ATTACEMGNT XV

Menufacture of an Ethylene-Containing Gae by Thermal Cracking
of Zthane or Propane and Processing of the Cracked Ges to
Pure Ethylene in a Linde Gas Separation - Plant.

(I. G. Leuna Report)

{Spot Traneletion)

<. v

The ethylene used for the manufacture of SS oils muet be at least 95Z pure

and shall not contain 02, €O ‘and COz in quantities lerger than [o8 01%. ~The water

content shall not be higher than 0.3 g per ‘cubie meter. c
The gas processing equipment consists of Cracking Plant No. 388 and Li.nde

Plant No. 58'7 and- is designed to produce ethylene of the ‘above degree of purity:

.from ethane -and eventuelly propane (reeultmg from hydrogenetion processes).

o A.n etbylene-containing cracked gae is produced in theeo-called "&nall Furnace"

vﬂy'__‘.(Klein-Ofen) from- ethane (or propane ) to which oxygen end .some nitrogen ia —added.
"I'he geses are. heated to 600 e.nd 400°C respectively A crude eracked gas is pro- )
'duced containing on the. average.; 30% ethylene, 19% ethane,’ 8.5-—10% GO O. 4 COz, ‘

1-1«5’5 02, 1.5% higher_olefine,—-andlahout O 5% acetylene, ‘the remainder be:lng methene,

' hydrogen and nitrogen. S T T ." T g
The cooled gas is then passed through a purification plant consisting of two

.alkali wash towers,: vhetylene hydrogenating units, 2 oil- 4 cerbon— 2 "alkazit"

\
) and 4 additional alkali waeh towers.

Linde Plant

’e.mmonj.a refrigerators. The entire epparatus 1e inclosed in a.- 1arg

houeing of sheet iron “in which 3 columne counterf_lsw heat exchmgeiﬂend e.mmonie
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refrigerators are located,
The gas is compressed to 16,5 atm. gauge pressure and passes through the

various washing units in which undesirable contaminants, such as aromatics, more

unsaturated higher olofins, acids, carbon' dioxide etc. are removed,
After this preliminary purification the gas - now called crude gas - is
passed through_counterflow heat exchangers and ammonia refrigerators, is cooled

to a temperature of -55 C, and ent_ers the first column Cy, the .methane column. In

_this column methane and-inert ‘gases-are- removed under-a-pressure -of l3'.‘5~*atsx~r*c;2‘

and Cg remain as bottoms. , ST T L, e

» In the Cs column the ethylene is 'Separated from ethane and is recovered as

S

overhead and compressed to 200 stm. in a battery of steel cylinders which are ship-

ped to the SS Oil manufacturing plants. ‘The low temperature required for distille

ation 1s,produ.ced partl_y by expandmg the Cl bottoms through the crude gas condenser :

into colunm 03 but princ‘ipally by the methane, ethylene and smmonia auxiliary c:Lr- S

,culating units. ‘\ v - ;;__':‘

The methane circulation unit in which methane is cooled to -100 °c under 25 atm.

.gauge pressure and released 1nto ths methane condens er :ls located on top of colu.mn

Cl where the pressure is released to 0.2 atm. gsuge pressure.

4 to - 25 atm, In the Cl and 05 bottoms high pressure ethylené is used_for~heating, A

-—L'the Cz bottoms high- and low-pressure etbylene is used as heating medium, at -64—1;0

:7_40 It 1s then introduced asreflux in the ; and C columns after which it is_used—




the gas mixture through the furnace at the reduced preaeure required, and' the
circulating cooling units (7'a, 7b, and 7c¢) for the two condensers and the pump.

. Auxiliary blowers»ror the feed gas and blowers for heating gas and air are add-

itional accessories.

_The Suall Furnace (1) is an iron shell lined with fire brick, 1.75 m high

and 0,9 m in diameter. ZEthane and oxygen + nitrogen upreheated to 600° C and 400

respectively are introduced into a‘mixing head. The gas preheater is an iron 'eh‘ell

lined with fire brick into which another irofi shell (5 m long, 1'm diamter) filled

with. kieselgur is fitted. The ethane is heated to 600° (point 6)‘and the oxygen

to 400 °c (point 8). The gas mixture is then introduced into the 1.1 m capacity

furnace” Which is filled with porcelain balle, resulting in parthl combuetion of

the ethane with simultaneous cracking of the remainder.

v

. The hourly throughput is 780 m et‘ﬁane and 2.20 m ozygen to which 120 m5

nitrogen is added. S R SO

Nitrogen is added to minimize explosion hazards- —the .furnace is. operated under

: ereduced_pressure oi‘ 412-413 mm Hg (meastr ad- at the point Vg) which 1e produced by

a water vacuum pump and adJusted through a vacuum regulating valve.

