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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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12, Materials of Constructi

~.re

AStzched diegrem 652 from the IG Ferbenindustrie
Ludwigshsfen Works presents some of the cheracteristics of
the meteriels mentiones., The "Dauerstandfcstigkeit” is
the maximm lozd ot which the elongation dces not exceed
0.001 nercent ner hour in o period of 25-3% hours aftor
the beginning of the test, 2nd the totol elongation does
not exceed 0.2 percent efter LS hours.

The steels used jn the hydrogeriation nlant were clogei-
fied accoriing to general type and the wurnose for which
each was used.

Teble I; o end of this report, lists the manufacturers,
cherical anslyses, physical properties, heat treatment snd
field of usefulness of the various steels of each groun,

e steels are ordinary carbon steels. They co not
withstand aigh temperature or hydrogen attack, bat they are
uzeful for flang:s, bolts, cold niping end ittings, lens
rings, gaskets, and structural sunports. Thers anpeers to
bg 11ttle new in the vg sueels either in mrmufacture or
in anvlication,

TNY steels arc the high temnercture steels and are the
most important group. The structural steels, "0, NOS, W04,
42, CV, are charscterized by about 1 mercent Cr content end
are used for ctrensed piecces which are not directly in con-
tact with hydrogen or corrosive materisle.

The N1 end N5 to N10O alloys contein more Cr, usually
3 or 6 percent end are the hydrogen resistant group of
the.low glloys. "he heat treatment of this group is quite
eritical, an? coneiste of heating *o the austenitic region,
c¢uenching, and ennealing. These steels heve great mechani-
cal strength ot high temperature end arc resistant (but by
4O means immune) to chemical attack.

N-1 steel is used almost exclusively for pressure
vegsels containing hydrogen, but it ic not suiteble for use
At temnersture shove 2509 C. because zhove this renge hydro-
gen does attack the carbon and %eaken the grein boundaries,
FPor this reason 211 high nressure, high temperature veszels
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12
€§his ate"1a1 contaln Lrternal invulation or cuoling
who maintzin the s ell at lower tempar:ture than
Bginateris]a‘

*uh@ first preheater tibe‘mate izl thet cculd be
108 i8-8 CpNi: isteel. It wes not ﬁnxiroly
due to low creep strength end 2 low resistance
**ch, “bhut snwe 'Né prehester tubes were still

q@ﬂﬂa dulln? Lhe warl

il ;‘| N 1

r'x used: abaut 193 g It is a 3 percent ¢r

percent tmmgsten ami is cheaw as well as

N6 lat ithe préheater ‘operating tempsrzture.
Cower hi gh templrature strwq,qth than 13-8

ﬁﬁqui“e~ pa?ticLlarl; careful hest trest-

il’ ‘considered! esat.mfactcry for 325 atm,

. '
i ‘

4 q ow: 4110} matnrial that has

3 1amperatura hydrsgen dervice, and all

REP LT ‘or 790 atn, scrvice wers made
~ydragdn reststence and creep
: ; ! ore vanadium end less
?;nnﬁ“uungsfnn than N2, thus a saving
ol c*itiﬁhl metals during the wav, Most
tallatiohs jnad Ni0' preheeter tubss whether
525 drm, ‘or &t 700 atm. excaept Where war-
‘uirem the' Uge of subs stitutee, - I §10 4is
ated "{heatpd to 10509, ecoolad in sir stresm,
thi- cold kwnslle strength cen be 30-100
dat, breatmibnt oun produce a materizl brittle
ure out stiill satists clorv £t 5006000 ¢,
oling in the ghench gives @ Prinoll herdness of
Y3 7 ad: to ?4}'430.by oil o.@nch, but the Germens
L'thdt Lhmxﬁif-“aﬁ .68 “eel has elmoet fwico the strength
0 6000 G ot nix wvanchnd stecl In the © Sempers ture

qteci ﬂreh€< ter tu%eq were in serviee for Dive

ore @ Jellure oceurred that could aot be traced to
*rﬂterng flaw. Up to thet time tney hed consider-
pta 1 {mmuneg co hydrogen b‘ctac 2, tat they found thet
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15, Mﬁ‘ewia s_0of_Construction. (ronttd, )
R H
a verv law TETOT aB af eerhon from tetween lhe graine dic¢

aecuty “TH has beer cleimdd thst o hezt trertment of the
tuP Lerwcooh Der*ad ofinot more than 19,703 hou service

