to each other by a weld metal W. 1In
the weld metal W, however, as shown in Fig. 1 (b), a pit 9
is formed, and a blowhole 10 is formed. The pit 9 is open

25 to outside of the weld metal W, while the blowhole 10



WO 2011/ 030919PCT/ JP2010/ 065999 11 exists inside the weld netal

W Especially, it is nore inportant to repair the pit 9 since the pit 9 is
open to ogbIf@siot he weld metal Wiromthe heating nmegicypsResesydong part
5.1n this enbodi nent, the repairing 5process by welding the pit 9 will be
descri bed. Al though the size of thgypit 9 is not limted, the pit 9
havi ng a depth not smaller than 0.5 nm and not larger than 3 mmand a

di aneter not smaller than 0.1 mm and not larger than 2 mm can be preferably
repaired. 10The repairing process in this embodi ment conprises (1) the

first wvel dte&gs%fseplﬁﬁdé OF BN G, dTRY allnekéxegf by Egggéu%tn a; {1 G0 mTAr%
method (mcro-TIG welding) for the pit, ( onpres i'on step

Coﬁpre_SS!nQ_mIthEB‘?ct Ea'tcl ay@ﬁﬁlraeﬁe( il e §§ﬁ8£'d el ¢ gg& gho ! dn ng

15 addition l'layers by further conducting a n1cro or the

conpr essed l3el ayer sepEac t e b Fﬂf desqarniped.
<First wel gﬁﬁﬁéﬂg&pé@_rhte: EI rgt69§vel ?F}%isﬁzp I(L)J?I?rsetﬂ?e yer?i e
reserving part 5. In this embodiment, th repairing

5 process by welding the pit 9 will be described.
Although the size of the pit 9 is not limited, the pit
9 having a depth not smaller than 0.5 mm and not largef
than 3 mm and a diameter not smaller than 0.1 mm and not
larger than 2 mm can be preferably repaired.

10 The repairing process in this embodiment comprises (1)
the first welding step for forming metal layers by
conducting a micro-TIG method (micro-TIG welding) for the
pit, (2) the compression step for compressing the metal
layers, and (3) the second welding step for forming

15 additional metal layers by further conducting a micro-TIG
method for the compressed metal layers. Each of the steps
will be hereinafter described.

<First welding step>
The first welding step forms metal layers by

20 conducting a micro-TIG method for the pit. A micro-TIG
method (micro-TIG welding, TIG: Tungsten Inert Gas) is a
method in which a metal is molten by arc discharge for a
controlled and limited short time period (for example, less
than 3 sec) and thereby a metal layer is formed on or over

25 an object to be welded (pit). As the micro-TIG method,



20 conducting a mcro-TIG nmethod for the pit. Amcro-TIG nethod (mcro-TIG
wel ding, TIG Tungsten Inert Gas) is a nethod in which a netal is nolten by

arc di schgpagiii@dhed controlled and limted short tinme pecirQ¢hessoexanpl e,
| ess than 3 sec) and thereby a netal layer is formed on or over 25an object

to be welded (pit).As the micro-TIG nethpd, WO

2011/ 030919PCT/ JP2010/ 065999 12 those known as such can be used. In the
mcro-TIG method, an inert gas is blown to the object to be welded so as to
surround the object with the inert atnosphere, and then a wel ding materi al

I's subj ect gq,JQ ntyH S&é"aé‘g(ﬁ%t QaffebL ﬁ%gd5.f oy Zcﬂ%gn?j!céc?‘ G methoc?,f‘rsn. the

i nert gas, argon, nitrogen, ItTumor the |'iké can used, but not ted

thereto. A gurrent. ands d&ﬁcpﬁé@‘ﬁi dur agéjeo&kgjté#@(; PSrBQd)weflﬁ,[e RS AL o

di scharge are not specifica mt ed, r - exanple, e current is 10

not smal | er uéxfr}%{‘uf{@ @%”ggﬂ%t' HigH tth%anir%oﬂénggrq%%gﬁeggch?ilag%}‘l%% agion

is not smald an and not larger préf erably mnot

smal ler th . QQQ' t.la h . 7_SecC.,. sel ectin ch_ ranges,
it becone %%sl%%gzq‘fao avo%hg Jt%eg'lg]ﬁ ?%%%?cgﬁegfct rdalr?)sépé-’lrrgs?altto %’aeslexiasrfc?ng in
t he pi5t frgrg beiangne eat (?Lda excessively, and thereby it becone possible to
avoi d “a bad A | uencea( S) Jich as flow ng of the inorganic heat transfer

| t t of th it , i f th i sti i,n th it

sal out of hefl S SBEnLEn SLobhe ATE BUGRL 93,1 O B U
| t b di sch dth b et gl | is f d

ol on Y a6 ShSCTRNES, it DY RalE RS [obedenegl v o
thod i n that ti f . pul sed, i ted conti ly f

et o0 L ISR, oS B o 1 s, aap 3. 0enerated sy uensly for 2

met hod, a current and . ,
not speéﬁé&cally limited, but, for example, the current is

10 not smaller than 70 A and not larger than 80 A and the
discharge duration 1is not smaller than 0.3 sec and not
larger than 1 sec, preferably not smaller than 0.5 sec and
not larger than 0.7 sec. By selecting such ranges, it
become possible to avoid the inorganic heat transfer salt

15 existing in the pit from being heated excessively, and
thereby it become possible to avoid a bad influence(s) such
as flowing of the inorganic heat transfer salt out of the
pit, or expansion of the gas existingvin the pit.

