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Pressdre vessed for receiving and storing cryegenic fiaids, in partioniar eryogenic lguids, methods for

produciag said pressurs vessel, and use of vaid presvure vessed

Seveription

U receiving and sforing crvngenie fhdds, in

y.,.

BB The precont mvention relaton 10 3 PLCSERIS voRSD

particutar cryogesie Hguids, xod t© v wethod for produsing sadd pressure vossst and e of said pressurs vessel,

F002]  Such prosswre vessels for wtoriny cryngente fleidy, in particale Hgetd hydrogen (LH2), which serves as
facd due o e cocrgy 2 fficioney and envivonmental compatibitity, are conmonty known, These prossurs vessel
ars composed of @ wetal vessel that forms ¢ Hner and a reinforcement made of fiberccinforsed plestic applind e
the Heer. Such prossure vessels andior ks can be wsed fo afl wutymotive feids, such oy gerpspace, Sdy and
boat kutkling aod @ partioudar in the autoanobile industey. Buch a pressure vessed i deseribed in the docament
EP-A-2163328,
{0003] Liguid hydroges (1LH2) changes o the gaseous stale at « temperaturs of approximately 20 K G253°0)
st atmosphere prossure and i therefre not storable at ambient femperaturs, I order to sifow for high density
storage both iy the ligeid andior gessouy plase, the hudrogen s stored cither &8 eryogenic tompembars and
wsder the hiphest possible pressure wp o the supercritivcal state or 8t temperatures of up b spprosimately
130 and also vnder high pressure. The vessel matordal soust therefors Bave the highest possilde {prassurized)
foedrogen resistance aud subszero toughness. In addition, the pressuve vessel anddor tank mant he extremely Hght
dive o the desirad field of application,
D004 The luers of prossure vessels made of Rully anvterdtie sicel that have besw weed in practive until now afl
huve a liek of slastic range a8 sulsulaind based on Hoolie's ratio hetween the yield strongth and the elastic
siodidiz, However, & lower olavie range fuplicd in torn that v oxdsy fo Hodt the opetntional stress of e ter
on the slastic range (o order 1o avord low eycle fatigue) nnder the action of the prossure and temperatere cycles,
stronger reinforcement made of fbereinforced plastic mast be used, possibly abwo i conjunction with an
sedditions] isenmediate curing to avaid angs hale. This keals fo a0 increase of the weight of the prevenre vegsels
sod slee inereases the nousable volume sy that producing the prassure vesssls is markedly sxpensive.
{B8ESE  In order o counteract hydrogen embrivlement, DE 16 2007 020 027 A1 proposes plaswma witriding or
carburising a taw container made of an austenitic steel alloy. However, such a plasma oiividing or carburizing
fias e considerable disadvartage tiat the sen-meallic chemvest element iy foon of dissclvnd witrogen or
carbon iv apphied in 3 way s an additional protection Tayver va the surfies of the anstenitic stes! alloy, so that
martessite may stll be fomed n the anstenitic maing, Under the infhience of hydrogen and of the prevailing
STyogSRiv temperatare, the mariomie causey ebrittioment and i theredore undesivable,
{8098} The objest of the prasent invention v therefore to provide a pressure vesge! for reveiving and storing
Hyuds, particalarly crvogende flulds, by means of which the afbrementioned disadvantages can be prevented, is
thevefors steusturally pasticalarly shupde; at the same tme compact and stable as well as very Hehtweight, hag
an exdatzed elastic range snd o high {prossurized) hydvogen roddstance as well as suitability w0 orvogenie
temperatures and o very eosi-effection © produce, and o Faeilitate s method for dis provduction snd-H8 ase

180071 This ohischive s achioved v a surprisingly simple sivoner By e fednies of slaim 1.
8 ¥
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{B00R]  The desiyn of the pressurs vessel toaccordanes with fe hovention for receiving aud storing crysgende
flaids, dn partioniar oryogeniy Hquids, which v cowposed of & wmetal vissel that Forns a Haer and 2
retnforceraent sade of Sherwinforced plastiv-applied to the finer, wherehy the Hner s made of 2 nov-iagneiie
retal alloy having & Rdly austenitic face-contered cuble lattios stoacturs and, 18 ordey to enlarze andior crease
the clastic rmge andior to focrease the yiold sirength prie 0 applylng the minforcement made of

1.

