NE(hod of Treating or Repairing 2158742 Pressure Vessels. The present

invention'relates to a nethod of treating or repairing pressure vessels of
thetype adapted to contain high tenperature and hi gh pressure hydrogen as
are_used in petroleunlreflnerles coal 51. gasification plants and the

Tike. In petroleumrefineri asification_plapts_and the

hydrogen cracking or hydrog‘?%hp aefl ﬁ?agﬁ'ﬁgcaﬂ Babﬁ§n$n a hi %568742
;tenpéTature and hi gh pressure _hydroBeesstumespesselsit hin a pressure vessel.
Figure 10. 1-is a longitudinal section view of such a pressure vessel 1

Mhi ch conprises a shell 2 of carbon steel or low alloy steel and a weld
¢l adding 3 of material &iehpxesgns: dpventionaralasessteepr Method of

'+ nconelt h( RIM whi ch t&@af itin fﬁxeabh%&ngeﬁa&gfﬁ% eesseléoswnuga?%ﬁ;é tendg
wover e i nner surfac e su se e e ereto by
wel i ng her aby r oRIBREEG e CORTLIS BLplBegperAEtpe.aaf RLERoPERT=TLS
;c07r05|on When fahydndgemgasuaheauseﬁsah pekroldam trefpnertes,t hecowl ded
jioints fron1cgpck| EJE% ﬁgiogyilggildgﬁé %ﬁe kgesses and to inprove the

,quallty of the wel o] heat reatnent is carried out in
‘accordance with ASMVE Se@nvmﬁtrolﬁnmar@ééyerleabrP@aﬂeaasﬁf@ﬁétﬁ@mn@lants

-described above, thademdarikes ?ﬁ nt@QagﬁiﬁgnskahyaréégntP@actlons
wel d-cl adding material 3 have a s ctu which is readlléé ﬁlce ptible to
e

25, hydrogen i nduc&F SiCFFHEh Qutadng @'Pt teppenatreeya 9h BRESFRFRig

hydrogen at high t exydafoefen atmodphiegle pithdur @ pressadef vesselongrpguied of
-t I ne,

s 10. 1 is a longitudinal section view of such a pressure
f“ \~‘ ~ vessel 1 which‘compriseé a shell 2 of carbon steel
" or low alloy steel and a weld cladding 3 of mazerlal
such as austenitic stainless steel or Incone% which
exhibits excellent_reslstance to corrosion and extends
£5. over the inner surface of the pressure vessel 1 and is
secured thereto by welding thereby fendering the
inner surface of the vessel resistant to corrosion.
When fabricating such a vessel, in order to prevent
the welded joints from cracking, to rélie#e residual
20  stresses and to improve the quality‘of the welded
'joints, a post-weld heat treatment is carried
: out in accordance with ASME Sec VIII. In a vessel
ij g fabricated in the manner described above, the boundaries
between the base metal 2 and the weld-cladding material
3 have a structure which is readily susceptible to
25. hydrogen induced disbonding. As a result, when the
vessel 1 _containing hydrogen at high temperature
and high preséhre is used for a long period of time,

disbonding due to the hydrogen tends to occur at
shut-down in service at the boundary 4 between the

30' base metal and the cladding as shown in Figure 2
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dlsbondlng due to the hydrogen tends to occur at shut- domn I n serVJCe at
; ;boundary 4 between the base metal and the cladding as shown in Figure 2
ywhi ch is a scrap perspective view of the wall of the pressure vessel. .
S di sbondi ng of the cladding iis prdpagated gradual ly and those pOI’tIOI’lS\,L
of the cladding which are not separated fromthe base netal 5.° are also™
found to be subject to hydrogen corrosion. Thus, .when di sbonding of the

€Fadding is fouwhieh b2 dICKIP rmerenﬁq@meew&ﬁ ithe waddupédsthest be
taken as soon m@leesééuthesd@mmmﬁmgofof% 'd1adaineh tdamage 10.

the portions h crac s in themare r aned and an overlay wel di ng

process is carr? ¥HRte ?Eﬁﬁﬁéiiﬁe?WQN Hﬂﬁﬁiﬁf and the

repair-wel ded p@l&ddiugéwhichknfstmmttsephnxrﬂdwﬂﬁdmIﬁhﬁ Haeeahm&aﬂ The '

repai r of guch S S d therefore
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extrenel y ®xpensive. e préesent i nvention
there is provi dBaus, rmmddiﬁbtmmq ref d:hﬁes@eﬂdd;dmotlaj fiomngorroaibe hydr ogen .