In contrast, a TIG method (TIG welding) is a method in

20 which a metal is molten by arc discharge and thereby a
metal layer is formed on or over an object to be welded,
but the TIG method is different from the micro-TIG method
in that continuous arc or pulsed arc is generated
continuously for a relatively long time period than that in

25 the micro-TIG method. In the TIG method, a current and



WO 2011/ 030919PCT/ JP2010/ 065999 13 di scharge duration (tine period) for the
arc discharge is, for exanple, 120 A and 3 sec. Since in the TIG nethod an
amount ofwbeat1/d3sbr ansferred to the object to be wel de¢crar2@obezag ti nme
period, the large amount of heat is 5 transferred to the pit. As a result,
a preferable repair can not be achieved gyile to, for exanple, a hole forned
in the wel ded netal |ayer. The netal nenber (tube sheet 8)
surrounding the pit is nade of, for exanple, stainless steel, carbon steel,
nickel, 10 nickel base alloy or the like. On the other hand, the welding

nmaterial i idc®larpeamnlde i boningd estribarkeby shal BheSHid@RIngdi kel
base alloy or thelike. A thickness of the netal |ayer forred by

conduct i ng fhe diLrell G Bt Rognbost heddi t yAdd nifhenabede mangRy fn 15
the current and discharge duration is, although it depends on the weld

material, QeRRR! |yr NAbagMald &rr e O-ch ML aRH N ACE T AN b RydEN

However, this step can be conducted with conditions outside the above

ranges. Aflger the 1Bhal LAWEr donfofmedas dasel befoaheyeosomati he d or med

netal |ayer, at |east”one net ayer is furthéer fornmed simlarly. The

numbers of fQIItAQY Of Eé‘etrﬁgﬁkt'. YRS 4 SpaLy)fash WA AQnhie aurpgse of

assuring a certain size iIn tofal thickness of the metal layers, and is
oo Lo 0 pATe, ol 8Kl 3 S e PSRl KA bR A Pouon
the welded metal layer.
The metal member (tube sheet 8) surrounding the pit is
made of, for example, stainless steel, carbon steel, nickel,

10 nickel base alloy or the 1like. On the other hand, the
welding material is, for example, carbon steel, nickel,
stainless steel, nickel base alloy or the like.

A thickness of the metal layer formed by conducting
the micro-TIG method to the pit within the above ranges of

15 the current and discharge duration is, although it depends
on the weld material, generally not smaller than 0.3 mm and
not larger than 0.5 mm. However, this step can be
conducted with conditions outside the above ranges.

After the metal léyer is formed as described above, on

20 the formed metal layer, at least one metal layer is further
formed similarly. The number of formation of the metal
layers 1is at least two for the purpose of assuring a
certain size in the total thickness of the metal layers,
and is at most ten for the purpose of avoiding complexity

25 of this step, although it depends on how many times the



14 conpression step i s conducted described below Fig. 2 (a) shows a cross
sectional view after the first welding step in which two netal |ayers 11

are formgooufimoshdie pit 9. Fig. 2 (a) shows a case of aptlrab2reBssbdON
wel di ng, but 5 other type welding such as overhead position welding or

hori zontal welding can be conducted. In pfher words, an opening direction
of the pit is not specifically limted, and nmay be upward, downward, or

si deling. <Conpression step> 10The conpression step is a step for
conpressing the nmetal |layers fornmed in the first welding step by applying

| mpact on g ouRlial I Sie RYoRRUAUEH | 805 LIRLGANBLESH! ON K3, apart of

the lam nated netal |ayers can be noved into the pit portion, us it

is able tosj.ég}%tg% Ao &f E%??iBBa?l %ié'wngaff"c%ﬁ hendi ks rst weléi%teﬁsggi on

ratio of the met ayers e. aratio a thickness of the yers

afer comuessyeri 0cdc! tknessaLet Ne1lAl FYRLY holyr e gompiessjon) s

50% or | ess. t1s a ainan'e ocki ng t he

B psecur gl the (Loverd iy alephe cOIPTass! QuLALLS, | aoshangeals

dependi ng on Ki nd of t met al’, i S genera % CONsI éring the
o 500 T SAPCETATA) Lo DS IR ponisipn e RIS
layers ar eh%?’%%%‘%%%d waetléingmcgrq1Jb/e03<9<?r}dgupccgre/c‘}.PZOJI%/ Ogt 9(?1? \]irgrds, an
opening direction of the pit is not specifically limited,
and may be upward, downward, or sideling.
<Compression step>
10 The compression step is a step for compressing the
metal layers formed in the first welding step by applying
impact on these metal layers. By conducting the
compression step, a part of the laminated metal layers can
be moved into the pit portion, and thus it is able to
15 obtain an effect of blocking up the pit.
A compression ratio of the metal layers (i.e. a ratio
of a thickness of the metal layers after compression to a
thickness of the metal layers before compression) is 50% or
less. Thus, it is able to obtain an effect of blocking up
20 the pit, securely. The lower 1limit of the compression
ratio is changeable depending on a kind of the metal, but
it 1is generally 15% considering the relation with the
compressed limit of the metal.
A manner of compression of the metal layers is not