fiberrernforced plastic, & suljected fo a nitniding treatment by means of nitrogen or amunonia pawides a

pasticulagly shimpde, compast axd Rable constretion . of @ relatively Hght-welaht prossure vessel, At the same
time, the prassure vessel in accordance with the tuvention has an soldrged, markedly high elastic range. On the
o Hand, the olastic range of liners made of @ non-imignanis metal alley having & folly sustenitic fioe-centored
cubie lattics wracture, aleeady significantly lncreases, per se, ay the temperature drops, so that al cryngenic
tommperatures, the slastie range of Hners roade of aluminum aloys B attained or sven exceded, even though the
plastic range of the former at sabient fenaperature les significantly lower than that of the Iatter, approximately
in the range of 30%, On the other hand, the nilriding trestment sl allows for an additional inoresse of the
yisld strength at a constant elastic modules, the guouent of which veaulie in such an foorcased slastie range.
These alloyiog technigues allow additicnally inorsasing the nitvogen content, which o tuo oy by insesagad by
high chrompum and manganese contents and by adding nichium, if required, and conssquently the elastic range
and the vield strength of the liner. The sohibility of nitrogen in fully acstenitic steels can also be rajsed i
particulse by way of the alkeying elements sickel, vanadivm and mnlybdesum. When using picked, au oo of
at fenst 13% s preforable toorder to guaranive » fally sustenitic wate. Ad this makes it possible to snewry a high
{pressuniasd) hydrogen rovistance and to reliably hndt or avold @ cryogenic temperature embritileoment, Lastly
the production of the vessel In socordanca with the invention iz shple, less labour-intensive and thas extremely
cost-effective.
{09 The lner is treated by means of nitrogen or anmmonia al » tomperature above approximately 1,000°C,
in partioudar v g tomperature range belweoen approximately 1000 sod spproxinwtsly 1.206°%C, Conssguenly,
the airiding treatment e sarned smtat the temperature of solution anvealing of te muterial of the Iner Hereby,
the sdtrogen can be entirely selubifized. Io addition, the Romation of britde phases, such as the sigma phues, the
ohi phase ot the chromiom uitride phase, and as 2 consequence thersof the formation of swbritting witrides,
wireh fom ot siludng temperstres of below approximately 136°C, can thus be svoided. o addition, the
diffusion rate at temperatures above approximately LOSOC i xo high that with typical Hiner wall thickuesses of
approvinatele 1.0 mm, 2 fotal allopmg with sivogen s possible within a cotimeretally ressonaldis thine-fame,
RIS Ax g rewidt, the prassere vessel in ancosdance with the bavestion hes & moltitude of bovefits, The
stfl coanets of & s agretic wclal alloy with a Ry austenitle face-oonterad culiic kutlivs straptuse afera
nitnding treatment bas beew carriad outl That way the high inithdd vield strength of the son-magnetic metad alloy
with « fally austenitic face-centernd cubic lattice Strusture prior 1o the niteiding treatment iy advantegeously used,
With an additional nigriding trestment, 3 high vield streopih Rygs of «l least 300 MPa or mose can by casily
selueved. I tueg, & high yield streagh Roas has an advantageons effect on a highest possible elaetic range ¢
avsording i Hooks
fa = Rp(;.g B}
061 Forther sdvantageows details of the vesse! fn secordance itk the fnvention ars desoribed in olaitex 2 fo
it
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8812 The constructineal neasures of cham 2, according w which the Huer i conposed of saxngalloy, g
pavticudarly dmportant. The mangalioy wsed as a matarial for the Hoer according to the invantion iy a &di
austenite, Lo, a steel with a fully suvtenitic lattice structure, that 13 adapted & use 8t cryopendt torperatores,
has a good {pressucieed) hydrogen rentsiance rad whose clastic Tange v orflarged by 8 nitriding treatinest in i
waterial properties and tus by anelastie range that #s increased as 2 funotion of te aitiding degise

HI813]  This can be ashicved in a partivularly sdvaniageous tianaer Guough the features of claim 3, gccording

{}‘—‘«

to wikch the Haer v composed of @ metal glfoy L3094, L3948, 13952, 13957, 1.3964, 13965, 1.3974, 14328,
14547, 14565, LASHE, Nigonio 50, S20910, 22-13-5, XM-18, 14652, 14638 ar 27-7 M.

H014]  According to the foaturcs of Clatin 4 of the nvention, the Boer i accondance with the invention is

sotoed foss ot loast twe separaly sonponents ¥ be enided topether forming & metal vessel,

BEISE T by alvo within the famewnrk of the frvention 10 subject the Biner, purtislly or fully, Le., only lovally

YIS entirety, to the nitriding treatmaent by means of miirogen oy ammonia, i accordunce with claiex 5.

