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GENERATION OF PRIMARILY PETROCHEMICAL RAW AND BAS!C PRODUCTS
BY THEZ FISCHER-TROFSCH SYNTHESIS

Interim Report |

Wy ) Zimmer. MO Eistner and G ¥ alkenain
Union Rheimwhe Branssohilen Kraltuaf Ahtwineselle 1gft

One may mahke the assumption that within the next decade large amounts ob syuthetn gas
consisting ot COund Hy may e made availsble at 4 reasonable prce level when crampare:] with
sxnihetie cas made from crude ol fractens particutasdy by the apphivation vt nucler progess
freat. gastication vt coul and espevially Rloneland ligmute. Ve es the prupess of thiy studs to considee
whether crude and tasie produces for turther petrechemical processiig may rutionally be obtained
by means of the Fischer-Tropsch [F-T) synthess i ars current form or with modifications

The study . which v carmed vut by the Umon Rhzausche Bravskehlen Kraltstoft AG with
support of the Federat Mumstes tor Research and Technoteey . 1s subdivided as Tollows

Pluse 1 Conxideration and evaluation uf the cuerent state ol knewledee of the F-T
synthesis and related provedures.

Phase I° Selection of methods far pracessing of the syathetie raw products
Pliase 3° Comparative studs of economiv aspects.

Phase 4 Suggestions for the further development of favorable approaches.
Phase 5. Summary and recoinmendations for a research progran. Report.

This subdwvision gives consideration to the lactors which influenye profitabiity. Prumaril
these are the price of the starting gas. the yields and the product distribution.

The price of the starting gas depends chiefly on the price of coal and the amount of coul
eneryy reyuired per urit of starting gas. The above-mentioned combination of ligute and nuclear
hoat represents a fuvorable pownt of departure. We make the assumption in this study that every
synthesis cun be supplied at the same cost with the kydrogen/eatbon rativ in the starting gas which
is uptimal for the respective method.

The utilization ol ihe starting gas depends primarily on the conversion rate of hydrogen and
carbon monoxide. Conversion rares between 30-95% huve been reported for different
developments. Conversion of the starting gas depends on different variables and is linked to
selecnvity. The selectivity for a compourd {fur instance CHy ) is the percentage share of the



wopaeited catoon which was consumed o osrder to synthzure s compound The selectat
tor prmary svirthense products himus the dstobution of bawe and terminai Jtoducts winch can
be generated By proscessing. .

Even unconverted ssnthetic gas may make 10 contabution to prottaiimy . for matunge
whenat e viaized as residuad pas, as heating cas or by % ae ol d reaction ohule with mecchane
clewage  as gas e BT oynthesis o uther axntheses

Selectovity, ust as convasion rate, s infuenced by derterent vaoehies Depending oy mzthod,
selestmity for a speaitic ¢lass of caompounds is also lihed ar detinite wavs with the seles tiveties
far vther compounds From the perspective of sy nthenisng 4 maximal fractron of C; €, compounds,
this means. for instince, a shift of the vields un tron catalysts by means of higher teacton
remperatures and ¢ 3 smaller addition of 3kl promoter, 1o the catalyet decreases the Hare of
higher hvdrocarbon and the desired increase of selectivity for C3-Cy cony unds. However. ot s
unavordable that the selectivity for the intally undesired smethane nves at the saune tine and that
for givohol drops Therefurnan erder to judge the prontabibity of a metho, the F T synthens
st not be viewed by Stself hut in conjunction with the preceding generation of starling gas and
the subsequent provessiig and utilization oi the product.

The present mtenm report covers the work of the period | June 1974 ta early October 973 -
and deals with vniy the firsr uf the five pragram points. -

4

TARGETS OF PHASE |

Imuatiy all known svathetic methods had 1o be reviewed regardless of their state of development
Frumising wathy ds ot development had to be compared. In this connection the parspe stwve bad 1o
be geneial cennumic pomits of view and the speotad tagel to produce » jarge amaunt ol petrochennesl
crude and basie products, particularly fow meojecutar vlefins.

