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TABLE 3_(cont!d.)

E.P.OC/ 312/99
Phenol less 14
Sulfur less 0.1%
Cetane WO 45-50 -

The T.T.H. vrocess usiang brown coal tar was the only
combination of caw material and hydrogenaticn - processes
thot was used to produce lube oils and waxes, as direct
hydrcgenation destroyed the paraffin constituents in the
other-cozl substances processed. The Zeitz plant produced
two grades of lube oils, a light L° Engler (180 SSU) spindle
0il and e heavy 6-80 Engler (215 SSU) machine oil. The
yields were approximately two parts of the former to cne of
the latter. The waxes were 2lso of two grades, a herd wax
end 2 soft wax. The former, which had a melting point of
40-457C, constituted one-third of the produé¢tion, while the
other two-thirds had & meléing point of 52°C.

Fuel cil was produced in limited emount almost exelu-
sively by the hydrogenation of pitch. As has been previous-
ly mentioned, the high asphalt content of the heavy residue
0oil from the sump phase distillation would have been diffi-
cult to hydrogenerate, if it had been recycled. Therefore,
this product wae seld for fuel oil. The yield of fuel oil
was approximately twice that of gesoline, The Welheim plent
(Ruhroel AG) was the only large urit to operate on pitch.

11. Opercation and control of the Units.
(2) Introduction. |

This section of the report deals with mechanicel opera-
tion of the equipment. It will irclude & summary of operat-
ing sequence for sterting up end shutting down the high
pressure chembers, safety mersures, an ousline of control
methods, and & brief discussion of instrunentation. Opera-
tions which are common to all chemical industry, such as
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11. - Operetion and_Control_of the Units_(a)(cont'd.)

operation of pumvs and compréssors will not be covered
except for conditions peculiar to this particular process.

(b) Sump Phase'Starting'Procedure.

‘Before 2 new sump phase unit is.first put into opera-
tion, all masonry and interral insulation must be dried.
This ordinarily requires ebcus two days at 120°C, during
which time nitrogen is pumped through the system. Instru-
rnent checking and servicirg requires about 3 hours.

The entire sequenée of starting up is as follows:

(1) Purge system with nitrogen, after purging is
complete, tuild Ny pressure to 300 atw. end chock for
Jeaks. It is importent that nitrogenm be used, not
orly to aveid explosive mixtures within the equipment,
but also to prevent fires in case ther: is leakage in
the niping or equipment.

(2) Expend to %o 52 zum, using the excess for
testing other equipment.

(3) Start gas circulctors.
(4) Dry out prehecter mESonry.
(5) Check 21l weters end instriments.

(6) Blow down the nitrogen and fill the system
with circulating gas o1 300 atms,

(7) Put meters and instruments inso service.

(3) Start heating the system with 12,000 m3/hr of
circulating gas, of which zbout 1/6 goss through the
aeet exchangers. The tempersture ot the inlet to the
first converter ic slowly increased ¢t 2 rate of about
15 - 149C per hour.

(9) When the temperature resches sbout 200°C the
slurry of oil and catslyst (30 percent of catalyst) is
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Operation and Control of the Units (b)(cont!d,)

sterted to the preheater at a rate of 1000 liters/hr,
rapidly increasing to 3000 liters. At the same time

about 1000 liters per hour of oil are started tHrough
the heat exchangers. :

(10) Stert up the hot oll circulating sysiem at
2000 liters/hour, increasing to 6000 - 7000 liters in
about 30 minutes.-

(11) When the separators are filled to the normal
opereting level, the expansion valves zre used to hold
~this level.

(12) As the temperature rises, the use of fresh
0il increases, and when it amounts to 6000 - 7000
liters/hour the catelyst slurry is torned through the
heat exchangers.

(13) Turn cooiing water on slowly.

(14) Control tempersture out of the heat exchangers
by increasing ges through-put.

(15) The rate of temperature rise s the systen
1is slowed down as the normsl operstiag temperature is
approsched.

(¢) Shutting_ Down z Svmp Phase Unit.

(1) Lrop temperature at 2 rate of 15 - 18° per
hour. Cut back on fresh feed, at the seme time leaving
the gas through—put_and cireculation unchanged.

(2) Stop catalyst addition at 425°C,

. (2) Hold the cold separator temoerature constant,
unless the nroduct becomes too viscous.