.. at_high tenperajuze ?ﬂﬂ%h'%'@é WS SIS il Sur S Hu st B thkebhe 20

i nner surface of | ayer corr03|on resistant material 1's secured
by wel di ng, whi®h ﬂ%ﬁ%oﬂscﬁﬁﬁﬁ - heat treating the boundary between-the - °
shel | and the corrosi@ntiié@skndwn imeehicd icf WipididgenritiGamage

'10. the portions having cracks in them are removed, and
an overlay welding process is carried out to compensate
- for the removed portions and the repair-welded portions -
are subjected to a post-weld heat. treatment. The A\
_ repair of such vessels is thus complex and time consuming
15. and therefore ext:emely.expensive.
- According,to'a first aspect o6f the present
invention there is provided-a method of treating a
vessel adapted to contain hydrogen at high temperature
and high pressure comprising a steel shell to the
20 inner surface of which a layer of corrosion resistant
~ material is secured by'welding; which method'comprises
heat treating the boundary.:-between the shell and the
corrosion resistant material at,a_temperature
between 700°C and lloooc_by means of an induction
25 heating unit. : ' !
According to a further aspect of the present
invention, there is provided a method of repairing
a vessel adapted to contain hydrogen at high
" temperature and hlgh pressure- compr151ng a steel shell
- 30. to the inner surface of which a layer of corrosion
- resistant material is secured'by welding, which
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between 700 *‘C.and 1100 C by neans of an induction 25 heating unit.
According to a further aspect of the present invention, there is provide
met hod of ,repairing a vessel adapted to contain hydrogen at high dtfb
temper at ure and hi gh pressure conprisingda steel shell 30. to the inner
surface of-which a | ayer of corrosion resistant material is secured by
meldlng whi ch . 3. nethod conprises replacing an area of the corrosion
resVstant material, e.g. an:area at which the corrosion resistant materi al
-and/ or the wel ded ’&GﬁheétF%PFﬁ%?%ﬁeRh%C%‘P%cﬁ& 3FRA 1t theyiqeroesion resh

corrosion resi Stanfemeanelmaadrﬁswre l&ntéa.-éi\eatshﬂiiczbwn/@l di ng and
subsequently heat treat

| t he_ boun the fresh
¢orrosion resistanf® ﬁﬁ?ﬁ?gﬁlrﬁ?lﬁg?% ? ? %Zkﬁjﬁﬁﬁ)Wf 1100 C by
nmeans of an |nductconnaean.ongthéreoﬂlhas&meiwetheteﬁnhevnrté'at ment by

e hent BndUCEkgghhgékkgg%HHILe %@%gﬁﬁs#%gf%]\?\l) ours Ol’gf&etick El:o

further heat freatnen anti a
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of
corrosion resistant material at a temperature between

_ 700°C and 1100°¢ by means of an induction heating
1l0. unit. '

. Subsequent to:the.treatment by means of the
Y induction heating unit, the vessel may be subjected

to a further heat treatment at substantially 700°¢
for two hours.or less, =
i5 . T
' Further features and details of the present
_invention will be apparent from the following description
of one specific embodiment which is given by way of
_ example,'with_refErenee tb the accompanying drawings,
20 in which:- - o | '
FIGURE 1 is a longitudinal sectional view of a
vessel containing high temperature high pressure hydrogen;
FIGURE 2 is a scrap view of the wall of the vessel;
; FIGURE 3 is a view similar to FIGURE 2 illustrating
- \vf '25  the present invention; '
| PIGURE 4 is a diagrammatic view of a high frequency
induction heating unit for use in the method of the
present’ invention, .
'FIGURE 5 is a graph of the temperature distribution
30. across the vessel wall whenit is heated- and