Gorrect reading of the reduced pressure, with reference to the barometric P

pressure, is imperative since the actual reaction zone ehrfts’with—the pressure‘in

the—f?r—lﬁe and‘satisfactory operat ion depends themn. Measur ementa are taken at

6 temperature po‘.mts and ae will he aeen from the diagram, range i’rom 820 to 860°

in the upper hal'f of Furnaces l, 2 and 4. e When a furnace operates Well (good mix-’;

ﬂing, ‘no carbon d" oait on the porcelain balls as in Furnace 5 the temperature ie :

l'about eoo°c in the upper thirdw‘

Furnace
Measuring point ' 645°
" . ; O - 8 . SN 6550
p-* o TTUesg® o o pa® . g100
T ©eesR L paBd e ‘8200
n " 8400 v vt opes® o o 82s%:
C i e p20% o n e 768
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‘ 0 de,eignatee ‘the lowest point (turnaoe bottom). The other points are dis-
tanoee in om rrom the bottom . B o o ' ’/'\
1,340 m° oracked gae, .produced from about. 1000 m feed gas, passes to tho
tubular conddquser (4) and the jet condenser (5) in whio_h_ the gas is first cooled to
400°C (point 12) and finally to 50%" (point 13). '
The cooled gas then passes to the suction _eide of the water vaeuum pump from

which it goee to the lLinde plant at about 180 mm Hg. abs. pressure.

(E)erat ing Troub le

Trouble may be experienced when
= 1. the vacuum is unsatisfactory, ‘or
2. ignition occurs: at the "vottom of the‘"i‘urnace. .

) The furnace is shut off by discontinuing the- supply of oxygen and replacing it \vith

. “

nitrogen.

For a density of 0.82-0 84 the cracked gas has the compoaition given on page 1.
Cooling Units. Three unite are provided (7a 7b and '7c), 7e for the: Jet condenser,

'Ib for the tubular condenser and 7e- for the water. vacuum, 'Since water in 7a and. 7¢ -

.

comes An. direct contact With the gas it is rendered slightly alkaline w1th 10% NaOH

=t . ——— - —

. to neutralize acidic constitutents in %He craeked gas. -

K Starti:gif the Is\u'nace SR,
: - 1. The cooling unite are etarted

2. 550 ma of nitragen ie passed through the ethane preheater and 100 m5 nitrogen
' through the—oxygen preheater. U _ R E TR S :

. B The heating 288 ie ignited in the fire boxes - AR

4. The wa er vacuum pump is started and the P sure adjusted to ‘4‘0_09_50_0 mm Hg

by means of “the regulating valve. .

o

5. Both preheaters are raieed 20° per hour until po:Lnt 6 of the ‘ethane preheater

g shows 600 and point“‘e— of the oxygen preheater 400 .‘ ‘I'he point O then shows about’

seo°c.

6. “thane and oxygen are introduced (quantities eccording to load say 680 n

‘<

"-':4,"



ethane + 220 m3 oxygen). Nitmgen ia then lntroducod about 10% of ‘the oxygen used

‘(BOm).- o , ‘ : '
The Linde Plant
The Linde Plant coneists of two 1denticel units which may befoperated independ-
ently or disconnected. . . : Ty, » _ -

Each unit is conposed of: ) ' o

1. Four gascmeters and 9 200 atm. high-pressure vessels for storing ‘the ethyleﬁe

2, Six compreseors.

3. Vessel. for sepéféting-ﬁeOH.n

4. Crude gas coaoterflow—heat exchénger.
5. Ammonia condenser.

- Silica gel tower.

R

Te Ethylene counterflow heat exchangen._.
8Be s-liquid separator.

9. Apparatus (Apparat)

10. Manifold:

ll. Oil separatlng vessels in the methene and ethylene pressure stages.

12. Bottoms pressure release and quick release.
l..Gasometers 'e.if"”' L S [““;_ s e ) Bl S

- Gasometers are provided (a) for crude gas, (b) for ethane, (c) for methane,
A\

i - ' g KR Lt

::(d) for ethylene. ‘:‘ L ‘ L : _ IR PR

2. Comgressors ) ‘

e The crude gas compressor (Surth) 1s a 5-stage compressor of 2 100 > /h cap-

AN

acity, 550 stroke. R B ,“ﬁ Ll e e R PR

- lsttSfegé’ T T 1.6 8tm. geuge pressure’
ognd N e - TS BT =
: Si‘d "'r.b co T _k;»-‘ 16 e n . 0n

All other compressors are 2- to. s-stage cpmpressors operating at 1.5 to 200

‘etm; gauge‘pressure, Directlons are given of how to- start and operate them.