(4) When temperature resches 250 - 220°C all heat
can be removed from the preheater and the flue gas
blower stut down. The combustion chamber is purged
with nitrogen, and if the shut-down is to be of long

-



11.

Operation and Control_of the Units_ (¢){cont'd.).

duration the fuel lines are blanked off.

(5) ALl 0il cireulation and fresh feed is stopped
at 165 - 1859C. The preheater is flushed with oil,
then blown out with nitrogen. The chambers must remain
hot enough to permit complete removal of the sludge.

(6) Gas circuletion is containued for 10 minutes,
then shut off. The liquid is blown out in sequence
from the hot seperator, the converters 4 to 1, and the
regenerator. . The ges 1s blown down tarough the expan-
sion valve, taking care that the pressure difference
across the entire urit does not exceed 15 atm.

(7) Purge the system with nitrogen for about 50
minutes until no more than 5 percent zombustible is
found in the outlet.

(8) Blank off 211 conncctions to the apparatus to
be repesired. -

(d) Sterting 2 Gms Phase Unit with Electric Preheater.

(1) Test the e¢lectricrl system with about 20 volts
from the transformer, checking the resistence by com~
parison of voltage and amperage.

(2) Flush the system with nitrogen to 0.5 percent
naximin oxygen.

(3) Build up nitrogen pressure, increasing the
pressure from 1 to 20 atm in 1% hours, and from 20 to
300 atm in 2 more hours. This slow buildup is neces-
sary to protect. the catalyst pellets rrom destruction
caused by unbalanced pressures inside and outside the
pores, uand from damege by physicel disturbence from

-excessive ges velocities. Check =1l npiping for leaks.

30 atm. is sufficient pressure for this purpose if the
unit hes previously been in operation.

(4) The ges circulator cennot be operated with Ny
over 50 atm because of its greater density compared to

-8
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Operation and Control of the Units (d) (cont'd,)

Hp. Drop the pressure to 50 atmospheres slowly, then
start the circulator. :

(5) Blow off the nitrogen to other equipment, and
fill with circulating gas. Care must be taken to pre-
vent overheating of the catalyst as heat is released
during adsorption of Hy.  The pressuring velocity must
not, exceed that given Sbove for nitrogen.

(6) Start the circulator when the gressure'is up
to normal, and circulate about 10,000 m?/Lr.

(7) Heat up the inlet to the first converter at 2
rate of about 10° per hour.

(8) Vhen the temperature is 220°, open the cold
hydrogen velves to the converters, and check the tem-
perature at ezch inlet point to be certain that the
lines are clear and the cold ges 1s actually entering
the converter. Start the oil faed et = rate.of 1 to -
2 m? per hour per converter, checkirg its progress
through the system with the temperature elements. rut
weater on the coolers. ‘

{9) Control the temperature to the first converter
by adjusting the ccld hydrogen to the feed. If neces-
sary, the current can be shut ,off of the preheater.

(10) Increzse the oll feed by about 500 liters

per hour to a value of ebout 7 m per hour.

(11) If the temperature in the converter fells off
much when the oil feed is started, cut the feed in half
and incresse the heat. Otherwise a sudden reaction
mey overneat the chamber with o high oil throughput.

(12) Hourly semples of the oil at - the pump and st
the separator should be taken for specific gravity
determination. If the gravity inereasaes suddenly the
feed must be reduced or cut off until an explanation
is found. Too heavy oil or water in the feed will
permarently damage the catelyst,

-9
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11. Dneretion snd Control of the Units (d)(conttd.)

(13) £s the converter temperature 2pproaches the
normel renge, gredually increase the hydrogen &nd oil
feeds to the unit to full volume.

(¢) Shutiting Down & Gos Phase Unit.

{1) Cut back the feed by 2-3m3/hour, holding the
catelyst tempereture constant untll all oil feed is
stonped.,

(2) Reduce the 1nlet temperature to the first con-
verter by &bout 10-12°C per hour.

(3) Follow the procedure of liguid removel and
ges expansion as outlined for the Suwmp Phase

(f) Temperature Control in the Converter.

If the temperature rises in some part of =2 gas phase
converter, the normal control is increcse of the cold gas
injectlion at that noint. If the temperstur: shows signs of
going out of control, end this condition is verified by the
gas density recorder, as reny of the following steps are
teken in sequence as are necessary to bring the temperature
under control:

(1) Heat is cut off of the prehzaer.
(2) 0il feed is shut off.