“exanple, with reference to the acconpanying draw ngs, 20 ~in which:-
SR -1 is a longitudinal sectional view of a vessel containing.high
- teXp#rature high pressure hydrogen; FI,GURE 2 is a scrap view of t'he wall of
the“vessel; FIGURE 3 is a view'simldr 'to FIGURE 2 illustrating 25 ‘the 1
present invention, FIGURE 4 is a diagranmatic view of a high fiequency =

i nduction heating unit_for e in the nethod of the present invention; = -
FIGURE 5 is a graph & e-ﬁgﬂﬁbﬁhﬁﬁﬁém& r AhdBssRag4onapfothe Rethedsel
wal | whenit is hedt atie prdbsent-lifiv@ntddns a schematic illustration of the

met hod of the presentyy ndon.. The nce. QL. ot herw s ~_cracks at the'
wel d boundary of theag#£§§%¥ggegéggiO%L%%%&éfegFeﬁrgFLs-agng?odlcelly or
at suitable tinewsldabonndeayowic thet pressuse vheskilkd. i¥hdeteetedively
arge cracks S, ipaHie i A SuliidEIR! gy pohahiykBEEohicM Oure 2,

: are found, the crack regions and _the regions adjacent 10, em are -

" removed as i ndi cASE®IRPTa 9 Wy di&e3, and new wel d-cl adding nmaterials 3 R

:?.are made and pl aced | osi tiQn_tq._cqnpensate for the renpved portions and
are then wel dede. g. g&@%wﬁ 1§ h3g§ﬁ§|FFa? éréaff€9}°Pﬁe°Spundary 4
bet ween the basewidichl ate indiZzated bgechephadsnest inekdgaradding materials -

3 are found, the crack regions and the regions adjacent
them.are removed as indicated by a in'Figﬁre 3, and
new weld-cladding materials 3 are made and placed
| in'position'to compensate'for the removed portions
and are then weldede.gQ arc welded to the shell. S
Thereafter, the boundary 4 between'the base metal
2 and the replacement weld-claddihg materials 3
is- heated to between 7OOOC'ahd 1100°% by a high-
frequency induetion_heating unit 6 ( eeen in Figure 4).
| The suitable heating temperature of the,sufface
of the cladding and the temperature distribution
across the vessel wall are showh_in-Figure S.
When the high-frequency induction heat treatment
is carried out, the boundary 4 can be heated to a
predetermined temperature without subjecting the
base metal to extensive thermal effects, as shown )
. 23 in Figure 5. Thus the temperature at the surface \~)
of the cladding is such that the temperature at the
| weld boundary is within the desired_range, but falls
off rapidly in the shell 2. 1In addition, the heating

lol
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30 range can be easily determined and the temperature
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1s. heated t-o between [err] and [err] by a high- frequency induction heating
unit 6 ( ‘seenin Figure 4). The suitable heating tenperature of the surface,
of .the claddi'ng and the tenperature disiribution 20 across the vessel wal
arg shown in Figure 5. Wen the-higthréqUency i nduction heat treatnent i

_-carried out,, the boundary 4 can be heated to a predeterm ned tenperature

"W thout subjecting the base netal to extensive thermal effects, as shown

‘infEigure 5. ThusFéHSnggggag}grgoﬁErBﬂfeﬁyrface of the cladding is such

thatthe tenperatu oundary s wthin the desired range, but

falls off rapidly in {#geshehl ReakneddbhbAl: of NendoBdlihAp 15 range can

“be easily determned a ne tenBerature can be -readily controlled. Wen
“the heat treatnent CBFTiRé PulindERe FITBAR PRFrabiont#RA CHHIMWR gration and

: g?; om um car ]lgi ge_ pE?&bﬂhb?bbﬁ&iwi:ﬁﬁiGﬁQWhLGH duturged hdubing thenneal i ng
5 “The boundary | s SPEPRASHS ABSE LBotPE TRAFLRSFLOP -Gk FOS TSEFIE type can
‘be prevented.. 10 are dispkirgedeafidskbesmibeohsttuoturgcat theiboundary
repai.r operation. 1@u§e theginitial repair welding is effected at a
~relatively high temperatuie follow ng : : _
f As a result, further cracking of this type can be
prevented.. . | _
10 Figure 6 shows the heating cycle during the
L _ repair operation. Thus, the initial repair Welding
A, ' is effected at a relatively high temperature following
which the high frequency induction heat treatment
. is effected at a somewhat lower temperature. Thereafter,
- 15. a post-repair-weld heat treatment may also .be carried:
out at an even lower temperature. This latter
treatment may not be necessary and the temperature
curve thereof is indicated by a chain line.
_ When the cracks are relatiéely.small, the
20 . cracked portions are directly subjected to the high
frequency induction heat treatment without the removal
and repair welding steps. The structure of
the boundary is improved by the-direct-high.frequency
| induction heat treatment so that the
\*¥ 25 progagation of the cracking can be prevented.