25 limited as long as the metal layers are compressed at a



conpression ratio of 50% or |ess. Mre specifically, such manner may be a
conpression by applying inpact on the netal |layer with a hamrer or the

| i ke. Fi gwo3o{tzosbows a cross sectional view after thepe@PiRe6s596H Step in
which the 5 netal |ayers are conpressed. As shown in Fig. 2 (b), a part of

t he conpressed netal layers |Ila resultedigy conpressing the netal |ayers 11
enters the pit 9. In general, the mcro-TIG nethod is used in an
application where a part of a netal nenber is broken and 10 the broken
part is to be repaired by welding with a netal. Such broken part is wel ded

Wi th a netdonfrdddilord haatioken Pestor TheBs .t heonel dgd metial, 1S, pracassed

to restore the netal nenber. That i's, the mcro-TlI G method has ‘not been

used for tRRANEPORE Yo LRAUNMI AL ABP AN 3 BHGY aph i ton 1ohe Ak a1

therefore, of coursé, the forned netal Iayer i's not dgenerally conpressed.

The conpresshen st 5 Kamhck byr tgei Rygat or Faggazr o3yl tsidud e Sty for

t he purpose of blocking up a pit. <Second wel di step> 20ln this step, on

the conpresseqd ; I r i i TR eSS ep i tional
nmet al Ingyer S arlﬁagr ng?gys%%?n (r:g._?% T?%ﬁlgrgfﬁgg.gﬁﬁéeé%lc?g{ Tvgﬁgrgt hﬂo%]

condugf ed ifaLAi S $FEPs grg?%ﬁggesasse&.hat Ages%&pﬁdihn Fltigﬁeﬁ'é rs\B)v,veladi ng

step. 25As shown 1 n Fig. 2 m nati on of the netal

2011/ 03091%@1@;1\] %%01@}1%&5%%%&%53%5 S nFeQ{}%Utha‘{;é?J e flr?n roé%QﬁteTJ]i Sli}%]s

preferabl e since a thickness of the netal 1ayers 11 for reiniorcing e pit

oS TR A IR OR e e WP, 1410 Aocordin o
" In general, the micro-TIG method is used in an
application where a part of a metal member is broken and
10 the broken part is to be repaired by welding with a metal.
Such broken éart is welded with a metal to fill the broken
part. Then, the welded metal is processed to restore the
metal member. That is, the micro-TIG method has not been
used for the purpose of repairing an opening such as a pit.
15 And therefore, of coﬁrse, the formed metal layer is not
generally compressed. The compression step is found by the
inventor as a result of the study for the purpose of
blocking up a pit.
<Second welding step>
20 In this step, on the compressed metal layers obtained
in the compression step, additional metal layers are formed
by the micro-TIG method. The micro-TIG method conducted in
this step is the same as that described in the first
welding step.

25 As shown in Fig. 2 (c¢), lamination of the metal layer



5 welding step, the netal layers 11 are forned in a short tine by the
mcro-TIG nethod, so that its heat is hard to be transferred to the pit 9.

Ther ef or ayotbfy/g3881@! | ayers 11 can be fornmed whil e prevegiipshibbeop t 9
fromdeform ng and preventing the heat transfer salt fromleaking. 10

Further, in the conpression step, the coyipression of the nmetal |ayers 11
can nmake a part of the netal layers 11 nove into the pit 9, so that the pit
can be bl ocked up, strongly. Finally, in the second wel ding step, the
additional netal layers 11 are fornmed on the conpressed netal layers Ila

15 which has heer RREAIRS £ ML SHAY t hg, forner, metal,day el s ded .5 and

therefore the pit 9 can be repaired substantially w'thout deformation.

This pit r ISl pr, i d by t f |di eRy
conpressioﬁﬂgfgggggnégfﬁgﬁéé%g%gpmg%%?ﬁ% y%oﬁgfegggggg?FgE%ggggV }I{gﬁever,

It is pref %rsall'n%ﬁe%%\%gf 'd&‘@ﬂé&éé&es%{%”dré’ﬁlﬁx‘& Ld im0 HLESR ON

step and the secon | ding step are sequentially conducted once,

addi tionally. I%gc%r@gﬁ?t 5ﬁéﬁfgﬂé?§2€%P%?%%8§iESOEQSSSGEQP%HgﬂﬁﬁggLStep’

t he conpression step a e seco are sequentially

Coadiet od YShea oy e, KO RO 9027 aRET ITRAI0) MR L 2doidd g Y-

The nore ad e conpression ste € second we

Serby heu e BPIAAPhEL 0eTREORERRCLS, ) AL O] nlhE SUTEAN Ay [ Tes

bei ng abou I've “tines, €’'répaired can be repaire

case where,fol | e s nd.weldin t he npressi.-on step and
t he secondbv?/eléd:loa\r%qg S Ié%c% gt%dgﬁgi %ﬁ\gfﬁy cgﬁl?l%]ggfe%,ret hgggor%eﬁ:gési O S sep i's

conduct ed re _than once nd thereby a re unt . of. tthe ne i s. noved
into the pirI;1 g and tﬂou%m%%e“g%}?e c%ﬁé/%%ng?%%kggguﬁlﬁy9 %Q[“heé%oorré"%unt
of the nmetal ., I n_additi.on, si,nce the second | di n tep i s candycted nore
t han once,agdtmgﬁaﬁﬁﬂgﬁﬂgtfﬁ??ﬁﬂ?ﬁa?aygfgniggrs F%& ea 5&?‘aﬁf%: Jthe