(3) Gas circulation temperature is dgc“eased, and
if this doer not suffice, gas feed is cut off.

(g) Operating Sazfety.

Equipment or piping thst has been removed from serviece
is always carefully tested before oporation is again under-
teker., This tbqtlng includes hydrostatic tests of 1% times
the normal working pressure on equipment thit hac been re-
paired, lcakege tests on heat exchengers, converters and
wiping systems. The entire system is tested with nitrogen
&t the working pressure of the unit befors hydrogen is
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11. Qperation_snd Control of the Units (g)(cont'd.)

turned in. The flushing and purging procedure has been
- mentioned in tie preceding vages.

The lerge high pressure equipment is installed in con-
crete cellis enclosed on all sides, but with a removable door
for instollation or removal of equipment. The walls extend
to the top of the vessels, and there is no roof, This
errangement has protected the operators and as far as is
known no one has ever been hurt in the control room by an
accident or exnlosion in the cell. However, the cells are
so close to buildings on the opposite side from the control:
rcom, wnere the door is located, that on onz occasion an
explosion in the cell killed seven men in tne coal paste
ownp building. A disadvantege of the cells enclosed on four
sides is that explosions cf gas in the cell are much more
violent than if one side were open. On several occasions
the converters have been tlown or have fallen out threugh
the door of the chamber. The oren construction with cnly
one main fire wall, as at Billingham Englznd, appears to be
much wore desirable, but of course reauirsg more snece both
For the cells and for the protective ares in front of the
cells. .

An emergency hiowdown systen wae instelled in most of
the nlents. This srrangement wes intended os a method of
mininizing bomb deémage, but is clso ussful in cese of
eccident. The iiquid is drewn off to an underground re-
celvaer from which the gas is vented to the air.

The following list of zccidents in high pressure
plants since 1930%39j shows only the wejor incidents, and
is probatly not comolete, but it will give £n ides of the
causes and ressults of failures.

Plant Yecor Description
Leuns 1930 One chember (cell) destroyed by

feilure of an 82 tube which had been
installed in a hot location.
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11. Cperation and Control of the Units (?)’oont'd.)
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¥ordstern

Nordstern

Hordstern

1940

1940

1940

1940

1941

Descrintion:

Expansion mechine cylinder failed,
Filling one man, shutiing down the
vlant completeliy Zor two wecks and
partially fer “aree months

Dust explosion :n the coul drying
nlant.

Preheater fire, Jue to splitting

-of an N10 return hend.

Preheater explosion due to plug
on & return fitting blowing out.

‘Fire in & sump whose chamber due

to destruction of an emergency

blowdown line following failure
of ¢ checkvzlve mud a Dlow down
velve,

Buildinr explosion in the COz ab-
sorvtion rlent coused by onerating
feilure of & level indicator on

the sbsorber and lLreskege of e line
to the expencsion nechine--Due to
thewing out the egvwipment during
extremely cold waether--One deeth.

Leakage in the circuloting system
ecused by foundation sinking

Gas weeg nccidentally turned into =z
cell-unuer repeir. Explosion
followed, killing three,

Circulating grs line plugeged with
hydrste, ceusing overhenting of the
converter, Two converters were
blown out of the chamber by the
expleosion,
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11. Overztion and Control of .the Units_(g)(cont'c.)

. >4
Plarnt “DESeription
POlitz Gas inlet line plugged off, over-

heating converters. The resulting
explosion blew two converters out
of the cell, and a fleme 20 meters
long followed. Seven men in the
unper part of the coel peste pump
house opposite the cell were killed.

It will be noted that most of the ¢ceidents oceurred
when the verious plants were new, and could nossible be
traced to inexperienced operators.

Chart No. 1 on the following poge shcws the frequency
of cell fires in Leunz from 1927 to 1940. in exemination of
this chart will show that the curve inereascs with the in-
creasing size of the plant until 1929, when operating ex-
perience and development of improved alloys and better de-
sign brought a sherp cecrease. The incresse in 1934 is
probably again due to plant expension. The fires in the
last several years smount to only about two = year for 2]l
units. .