The resulung quantitcave balance shects are fu serve as a basis fur ths selection of methods for
provessuiy of the synthetic crude products (Phase 21



|

SUMMARY

More than 20 svnthene methods were compared Industiially untested metheds were
comudered as Jong o the expectation seemed fo be sastibied that a development tow ard ndustnd
matunty within § fo Xvears would he p wable

The methads inted i Tanle 1 were compared te each other m view of the ity -menoned
factons related to pratitability and Hrom e poirt of siew of tier staye of “echnwal develupment.

Thiy comparisan led (o the selectior of 11 methods or procedury! ztoups Foreach of thewe a
quantitative balange sheet for 2.5 MMTPY C, + was established.

latiably often from numerous groups of dat, we tned to balunce thase which with
aoveptable pas conversion are typical for the respective method The summary of the balunces
{Table 23 showed that very large ditferences i the compostion of the primaty product
distnbution can be encountered:

Largest Cy yield S31.000 174, Synthal with 305 CH, yizld
Lowest €y yeeld: ' 70.000 t/a. Arge synthesis. Sasol "normal case”

Largest vield of uxygen-
countmning <ompounds: +.005.000 t/4, Fluidized bed iron nitride catalyst

Lowust vield of oxygen-
contuiming compounds. 70-80.000 1/4. Liquid phase synthesis. Rheinpreussen

The following Figure 1* shows the most importart connactions between selectivity and gan
vtilization which are discussed i detail in the body of 1he report.

In the collection and evaluatiun of the available information few suggestions were found ! s
selectivity shilts which go significantly beyond those which we have evaluated. Among the merhods
which can be vsed on a 2.5 MMTPY scale without further develupment Synthul offers the must
advantages.

A final relative evaluation of all methods can only be accomplished by means of the studies
planned for the subsequent phates of the program.

Possible points of departure for further cevelopment siudies. which go beyond what is already

being done by Sasol and Lurgi for reactor development. were encountered in a few cases: amnng
these:

*Of the :esidual gas only the methane share is shown. ? in the figure means that the methane content
could not be determined.
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Fig. 1. Dependence of selectivity from gas utilization

*0Of the residuai gas only the methane share was represented.




The industaal apphiaabiliny o nitnded contauton the jestad reatin tepes should be estathiiched
by latpescale experunens;

Ihe direct synthess of vthylene appears w anractive that a turtner search for Jetis shontd be
.

pushed. parallel with Phasec 2 and 3 of this study sn the hupe that wenume prormies Lor

develapment ef o b e T eovet be Tound

From along term pomt ot view 11 may be posarisle 1e develep the se oF bl catals Lk wath
bonpes usctal hite i maulern reactons tar the production of hyaronarbons with g vers .mal racison
o genvontaring compounds

Could uther syathetic meth sdo be direvied in such 3 manner Shat samiac by Favarable
ethytene sthane ratio may be obtaned. as in the stationary Jiguid phase svnthasin?

< LIMITS OF THE INVESTIGATION

Since vur ohyective Jattered Trom the one that led 1o the conshiucton of the Sasoi Faalbibes,
the screening ol syathetic provedutes condd not be rssineted 1o thase which ate :noindusters]
vperation Another reasun toanvtude an the imtial compaeson syntheses which have been tesred
on a smali scale also 18 the tact that ance 1950 some few developments iuve been published

However we have consulered anly methods for which at least expenimental repurts were
published 1n the technicai itzrature

Coliecaion and sureening was hmited 1o pure FoT proveduzes and 1o related metheds. ramely
the bo synthess and tne Ethvlene Direct Sy nthesss

Dusregarded were the syntheses from (O and Hy . ssntheses Trom CU and H, 0. ind the Oxw
synthess, methanul sy nthesis and coal hywificaiion methods

3. SQURCES OF INFORMATION

In adgdition to the weit known text books and standard works. Chemiral Abstracts wsues frem
1952 10 1974 were soreened. A card fite with more than 000 abstracts’ was created. For the
$EIES prear B 1A D the finst part of 2 Bibhogeaphy of the F-T svthiesss and Related Prowesses®
wis used.