{0816}  Inaccordancs with the features of clim 8, the Hner fo subjecied & the nitrbling eetment by means of
Riroges of somonds after weldiog: Stove the weld seamy most have mechandead properties that sre shnflar o

those of the vietal alloy of the Hner, the effvcly of segtegations on mechanical properties and on the assusanes of

& Redly sustetitie date tan be compersated S, Locdd soBewing and svaporation of ailoy clenends, in pasticalar

of nitrogen and mangsnese, dus o welding hout can thus be compeasaiad for alter weldiag.

La

(

i’%ﬁi?} Ascording o ofain 7, the hove, after the sandng treatent, ¥ advandageousty guancbed by meang of
epressure guick ovoling: fo particular withe sitrogen or argor. & sefffciendy fast cooling, from the
teraperatare of the soluivn-aucaling allows mamianing the introduced nitrogen in the solute state.
(BOIRL  The feanwes of clabip &, aveording v which the Brer fs, v particulae partially e &dly, e, merely
focdly or in ity entirety, cold-drawi by wn amooumt of up to approximately 23%, in partentar of less than
approximately 13%, prioy & applying the teinforsesient made of Ghevsetuforced plaste, fof particular interest
with regand toa further ereaze of the olostie dange and of the vield strength. As compared i Nners muade of ax
alumioum alloy, the cocfficient of enlargemeat of the slaste range Srough plastiv deformation {drawing) s
doubled or even tripled, From this i Hllows that «dth Hoers made of & non-magnetie reetal alloy with a fally
auseaitie faoscentered oxble fattice stractire, oold deformation sbready leads o & significant toveesse of the
elastic range at 8 low degree of deformation. As & matter of fact, cold drawing additionadly even leads to 2
lowering of the elastio modulus, thus rosulting in @ doubly advantageous effect on the increase of the quotient,
In sddition, the highey the nitrogen consent i the material, respestively in the metal alloy of the lingr, the more

efficient the cold redustion xevording to-the tovention becomes. When provided with high nifroges content, the

b

cold reduction s aleeady aians ot » higher yield wrongth feveland increases with g sieeper wradivan.
{BRIR]  In thie contest, ity paricatardy advantagenas that the Haer tv cold-drawn before or after the nitciding
treatmient by means of nitrogen or ammoends, 1 avcordance with claim §.

D828 It aho Hes within the framework of the tovention that the Hoer & sohuticovannested, B particudar
partiaiby or fully, Lo, merely Jocally ovids its entivety, before being coldsdrawn, in aocordsnce with olains 10,
923} Cladm 11 of the invention provides that the laer is prefembly tempered, {o particular partially ov fully,
L, merely locally o fo ife entivety, after batag colddron, In addition to reducing residual stresees, tempering
teads to an addional ingrease of the yield strength on the voe hand ansd to the enlargement of the clastic range

on the other hand or, cooversely, to @ reduction of the reguired deyrae of sivatohing, respestivety.
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B3] This objective is achivved, with ragard 4o & method, ke s sarpoisingly simpke manser by thefeatures of
slaim 12,

8823 The embodiment of the method according to the bwention for producing # proxsare vessel for
oryogerds flowds, composed of & metal vessel that forms a liner and o reinforcement mads of fiberreinforced
plastic applied o te Moo, whorsly the Roee de made of @ vv-magnetis metal alloy having 3 fully aastondtic
face-oontered cobic lattice stracture and, prioy w applying the reinforcement made of Bberroinfinced plastic, is
sibjecied 1o & pitriding reatmeirt by means of diFogen of amionia in order 1o enlerge andior lncrease the
slastic range asdiorto toorerss i visld strenipth, has proven particalarly sdvantageous B practics, fn addition
to the advandages abeady deseribed with regard to the pressure vessel acconding to the nvention, which slso
comprises the method accordiog o the mvention.

824 Further sdvantagrous details of the reethod o socondance with the invention sre desoribed e alaing B3
o 24,

{0028 Accordingto claing 13, the lner bs very advantagecasdy cemposed of & mangalioy

{0038]  In thiv context, the lner is proferably made of the wetal alloy 13014, 13948, 13882, 13957, 13064,
OGN, L3974, 14828, L4547, 14588, 14566, Nitronde 58, 820810, 72-13.3, XM-19, L4652, 1 4688 ¢r 2747
Me, i acoordeoge with olaim 14,

BET T additionally fies within the framewnrk of the {fovention that the Hoer b joined from at least two
sepavate components 10 be welded together o form 4 metal vessel i apcordunce with olaim 15,

[BEZ3] In addition, the invention acvording 1o the rosasarss of clabm 18 provides that the liser i partially or
fully subjected fo the nitriding treatiend by wieans of siogen or ammona.