In conclusion it shculd be emphasized that widely
spaced wnits with cellx open ou one sid2 would prevent the
majority of series accidents. Cell ang oreheater fires,
vhile spectacular, rarely cause serious dznage to equin-
nent or injury to rersommel in the Billingham plant of
I.C.I. which uses this principle,

(b) Control and Contrcl Instruments.

Free use was made of indiceting an¢ recording instru-
ments in the cosl hydrogenation.plants, rarticularly of
temperature instruments, Automatic contral was mach less
extensive, and only in the last four op five years hes it
been used to any lerge extent. The zutometic control instra-
ments werc all specially built and were usually of ‘somewhat
crude design when compared to industrial Inctruments of the
United Staztes. & brief description of the .se and operst-
ing principle of the varicus instruments ig given below,

-33.
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11. Operetion and Control of: the Units {h)(cont'c,)

The "Rinpwazge" (Fig. 1) wes almos% Bniversclly used
for fluid flow indication or recording * The primary
element, iz an orifice plate or flow nozzle installed in the
line in the nsuzl way. The "Ringweage" merely shows the
differential pressure zcross the orifice, which 1s »nrogpor-
tionzl to *hn square of the flow for any given installation.
Tthe Leeds and Northrup "Centrimex" and possibly other
Encrican wakes onerate in & cimilar menner. The instru-
ment was used to record all ges and clean oil flows neces-
sary for raterial belances or for control, such as fresh
1"dvopcn, circulating gas, cold ges to et ch noint, snd the
verious product goses snd liquids.

The coel peste charge quentity was duotermined by

nt of the strokc veloclty of the nurp. The instru-
]

(S

(b ig. 2) records an sverege velocity .every three
ninutes The "Eckhordt" piston displrgcm;nt ncter wee used
Tor aome lignic¢ mecsuraments, sndé utilized & similse mechen-
ism for recording the flow.

Cozl feed to the nuste miver cnd eri lyst feed to the
siurry were weighod on "Dosierbandweapgen" (Fig. 3) which

Vi#s & rether conventional eutoustic serle,

Pressurc indiestion ig by gruges with hecvy steel
spirel bourdon uan“, dr oy dead weight piston gouges.
The piston guuges con be spring lorded or nnnﬁukum welrht
Jonded. Accurscy of o fraoction of an atn ot 700 atn ore
sure wrs claimed for some of thece instruments.

A differential pressure recorder (Fig. 4) was used to
determine pressure drop across various marts of the system
during overatlon. These were sometimes instrlied with re-
mote oil-controlled velves so thot they could be ecsily
switched from one service to znother. fThe ohotograph shows
& viston instrument shomewhzt szimilar to the pressurse
instroment deseribed chove.  hnother type which wes some-
times used operuted with two steel coil bourdon <ubes con-
trooling zir pressure through o movesble nozzle. The air
nrEssure wes “ronO“C]JLal to the nressure difference and
wes recorded. A gos density inmstrument (Pig. 5) operating
or: the Buncen lew principle recorded =wo gee demsitics cn
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11. Operation and Control of the Units (h)(cont'd,)

the same chart. It was usuelly applied to the inlet and
outlet gas from the reaction chamber, thus giving the opera-
tor a picture of the condition of the vrocess. 2 similar
instrument was usually installed on 21l Importent metered
gas Iflows where change in density might oceur. These data
are neceszary for accurate messurenents.

A combustion apnaratus (Fig. %) could be uced for varji-
Ous purposcs, such oz determination of oXygen in the gezs or
combustible gas in the gir. It contained = catalyst which
ccused oxidetion and the enount of combustinn is indicszted
by the recorded tenperature of the outlet gis from the
reection,

A newer type of magnetic oxygen recorder (Fig. 7) has
Leen develoved which will indicete 0.01 percent oxygen in
the gases. It makes use of the grect magnetic susceptibil-
ity of oxvgen by passing the g&s mixture betwsen the noles
of & powerful electromegnet, then cver » resistance dif-
ferential thermometeor which shows = tempersture effect if
oxygen is preserit. The only gas which has ¢ magnetic sus-
ceptibility comperable to oxXygen is H0O, therofore this
gas must be ebsent or the quantity must be zecurately
known. Further develoomen<: cnvisions e pernanent magnet
instexd of the 100 wotk D.C. clectromagnet.