Evaivation of ti fiterature references to a large extent had to proceed by way of a prese wetion
un the basis of pubhished summaries. A comptlete evaluation and review of 4l relevant
pubbications was not possible.

However it 15 not hikely that essentiui pubhished findings remain undiscovered in thus munner.

The reports of individual methads are frequently invomplere. Complete data fur a balunce sheet
were avaiible only fur the Sasol meinod and some other syathetic expenments published by rhe
U. 5. Bureau of Mines {BOM). Assum ptions and recalcviatons were partly busea on analoges with
retared processes. Details about caleulations and sources which go beyund the examples in the
appendix are available.

As 2 means ol fleshing out the literature data an information exchange with a number of
experts was initizted —which has not been completed in all cases. The fulluwing individuals or
groups turnished essentisl information:



Dr A P Ackermann. Moers. was involved in the development of hqusd phase synthesis with
strtionary oil phase and i the expenmental operation of a 10 m' reacror with the firm
Rheinpeeussen Together wits Prof. H Koelbel. he pravided several publications about ligud
phase synthesis Dr. Achermann also furmished comments aboul the jiguid phase synthess.

Dr A1 Besgs. ity Works, Stuttgart. participated as an employee of the Xoppers firm in 1le
speration and evaluation of the liguid phase synthesss with Rheinprevssen. iir. Berge supplied
wlermation about thas subject.

Prot H Hummer, Technical oiversity . Auchen. amung utlers. made a detaied
Whvestigaiion ol the opticial operation of bubble oolumn reactors  as they 17 usad in the
hyguad phase synthesis - and ook partmn the studies about F-T catalvsts. The discussions with
Prof. Hammer dealt particularly with hiyutd phase svnthesis and with the pussihilities of obtammg,

with Turther research i the caraly sis area. essential progress in the direction of the gosls uf the
present study.

Dr. E. Sauter. Eishingen, worked with Susol as manager of the laboratory from 1953 1o 19sq,
and sabsequently tor three vears at the Instiute of Prof. Pichler at the Technieal Univers;ty 1n
Karlstuhe Dr Sauter supported vur efforts with ntormatica about the Hydroco! method, with a

study about the balancing of syntheses and 2 thoruugh anatysis of the balances of (wo liquid nhase
synitheses,

Frot. H. Schuliz. Techmical Uriversity. Karlseuhe., author of numervus publications on the theme
uf BT sviidheses, together wih Prol. H Prichler gave essential udvice for the genecal collection of
wformation and the programming of the study.

Dr. K -H Ziewecke. Erduel-Chemue, Dormagen. was responsibly mvolved i the develupmeni of
the lso svnihiests and contribuied particularly wath information to the analysis of this provodure.

U 8. Bureau ut Mines worked during the last 30 years {with an interruption of only a few
yrarshon the deselopment of sImost wl ty pes of F-T synthesis. The information exchange with the
BOM led to ther making avaitable some of their publications which are ditficult to obtain .n
Germany. 1115 1o be expected that further contact will be useful fo the current study.

South Afnica Coal. Qi and Gas Curpotation {Sasol). since 1954 has opetated an Arge (tixed bed)
synthess and a Svathol fentramsd vitalyst) syntheas with a joint annual production of 2ouut 230.000
tons. Contact wath the irm Sasol 535 led to the communication of data regarding their syntheses.
Sorne ol tnese duta wre vsed i the present report. A detailed exchange of ideas is being planned
tur the interpretation of further duta tor the present report and further develupment of the study,

A seciecy agreement was cuncluded with Susal. Within the next few voueks an sgreement is to be

signed about collaboration during the ftidy ard pussible fucther collaboration after its vonclusion.

