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permsnent set. At 2.6 x design working pressure the stiffening ring
showed signs of permanent ‘set. On two occasions abi3 ¥ idepign working -
pressure, the aluminium gaskets on.the joint ring biew dut:and on another
ocecasion the nuts on the ¢over gtuds were found to have:become skack afte
tne vessel had been up to'this pressure. Finally, theivessel 1tself spli
at L x design working pressure. & numoer of vessels of;this last desig
had been in servicée and mo ‘f‘a:iiufés—-had«occured,..__,_ﬂ_:—.'__,___j : ;

- No doubt experience with mifickel® vessels, where the studs
for the covers had to be screwed into the ‘wound “lagers; provided the back
ground for' the last development in stiffening rings for selid-wall vessely

To comply with German legal requireménts ‘the Test: pressure
for all vessels is 1.3°% the maximum working. pressure., Cold vessels are
designed with & working stress of at least 5 x the efastic limits,

In the case of hét-walle‘é— vessel§, the working stress is gset a’tg'-_[l.:-g x
the creep.limit for the steel at-300°¢ for solid walls.and ab .;};.6;._): the
creep limit at 3SObC'fdf'“Wiékélﬂlvesselsa-.Fbr-bqﬁﬁgﬁiQés of vessel,

‘allowsnces are made for the process in which the w{essefl is to be used,
c.g. for well~established processes the factor of Tl'E is adhered.to, but
for processes still undérgoing".d@velop‘g\ent a ratio L .

used, : - 5

. . e

_ Thie maximim ingot which can ps' cast’ by: Krupps or other ' .
Forgemasters has a weight of 270 Tonnes, and the labgest forge is rated at
15,000 Tonnes. - The largést.sd"li_d.walgﬁrgs'se;l cbtairiable from this equip-~
ment is the 1000 mm. bore, 18 ¥ long, 700 ats. coiverter, which welghs
110 Tonnes. Very few vesscls had been lost on accowrt of casting and
forging faulbs; faults.were ground out locally and é¥tra metal left on th
outside of the vessel or, if o cessATy; gt freming Tings shrunk oh.

-l : 5. % : St o N
. The practice of grinding oub ‘local faults had veelny-applied
to the removal of marks on, forgings c_aused by bomb"Sp].inters._f;, v

XTI . HYDROGEN-RESISTANT STEELS: "HTC.

.

Ob. Ing.Xoch and>Dr.Class werse interrdgabed on:thé 28th Hay

regardifig ~thre -development of hydregen-resishant’ steels; and tHeir experient
with them during the war. The steel in most widsspread use was known as
N.10, and its analysis given as 3.0 - 3.6% Cr, 40,5% Mo, §0.3% ¥,

4; 0.75% V, 0:18 = 0.22%C; tpis s identical with the analysis quoted ab
Leuna. = 520°C was given &s the meximum metal temperature, and when this
steel was used in preheaters -at 700 ats, flue gas ‘temperabures were
restricted to 560°C miximum. "N.10 tubing had an 0.D./I.D. ratio of 1,7
to 1.8, which .at.70C ats, gives a stress of.11,3 tons/sq.ini or 8.2 tons
_sq.in.: according as to whethor the stress calculation is based on the
elastic or plastic theory. i ' ; .

: _ On account of fallures of I&.lO in service, the method of
testing steels: for hydrogen resistance had been changed during the war.
The original testing period of 200 hrs, had .been found toc short and
1199 e ST -
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tensile testing of test pieces had not given satisfactory results. It
was considered that the rormal metheds were not satisfactory for the
testing of material to be used so near its limits and that test condi-
tions should aprroach more nearly the actual plant conditions., The life-
testing of tubes under working pressure and temperature had therefore
been developed, the tubes themselves being sealed-down versions of plant
tubes. In this way it was hoped to obtain results which would be of
more direct applicability,; o ' '

, K.10 tubing was deliversd in lengths of 3-4 m. when in the
rolled form and 4-5 m, lengths when in the form of borsd-out bars., The
latter type had beeh favoured because with such thick-walled tubes the
cost was. very 1ittle greater than that for: rolled tubes and there was no
risk of trouble from the small faults that were always present in the
bores of rolled tubes. The tubing w-as heat-trsated according to a
amethod developed at Leuna. Aftep heating to 1050°C the stecl has a
Brinell hardness of 2t least 350, which falls to 250~280 on amealing,

, Great difficulty had been experienced in héat-treating forged
pleces of the alloy and the use of N.10 for forgings had been abandoned,

It was disclosed that V2A was in use at Welheim for 700 ats
preheaters and that ne runping difficulties had been experienced, It
was stated thet I1.G. would have used V2A for 700 ats. preheaters if

-nickel had been availeble, since the creep strength of VZA was superior
to that of N,10 at high temperaztures.