An H2E recorder (Fig 3) is oparated on the conductiv-
ity change of & cell containing 2 solution of bromine or
cadmium chloride. The scele cogld oe made far any concentra-
tion of HaS down to 10=5 or 10- volume percant. The re-
actions izvolved are shown on the figure. Tae second re-
actant (CdClz) is usable ir the presence of smsatursted
hydrocerbons, as the first (Br) 1s disturbed by the pre-
sence of HCN, KO, NH3 or unsaturates. This instrument was
used mostly in the gae seperation units.

Ultra red absorntion instruments(ﬁl)(Fig 9, 10) usad
to analyze for methanc, €O, ete, opcrated on the smali
temoerature difference betwzen the rethane-containing gas
and pure methane when they #ere expcsed to ultrs red rays
from the same source. This instrument is known in the U.8,,
and according to the I.G. steff the Americza type is much

-88-
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1. Operation and Control of the Units (h) (cont's.)

better thsn their ovwn.

The mwost important class of instruments vias, probably
that for indicating, recercing or controlling temperature,
enc¢ very free use was mede of this type in tae hydrogena-
tion plant. The extent of this uce can best be demonstrated
by the following photostats of drawings 1675 and 1677 which
show the pressure and temperature points of the chamber ang
the preheater, recspectively, of Sump Phase Cliamber 5 of the
I. 6. Leuna Plant,tﬁz) In the coal chamber the 2lements
-were iron constentin thermocousles, and because the temrvera-
tures 2re often given in millivolts for this couple in the
Literature and documents, a conversion chart is shown here.
The tyve of each preheeter element depends on the tempera-
ture at. the voint of instellation. The report entitled
“Fortachritte suf dem Gebiete der Messung, Regelung und
selbsttgtigen Betriebﬂberwachung von Hochdruckenlepgen® in
the azopendix describes briefly somc of the Goerman methods
ind experiments for ineressing aceuracy and specd of thermo-
metric instruments. They cleim en accurevey of &1 or 20C
in their measurements at 4000 to 500°C, using photoelectric
cell commensators.

The 281itz ang Gelsenberg plants use a tempere ture
alarm instrument that covers 69 roints in lees thaa two
minutes, but the older vlants rely prirerily on indicating
instruments which are switched from one point to the other,
with only s few points of ma Jor importance recorded auto-
matically,

Liguid level instrumcnzs(43) are of two tyres, both of
which are used in the U, &, One uses the differcntial
pressure, recorded on 2 "Ringweage!, due to the hydrostatic
aressure when voey small flows of gas cre bled into two
tubes, one of which opens above the liquid surfzce and the
other of which extende to a noint near the bottom. This
ingtrument was used for the hot seperator of the sump phase,
snd for other cervices where heavy or dirty products wore
handled. .

: The sccond is the well-known displacement type where
Jhe buoyant effect of the rising level decreases the epnarent
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li. Onerstion ang Control of the Units (h)(contidt)

welght of a2 susoended eylinder. (44) Tpe Garmans supported
the eylirder on a coil spring so that an iron rod attacheg
te the ton of the cylinder rises into an induction coil
with rising level. The inereasing insertion of the iron
rod chenges the inductence of the coil which can be deter-
mined an? recorced as proportional to the “iquid level,
The Brown cleciric Tlow meter in the e &, uses a similar
rrinciple, one edventoge of which 1s the complete abcence
of any nacking or stuffing box. This Instrument wds vuseg
for cole separators, column Kettles, ete. wkere the liquid

s fluid at atzosnheric tempersture and wes comparciively
frze fron sediment or susvended matter,

futomatic control of veriebles in the Righ prassure
corl nydrogenatvion plants ig in its infeney in Germary, ond
°5 mentioned before, the desgign of thre instrupents is some-
what erude when comperad to American practice, Electric,
meumetic, end combingtione of the two types of control are
utilized. The controlled valves are usually of the dia-
ohragm tyne, often using kolanced breesuris on both sldes
of the disphragn ruther than spring lozding in one direction.
A crude torm of velve positioner weoe developed to overcome
.the stuffing box friction which is inverictly present dn
high prassurs control velves,  Some hydranlie valves were
observed, hut the:s were usnally remote menusi control
valyes rathar bhepn watometic,  Solenoid viilves were s2len
built, but theip use ila large sizes wes not freguent.