4. SYSTEMATIZATION OF TECHNOLOGIES

In Table § we list the most important —-uven though noi always directly comparable-—
characteristics of individual metkods. The compositien of the svnthetic products of 2 method a<
regards builing range. amount of oxy gen-contaming compounds and amouni of olefins and
paraffins can be adjusted within cerrain limits. Unloss mentioned vtherwise. the “standard run™
of 2 method was evaluated. A compatison of some available data about possible contiol of product
composition shows that larger differences in yield. as they are seen in Tables 1 and 2, may be
significant and characteristic for individual methods or catalysts.

m e et e L et
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SCONESCRIPTION AND FIRST APPRAISAL OF THE M THODS

S Gas Phase Syaitheses in Foved Catals st Beds

Tootdn crop hejong
ST Normud pressare sintleses
oMLLde prossre swniheses on L ontats
3OMaddie provaare sntheswes on Be contacts tAree, as practiced b Saci
and bures stage cvee)
4 U8 BOM Bl Gas Re voie method
S Svnol method
[T INVRNN 1 ITEVIN

GOl e B e are the design st ons wsed tor these sariluseson the suppiements)

S1.00 512 NORMAL PRESSURE SYNTHESES AND MIDDLE PRESSURE
SYNTHESES ON COBALT CATALYSTS!

Nl presiic s ntheses voas opernaed andustnadly. Foimsance, io 52 svnthesis vsens ot the
Rubt hemie A 72000 a0 producty per vear were penieratsel,

The vataly twasgrranzed nveoncal bivers o 7 mm th.chness between couling tubes Lunnar
wens )

The muddle pressure syntheses on cobalt catalysts were carried out in double tube ovens. The
citelvstwas placed na 10 mm o wide annular tube which was surrounded by water and enclused
aaater tuhe. Asn the porand pressure methad, the temperature was adjusted 10 200210 € by
tegulation ol the steam pressure. The pressure amounted to 7282 atm.

Thes raethied alw has been used industeiaty. for instance hy Krupp Roblechenie, where 32
uvens were sble 1 produce up te 6000 tons of product per year.

A comparnison shows that most or the syatheses mentioned under £.1.1. and 5.1.2. were vperated
at ponrl pressure and noddle pressuce en cobalt. and were mostly developed befure 19%0. Fruom 3
shott mage and meldle range point of view the similar Arge mezhad appears (0 rank higher because

of its relativedy i space time yvield. its annual production per reactor and its established industrial
record.

From a lang term point of view the extremely low selectivity of the cobalt catalyst for the
O-compounds may deserve vonsideration. The syntheses clussified under 5.1.1. and 5.1.2. have not
been further conside:ed atter evaluation of Table 1.

5.1.3. MIDDLE PRESSURE SYNTHESES ON [RGN CATALYSTS: THE "ARGE METHOD"

Among the syntheses classified under 5.1.3. complete data are available for the Arge muthod
(Table 31 As the industrially most reliable among the methods which have been operated since
1950, i1 is compared with the uther balances shown in Table 2 and will enter into the subsequent
phises ot the preseat study.



As operated today a reagtor generates ~).000 tons of products'vear” ' ? fro m about 20,000
Nm? €O+ 1y /. The reactors are standing cylinders. each with 2,000 verticallv arranged tubes
of 50 mm ianer diameter which are fillzd with pr cipitated iron catalyst®, The heat of reaction
18 catnizd ofl by the controlled evaporation of buwer feed water vn the jucket side. The pas,
consisting of about I volumes of tecycle gas per volume of lresh gas. passes througii the reactor
from top to bottom. The pressure 1s about 20 atm and the temperature 220-250°C - depending
an age of catatystand reaction control. As shown in the supplement (Table 3). with normat
vperition relatively large amounts of heavy hydrocarbons 2re produced which contain 3
comparatively small olefin fraction. narr~'v 35% in the 190-216°C fraction.