Feraerly, V24 shests had been used fop lining catalyst
baskets in order to guard against Hp attack and sulphur attack, VWhen
supplies became diffieult, 15 mm. thick ordinary steel shells were used

- with an dnternal plating of V24 only 1 mm. thick; at the same time, this

gave a stronger basket which wag not s¢ likely to fail daring ‘a rapid
.blow-down, o o R

Because of the shortage of chromiwn and mdlybdenum, Menganese
had been used insteag in the case of flange steels, and there had been
Conslderable difficulty in achieving the required ferisile properties
Without getting a steel which was too brittle ang susceptible to crack-
ing, Because of its reduced ductility, the substitute stesl was used
Only up to 350°C. The steel had the following analysis:— 1o1%~1.4% ¥n.,

o1~1.4% Si., and C.4% 03 after water quénching, the tensile sirength
¥as 50-60 tons/sq.in. T - '

: " In ccnnection with the failure of injector pump blocks, it
a5 considerszd that the trouble was dus to the presence of occluded
Jydrogen and sther impurities left in the steel during casting which

1d not manifest themselives 2t pressures of 300 ats. but which became

Portant at 700 gts, The raason for the mnore numercus failurses on the
thr'eewthrow PUIDS arose from the fact that they underwent much mere

®quent stress reversals than the I.G. paste PUMPS .

- _...6'?. —
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APPENDIX A,

Leader:. . -Mr.P.K.Kuhne

¢.1.0.S. OTL TEAM VISITING LUDWIGSHATEN/OPPAU 25-31/3/L5

U.S. Petroleus Administration ..

‘for Yiar,

Deputy Leader: Lt.Col.R.Holroyd British Ministry of Fuel

;i Dr.E.L. Baldeschwieler
O Mr.EiCotton

I o Mr,L.FP, Evans

i _ _ Dr.W.F. Faragher

; Dr.V.Hasnsal = -

Dr.L.L. Hirst
-Dr.G. Von Elbe

Dr.E.B. Peck

.

Lt.Col.D.Morton
Lt.Col.H.C.Tett
Major C.Cockram
Major F.A. Williams
- Capl.CM.Cawley
Capt.TJ4.G.Plant

Later Visit {(July)

Dr.¥.A.Horne
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APPENDIX B(2)

Calculations on %W Plant, Heydebreck. F.3:42

For 3,500 Mg/hour of Cﬂh’ for preheat of gases to 650°C and

reactor cutlet of 850 °g

Analysis

Aftér Water Gas | - Gracked Gaé‘
Inpu? e Reaction Equilibi{l) Parts e

co2 - - - 4 0.225 03225 Late

- 0.487 0p - - | ER
co - - 0.99% — 04225 0.769 Less
Ho - - 2,008 + 0.225 124233
CH), 1,000 < 0,006 . 4 = 1.0 006}
Dry Gas ]1.000 - - . :3 235 | 100703
W HR0 1,000 | ~0.020 04980 — 0.225 0755 §.-
egms HaO 735 : s 556 .
(1) Vater gas equilibriu. constant at 850°¢ K = 1.16 o .q-;t

. :' " > aea

For the ‘above conditions the heat balance in the féactor'ig

estimated as follows.. _

CHj, are 0.487 cu.m.

1

(a) Oxyéen requirements per Cu.m.
(b) Heat balance

Heat generatbd

1) CE, - 1/2 0,500 + 2 H
A Hat 6509 = 269 wE/ N
269 x 0.974 = 262

2) €O £ H20 = C0p + Hz 5
A HE at 6509 = 337 VE/FM
337 x D225 = 76

Heat consumed '
3) CH}-&- '7‘{' H20 =0 -7[- 3 H2 )
‘A Hat 650° = —p689 YEAM

2689 x 0.02 = 54
L) Heat the cracked gasss from 650-850°
AT XG0 = 200 x 1.322 =" 264
5) Heat losses (WE/M3 CH,) 20 .
. 338
1199 - 70 -
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Heat Exchanger
Input

1,068

Sensible heat of crac&ed g=s 0—8300 in VEVHB CH),
850 x 1.257 (2) DR
Latent heat of watér-in gas G'556~x"595 : ) 331
S | 1,395 v/
. e W cn,
. OutEut . 3 oo -
Gas .. Sen31ble neat of feed gases (0-6500)(3) :
T - o 650 X 1.098 . D 1156
1 . . Latent beau of water in gas :
7.0 : B S 0?5 k595 Ly
= : Less heat in 0p at 159 ' '
2338 - =0.487 x 15 x 0.917 x 0.311 -2
690 Less heat in steam added o o
02 o 206 gms Hy0 from saturator 156 WE
0056 -156
. L 529 gms steam et 1.5 ats (1110)
. 529 % 643.8 - 340 ¥E
— - o S . T - -340 . . )
o : S ' 52 652 WE/AP CH),

Heat lezt in cracxed gas alter neat.exchénger :
S 1399652 = 747 WE/P o, -
*fand the indicated outlet temperature is

(747-331) 171,322 = hljz-— 3159 .

AVERAGE SPECIFIChHEATS

"{2)  Cracked Cases
T mols. Sp.heat (C—SEO)

€Oy : 0.225 % 0,503, 0.114
CH;, : 0.006 x 0. 746, = 04005
Diatomic gases 3,002 x 0,319 - = 0,958
' . 1.371
- 1371 x 0.917 = 1,257
Note (3)
' Feed Gases’ .
‘ CH,, ©1.000 x 0.661 = 0,661
SO HeG o o l,OQD % 0,382 = 0,382
0y o - 0.487 x 0.316 = 0,154

' W . e 1‘19’?
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APPENDIX €

LARGE SCALE PRODUCTION OF SYNTHETIC FERTILIZERS.