{823 Acconding to the tuvention, the Huer 1v beated by ticans of diivogen &r Smmania st 8 fompemiure
above approximately LOGKC, in particular in s fomperature range between approximaisly 100U and
appraximately 1,200°C.

{08381 According tv the measures of claim 17, the Hner, afler the nitiding treatment, is preferably guenched
by oneans of high-pressnes goick vooling, 1n panticular with nittogen oracgon.

BE3Y]  In accordance with the proosss messures of claim 18, de Haer can be suljecied o 2 nitnding treatmen
by meany of nitrogen o ummonia afier welding, 1o wrder 10 inorsase the nitrogen content and thu the clastic
mage and the visld strenpth of e Baer diselt

O3] The features of claim 19, nuely that the liner §s, in panioulxe partially or flly, cold-drawn by an
amoant of up to approximately 28%, 8 particolar of lesy thaw approximstely 18%, price to apphving the
reinforcement made of fiber-reindorosd plasie, are of pavtioudar imporianse for the methad aocording o the
vention,

0331 In this context it s additionally advantagesus to cold-deaw the liner hefore o after the sitriding
treatorend by mosns of sittoger or anmmoniy, 1o accordance with clains 20

BE34]  Acconiing to clabm 21, ¥ additionally Ses within the Samsewark of the fovention that the blagk of the
Yner is preased for example ooto 3 wold or dis by comtant pressers from the bydoliv or prenmatic pressure
modium. Buring cold drawing, the liner of the prossure vessel vonfigured aecording to the invention is, in s way,
“blown” inte the mold or dic, so that at an dnitlally coustant feed rate of the hydrsulic or prevemnatic pressure

madion, iy prossure & wery stongly ncreased when the liner starts to rest on the mold andior the die,
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sesprciively, when the Brer iy continuoasty pressed furthier onto the mold andior die. Consequently, a siple
pressure lmitation can be ased an g switcheoff criterion.
{B38]  In addition, cold drawing by so-called “inflation” at & Jowered tompeature, Lo, for practical reasons
for example by means of Ruuid nitrogen, signtlicanty improves the deforaahility of the liner of the pressure
vasset acconding to the Wwveaiion becawe of the bomogentation of the delrmation knows in fully sustenitic
taog~centorad cubic materials aud of the-consequently incrensed maximally pussible depres of defrmation.
[B0361  According fo cleim 22, the invention additionally provides that the Tier b, in particeler pastiadly or
fully, subjected to sohitineannenting hefors being cnid-drawn.
{37]  According fo the nwaserey of clidm 23, the Hoer i, in particalar partiaily or fully, sebjected to
tempering after bemg cold-drawm,
{8038]  Finally, italso Hes within the framowerk of the invention to use e prassure vessel in ascordance with
the fnvention for resciving and storing futds, i partenlar cryogenic fulds, preferably oxygonand hydtoges, 4
chivles, in particaler in acrodyres or gircraft for application By seronautios, preferably fn asroplages and spaes
acrodynes, in particalar in water vehicles, preferably 3 submadine wr sl costdon crat {(Hoverorafl), or in
partioudar in land vehicles, peeferably Iy w motor oat, prople transport vehivle, suok a8 2 bus or van, wuek or
OROPE VD, 1 acoerdnone with claim 24 The pressure veasel gecording 1o the favestion i pacticalarly suited
for hydroges tasks of power-driven velncles, rockst fuel tanks, satellite tanks or high pressurs tanks, i
particalar Bigh pressure gas tanks, for exanple for helimm, preferably ax complste tanks sioved 0 Hguid
hedeogen, whereln the extremely Jow temperature allows for & reduction of the volume of the high pressure
fank.
{0Q38)  Onher foatures, advanisgss and details of the nvention tan be :;_f,-ai;here.ti fram the folfowing deseription

of 2 preforred smbodiment of the fnvention sod based on the drawiag. Here, the

Fig shows 8 sehematic eapthvme sention view theough an cmbodiment of « presenre vessel shaped in

avcordanes with the invention.

{BU4B]  The prossurs vy

1 in avcordance with e tvention for vacetving and storlog Hauids, partioakedy
oryogende fhuids, preferably waypen and hydrogen, s vsed in an advantageons mannsr i vebicles, partealarly
wactodynes oy airorall for applivation in avronauties, prefersbly in aeroplnes and space acrodynes, particalarly
iwatsr vehisles, preferably noe sulunanne o alr oushion eraft (Hoverorafl), or particelardy i land vehicles,
preferably i g passenger vebicle, peopl transport vehiste, such as 3 bus or vay, fruek or camper van The

pressurg vesvel 10 acconding o the roveniion & pastiowlardy suited Tor vagias o hydrogen tank of 8 powensdriven

vebicle or 8 rocket fued tank or satellite tank of an acrodvae for application in scronautics or a high pressure
tank or igh pressure gay fank. The prossuee vossel 19 o accordance with the nvention b suitsble for use in
pueticuiar as & high prossors gas tank, for exaraple for heliem, proforably as complels tanks stoved in liquid
hydmgen, wherein the extremely low fompersture allows for 2 reduction of the volume of the high pressure gas

tank,

B3] The embodiment of the vessel 10 secording to the inventios shown schematically inn the Fig, comprises

o

a pretsl vessel that forowe a liner 12 and @ elaforcoment 14 nuade of fberssintoreed plastie applind to the liner
12