Fepaitding APBEEEE o'k nEPE: SCUREATRAST | SHoPn Q8 AR SRFEON PE DS
embod et MeFEd. ABNEFGuridt FOT GEEr ot RATE Fifs & o rited AWE G 1is HHE sare
into the pit 9, so that the pit can be blocked up, strongly.
Finally, in the second welding step, the additional metal
layers 11 are formed on the compressed metal layers 1lla
15 which has been obtained by compressing the former metal
layers 11, and therefore the pit 9 can be repaired
substantially without defofmation.
This pit repairing process 1is conducted by the first
welding step, the compression step, and the second welding
20 step described above. However, it is preferable that
following the second welding step, the compression step and
the second welding step are sequentially conducted once,
additionally. It is more preferable that following the

second welding step, the compression step and the second

25 welding step are sequentially conducted twice or more,



20 as that in Enbodinment 1. For the sake of sinplicity of explanation,
menbers having the sane function as those described in Enbodinent 1 are

| abel ed wybhoigosane reference sins, and the expl anati earliha169§s006
omtted. In this enbodinent, to be repaired is a netal nenber 25in which a

bl owhol e exists. As shown in Fig. 1, unlike the WO

2011/ 030919PCT/ JP2010/ 065999 18 pit 9, the blowhole 10 itself is not to be
directly repaired since the blowhole 10 exists inside the netal nenber.
That is, as shown in Fig. 2 (d), inthe repairing 5 process of this

embodi ment .o dig MBiAl SUr face R Ofadde 1B RIS, é}t&?@ &ﬁé‘{eggléﬁ an

object to be repaired,” and the bl owhole 10 exists wt ance

T B A R Ll S R

| ocate so that at |east part of

In the blogﬂgégéghlghe iﬂoégégégoggakhkr%ﬁﬁ?ﬁi&ﬁgf é?ﬂégsbeﬁgﬁ 7 u5|ng a

bl owhol e 1 Ists at th ove cation or not can be conf

radtati,on ANSHLSRIOn A ethad, ad ohseradag gy W gl alsed by 15 the

test. As a graphic irstrune the te ganma- r ay

the- répai 11 ng proCCb B RS- nbaa RARD. %8BF&F_ZFS?@OM? %ﬁ?ledl‘é?ﬁeiﬁtﬁ Byers "

Speci {1 cal 151" & ARBRE T GO0 (1S mitls iRt TS 10558 147 ned

T The merehiaERndA ?%r%u&%%oégh%“ﬁ%%éf%%ﬁ“%rﬂg”?sﬁiﬁ%dﬁcfﬁ% B

di scharge Epr %ﬁﬂ{toﬁégE ag thereby a more amount of the metal is
moved into the pit 9, and thus the pit can be blocked up by

10 the more amount of the metal. In addition, since the

second welding step‘ is conducted more than once, a

thickness of the metal layers 11 is increased, and thus the

pit 9 can be repaired more strongly.

15 [Embodiment 2]

A blowhole repairing process of the present invention
in one embodiment will be hereinafter described with
reference to Fig. 1 and Fig. 2. In this embodiment, its
configuration other than those described below is the same

20 as that in Embodiment 1. For the sake of simplicity of
explanation, members having the same function as those
described in Embodiment 1 are labeled with the same
reference sins, and the explanation thereof is omitted.

In this embodiment, to be repaired is a metal member

25 in which a blowhole exists. As shown in Fig. 1, unlike the



25t hereby the netal surface 8a can be repaired substantially WO
2011/ 030919PCT/ JP2010/ 065999 19 wi t hout i nfluence on the bl owhole 10 and

t he heat wpaosiiansal t. When t he nunber of format ipefPio1hb&eeet al
| ayers is at least two, the repair can be attained with a sufficient 5

t hi ckness. On the other hand, the nunber,@f formation has preferably the
upper Iimt of ten in view of conveni ence and workload. |f the nunber of
formation is one, there is a risk that the netal surface 8a can not be
repaired strongly. 10 [ Enbodi nent 3] A pit repairing process of the

present inpﬁ@ti gn iehgn%fmgir%gggo Wilds e herei patter, daseriped wigt

reference to Fig. 2. Inthis e ment, 1ts configuration other 15than

those desciiBad, el ot hse! NhSakm ARchAt s hn Ehadi megts gL apde 2mdialy the

sake of sinpficity of explanation, nenbers having the sane function as
t hose desc&%R%grin Enbodi ments 1 and 2 are | abeled with the sanme reference
sins, and e explanation thereof is omtted. 20This Enbodinent 3 is a

conbi nati on of &ggtreﬂgir%@g_gﬁg§§§§§§(€§gﬁggg?% npj}%aggeEq¥%g¥%§gﬁbgé

More specifical 'y, as  shown in "i s forned
sheet 8 by opening §o outsl deolalfiend Ueshesle & The-diat Ayweck foqm the
met al “surf 8E€“88%t 0"t he pit %P?s
metal member (tube sheet 8) is an object to be repaired,
and the blowhole 10 exists within a distance (distance L)
of 2.0 mm from the metal surface 8a. The metal surface 8a
may locate so that at least part of it is within 2.0 mm
10 from the blowhole 10.