K

5=

4



Ice Machine:
Directions are also given for starting'and operating the ice machine..

6. The Silica Gel Tower (TII) con_sis-ts or two units. Its purpose is to remove: the

last traces of moisture from the crude gas coming from the ammonia refrigerator. The

silica gel is regenerated with nitrogen. (This unit was later discontinued as non-

essential) .

7. The ethylene heat exchanger (XI) ‘is a two stage' unit. Exchange between pressureless

ethylene from the apparatus gnd, recycled ethylene brings the temperatur \/of the 1atter
to -64° o (temperature point 30) ’

. . . R
8. G'as-Liquid Separator . A . \ ‘: \'

N '.'L'his unit is prov1ded with a safety valve and a rupture disc. ) Gas-liquid sep-
aration is important and must be carefully superv1sed +o prevent condensate from '

belng entrained which might cause clogging of -condensers and lmes and cause trouble

-in"the operatlon. —— NI et = , -.l,.
9, App atus : .‘/ i

Ina Linde plant this designates the portion of the\ plant 1n which the actual
)
. g E .\'::

- )

seoaration of gases takes place. v _
It consists of three columns Cl, 02 and 05 (named for the carbon content of
the gases), a crude gas counterflow heat exchanger in two stages (IV), a methane

counterflow unit (VI) (called methane liquif:.er) , 8. snnple methane refrigerator (VII),

Methane Supercooler (VII) f'- R =i f'- ST

iy
‘I‘his unit eerves to 1iquify high pressure methane (from the methane liquifier
(VI)) which pasees counterflow to the residual gas leaving the Cl column at -140°C

(temperature point lO) and low pressure methane from the methane condenee'r.
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~ . The unit consists of a copper jacket about 2.1 m “Long: and 30 cm in diameter,
surrounded by a seeond cylinder about 35 ¢m in diameter.’ Iow presaure xnethane '
flows through the inner jacket from the_methane _cond_e_ns_er; residual gas from the Cy
. column flows'thmugh the outer jacket (see diagram).
10. Manifold R S
Switching membere (Sl, Sa, S:5 -and 84) serve to exchange the ethylene and methane

circulation compressors. This largely facilitates shutting off compressors for repair,

The operation is easily understood from the drawing. B

11. O0il Separating Vessels in the Methane and Ethylex:e Primary Pressure Stages.

These units were inserted for separating entrained oil from the compressors

N

_ because the standard equipment was found inadequate.

. 12 Pressure Release for Bottoms and Quick Pressure Release. o

On shutting down the plant all bottoms and 1iquified gases in the 11nes are

~

discharged imto a copper tank of. about 400 liter capacity, during air raids a copper

tank (about 3 m long and 1.5 m in diameter) large enough to hold all products is .

~
-

used.

v Flcw of Grude Gae and Ethylene

The crude gas from the cracking plant passes through the parallel caustic soda"_‘

wash towers (Ll, Lz) to the suction side oi‘ the’ cmda—gas_compressor (RK). These

E ‘towers are 13 m high and have a. diamster of l.lm. Ihey operate at 0.5 atm. gauge :

’_tsaturation with coz.’ e »
The gas then passes to the acetylene hydrogenat ion step AH where it is heat-

ed to 160° by high pressure steam, and then in parallel through three contact fur-"
:fc?gL

'naces, leaving these at 220 ; whereupon it is cooled in spray_.condensers to

‘This step may be omitted but as the oxygen content is s:.multaneously reduced, the :

. operation is being continued particularly sincs\ it seems to have a certain "filter-’ .

,jing actionn‘ ErOm the crude _gas c;_ mpressor'thev gas vgoes to'oil towers (OEl, OEZ)

-riunder a\pressure qf 60.5 atm.‘ These tOWers are 13 m high, 0 8 m diemeter, and



operate under 20 atm; gauge preseuro. Two charcoal towers (Kl, Kz) connected in
series follow the oil torers. The ‘gae then pasees into the "alkazit" wash towers
which have the same dimensions ‘as the oil towers. The "alkazit™ towers are fed
with 6 m:5 per hour "alkazit" (M-1iquor) which is recirculated continuoue’fy after
regeneration. Alkazit is potassium—N-methyl- X -amino propionate. (
20H; - CH - COOK + Hg0 + co2 = CH5 +CH.COOH + I§CO5 ' o

[P e

The reaction is reversible; CO, is driven off hy boiling the solution which is.