S OrEN
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{ﬁé}ﬁ; As can be scan in the Fig., the liner 12 has a substantially oylindeicsd seotion 16, Domeeshaped sectivns
22 and 24 are sdjacent o the rospociive ends 18 and 20 of the ovliodrival section 16, These sections can be
rategeatly fomed with or welded onto e oylindrisad section 18, & bottle head 26 (otshown) can be fmegesiad,
for example slso welded, cato af least one of the dome-shaped seotions 22 or 234,

[0843] o is known that weetals and metad alloys that are faquently ov even pronanently exposed 1o hydrogen

are subi

foed & cmbrittloment. A mweasure thereof iy the so-valled sobrittiement tndex, which however doggnat
allow predicting the actsal mateniad pmperiies during vse, sinos the breaking strengeh of 2 vaaterial i 8
{premurized) hydrogen enviromen s tufluenced By a variely of faciors, such ag the hydrogen gas pressurs, the
temperature and the tensile swross. Therefore, when choosing suitable alloyy for 3 hydrogen tank Hner, all
properiey teleuiis e spenilic applivation st be taken due acocumt.

B044] In addition to the {pressurized) hvdrogen sompatibility and the suitability for use al cryogesic
tenperatures, the most important selection oriteria are the colarged olastiv range nod bigh vield wwrength, These
properties pust be larpely siable in 3 ompesature range of approkinately 4 K to approcimately 400 ¥ and at
pressaes of up o approximaicdy 7 bar,

JO643)  The fmer 1¥ v acvordance with the invention Iy composed of & pon-magnetic wetal alloy with & Ry
sustenitic froe-centered cubde {attive structure and s miore speeifically made of sangalioy, preferably of the
mretal alloy 13014, 13048 13482, 13087, 13064, 13065, 13974, L4520, 14547, 1ASSS, 1.4586, Nitronic 80,
SZH810, 22-43-5, XMW1, L4AGS2, 14630 or 277 Mo,

by

f60461  The pressure vessel 18 {8 accordance with the hvvention i manufotured in the usnal masoer from the
afore-mentioned materials, respectively asserbled andfor welded from pre-fabricated componens {far example
the oylindrical section 1A and the domehapad ssctons 22, 24} As an allormative, 8 & also couseivable w
pravide o searclessly Formed Jiner 12, At Teast one bottle head 26 for filling and ewmptying can be imegrated into
suttable sections of the prassure vossel 10,

{0847]  Prior o applying e reinforcement 14 mude of {heevelaforced plastic, the Hoer 12 15 particulurly
sdvantagecasty subjected to ¢ ndtiding trestment by means of nitrogen of ammonia, That way, the nitregen
sontent and thue de elostie moge and te yield strongth of the Hner 12 ftwelf sre incrsased. o doing so, the
geoetry of the fner 12 romatns wnchanged.

{BO48]  In this connection, the Haer 12 can be partially wr fully subjecied o the nitnding tredtment by mesns of
E)lETD"i“I: G NN 3{1 3

{B049] In dhs context, s particudarly advantageous that the Hoer iy treated, in particular partially or fdly, by
mpaps of nivogen of anmyonis Bt 8 feoperiure above approximaiely LGN, The wuiding treatmen

preferably takex place i v fonpomiure rangs

£ hetwaon appraxioately LY and spproxdmately L20GC bua
pifrogen or anpeonia aimaspbere with L suitable sthorges or anvuoniy pressers, respectively, Conseguentiy, the
nitriding treatment okes pleog-in asohitfon-annealing femperature mage.

[BOS0]  Aller the nitriding teatment, the liner 12 {5 quenched by means of highepressure quick cooling, in
particular with nltroges o srgon,

{0031} The nitriding westment I8 proforably catvied ot after welding.