“he eutomatic controls 1p the Leuna plent were as
follows:

13 Liguid level, cold seperctor.

2j Temmerature into first converter. )

32 Temserature into scceond converter.

4) Llanie level, intermedinte sencretor,

55 Temisrature sontral of descnding first sump
phose converter. o

Tiiquid level, hot senarator.

Licuid level o0il feed storcge,
. J >

\.

'ﬁ.gé
. "'/

ot 211 of these instruments wepe uged on 211 units,
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11. Qperstisn_end Control of the Units (h) (cont'd.)

end they are arranged in order of decreasing numbers. A
description of the controls and their-applications is in-
cluded in the appendix in a report "Selbsttatige Regelung
der fumpf-und Gas phzse Kammern in der Hydrierung des Leuna-
werkes.n ' : S '

(1) Bigh Pressurs Joints and Closures.

There are no indications that any novel or improved
joints or closures for high pressure véssels op viping have
been used in the German High Pressure Coal Hydrogenation
Industry. The flenged »iping joints used screwed, through-
bolted flanges, and the gaskets were lens rings very
similar to standard American high pressuare practice. The
lens rings were usually made of the samz meterial as the
pipe, and the joint was s line contact bstween the ring znd
the ground end of the vipe itself.

N self-seeling pasket designs were found. The large
vessel closures 21l hsd the bolte in tension, and the entire
gagket load was teken by the bolting. The bolts snd nuts
were usuelly made from one of the 8§ steels for 325 atm.
service, end from one of the ¥ steels for 700 atm. service.
Dolts were studded into ihe end of the 7essel and nassed
through drilled holes :n the Forgcd head, with the nuts on
top of the heed.

Two general types of large vessel closures were found.
The simpler tyne had no senarate gasket, but the tapered end
of the head entered the vessel and wedged the stainless
steel liner of the vessel sgainst the vessel wall. This
design is shown on drewings C-1, C-5, and C-10 in the ap-
pendix to this report. The cecond type of closure uses
¢ separete steel ring which has a faciny of lmn thick pure
aluminum on the seating surfaces. The sea&ting surfaces
zre bevelled at & 30° angle so that the aluminum is wedged
into & recess in the head bdn the head seeting surface and
between the head and the vessel well on the other surface.
A detail of this construction is showr on drawing C-4 in
the eppendix, 2nd the equinzment shovm on drawings C-7,
C-11, and C-14 uses the seme gencrzl design, Lpparentiy
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11. Qperatioh and_Control of the Units‘(i)iconﬁWd.)‘

the senarate gasket is used only when the vessel has no
stainless steel liner, - o

’

12, Materials of construction.

One of the grest orotlems in high brasisure high tempera-
ture processes of eény kind is the development or selection
of construetion materiels <hat will stend ap under the operet
ing conditions. For coal hydrogenation the trimary require-

ments of materiels for the high pressure equipment zre:

(1) Hydrogen resistance ¢t high temnerzture and
with high hydrogen nartisl pressure,
(2) High tensile ang creep strength zt the operst-
ing temnersture. ‘
~ (3) ‘Resistence to dp8 and Cly corrosion.

A great amount of experimental and Jevelopment work
has been done in Germeny in an effort to produce suitahle
steels, but at test ¢ compromise must be made between the
various nrovertics listed stove. fheip problems were multi-
plied by wartime shortages of molvkdenun, tungsten, ang
chrominm, fustenitie 18-2 Cr-Ni steel was Tairly satis-
factory, tul the tonnege were so grcet that Germany could
not sunnly the high chromiun zng nickel requirements.

" The esrly exverimental vork on the hyérogenetion pro-
CCSs was done with vessels of various carbeon steels, but
hydrogen atzack Wes severe end the vessels felled in & very
short time. 315 Low 21loy chrome nickel stecls were then
used, but nickel eppeared te decresze the hydrogen and H-8
resistance of the alloy. Molyhdenum wes then substituteg
for nickel, &nd gave better alioys with less 2lloying metel.
Emout 0.5 wareent Mo gave high tempersture strength pro-
verties equivalent to 2.9 percent Nickel. Hrupp P49 (N6)
wes the first steel of this type. 1In chronoiosgicel order,
steels N6, N4, v RAED, and ¥IO were developed, esch being
e improvement over previous materiel for hignh temperature
high vressure hydrogen service, Then, during the war, N 8V
and ¥9 were used to save crisical ¢lloys, but were not
nearly so resistent to corrosion as the cerlisr steels.,
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