——

thus regenerated. . T ' 7
Alkali washing towers 13, 4 and 5 and.ls follo\;wthe_alkamash t’ﬁemﬁ?e the
1aet traces of coz. . R ) ” o B
Gomplete removal of 002 is imperative smce a eontent in- excess of O 01% renders
the gas unfit for use. The gas then passes through a- separator for removing entrain- -
\ed alkazit so]ntion and is brought hy the crude gas heat exchanger Ito & temperature

‘__of -25°G (temperature point 3) it then flows to the ammonia refrigerator II which it

"leaves at -45°C (point 4) and passes through the —separator B and the silica gel tower

3

. I ‘I into the so-called "apparatus" Here methane and 1nert gases leave as overhead
.‘(1500 o /h i'or 2 400 mz’/h i’eed representing 54,a) at a temperature of -140°C (point
‘.-10).‘ Liquefied crude gas constituents return to the ‘bottoms which are heated by o

_‘high pressure ethylene (T=30 _ temp. point 21) from the ethylene cycle.f The bottom

ne of the most mportant temperatures and must he main:cain‘ed care-

temp 'ature

the 'bottomv from being entirely

-52 to. ‘_35 ‘Cv _A drop of two degrees prevelt

; ,fre of GO so that the thylene which is recovered ae oY rhead in the next two columns

brgay contain an excessive quantity of CO rendering it unfit for SS Oil production -

N

The_bottoms (t = "33 ), freed frOm Cl s.nd 1nert gases, 'is now pas\sed through

the crude gas condenser. ]

'I'he pressure 1s reduced though Valve v2 from 15 5 to 0 5 atm.

gau» Q" pressure and the gae enters the column 03 at -82° (temperature point 11).




In this column C; and C3 are separated, ethylens and ‘methane passing over_head into

the C, colum., a1 Cz and higher geaee remain as bottoms and pass to the residual

gas through Valve 10. The temperature (point 18), which’is maintained at =50 to -60‘,’
depends on the composition of-the bottoma and- must therefore _be cont rolled. Reflux

in the 05 colum is pure ethylene from the low pl\‘essure etage (4 atm,), reduced to

O. 2 atm, gauge pressure by Valve 7 after having been used to heat the bottoms in the

Cz colunm. - - R

The overhead product of the 03 column now passes at a temperature of -93

-~

(temp. point 19) :lnto the Qz column.. Here pure ethvlene is- finally distilled off B

while ethsne and in certsin cases entrained higher hydrocarhons remain as bottoms

and are withdrawu through Valve ll as residual ethane. ) The bottom temperature is -

about -82° (temp. point 20) and depends on the composition of the bottkms and the

purity of the dlstilling ethylene. '

The bottoms are heated intwo different waye, by high pressure and low prees-

ure ethylene. . In practice the heating is regulated in the high pressm'e system alom

by controlling the ammonia in the ammnia refrigerator l since the amount of&bottoms

supplied to the ethane vaporizer X is constant'

Resudual gas (e.bout 54 of the crude gaB)Tonsis‘fé cEiefly of methane hydrogen

and carbon monoxide together with small amounts of ox-ygen and nitrogen. It escapes :

&:, overhq.ad from the C:L column at -140 (temp. point 10) through Valve 4 into the :

ms;}han” supereopler VII snd refrigerates the high pressure methane, thus »sttaining a

v

temperatu.re of ‘.100 ( emp. point 6) 'an : t len. pass




i being processed. From the 'oottome it passee :ln counterrlow to the high pressure log
‘of the ethylene cycle through the ethane vaporizer X, leaves" the "apparatus" and

‘passes through a steam-heated vaporizer (so-called Leuna evaporator) which it normal-

——

ly leaves at +- 60 and flows to. the ethane storage tank.

The Methane Cycle

il‘he methane c.ycle servels the purpose'of‘eondensing the last 'portiOns'of ethyl~
ene and ethane from the overheed residual gas of the Cl colum. The ‘gas comes from
the third stage of the eompressor through the 0il - separator to the manifold S and
_passes at a temperature of + 15 (temp. polnt 13) under a pressure of 25 atm,’ into the
"apparatus". ‘ ' - ' v »

'The Ethy]e ne Gycle - o S Sl

'l'his cycle operates in fou.r stages the second Ltage at 4 atm. and the fourth

’stage at 25-37 atm. gauge pressure and serves to heat the bottoms in the three
R

columns, supply reflux to ‘the 05 and 02 columns and refrigerate the methane cycle..