A passible shifting of selectivity from the relatively high vields of hard paraifins heiling above
4530°C (whick are unmarketable in large amounts) e g lorger proportion of light products can be .
considered later-- it 1t s of intesest. [t would seem. hawe er, that in this way at the very best
an approximation te the Svnthol product distribution may be obtained, with a space/time yield
being lower than that permitted by the moving catalyst of the Synthol reactor.

If it should turn out that a development of the Arge synihesis in the directioz of the Synthol
product distribution offers advantages, th: stage uven woild probably be more sciwable than che
Arge 1eactor as operated in Scuth Africa.

Few data are wvailahle about the Lurgs stage aven, which in certain respecis mav he viewed as
an advanced form of the Arge reactor. So [ar it has been of-~rated only at the pilot level. in its
prospective industriai form th: stage oven 2acter ie i have the 4-fold capacity of the Aige
reactor operated by wasol, and with a better turnover it should produce somewhat lighter products,
particularly within the boiling rapge of the Disse! oi's. For the objectives of the present study the
stage reactor would seen to be e%numica!!y mere attractive than the Arge 1eactor.

5.1.4. HOT GAS REC YCLE METHOD OF YHE BUREAU OF MINES®

With the hot gas recycle methud of the BOM, which in ptinciple resambics the stage oven,
with 1 vety high ratio of circulation gas 1u fresh gas the heat is'carried away from the reactor with
the gas (Table 4). With 278°C (he rzaction temperature is highe: ihan in the Arge synthesis. So
far the methoa has ondy been tested on 2 laboratory scale. Like the Lurgi stage oven it may be
viewed as a rurther development of the Michael method. The balance {Table 2} for this process and
the data in Table | show 2 relatively high selectivity for methane. but also for CandC,
hydrocarbons. with yields similar to that of the Synthol method. The balances for the hot gas
recycle pracess wiil enter into the next program phase also. because this gas phase method. with
a high catalyst life. offers 1elatively large possibilities for variativns in the composition ol the
products boiling below 100°C. At the same time. (hese advantages would have to be paid ivi with
larger expenditures of energy and equipment.

5.1.5. SYNOL METHGD

So far this synthesis also has only been practiced in the laboratory. Main characteristics are
the low temperature of 190-200°C and a low H, /CO ratio of 0.8:1. Witii fow conversion, high
yields of oxygen-containing compounds were cbtained.

Although the large amount of these compounds offers economic advantages the procedure is
not being investigated further, since in the direction of larger fractions of neutral OXxvgen-containing
compounds the fluidized bed synthesis developed by the BOM (5.2.3.) with iron nitride catalyst
offers definite advantages. The method discussed under 5.2.3. is superior, particulatly in view of
the space/time yield (kgCs + products/m® catalyst and hour). '



51.6. ISOSYNTHEISIS

The extensive publicaticas' ®-'" ahout this method du:.ribe experiments carried out on a
taboratory seale exvlusively. The particular charac eristics of the method are a high synthesis
pressure and the primary use »f thorium-cantaining catalysts. In ane experimental series also
mote economical zin~ aluminum catalysts were used with success (Table 5). As rezards the high
proportion of vxygen-containing compounds and C, -C, hydrocarbons of the ko svrithesis, this
method also is exzecded by the fluidized bed methud of the BOM (5.2.3.) which aclueves a much
better gas conversion. Despite other disadvantages ol the lsu synthesis —waih at elevated
pressutes {about 300 instead of 20-30 at) and the attendant prablemns uf ironcarhony]
formation - —the balance of the procedure for .he time being enters into the secand phase of the
study. until it has been shown definitely that even the high Iso C4 fraction offers no particular
incentive.

3.2 Gas Phase Synthesis With Moving Catalysts
- We discuss: -
5.2.1. The Synthol method: circulating catalyst, as operated by Sasnf.
- The Hydracol method: Fluidized bed. operated 1951-1957 in Brownsvilte.