. Tn our letier to Military Covernment, .dated April 15%th, yg
gave a survey of the minimum production capacities for synthetic ferti
at our Oppau plant and described in particular the requirements of cok
coal for this limited production volume.. On special request we have'np
made an investigation of conditions for maximum output of final product
and we give the results of this investigation in the table atteched %o
report. ' T ) '

The output of fertilizers depénds on the repair-work at/

those installations that have suffered most dahage by bombing.  While

- gas and ammonia plants are in good working conditions, there is some d
at the coal transport system for -the boller houses, and this repair wil
require about 6 months. Although the proguction of the ammonia plant .
be as large as 500 tons/day per September lst, it is limited %o 170 tonsj
day for this decreased efficiency of the coal conveyance. After Decembéd

" 1st, the state of the differert manufacturing plants governs the real
put of final products as given in the columns 9-16° of  the table. . From
column 16 and the note to it results a maximum capacity of about 500 1o
day of nitrogen or a production of . about 180,000 tons/year of nitrogen;
of which more than 900,000 tons of markstable fertilizers can be manufa
tured,

As we had already -occasion tc point .out we always had &
surplus production of ammonia which we despatched for manufacturing int
fertilizers to our plants at Hoechst, Wolfen and-Bitterfeld. ' The-guanuil
svailable for despatch is given in celumn 17-of the table. Ths manufacs;
turing capacity at Hoechst being of the order of 200 tons/dzy, there wi
be no demands for transportaticn to the plants at Wolfen and Bitterfeld
before January 1946, the only condition being a regular communication
between Ludwigshafen and:?;ankfurt/M -~ Hoechst.,.

The requirements for coke.and Ferngas for the synthesis,
and coal and lignite for the power plants are given in the column 5-8.
are prepared to receive Ferngas up to 400,000 cbm/day with a correspondl
decrease in the demand of coke. ) -

In column 3 we have mgntiohed.a production of 50 tons/day L8
methanol as it was suggested to Military Government at Ludwigshafen in
memorandum dated April 20th, 1945, This production of methanel and an
additional one of butyl may be raised with the progress of repair-work ab
the coal conveyance of our plant; the output .of nitrogen is not afflict
by the simultaneous production of these chemicals., =

The maximum capacity of the primary plants for the four -
main products will be :-

1199 , :;_‘72:_




nitreogan
mathanel
Butyl

B hydrqgen

750 tons/day

120 ," n
X0 e R S
192 ooo cbm/day

Beyond the demand for coke, rerngas, coal and llgnlte, we
shall requlre limestone for the production of ialkamnons alpeter and -
gyp‘ 'fbr ‘the produ¢tidtn of ammoniim-suiphate. A-lime of good gualities.
for our nurposas can be got ab- Gundershe¢m/ﬁ60dar. Gypsum was supplied’
t111 now from Niedersachswerfen/Harz: as long as there are transport
difficultics we might use a gypsum that can be taken from a guarry at
Obrlghelm/Neckar and” belongs tothe Portland Zementwerke at Heidelberg.’
The quarries at (undersheim and’ Obrigheim are not far from each other

i

end the :distance from Ludwigshafen is. approximately 50 miles, . .

The total fransport volume for these auxiliary'raw materials

lime total

gypsun
tons/day tons/day .

tons/day

80 ' &0
130 : 220
310 560
325 T4LS
325 : 745 -

There 1s an ample stock of lime aveilable at Oppau to run production of
alkammonsalpeter for at least 2 months before new supply freom Gundersheim
11 be necessary.




TTME~TABLE FOR RE-ESTABLISHUENT OF NITROGER PLAN

Production capécities -
of primery plants. ,
nitrogen {methanol | hydrogen > | Ferngas | coal

Fuel requirements

2 3 L 5 6
tons/day tons/day cbﬁ/day tons/ | cbm/
' : day day

at once | 50 50 | 48,000 || 200 100,000

{165, |270(8) ] 50 120,000 | 500 | 100,000

l;9.ﬁ5. o b 50 120,000 500 { 100,000

1.22.45. | 580 - - 50 192,000 | 1,100 | 100,000

1.5.46. 750 50 192,000 1,600 {100,000

1.5.47. | 750 50 192,000 |11,600 | 100,000

1) output limited by demage étninternal coal transport system.
Repair work requires 5-6 months. '




Real output of marketable products

ammoniun
chleoride

ammonium
bicard.

urea

Kalkammon~
salpeter

sodium
nitrate

caleium
nitrate

Spare
nitrogen

for
dispatch

10

i1

12

13

1k

15

17

tons/
day N

-

tons/
day N

5
5

tons/
day N

45

45
£8

tons/
dey ¥

tons/
day ¥

tons/
day N

Kalkammonsaipeter plant the whole capaclty may be raised to
500 tons/day N.