In the blowhole 10, the inorganic heat transfer salt
exists. Whether the blowhole 10 exists at the above
location or not can be confirmed by using a radiation
transmission test method and observing a film obtained by

15 the test. As a graphic instrument for the test, for
example, a gamma-ray irradiation apparatus CTC1l5A (CXR
Corporation, Japan) can be used.
In the repairing process of this embodiment, a
plurality of the metal layers 11 is formed on the metal
20 surface 8a by the micro-TIG method. More specifically, as
shown in Fig. 2 (e), multiple metal layers 11 are formed on
the metal surface 8a similarly to the first welding step of
Embodiment 1. The micro-TIG method is a method in which

welding is conducted by arc discharge for a short time, and

25 thereby the metal surface 8a can be repaired substantially



25within 2.0 mmsimlarly to Enbodi nent 2. WD 2011/ 030919PCT1JP20101065999
20 In this enbodinent, (1) simlarly to the repairing process in

Enbodi mengyo3o1idszpdiyral ity of the netal layers 11 is for pegpibb&oset al
surface 8a by the mcro-TIG nmethod. Then, (2) simlarly to the repairing

process in Enbodinment 5 1, the wel dinggonprising the conpression step is
conducted for the opening of the pit 9. The order of the above steps (1)
and (2) may be inverted. According to this repairing process, wth respect
to the pit 9 locating at the edge of the tube sheet, it is possible to

obtain an advasLageniklusBtBabnt heiv1 vidze! {o i sl eﬁgeﬁeaa ‘Q’{i”aln%ftelie

nmetal nmenber in the vicinity of the pit 9 1s reinforced he present
i nventi on hasbeen described by the above enbodi ments. Fbmever, the present
invention is not limted to these enbodi nents and can be nodified variously

within a 15 ScAREnCONET RnBy!he 2BPRAMe.CLAI FRe Whe:! he Lochnical means

disclosed in the different e odi nents are conbi ned approprrately to form

other embogi gBR! Sud Nepfe e n&@a'b%l A %%ﬁ@é' WD Ghecleahnical

scope of the present’ inventi

exanpLe re{:ﬁ‘&@gn%gft heg eﬁl%' r 'd%%e‘}r IE6%F, And Rlidoe ACEP" EhRMaL2ohNBAR OCESS

shown i n

preferably the upper 1limit of ten in view of convenience
and workload. If the number of formation is one, there is
a risk that the metal surface 8a can not be repaired
strongly.

10

[Embodiment 3]

A pit repairing process of the present invention in
one embodiment will be hereinafter described with reference
to Fig. 2. In this embodiment, its configuration other

15 than those described below 1is the same as that in
Embodiments 1 and 2. For the sake of simplicity of
explanation, members having the same function as those
described in Embodiments 1 and 2 are labeled with the same
reference sins, and the explanation thereof is omitted.

20 This Embodiment 3 is a combination of the repairing
processes of Embodiment 1 and Embodiment 2. More
specifically, as shown in Fig. 2 (f), a pit 9 is formed in
the tube sheet 8 by opening to outside of the tube sheet 8.
The distance L from the.metal surfacé 8a to the pit 9 is

25 within 2.0 mm similarly to Embodiment 2.



25repairing was conducted for the pit 9 showmn in Fig. 3. The WO
2011/ 030919PCT/ JP2010/ 065999 21 pit had a depth of 3 mmand a dianeter 0 of

1.2 mm aRe mhhasbeibe sheet 8 had a width of 8 nmm al ong g/ Prdrofesodde pit 9
had been filled with powder of NaNO2 : KNO2. As an apparatus for conducting

the mcro-TIGmethod in 5 the first welgdpng step and the second wel di ng
step, DY-1000 (Japan Techno Engi neering Co., Ltd, Japan) was used with a
di scharge current of 78 A and a discharge duration of 0.5 sec for
conducting the welding once. As a welding material, carbon steel TGS-50

havi ng a dianEtQﬁl(EhHEEQﬁgéﬁgﬁéﬂelOQJ}QOSEme£££§qu§tEﬁE,igﬁgirgﬁﬁan)

was used. Regarding the pit repairing process, 1n the first welding

P, oA e el g ST b e

formed over the opening part ter 1n

conpr essi 0 Stflmd G 18,9 een, L al chayess WY & ORGsed i fy @, paner

at a conpression ratio % I'n"the secon g step, on the
oy ey APl (2 Ep SAELS LOBRLrs) R b YR 8 SO A 003
201 s 4 ShOve sy ke il ILRLARGANS iernce Sgpralion,
£akae o S ST OB IESISTe SR A P bl et VS
(1) and (2) may be inverted. According to this repairing
process, with respect to the pit 9 locating at the edge of
the tube sheet, it is possible to obtain an advantage in
10 that the pit 9 itself is blocked up while the metal member
in the vicinity of the pit 9 is reinforced.
The present invention has been described by the above
embodiments. However, the present invention is not limited
to these embodiments and can be modified variously within a
15 scope covered by the appended claims. When the technical
means disclosed in the different embodiments are combined
appropriately to form other embodiments, these embodiments
also will fall within the technical scope of the present
invention.
20
Examples
[Example 1]
This example relates to the repairing process of a pit.