- The fluidized bed method ot U. $. BOM (hete with iron nitride-containing
catalysts).

W b =

5.2.1. THE SYNTHOL METHOD

The Synthol method? ' ? shows the characteristics of the typical fluidized bed procedures. as
described in section 4,

Synthesis takes place at 320°C and about 20 atm. The circulating hot entrained dust catalyst
is fed continuously in controlled amounts into the entering gas stream. The entering gas crviists
of fresh gas with an H,/CO ratio of 2 : 1 and the 2-fuld volume of recycls gas.

The reaction starts immediately and the catalyst is carried by the gas stream into a separate
chamber threugh 4 reactor equipped with internal cooless. The gas leaves this separator with the-
products of synthesis by way of cyclones. while the catalyst flows back into the entering gas
stream through a “standpipe™. With good gas conversion smail yields of high boiling fractions
and about 10% oxygen-containing compounds are produced. The hydrocarbons contain about
70% olefins and, depending on boiling range. 5-15% aromnatics. On the basis of a reactor
petformance of 80,000 t/a, tested through many years of operation. a point of departure
exists for any development required over the near term, despite the short catalyst life.

In addition to the detailed balance for the “Normal Sasol” case (Table 6) a quantity
balance for a selectivity experimentally ubtained by Sascl is to be investigated in the further
development of this study (Table 7). While the normal case shows a rnethane selectivity of
10%, this case which lies within the range r “+he rnasimaily possible yield of ethylene shows a
methane selectivity of 30%.

For the further evaluation of this “light case”— which is typical for the selectivity control
on moving non-nitride-containing iron catalysts—Sasol will contribute additional details,
Already it is known that with increasing fraciins of C; 1o Ca not only the methane share of
the overall product increases but at the same time tle ethylene sha-e of the total C; drops.

10



5.2.2. THE HYDROCOL METHOD* 12

At about 300°C in 20 atm {1esh starting gas with an H, 'CO ratio of 201, together with
34-tuld volume of recycle gas. streams through a statwonary bed 3t rused jron catalysts. Much
of the reaction heat was carried ot'by a bundle of tubes huilt =0 tie bed, Steam wus generited
in the tubs bundles, Unreacted starting gas and the vapatous re.stian products - as i ather
procedures of the type --leave the reaction space by way of cyclones.

The Hydrocol method was uperated for severai years in Brownsviille Texas, Yields resemble
thase of the Synthol method. The greater reactar pertormance of the deployed units 2nd the
better possibilities of additional scalesp are advantages compared with the Synthol method, It
seems. however. that the circulatinn technigue s easier to handle than that of the stationary
Huidized bed. Publications'* ' § suggest that the operational problems were not selved when
the plant was definitely discontimied far economic reusons if 1957/58. We are trying to obtain
further details about the Hydrocol method.

Sasol and its associated engineeting firms now think that a more than 2.5-fold enlargement of
the “Synthol reactor” would not be posrible. which makes it necessary to consider a fluidized bed
reactor, Primarily it will be Sasol that will supply information about additional developments in the
area of enlargement and improvement of i%ie fluidized bed synthesis. We will try also to obeain
details fzom the earlier operators of the Brownsviile plant about their erstwhile efforts for the
optimation by way of the production of OXYgen-containing compounds.

In the meantime the tabulated quantitative balance, 5.2.2. (Table 3). is incorporated into the
further program.

5.2.3. FLUIDIZED BED METHOD OF THE BURLCAL QF MINES! 6

So far this maihod has been tested only un a laboratary sca'e. By using iron mtride-contatning
sinter catalysts, the advantages of which were described b 195¢! 7, good yields with high output
of O-compounds can be obtained at low temperatures. The raeta1od is to be further investigated,
particuiarly as being typical for the developmental trend which became possible through iron
nitride catalysts. It was selected since. with higher conversion rates and greater space/time yield,
it produves larger yields of O-compounds than the syntheses with iron nitride in an oil
circulation reactor and in the stationary oif phase ("slurry reaction™)' €18 (Tuble 9).