{00521 Additionally, i dccondance with provided process meamures, the fiser 12 can be prefersbly, in
particulay partiaihy o fully, cold-drawm by an amount of up v appresinately 23%, in particndar of loss than

4

appraximatedy 13%, price (o applving e reinforoement made of Hiberoinfireed plastie.
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HIBS3]  Poor to ould drawing, Se lner 12 andfsr a blagk oy showy of g Baner 12 can preferably be
subiscisd @ sdlutioieannsating,

[0854]  Por cold deawing, the blak of the liner 12, which iy smalivr in terms of shape xod measuromenty than
the Mo 12 10 be produced, s placed o s sld or die ot shown). The blask of the Baer 13 36 then exposed 10
& hydranlic or prewimativ pressuee wodiam, which i applied onto the interior 28 of de Hner 12, The hdraulic
or pustnatic pressure mediun deforms, s way “nflates”, the blank of the liner 12 10 ordir o Boom the liner
£2, whose shape and memsurenenty corraspond o those of the modd er die: I dolng so the blagk of the Hnee 12
ty be deforned af Toast oovms T xost on the mold or die andios, bevond that, iv further prossed sgndnst the meld
or die.Ju the process, the Hner 12 fx codd-draven by an amount of up o approximately 28%, i particwdar of lesy
ey approximately 13%

FBOSSE  Finully, the Hoer 12 4 removed from the mold ordie

HE086]  Afer cold deawing, the Haner 12 iv preforably subiecied to tompering. In addition (o redusing residud
sivesses, tompering loads to an additions! inorosse of the stretehing porameters or, cowversely, 1o a redustion of
the sequired degres of strefching, respectively. The effect of tomperiog can be interpeaied as steain ageing andfor
s blocking of diskovstions, ttndosed by theoold deawing prooesy, by way of nitroges atome. The higher the
degresof cold fooming and the bigher the sttroga content, e miors the elastic range {6 colarged. The following
table shows s overview of the materis! propertics before and affer celd drawing,

FOBST]  Theveadter, the remnfomeenmnt 14 of the prossure vossel H asconding to the rveotion i wound ander »
sunabls presension.

(0058 Therelnforvement 14 of the prossore vessel 1D acocading to e hivention is raade of & Bbeersintorced
somposite. The reinforcoment 14 reuty under eusion on the Huer 12 made of the metal oty defived above ke
the provent invention, Tn e vase shown here, & bner 12 completaly covirs the retsdorcement 14,

190581 The prossure vessel 10 sany be fitted with the fiber composite fn 3 welavinding provessy and resin
iofitication process. The fnporisnt thing it v its Hardesed stnte, the fiber condposits forming the outer wall

resse on the Hoer 12 foromg e foner wall under wnsion, Pre-inprogiiated Bher bundles o steands, so called

rovings, canheused, Howeogr, the process o formdng the fiberreinftreed plastio on the lner 12 should ot be
Mimited 1o the wet-windiny prostss. Fordnstance, s also posvble s use 8 proprer winding proosss o 3 single

sirand winding process.

10068 The Bbars ave proforably carbon, slads, basalt, avaud sbdior cevanic fibers, but ars not Hdted thersto,
Rather, ol termally aud mechanicdly highly restctant fbery can be ted. Besides glags fiberg; hasslt fbers
have the sdvaniage of & Sistinctly posiive exparsion cosfiivient wd consequsutly allow for areduction of the
difference t the thermal expasion cosflicient of the trer 12,

sl Abhough polvurcthane resing arg suitable, cpoxy resing are matnly wsed bacause of thedr thermosetting
ehavior and their better processability. However, using restn mixtures, for example of polywethane and epoxy
vosin, is alsa conoetvable.

186621 The choive of muteriad for the Hogr 12 sad the witchling trestment therenf allows providieg & pressue

xel 10 having an inproved sulishility for storage of Hguid sadfer gascous bydroges, beosse of #s high
prossure hydrogen tolerancs and becavse of ite soiability for orvogenic wmperatores, At the sane time,
reguiresasny repanding rigidity and the elastic range asy wall as roguivermnents ropanding buckling behavior and

Hahtesdaht sonsvuction ave optinally met
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possible

produced for example by way of 2 shitable

Wk, with the Hher 12

DICESUES VESW

shape are glon possible, For exariple, the dome-chaped sottions 22 van be formed i the shape of o hemisphers,

of 4 sprericat vap, of gealose, of & calotie of an ellipsoid,

“

viz a welding veat lncsted in the middie

forus or with otier suehlike oross-seotional shapes.

of 3 cong,

The present hwvention is not Hmited w0 the shown ewmbodiment of the Hner 12, For instane

deformation fechovdogy, such s fhow-Huming, of & sultably formgd

of the length of the

we, i is readily

o join two oyviinders of half the toisl Tength having respectively integrally formed domes, which ars