According to the process shown in Fig. 2 (a) to (c¢), the

25 repairing was conducted for the pit 9 shown in Fig. 3. The



WD 2011/ 030919PCT/ JP2010/ 065999 22 [ Exanple 21 Regardi ng the pit
repairing process, in the first welding process, two netal |ayers were
formed owsD 20h@3Bwi9openi ng part of the pit 9; and thereaCirar2dinoésas
conpression step, the two netal |ayers were conpressed with a hammer at a
conpression ratio of 50% Then, in the second wel ding step, on the
conpressed netal |ayers, additional two netal |ayers were forned.
10Fol I owi ng the above, the conpression step (conpression of the netal

| ayers at a conpression ratio of 50% and the second wel ding step

(formationpat thax reetabptByers)s hei hagd whighnais simbar 1t o wWhe abave
steps were conducted once; and the conpression step (conpression of the

netal |ayetheldudl sheOW afsd o) wadtw 6f BOMh whibeh was $im laar tihd he
above step and a second welding step in which on the conpressed netal

layers, adgiiti enaladt bee® mataled auenLs pMiR A yednesr e gRpgducted. That is,
the first welding step was conducted once (formation of two netal |ayers);

the 20 conpr essajsoansa@@;a%%u%orf@wc%dhf&rt%g RS imiitd IRs $RG9R Wel di ng

step was conducted three tinmes (formations of two netal |ayers, two netal

layers, angpbhirgegietahdidkeistep Andr 3% SRUIRNRle 1418 Pt Pay- @ Rpnd
the pit after repair is shown in Fig. 4 simlarly to EXanpl € 1. 25As shown

0 s RSP ATE A S e, War vae vne i
discharge current of 78 A and a discharge duration of 0.5
sec for conducting the welding once. As a welding material,
carbon steel TGS-50 having a diameter (filler diameter) of

10 0.8 mm (Kobe Steel, Ltd., Japan) was used.
Regarding the pit repairing process, in the first
welding step, seven metal layers (each metal layer had a
thickness of 0.4 ﬁm) were formed over the opening part of
the pit 9; and thereafter in the compression step, the
15 seven metal layers were compressed with a hammer at a
compression ratio of 50%. Then, in the second welding step,
on the compressed metal layers, additional six metal layers
were formed. A cross sectional view of a part around the
pit 9 after repair is shown in Fig. 4. -
20 Fig. 4 shows images taken by a digital microscope
(Keyence Corporation, Japan).
As shown in Fig. 4, the pit 9 was completely blocked
up, and leakage of the inorganic heat transfer salt was not
observed. Thus, it was understood that good pit repair was

25 attained.



and | eakage of the inorganic heat transfer salt was not observed. Further,
the netal |ayers were formed with a |larger thickness than that in Exanple

1, and thyg iyesesounderstood that very good pit repair peggpafibaésoed. 5
[ Exanpl e 3] This exanple relates to the repairing process of a netal

menber in which a bl owhol e exists. Accorghng to the process shown in Fig. 2
(d) to (e), on the netal surface 8a 10 of the tube sheet 8 (netal nenber)
in which the bl owhole 10 exists shown in Fig. 3 (b), tw netal |ayers were
formed by the mcro-TIG nethod with the sane conditions as those in the
first welding step of Exanple 1. As shown in Fig. 3 (b), netal welding 12
had been fornmed at the both ends of 15the bl owhole 10 so that the bl owhol e
10 was forned. Thgahlbawhehe 10 had been filled with powder of NaNO2 : KNGB.
Simlarly to Exanple 1, a cross sectional view of a part around the

bl owhol e 10 aft I [ h i |-G+ I I 5, the I 0 has
a round shape s?%gg%?%ggzogg?iﬂ%gfcgfg%%gﬁﬁgiegfgcggsého%ﬂ fg%%rgﬂ&$$%ction

| o ' . L Ei ! .
along 1ts ¢@AKK Ec'?%fdé%?/s%he £ ﬁg%ﬂ% Irrg?%%%? vedd! EBLRcBxanple the

wel di ng was con m cr o- ~so that its heat was hard to
e 3731 BREES e oo oD, e el eiald g OELSL0Rd LR
compression step, the two metal layers were compressed with
a hammer at a compression ratio of 50%. Then, in the
second welding step, on the compressed metal layers,
additional two metal layers were formed.

10 Following the above, the compression step (compression
of the metal layers at a compression ratio of 50%) and the
second welding step (formation of two metal layers) both of
which were similar to the above steps were conducted once;
and the compression step (compression of the metal layers

15 at a compression ratio of 50%) which was similar to the
above step and a second welding step in which on the
compressed metal layers, additional three metal layers were
formed were conducted. That is, the first welding step was
conducted once (férmation of two metai layers); the

20 compression step was conducted three times; and the second
welding step was cénducted three times (formations of two
metal layers, two metal layers, and three metal layers). A
cross sectional view of a part around the pit after repair
is shown in Fig. 4 similarly to Example 1.