In spite of the essential differences (summarized below)} between the synthetic conditions of the
BOM method ard of the other industrially tested procedures. i1 s conceivable 10 operate .
industrially tested reactors with iron nitride cataiyses. .

Comparison of some synthesis conditions of the three described methods (Synthol, Hyd-ocol,
BOM iron ritride) with moving catalysts, are shown in the following chart:

. Bureau of Mines with
Synthol Hydrocol  Iron nitride vatalysts

H, : CO in Synthesis-

2as 21:1 20:1 1.0:1
Recycle Ratio* 2101 341 9-11:1
Temperature 3200C  300-340°C 238-253°C
Pressure 20 at 20-20at 20 ar

*Recycle ratic = returned residual gas: fresh '){nﬂ\u-c gas
(Nm?/Nm?) L

11



5.3 Liquid Phase Synthesis
To be discussed-
Syntheis method Charaeterisiivs of the method

53.1. Foam method uf BASF Oil and carals st are circulared rhroagn the
reavior through whah the gas Hows.

5.3.2 Rhenpreussen. Ly The gas streams through the suspension o thy
- phase . catatyst i the oil phase. Heat removal tahes e
primarily through internal structures i the
reactor,
533, "Slurry synthesss™ of The il which serves as the liquid medium in the
‘ ¥ 3y {
BOM reactor is kept in circulation. The heat o

teaction is carried of T mainly by way of this
whcuigtion, vutside o the reactor.

534 Duftschmidt method The catalyst dees not take part in the cireulution.
#as and cireutating oil pass through it
535, BOM :xparded
catalyst bed with oil”’
cticulatien
536 BOM. 1r..n chips with oil

circulation
Nune of the methods of synihesis type 5.3. have so far been tested in an industiial scule.

5.3.1. BASF FOAM METHCOD® °

This synthesis was cperated on a pilot scale at 20 atm. and 240-750°C. Tte principle of the foam
procedure leads to unt ranageable devosits of sulid matter in the circelation system. and with good
rezson has been judge: regatively in different studies.

After the BASF experiments, which were carried out befare 1945, a system with a
circulating catalyst-oil slurry was not investigated again.

In the preseni study the method will not be further evaluated.

"£.3 2. RHEINPREUSSEN LIQUID PHASE® 20

Among group 5.3. the liquid phase method of Rheinpreussen-Koppers is the one which so far
has been practiced on the largest scale (about 400 kg/h). The main advantages of this svnthesis
are a low yieid of methane and a reaction control which. on a single pass. i.e.. without circutaring
gas. yields good conversion rates and a favorable enthylene:ethane ratio? .

However. the Rheinpieussen reactor hzs met with significant problems 1n the control of the
“bubble column reactor™, Experts have stated that large carbon deposus and their consequences
were chiefly the result of conditions deviating from the ideal state of srouth and uniform gus
passage. Theoretical and laboratory-developed improvements for the design and operation of a
bubbie column reactor remain 1o be examined on 3 substantial scale

12



While the enthylene enthane ratio is (avorable. a compansan of the quantitative balances vl
Table 2 show that selectivity for C; hydrocarbons and C; -Ca hydrocarbons is significantly smaller
than in other syntheses. Topether with the balunces listed -~ “pasohine niodus operandi’™, Takle 10,
generation of the maximum a.nount of light products, Table b1 the methnd is being
incarporated into the cortinuation program as sepresentative of the syntheses in the stationary
liggpnid phase (§.3.2.und 5.3.3.).