1z the tube lifd indefin: tely. ﬁbvs heet trect-
Ftnnﬁrlj thp szme #5 the initial treatment,

sn te 'rc AT resistrnce welded but ges wald-
. mha ‘design of most lirge vestels nvoids

resist tangce wel ding of preqeatar tubes and nioving
setlee. ' The Nﬂ}diﬂ?l;?ﬂﬂtdu“H most be followed

tn work where
flv Lfrﬂnw, The VK" stecls
va 10%0? o and higher F

'

in

§7'B"" v*ewlz 2re 12«
wrts. Z5Cr
?n*lsifnt steels,
rre ugad for heavy
Sy und for Iaw temporaturs
th guriaecu Fﬂrdaﬂin and

rosion hecomes nrevr SLvoﬁv more
sirises,  Under the oressure and
F”ooal (ov tar) bydropenation Hof
or low chrome steels ie¢ guile
uhe Fillinghsr nlant of T.0.7. uses
ﬁﬁ sheel liners In the convertors and they
fodt zhout ‘5 vears The hydrogen sulfide
IHE 7,bec»usp 1% iarm, during the conversion
L 13 nede ary Lo hsvn rore of thie gas present
,&;,hc;bulfide ertalyst vsed ir ;e ph ¢ aneration,
) ‘ﬂﬂnb ehrome a1lo 0y w&thstenﬁr o cow i zmno&@u,
\ mup to the difficuitv ihvolved dn
d ‘(efbm ﬁh‘ﬁ metor1"1‘+ﬂn Goermuns

WoF

and et sopsrote
e '

Le1oe



12, Meterizls of Congtruction. (con
It was found that brass containing at least 37-42 ner-
cent zine has very high HpS resistence, -but of course’
brasses cennot he uced 2t the high tempere tures involved.-
In one set of German experiments they made a series of iron-
zine and nickel-zine alloyS‘containing up to 50 percent
zinc to see if sieh alloys would be HS resistant. (It is
interesting to note that these alloys were made under 60
gtmospheres nitrogen pressure because of the high vanor _
pressure of zine £t the mzlting point of ipop or nickel.)
Alloye conteining ‘as muen at 15 percent zine were not
attacked by HpS but, as might be expected, the alloys were
too brittle to be of any nractical use, dowever, these ey-
‘Deriments led to the vapor galvanizing of parts such as
nest exchanger tubes end iiners, a procedure that éuperently
sroved to bhe setisfactory and is still useq. They also -
Zzlvenized 13 percent Cr converter internal parts), The
VEDOT galvanizing is &ccoripliched by holdirg the perts in
Zine vanor for 2% hours at 5700C., thus forming a very thin
“rust of Fe-Zn protective £llcy.

Chlorine ang chlorine compounds form some hydreehlorie
tcid under the conditions of hydrogenaticon. o rrectiecs
construction meterisl will withstand thie attack, therefore
#nen chlorine ig vresent ia the feed, soda ssh is added to
aeutralize the acig, : '

Erosion ig = serious problem in muck. of the equipnent
end pivning. 1t can be traced to one or the other of two
sources in most instsnce, One source is ebrésive moterial
in suspension in the fluidg being processed, such os ash,
sénd and cataiyst in the coal paste, the sump phace liquids,
ind in the sludge recovery system. Wesr in the peste pumps
.8 combatted by using surfeee hardened meisls angd nitrided
nlungers and velves, and by low plunger velcelty, The re-
“urn bends of the sump phase prehesters suffer much demege
*nd bardened inserts, usually of 12-14 Percent chrome steel,
“re often pleced inside the outer wall of the fitting.
“alves have hardened seats and discs, znd are designed so
“hat the flow is streamlined os much s noseirle, Heszt
Zehanger tube sheets are &aproached with long coniecal
Scetione whieh reduce coligd deposition as well 25 erosion on
tuz ends of the tubes, Stuifing boxes are equipped with
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12. Materials of Construction. (eont'd,)

flushing oil connections, and are flushed continually while
in service. B

- The second type of erosion is due to high flow veloc~--
ities of fluids, esvecially mixtures of vajor and liquid,
shrough oressure releage soints. This condition is pertial-
1y combatied by the desien of the unit and the equipment.
Expansion is carried cut through expansion engines or in
several stages., Expansion valves have turbulence chembers
with slightly restricted openings on the outlet., Fining 1s
instzlled undersized in order to tzke part of -the rressure
drop. Where it is necessary that a considerable nressure
drop be taken across g valve, the seat and disc sre made re-
pleceable and of some abresion resisting meterial such as
tungsten carbide or tungsten-titanium carbige. Two pressure

educing stations are always instelled in rarasilel, with
shutoff velves one each side of each expsnsion valve so that

i1t can be removed frop service for rerlacerent or repairs,

Hydrogen attack on steeis(37) is & particular type of
corrosion, causing decarburization % the grain boundary,
znd it is of such great imporience in high temperature high
sressure operation that it is considercd separately. The
mechanism of the attack is the slow hydrogenation of the
cerbon in the steel to metlsne. This takes place nrimerily
in the matriz rother then in the crystels, and greatly
diminishes the strength of the steel. The reaction velocity
for any gilven steal increases with the temperature and with
the hydrogen partial pressure. The resistance of steels to
hydrogen atizck varies fron that of carhon steel, which isg
guite sensitive even ot 2000C, up to stebilized 18-8 Cr Ni
fusfenitic slloys which are wrecticelly immune over the
entire renge of temperature used in the nTocess,