¢ pressure vessel Spherical

vely or prevsure vessels with any other rotstionally synuetric andfor oot roationally symmaide

of aav oflipss, of & cassinin oval, of v half

@884]  Moveoerr, # w fradareatally also convervalle to caay vet the nitnidmy reatment ondy aler {partial or
¥ §28

wil) cold drawing, Any other embodiments of the methed according fo the invention, which provide ould

drawing andior nifniding in & varety of chronological orders and are slyo included i and covered by the

reaching of the invention, are exemplandy mentivoed in the follew

Table

g table.
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NYOMASTARYO £HENY KRIOGEN FLOIDUMOR, FOKENT KIOGEN FOLYADEKOK BEFOGARASARA ES

TAROLASARA, TOVABBA FLIARAS AMRAR FLGALLITASARA, VALAMINT ADDIAR ALKALMAZASA

Szabadalmi igénypontak

b Nyomdstarte cdény kriogén fhadumok, f0ként kriopdn folvadéhok befogadasden és rdroldsdes, smely
pyomdstartd oddny ooy bélsseéieget (1) képerd fBmitardlvbdl 8y 2 boldardicars {12y felvity, szalerdsitdsd
mitanyachd! késatlt mevevitdshst {141 &1, azaal jellemenve, hogy & hélderdteg (12) egy nemmdpneses, teliosen
ausztemites, lapcentrdli-hobi riossrerkestd Fmitviretb8l van késritve €2 a2 logalabbh 880 MPavagy sondd
nagyubh Ry, folvdsi hatde ndveldséher a sedlordsiiéad mianyaghd! 1évd merevitds {14) folvitede o8t nitrogén
wgy ammdiiy odvdn HOCadl nagyobl  hiodradlieten, fkdot ogy 18806 & 200 kiefd
hémémiidet-tartomdniban itridalo kereltansk van gldvetve,

2. Az b igdoypost szerimit omyomastantd oddny, sexal jellemsave, hogy 3 béldsedtep {12)

tengeniatiand-nesibal van késaiive,

ey

CAw bovsgy 2 indnvpont széring nyemdsante edény, el jellemxerve, hogy & bélduréteg (12)
PIR1E, LI0GS, 13852, 13857, 13504, 13005, 13974, [ 4528, 1.4547, 14583, 1,456, Nitronie 50, 520018,
221345, XN-19, 1 A0S, LAGSY vagy 27-7 Mo Kmavizeibdl van készitvg,

4. Az 1-3, jgdéoypontok barmelvike szevinti nyomdstartd odény, azzsl jellemerve. hopy a Déldwrding
{12} lopalabb kit spvmidssal Ssszchegosriendd Sadllic réuzhdl va spy Fontanallys Sssreiliesatve.

S A% B gtaypontok blrraslyike srertl syomastand oddny, sdeal fellemerve, hogy & béldadteg
{12) résnhen vagy tehjeson a8 van veive i nitrogdn vagy ammidma altel nitetlald kezelésnek,

& A&z 18, iptuypontok blomelvike szerint nyomistand edény. srzal jellemeave, hogy a béldsiter
{13 2 hepesatés utds van a pitrogén vagy ammdniz ltall nitriddd kereldsnsk sldvetve

7. Az -G igdnyvpontok bérmelyike seorintl nyomdstatd edéay, azzal jellemerve, hogy 3 béléardtey
{12} & nitidale kemedds widn nagyayomast gyoosldidssel, Biddnt nirmgéa vagy argon dltall gyorshitdssel van
adave.

B Az 147, igénypontok barmelyike seennth myomdstartd edény, szzsd jollemezve, hogy a ddlésedteg
{12}, f6ként részben vagy teljesen, o sxdlerdaftdst milanyaghol készlilt merevitds (14} febvitele ettt mintegy
5% msnidkben, foként kisebd, mint kb, 15% mdnidkben hidogen van nyditva,

AR, ipdavpont Srerindl vomastant edény, arzsl jelemeave, bogy a béldardtey (82) a nitrogdn vagy
ammoms dltall niridals kezeles ot vagy widn van udegen gytitva.

L Az R, igdnypontok banmelyike szenintl nyomadtand sdiny, azeat jellemierve, hogy & bélduiteg

12), fokSnt részben vagy telissen, a hidegnydias ol oldd fzaltdsnak van alivetve.