25 As shown in Fig. 4, the pit was completely blocked‘up,



24 the bl owhol e was attai ned while the shape of the bl owhol e 10 was not
substantially defornmed. [Exanple 4] 5This enbodinent relates to the

repai ri ngwprocwsesof a pit. An object to be repaired wagctrhe:tivbesgheet 8
(metal nenber) having the pit 9 shown in Fig. 3 (c¢) in which the netal

wel ding 12 had been fornmed at one end ofzihe pit, unlike the blowhole 10 in
Fig. 3 (b) in which the netal 10 welding 12 was forned at the both ends of
t he bl owhol e 10. Qther configuration was sane as the case shown in Fig. 3
(b). The repair by wel ding was conducted for the netal surface 8a of

this tube sheetidasade | afl yeii® Exarphaid. H&TheckgRake Was Bt ghBedhhil e
the shape of the pit was not substantially defornmed, simlarly to Exanple

3. [ Conpar agseeviaxanpl euktnthe pike ImeRa1r epaided setl afdymd® Fxapple 1
except 20 that three netal |layers ware forned over the pit to block up the

pit in thefbidgel waldinge st epnahhengal taf t;asm,lwgprle,ssalrf&l BLER WaS i tted,
and on the nefal layers fornmed in the first welding step, additional three

met al | ayer$quelse ober wed o Rretrie 3eeond tWeleling SieP atBidtiday |y 25to Exanple
1, a cross sectional view of a part around’the
5

[Example 3]

This example relates to the repairing process of a
metal member in which a blowhole exists. According to the
process shown in Fig. 2 (d) to (e), on the metal surface 8a

10 of the tube sheet 8 (metal member) in which the blowhole 10
exists shown in Fig. 3 (b), two metal layers were formed by
the micro-TIG method with the same conditions as those in
the firét welding step of Example 1. As shown in Fig. 3
(b), metal welding 12 had been formed at the both ends of

15 the blowhole 10 so that the blowhole 10 was formed. The
blowhole 10 had been filled with powder of NaNO, : KNOs;.

Similarly to Example 1, a cross sectional view of a
part around the blowhole 10 after repair is shown in Fig. 5.
In Fig. 5, the blowhole 10 has a round shape since the

20 cylindrical blowhole 10 is shown from a direction along its
central axis.

As shown in Fig. 5, in this example the welding was
conducted by the micro-TIG method, so that its heat was
hard to be transferred to the blowhole 10. Therefore, it

25 was understood that repair of the metal member including



WO 2011/ 030919PCT/ JP2010/ 065999 25 pit 9 after repair is showm in Fig. 6.
As shown in Fig. 6, even though the netal layers 11 were fornmed over the

pit 9, thgoRbiBosa@s noved into the forned netal |ayerspé&d/prdi6Bsshsie
conpression step was not 5conducted in Conparative Exanple 1. That is, good

repair of the pit 9 was not attained. [Cogparative Exanple 21 The pit 9 was
repaired simlarly to Exanple 1 except 10 that three netal |ayers ware
formed over the pit to block up the pit in the first welding step,
thereafter the conpression step was omtted, and on the netal |ayers forned

in the firshoweldwbsd epasaddihiagal wHi Bl LRYSES teldd Wimkchdie t he
second welding step. That is, a 15 different point” from Conparative

Exanpl e 1 was oy that dulie duimen 19f ddmidon of the netal layers in the
second wel ding step was changed to six. Simlarly to Exanple 1, a cross

sectional view of a part around the pit 9 after repair is showm in Fig. 6.
20As shown in Fig. 6, the pit 9 was bl ocked up nore than the case of

Conpar ative Exanghghisi nge the nunber of formation of the netal layers in
the second wel ding step was increased from Conparative Exanple 1. However,

5 e e SR AR s 8 SRR 8.0 Bkt B
pit. An object to be repaired was the tube sheet 8 (metal
member) having the pit 9 shown in Fig. 3 (c¢) in which the
metal welding 12 had been formed at one end of the pit,
unlike the blowhole 10 in Fig. 3 (b) in which the metal

10 welding 12 was formed at ﬁhe both ends of the blowhole 10.
Other configuration was same as the case shown in Fig. 3
(b) .
The repair by welding was conducted for the metal
surface 8a of this tube sheet 8 similarly to Example 3.

15 The repair was attained while the shape of the pit was not

substantially deformed, similarly to Example 3.

[Comparative Example 1]
The pit 9 was repaired similarly to Example 1 except
20 that three metal layers ware formed over the pit to block
up the pit in the first welding step, thereafter the
compression step was omitted, and on the metal layers
formed in the first welding step, additional threé metal
layers were formed in the second welding step. Similarly

25 to Example 1, a cross sectional view of a part around the



WO 2011/ 030919PCT/ JP2010/ 065999 26 this manner, crack or the like is easily
generated in the netal layers 11. Thus, good repair of the pit was not

att ai ned.wb[2Compegiat i ve Exanpl e 3] The bl owhol e wesTwerdadssesari | arly
to Exanple 3 except that the mcro-TIG nethod used in Exanple 3 was
replaced by a TIG nethod. In the TIG nethed, its conditions were a current
of 110 A and a welding duration of 3 sec for 10 conducting the wel ding
once. As a welding material, carbon steel TGS-50 having a dianmeter (filler
di aneter) of 0.8 mm (Kobe Steel, Ltd., Japan) was used. The two netal

layers 11 wane S erfted aregdia e alhs fiacei@p. eSimlarly to Exanple 1, a
cross sectional view of a 15 part around the blowhole 10 after repair is

shown in Fig. 5adAssishenihn . &, ElGehhithvQpaiad i Mecgxanphethe 1
wel di ng was conducted by the TIG nethod, so that its heat was easily

transferredir@ therid @WBoLe 1Bel toiwass obsgeved ct hatyi bemblewhalg oL0 was
def ornmed and expanded. As a 20 result, the blowhole 10 cane to exist in the

netal |ayersprhba afe@ff eehives wehdigng dehi idessmpBss 80bn 0kt apneshs atst good
repair was not attained. Industrial Applicability WD

2011/Qﬁog1%£§ﬂﬂﬂﬁQQﬂQﬁp6§§§8arative Example 1. That is, good repair

of the pit 9 was not attained.