'—“j‘ The hfgh—pressure ethylene comes from the fourth stage a'b 25 atm., passes

.:through the 011 separator and manifold Sz into the_.'.'apparatus_"_at a temp. of + 30

(temp. point 21). A small hranch stream passes into the C3 column heat the

.Lbottoms.v This branch stream is. regulated by Valve 8._ The bottoms (temp point 18) are"

“‘kept at"’:so“to -60 C. " After release of pressure all the recycledi ethylene goes i

into the CZ column except that portion of t.he processed ethylens passing through

Valve I.

AmmOniE cycle NERE N DS AN

‘ : ‘I'his cycle serves; to cool \rthe cruu .gas in the ammonla refrigeratoir

» -24 (temp. ’.pomt 4) and the high pressure ethyl,v o 1

point;S) to -44 to 50 (temp.i'

Starting the "nppaz-atus" "

A.fter shutdowns and cleaning the apparatns ie usually dry in 60-72 hours.

-10-



"'The tempereture ehould be about 25-40° and the-nitrogen uaeq‘for rluehing muet come
out dry. -Directions- are -given for: operating thc valves in the varioue linee, 1n-‘

cludingv the . crude gas line, the methane cycle and the ethylene cycle. These steps

are :I.lluetrated in_tebular form, (text pegee 34 to 36). |

Safety Velvee and .+ Manometers

Safety val'vee are located at the principal pointe. Pressures indicated by
gauges in the varioue units are. tabulated anmd are given ‘in atmospheree at the various

locatiomss - o oo T o e
Ana aes;’ ‘ “

l. In the cracking plant a 100 cc sample of the proeessed gas is: taken every 4 hours.

The composition should correspond approximately to t tle one given on pege 1.

‘z. Linde Plant o '_‘ s . 1‘“__ L »_.-‘. - L

Acetylene hydr jenation

:the catalyst. Al,ﬂfbvfgx i; a;’vﬁ,,gky;gnﬁfx_j

b. Separation of Geses.

g

Analysis point l. Higher olei’ins and ethylene a.re determined N

operation the gas should contain 50-31 ethylene end l% hlgher olefine.
k \

2. Analys:r.s point 6 Oxygen and total olei‘ins are determined every

_2 hours in: the residual gae coming i‘rom the Cl column (before Velve 4). b ;Ing .normal,,

operation the gas should contain 0.4-1% 02, olefins 0.0%
e L 3. Analysis point 7 The content of higher olefins end ethylene is ,

determined every 4 l:\tours in the Gl bottome.' Qontents. 1.2,5 higher olei’ins, 59% C2H4.

4. A.nalzsis point 9 Higher olefins and ethylene are determined :
2 6% 021{4. e

Analyeis point 11' The ethylene content is determined hourly in t)xee
SRS LI ‘

every 1’ hours in the 03 bottome (¥9) contente- 56ﬁ higher “r‘fine?

\



Cy bottons (Y11). Normal content 0.4-1%

. 6, Analysis point 13: the overhee«_i product (pure ethylene from._
the Cp colimm (le)) is tested every half hour for purity by determining the ethyl-
ene content: Cgly = 99-99.6%, | ” "

The co content in the pure ethylene is determined once’ every day’ and the ‘
‘molecular weight of a1l gases hourly in the molecular weight balance, _

This ba]ance operates by determining the difference in weight of two gas col-'a
umns of equal,height under identio,al vpressure and tempe_rature. (See lel:e‘l:z":h‘)”. In

normal operation the following ‘values‘Were found, SRR

Amalysis poiﬁt _ 20,4 A.ualysis point 9 Above 42
8 potnb

1 :
n 6 - 10,8 ~11 o™ "0 29
moom g 89,6430 o ..o.oiooo Mo omo 310 0 30,2
e 8 29.6 =30 - . "1 o 28e2
P_rgg_gg_u_r_gg. T : : e :
e co‘.a is determ1ned with 50 KOH 1 min. shaking. Oxygen 1is: determined‘with

chromous chloride prepared by electrolyais of ‘a solution of 200 g c'_‘j

one - lit.ﬁ conc. HCl. CO is analyzed with acld C cuprcue chloride. -ox: with hemoglobm.

. Higher olefins are determined‘m 80%

(for %SH). -
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Anlage 2
Fgur 1

2‘_%5_ _Cglg=Gestehkosten in Abhingigkeit von der Cply- Ausbeute.

+

Trennkosten




Anlage 3
' Tigur 2

R % kg Rein-
. asthylen.

__"Qém-astahkost‘en in Abhéngigkeit vom
- - _Aethan-Binstsndswert bsi verschiedenen CoHg-Ausbeuten.

50--"