Due to the greszt cost of Zustenitic steinlese steel,
low elloys were develoved which would have sufticient hydro-
gen resistence Tor particular purgoses. These are the "N
steels. W4 could be used for 325 atm hp up to 400°C and
N6 end N8 up to 6700C. The use of 700 Ztm pressure éropped
thess permissible tempercture ringes and forced the develop-
ment of N19. '



12. Materials of Congtruction. (cont'd.)

The first renort of tests published by F.K. Nauman in
1938 (etzhl und Bisen, pg 1239) stated that ¥10 wes unaf-
fected by 200 atm hydrogen at 600°C in 100 hours. The
feilure by hydrogen attack of R10 preheater tubes after
several years of service caused additional study of the ef-
fect., It was found that chemicel analysis alone did not
mean much with regard to hydrogen susceptibility, but
fabricating and onerzting conditlons played a considereble
rart. MHany steels showed evidences of attack only after
4D0-600 hours and some only after 1000 or more hours. Heat
treatment wac an importent fector, end in general, air
quenched steels were found to be more resistant then oil
cuenched. These tests indicated that resistance increzsed
with & decrcase in unstable carbides in the matrix &end with
ress dissolved carbon in the ferrite, elso, that connlete
irmunity is not attained by ferritic-pesrlitic steel con-
taining as high as 6.5 percent Cr., but thet grain bound-
gry Tailure will ocecur in time.

The following four figures show micrographs of 10
itubes which feailed in 70C atm. service in the hot section of
¢ preheater after epproximstely 11,000 hours service. The
two photographs with & megnifiection of 12 diemeters show
the fissures caused by hydrogen attack which ultimetely
result in failure of the tubc. These fissures ere typical
of hydrogen attack on eny steel, The two micrographs with
& mognification of 125 diameters emphesize the deterioration
¢t the surface in contact with the hydrogen. The etched
cemple in nerticular shows the effect of the decarturization
on the steel grain structure. '

The following figure shows bend tesis of semnles taken
from one of the tubes which failed. The samnles from left
to right ars taker:t from the inner tube surfece, with the
immediate surfece removed, 0.2 mn removec, 1 mm removed,
riddle of tube, outside of tube. It con be seen that the
tttack penetreted legs than one millimeter over the tube
‘& a whole. :

. 4
Results of experiments led the Germans to believe that

the 1life of ¥10 steel preheater tubes could be prolonged
indefinitely by giving them & heet treztment after each
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12. lMeterials of Construction. (cont'd,)

13,000 hours service. Foperently the heat
tsteblisned the carbon equilibrium in the ¢
inner tube surface, but it is not clear jus

ecomnlished,

treatment re-
eel of the

t
t how this wzas

L thorough study of the zse of columbium to replace
the carton for bloeking grein slivpege in the steel wae
broposed e ¢ nmpssiblo mathod of developing & completely
hydrogen resistent low zlloy steel. These experiments were
ot eerried out due to wirtime shortage of MENROWEY .

The German Creep strength test consists of putting o
saries of constant loeds on test pieces held ot the specl-
fiad terrereture for vericds of 45 hours ecch. The Crean
strength (Dauerst?ndfestigkeit) is the grectest load in
Yo/mmd e whiech the creep velocity does not exccad 1/1000
vercent ver hour during the 25-35 hour reriod #nd the totsl
éxtension in she A% hours does not exceed 0,2 rercent.

It is cleimed that thie test is revroducitle snd extremely
vseful z¢ ¢ nethod of evilueting ¢reer strength in 2 short
term test,

A second method of evelualing high temperature strength
i vlot of differens eenstent loadings at constent tempere -
ture apeinst the number of nours elepsing before the frac-
ture of % given méterial occurs. This is irown &s the load-
time curve (Eelastungs~Standzeitlinien), end is usually
pletted on hoth rectanguler and log-log coordinctes. Two
types of these plots are showm in the sttached figures.
The first two (marked EbLi 4 end 5 ) show curves for & 0.91
percent Mi, 0.7% nercent Cr, 2.94 verceni Mo steel at 3009,
4600, 5000 =ng 6000 C., =lotved with the two types of
coordinates. Tre second 2Edr shows the curves forp 500¢ ¢
of five different chrome steels, ineluding JRAE, N9, & 20
vercent (o, steel and two low 21loy Cr-kl cteels.