13 A&z 110, igéaypontok barmelyike szerint syomdsinnd oddny, axeal jellemesve, hogy a béléwrdteg
{12}, fokent részben vagy teliesen, a hidegnyvditds ntdn mog van sregatve,

12, Elidrds nyomdstuctd sdiny sliallitason klogén folyaddkok spdmirg, amely nyvoméstarts edény sgy
béldsrdtoger (1) Képend Rodardlvbol ée a béleediegre (12} folvitt, sxdlocdsitdst manyaghal készulf
mereviidsb! (191 Gl 1okdnt aw o028 igéayponick barmelvike szerint, szzal jellemerve, hogy a héldardieg
{12} egy nommigneses, foliosen auszienites, lupeentralt-kibis rdosszerkenetlt Bmdtviantbo! késeitink & g

fegaldth 800 MPa vagy anndl sagyobl Ry folvist hatdr niveldséher a sudlerdaitésth milanyaghot levé
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werevitds (14} folvitele i8R nitropdn vagy wandnia rdvdn I000°Candl nagyobh himsrsékloten, fiként egy
000 &8 F2007C kBt hlwdesskisttartonianyban aitridalo Resoléenck veriikada
13, & 12, gdoypont saecinti oljards, sl jellemesve, hogy o béldardteget (12} sengreslattidedt-acdibel

RS vataitid

A T2 vapy 13 igdoypont szevintl cljdrds, azest jallemerve, hogy 3 béiSsrdtoget (123 1381, 138N,
13952, L3057, 13964, L3065 EA0T4, 14529, L4547 14563, 14566, Nuibrorie 38, B20840, 22-13<8, X361,

14652, 14059 vagy 2997 Mo fimitvdasthd! késaftitk,
15, & 12414, igénypontok harmelyike szevinil ¢ljards, sezal jelisuierve, hogy a hélosréteger (12)

fegahibb Rt oppuassal Secishegovaiendd dadlic risabdd itlesed

K Geery Ftadlhd
& A 12448, igdnypontok hivmelythe sortntt olidrds, azzal jellemerve, hogy & bélendteget (12}
vészben vagy teliesen aldvetiitk & nitrogdn vagy ammonia &l niteiddlo keseléanek,

17, A 12- 18 idnypontok be‘irmeiyike szerhell olfdely, szaal jellemeeve, bogy o bdldwdteget (12 &

sriddhd keaetds utdn nagyroporndsd gyorshdudssel, foként nitrogin vagy argen dHall gyorstaitéssed edesiik,

PEOA 1T dwvpratok boeslvike szevirad elidnis, aseal jellemesye, hogy 8 béldsriteget €12}
hiegesatés pan il a8 2 nitropdn vagy amandnia il nitddald kezelisnek

X

bélSardtoget (12} f8kdnt

&

A& 12418 dpdnypontok bdrmelvike szevintl elidrds, azzsd fellomceve, hogy
vévzban vagy tefjosen, & szalerdsiidal milenyagbol Késatth raerovitds {14) felvitele elitbanintegy 5% rududkben,
fikent Kischb, mint kb 135 mértdkben bidegen ayiiijuk.

20 A T8 pdupont seoriett olidedy, aural Pellemsenve, hogy & bildsedtepet {13} & mitrogdy vapy
ananninia Altall nitclddld Rerelés o100 vagy wide idvgen wydiiek,

2L AIY. vagy 30, fudnypont szevintt oljaras, axpal jellomenye, hogy & beldardteg {12) nversdaendiat 8
fuidvanbikug vagy gkmus}zatikus nyonwkdzes allandd nvomass dlial » formdra vagy a sitllveszidkee rdzaitolindn

22, A 12-21. igdnypontok barmelyike szevinii olifrds, azzal jellensezve, hogy a béldseStepat (12) 1ksnt
wixzhon vagy feljesen, 4 hidepayviitds it oldd rzitdsnak veijak sld

23, AL2-22. ipSnpantok bdonshike szerindt sliicie, aneal jellomerve, hogy o bilandteget (17} ket
yészbeny vagy fehoson, a hidepnelias uiin sweperesaiuk

Ao Az UL sgdayponicd binuelvile saering wagy #1323 fpsoypontek srevitd ofidrdssad
sidatifon nyamdstand edéay alkabnardsa folyaddhok, okt kriogén Huidumok, ktlindsen oxigdo & hidrogsu

hefogaddsdrs & Wrolasdirg Srmiivekben, f0ként a replilés &s pz frhajdrds gl jamuiveiben vagy replild

siehdraiben, oldiodesn replilidpekben & ddrmlivekben, adott exsthen vixd janwlivekben, slnyisen
fengsoalatijarthan vagy Kgpdmas Jarmtben, vagy adoft cletbhen szveefldi jarmivekben, efémydsen
szenedleadpliocsiban, seorndlveadlite jlrndiben, ratat példae! buschan vagy kishuseban, toherpdphoosiban vagy

lakdkovsiban.
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