‘The table below shows the results of four
experiments on a mock-up testing plate which was
repaiiéd in accordance with the method- of the
present inﬁention. The test plate was maintained

30. "at a tgmperature of 450°%¢ within a hjﬁrogen atmdsphere
| o in which the pé:tial pressure of hydrogen was maintained



whi ch the high frequency induction heat treatnent is effected at  a-somewhat

Zl oyey tenperature. Thereafter, 15. a post-repair-weld heat treatnmnt may

- al ,e carried out. at an even |ower tenperature. This latter treatment ..
mayfiot be necessary and the tenperatdre curve thereof is indicated by a ¥ -
chain I'ine. Wien the cracks are relatively small, the 20 cracked -
portions are directly subjected to t he high frequency I nducti on heat

treatnent w thout the renoval, and repair welding steps. The structure of
“tHe boundary is iampAsPesagm h&oi d8chonrgh f FBqLEACHT| Haacexperieents

treatment so tha%ﬁ%@% %iatlnar%&egahuanbehnaaeycﬁachocgtsam1@@°@revented
The tabl e bel ow he results of four experi testing

pl ate whi ch was toe bdoh, £TSANRRCY %P?HcFﬁenngFﬁBﬂnﬁfugﬁ pgg§ent _
i nvention. The tQ@@tpb&dthWigﬂmlﬁbahha& 39eatedahta7oeﬁcerature of 4500C
within a gydrogen atnosphere in which the partial pressure of hydrogen was

- mai ntai ne 6. at _1Ib0 kg cm tor|48 hours. [Ifn two of thelexperinents r
 after heating thE&xpelrdmeannd8aget o |er€laddifigri|] Hedth the Hi gh dd&gyency
i nduction heati pg ulet., the mesalpl t emebal al so [hetweatmented |at 700 C. 5.
Experi ment Base Y erat - —Restutt—No- et at™
net al treat neqt ' ' none no crack
| ASME ASME - :
10. 2 e o . .none no crack
_ ' —1 SA387 . SA240 ; _ -
3 Gr.22 Type 304 700°C x 2Hr | no crack ;o
4 - . 700°C x 2Hr 1.~ no crack
15. a A high-frequency,induction heating'unit suitable

for use in the present invention will be described with
reference to Figure 4. A carriage 8 with wheels
7 is attached by springs 9 to a carrier member 10.
) An inductor 12 is mounted on the carriage 8 and

. 20. connected o a high frequency power supply 11.

| When the inductor 12 is energised all the desired
portions of the vessel wall may be heated by moving the
carrier membef 10. '

In this case, the carriage 8 is pressed against f '
- 25 the-inne: surface of the vessel wall under the action N
' of the springs 9 and moves over the surface. As a |
result, the distance between the inductor 12 and the
. inner wall surface of the vessel 1 is maintained °
constant so that this surface is uniformly heated.

_ The method of the present invention is applicable

not only to repairing a preSsure vessel and treating
a pressure veseel with small cracks therein to prevent
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none * no crack ASME ASME 10. 2
‘none " - no crack SA387 . SA240 3 : G .22 Type 304 [err] x
2Hr no crack 4 - i . —lerr] x 2Hr no crack 15. ‘==
ARkgh frequency. induction heating unit suitable for use in the present
~invention will be described with reference to Figure 4. A carriage 8 with
~wheels 7 is attached by springs 9 to a carrier nenber 10. An inductor 12 is
hount'ed on the carrjage 8 and 20. ~connected to-.a -high frequency power
supply 11. Wen t hEP§ ntREERRT BroR2GIQR Sdienaqs dwdk d’g§°réd> FEERSRY of
‘the vessel wal'l oy predeantedvdyseDwiich his e et uldaRige) thiereblyi S
- case, the carriage i S I nst, 25 t'he,inner surface of the
vessel wall under ¥ %6%%%{%% %l?e,?%o?wg%ﬁoﬁbsofg czfrﬁf]ﬁ%ves over the surface.
"As a result, the distance between the inductor 12 and-the inner wall
-surface of the vessel 1 is nmaintained constant so that this surface is