[Comparative Example 2]
The pit 9 was repaired similarly to Example 1 except
* 10 that three metal layers ware formed over the pit to block
up the pit in the first welding step, thereafter the
compression step was omitted, and on the metal layers
formed in the first welding step, additional six metal
layers were formed in the second welding step. That is, a

15 different point from Comparative Example 1 was in that the
number of formation of the .metal layers in the second
welding step was changed to six. Similarly to Example 1, a
cross sectional view of a part around the pit 9 after
repair is shown in Fig. 6.

20 As shown in Fig. 6, the pit 9 was blocked up more than
the case of Comparative Example 1 since the number of
formation of the metal layers in the second welding step
was increased from Coﬁparative Example 1. However, it was
observed that a part of the pit 9 existed as a hole in an

25 upper part of the metal layers 11. When the hole exists in



27 reactor which uses a heat transfer salt, and therefore the present
I nvention can be utilized for a chem cal plant and so on using the reactor.

5Thepr esegb 20PRl3Hgati on clainms priority to Japanese Pat egi/ARRbioc@éd on No.
2009- 209219 filed on Septenmber 10, 2009, entitled "PROCESS FOR REPAI RI NG

PI'T AND PROCESS FOR REPAI RING METAL MEMBER " The contents of that
application are incorporated herein by the reference thereto in their
10entirety. WD 2011/ 030919PCT/JP2010/ 065999 28 C ai ns 1. A process
for repairing a pit which has formed on or through a netal menber and

conpri ses aeatnddads efrsakt okhetgl mm@'f% PLOGEYS CREIRGLILSES 157 éﬁé st
wel ding step for forn1ng a plurality of net ayer ver the pit by

mcro-TI G michad {8y uhisch el diggd 885‘*9%‘5%1@ B C s S‘S'fig‘a’f"‘or fed net al

wel di ng materi al, a conpressi‘on”step conpressin
| ayers by %Rggwﬂga”inpact on the netal |ayers so that a

5 [Comparative Example 3]
The blowhole was welded similarly to Example 3 except
that the micro-TIG method used in Example 3 was replaced by
a TIG method. In the TIG method, its conditions were a
current of 110 A and a welding duration of 3 sec for
10 conducting the welding once. As a welding material, carbon
steel TGS-50 having a diameter (filler diameter) of 0.8 mm
(Kobe Steel, Ltd., Japan) was used. The two ﬁetal layers
11 were formed on the metal surface 8a.
~Similarly to Example 1, a cross sectional view of a
15 part around the blowhole 10 after repair is shown in Fig. 5.
As shown in Fig. 5, in this comparative example the welding

was conducted by the TIG method, so that its heat was

easily transferred to the blowhole 10. It was observed
that the blowhole 10 was deformed and expanded. As a
20 result, the blowhole 10 came to exist in the metal layers

11, an effective welding thickness was not obtained, and

good repair was not attained.

Industrial Applicability

25 The present invention can be used for repairing a



10t hi ckness of the nmetal layers is conpressed at a conpression ratio of 50%
or less, and thereafter a second welding step for formng a plurality

of additiwpabimBhab | ayers on the conpressed netal | ayepgrRp2dihgss0dcr 0- Tl G
met hod. 15 2. The process according to claim1, wherein follow ng

said second wel ding step, the conpressiopystep and the second wel ding step
are sequentially conducted twice or nore. 20 3. A process for
repairing a netal nenber in which a bl owhole conprising a heat transfer
salt therein is fornmed, which process conprises formng a

plurality ofodmia el sudds aaSHééecgraﬁs%é&h%a@%t a&ﬁaer@f‘errm& L %o

| ocated within a distance of 2. mm from t he bl'owhol e by a nicro-

met hod in ‘M}'e@%rﬁ’tﬂlﬁl%d&ﬁof'grlr'cﬁédu{ﬂl?ﬁgdd'f%%h%r el A AU ana

mat eri al .
so on using the reactor.

5 The present application claims priority to Japanese
Patent Application No. 2009-209219 fiied on September 10,
2009, entitled "PROCESS FOR REPAIRING PIT AND PROCESS FOR
REPAIRING METAL MEMBER." The contents of that application
are incorporated herein by the reference thereto in their

10 entirety.
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Claims

1. A process for repairing a pit which has formed on
or through a metal member and comprises a heat transfer
salt therein, which process comprises

a first welding step for forming a plurality of metal
layers over the pit by a micro-TIG method in which welding
is conducted by arc discharge to a welding material,

a compression step for compressing the formed metal
layers by applying impact on the metal layers so that a
thickness of the metal layers 1is compressed at a
cémpression ratio of 50% or less, and thereafter
| a second welding step for forming a plurality of
additional metal layers on the compressed metal layers by

the micro-TIG method.

2. The process according to claim 1, wherein
following said second welding step, the compression step
and the second welding step are sequentially conducted

twice or more.

3. A process for repairing a metal member in which a
blowhole comprising a heat transfer salt therein is formed,
which process comprises

forming a plurality of metal layers on a surface of

the metal member which is located within a distance of 2.0



WO 2011/030919 PCT/JP2010/065999

29

mm from the blowhole by a micro-TIG method in which welding

is conducted by arc discharge to a welding material.