s\

[
D

The following figaure (ubh. L3) shows the lording, time
to freeture, elongztion, and reduction in zres Yeneath
photogranhe of test rleces of o octeel corresponding to N19O
composition which wern broken wider the various londs, It
ig Interesting to observe the chinging spperrence of the
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2T T BT TR TR T e
L Dot 0w s e & 4
Alh € Melastungs Klamiortbiwn vem Mal 1o 1Ga0%, O,
0, Ni e, 1,847, 30} ey verarhe oo Tempw.
ratieres wteiw bet fharatelhug

-4 a —

3

Ty .38

A rer Legreninny g e’

3 - .
Dt e rom Brvem -

Alh 5 Helestungs Mandasitlunms von S5k ¢ dops 4
hgusithimechet L rete i

b, A& ~d S



Doy Logpeurarg o ageat

e S B R X

AGh 8 Pelastungs Standastlruen von

Mahion verschwedensr "
T MNP metrerher Darstelliung

N N RO e Ve W
= ¢ &= -
S W 4 .
-— b &5 I8 T 9w L
- r [l - L_J ;. -
n Lot gum pew Brech = A

\hn T Brlestangs Mandsmtlhines vou Abb 6 i kel

toganthmacher Paretedling

b, 6 ard T



twi. =2 e
W
3

Lew U caue Bre

PR TP TP SYOIRTIE g
3 Paclaatigagseest by S0
.5 M. .




3 B8

s

Ruhende Zugdoanspnachung g Imen!



MRS

e
o

“sed neriods of
ti tween thoe brezk nc
- an-elongetlon of 0.2 per ar
dar twn 1on &£t wLJﬁG' T“P ﬂ"a? gurl
2 9 &8s oom*ared tO LT sre plodn

tableq ave Lﬁn from Techrical Repoarh
T8, “"76‘ “thnic i “isslon in Laroce,
' tslg in high nres-

NG

wh«n ¢etels are

3"3 wvnﬁgrapln for pres~
Yt Eon nnﬂutxouu ary

SEaver shout 2500 ¢, It
,iar? 3?

“rh:s bhato :ht;ls
Y e e

a2l
oell

vulupmcnt and selcction of

¥oin conrumetion with their

vy e N .
wore thrag uTLI nel ¢ of cavviocs wheore

L SIL WES roquzr"a ive *he bivh -2osgure o wyﬂn rtlon

ﬂu[’mb@ firegrcongicted of coverings for r' .wunu

fﬁtninhL,Kuﬂe geeond. wae the irtornsal iusu
: vessels o waint

slee the Hressure
?0 o rng t
cvent tuc

A?ature elow 7

7S the prn-
P latesl o wopk to oy

of Cirve.

L—orm

~115



12, Materials of Const
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12. Materiels of Construction (b)(contra.)

F ] )

stalls from buekling in the case of fire, the supports for
the converters and connceeting girders were insuloted. &
layer of Diatomit tlocks zbout 65 n/m thick wes lzid a2round
the cutside of the structural steel and held in place kv

o wira mesh. ¢ coating of 15-20 m/m of cement wes epnlied
over the fon to arotect ageinst wecther and to make o

£m20th Tinished curfoee. Other structural steel members
wore 2lso covered with eithor brick or Distomit and finished
with & cement coct. Those precautions heloed te prevent
more scrious eecidents in the cese of fires, since the steel
could sténd intense hect for 39 minutes or longer when so

o

nrotected.

the Tollowing teble Yo, IV shows the I.G. Ferbenindust-
le epnlicetion of varinue “ypes of Insultting materisls

"or ¢iffcrent srplicstions.  The orcinates show the temporsa-
tire renges and the services, while the blocks show the

tyne of meterial ard the thickness for difforent dlameters.

By

[

13. Conclusions. .

In & plenned ceonomy and in onticinetion of war, o
netion mey artificiily stimulsate the produstion of potentizl-
ly strategic metericls., In this light the chronological
developmont - ir Germiry of the high rressurc hydrorenation
procesges rre of interest., The errliest commereinl plents
were the Heber units for the hyérogenstion of nitrogen %o
samonie.  Developed prior to 1913, this srocess made Germany
independent of Chile saltpetse immorte for explosives vnro-
duetion during World Wer T,

The experience geined in design :nd soverotion of these
units proved helpful when the. Germens exvindad their sesreh
for materisls rnd eteriog in the esrly 1920ts to hydrogen-
3te ervbon monnxide to nethenol.  The designs of suxiliar-
iceg, sefaty freceutions, snd matericls of construction coulé
te coplied dircctly, and the designe of the converters, heat
sxchangars, and SCPETELOTS, could, with suitable modifica-
tisn, be used. Thus the Germens had two lerge scale high
Pressure mrocesses in overastion rrior to the next expansion
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