“uhiformy heated. 30 - The nethod of the present invention is
applicable not only torepairing a pressure vessel and treating-a pressure
“vessel with small cracks therein to prevent the further propagation

thereof but also to treating a pressure vessel which is as yet undamaged
t hereby preventing the formation of cracks. . _
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. CLAIMS 1. A method of treating a vessel -adapted to contain hydrogen at
_-high_tenperature and hi gh pressure conprising a steel shell to the inner
' suTﬁE?e of which a layer of corrosion gésistant material is 5. " 'secured |

by di ng, which nmethod conpri'ses.heat treating the boundazy - between thejy
shel | and the corrosion resistant maigmgl at a tenperature of ‘between
[err] and [err] by nmeans of an induction heating unit. 10. 2. A nethod of
riepai ring a vessel adapted to contain hydrogen at high tenmperature and high

pressure conprising %&ﬁéﬁ{o&hﬂq !t:ltéa_ﬁjhxg iam@dssa;r deptel w&%ebﬁ&a&aﬁe& of
corrosion resistagnt o terial is secure i ng, i ch metho
conprises repl aci et e%tng?iqlhgt%@rr@%%? raé‘gy%k’t Pﬁ%ﬁé?‘i”a with fresh
corrosion resi st annprisingla siteelb ratectl i ithe dnnesr sweiflacey ofiel di ng and
subsequent | y heald{@atd ngajdie d0 s R4 Wea Mt malddes3ficlls and (he
fresh corrosion resistant terral at a tenperature o ?betmeen ferr] and

© [err] by neans ofSefRredi kY ivwhidiardi thish methods qamprd@ess herAi med in
daim1 or dai mgddely the WiuHBait e Bdtedntere e¥TaANand! ehe t he

vessel is subjected to f.further heat treatmnent at substaQFLalg% 700 C for
two hours or | es<oxrosion resistapt material at a temperature
between 700°C and 1100°%C by means of an induction

heating unit.

10. . :
' 2. A method of repairing a vessel adapted to o
contain hydrogen at high temperature'and high B \,)
pressure comprising a steel shell to the innér
surface of which a layer of corrosion resistant
15. material is secured by welding, which method

comprises replaciné an area of the corrosion _

resistant material with fresh corrosion resistant

material and connecting it to the_sheli'by welding

and subsequently heat treating the boundary between
20. the shell and”the fresh corrosion resistant

material at a temperature of between 700°¢c and' 1100°¢

by means of an induction heating unit.

3. A method as claimed in Claim 1 or Claim 2 in
25. which after the heat treatment step, the vessel

is subjected to a further heat treatment at

substantially'7oopc for two hours or less.

4. A method of treating a vessel adapted to contain . S
30. hydrogen at high temperature and high pressure,
' ‘substantially specifically as herein described with

(T —
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4, A nethod of treating a vessel adapted to contain 30. “hydrogen at high
tenperature -and high pressure,, substantially specifically as herein
described.with reference to the accoﬁﬁanying drawi ngs. 5. A et hod
foAwrepairing a_high tenperature high preéssure hydrogen cont ai ni ng vessel
-whose base 5. netal is carbon steel or low alloy steel overlaid with a@
'cornpslon resistive material by welding, including a step for heat treati

~a baundary bet weerefezebasetoethe andompenyihnherdrsawingg00 to 1100 C by

“rreans of a-high frequency induction heating unit. 10. 6. A nmet hod as
c¢lainmed in Caim5 wherein after the heat treatnment step, the vessel is

subj ected to postSwel d Relethpdafptnrenaizingt anhiah| yemperayxe a short

;t|ne Wi thin two-hgyes: plasséPe hydrogen containing vessel whose base

v 5. metal is carbon steel or low alloy steel overlald with
a corrosion resistive material by welding, including
a step for heat treating a boundary between the base metal
and the material at 700 to 1100°C by means of a high
frequency induction heating unit..

S 10.
- 6. A method as claimed in Claim 5 wherein after
: i_; the heat treatment step, the vessel is subjected to
i post-weld heat treatment at substantially 700°¢
for a short time within two.hours. '
15. '
g
20. i -
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