5.3.3. “SLURRY SYNTHESIS” OF BOM

The sturry methad of the BIM?? is not signiticantly different from the Rheingieussen
procedure. The BOM alse rzcords a high ethylene ethane ratio. While the Rheinjpreussen method was
developed up 10 a 10 m® reactor, the BOM experiments were carried out in 15 | reactors

The sume is true or the experimental series of the BOM using the slurry reactor with iron
nitride-contusning catalyst* * which for the predominant production of alcohals is exceeded by the
fluidized bed method (5.2.3.),

534526, OIL CIRCULATION METHODS

Compared with the syntheses with a stationary oil column, the liquid phuse syntheses with oil
circulatien have the disadvantage of greater costs in terms of equiprnent and energy Tequirements.
In this cunnection, for the greater oil circultation an intermediate deprezsurization for the removal
of €0, and H» O probably would be required.* = (Even with partial vaporization of the circuluring
uil in the Duftschmidt method 80 1/kg hydrocarbon had to be pumped back; for a 100,000 t/a
reactor this would mean an il circulation of about 1.000 m*/h)

The Duftsc hmidt method can be cunsidered as a precursor of this trend.

For the circulatinn method. 5.3.5., with 3 10-70% expansion of the catalyst bed caused by the
upward movement of the oil stream. results are avalable fur work with iron nitride catalysts.?*
This method is being further evaluated as a representative of the trend “liquid phase synthesis
on ircn pitride™ (Table 12). The circutation method in its latest form, with iron chips. 5.3.63 3,
compared with the stationary liquid bed probably has the advantage that the conditions of flow.
and taws the gas distribuzion, can be better controlled. With the balance for the non-nitrided
conta .t this method will be further investigated (Table 13).

5.4. Direct Synthesis from Ethylene

Since 1949 several patents have claimed tha ethylene can be prepared directly from CO 1d
H; with a high selectivity, although frequently with ‘ow yields.

Althaugh most descriptions of such “procedures” demand allocation to group 5.1. “Fixud
Catalyst-Gas Phase™ it seemed necessary to treat the method separately,

The stimulus for the development of this sort of pracedure into industrial maturity has been
enhanced since the evzluation of the information of the methods combined under 5.1.-5.3. have
shown only limited possibilities for the production of high ethylene and propylene selectivity
on the basis of the classiv syntheses. On the other hand. the outlook for development of
industrial procedures on the basis of the patent literature seems poor. Experiments o reproduce
some results described in patents failed®*: the fact thar despite all cbvious attractions no
interested parties have so far pursued this approach, seems to indicate that serious doubts exist
regarding the possibility of an industrial realization of the inethods so far suggested.
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The most promising patent application was issued in 1967 to Stanford Research Institute
(apparently without examination of the resu!t) as = basis for a project study of a 250.000 t/3
ethylene plant.

Reports of the Stanford study are to be further evaluated (Fable 14), while additional
information is to be secured from the pafent owners. ‘

6. MATERIAL BALANCES AND FLEXIBILITY LIMITS
6.1. Balances

Caantitative balances were estabiished for the procedures which are typical for specific
developraenial trends and which show potentially competitive combinations of the most important
charactersistics. such as gas conversion, space/time yield and se.ectivity.

The following assumptions were used for 2l procedures:
Manufacture of 2.5 Millior, t/a C; products, inclusive of oxygen-contuning compounds,

The z1arting gas contains 1% CO;, 1% CH, and H; and CO in the ratio optimal for the
reraective aethod.

" The pussible separation und return of methane in the residus! gas is not yet being considered
here,

.

The readily water soluble oxygen-containing compounds of the oil phase are brought into the
water phase by simpie washing. 40% of the oxygen-containing compounds of the oil phase go this
way. the rest was left in the oil phase.

Tables 3-14 contain the individua! conditions which are summarized in Table 2. The synthetic

. methods are idertified in the tables. among others. with the numbers introduced in Chapter 5.

The attempt has been made to classify the primary products in the form of the major product
streams, residual gas, oil phase and water phase. since these are necessary as starting points for
Phase 11 of the study. .

Incomplete literature data are responsible for gaps in some balance tables.

Analogies have been used to obtain certain data wherever this could be done without
unpairment of reliability. A typical example for the conctiuction of a balance has been added
#s a supplement to Table 6 for the Synthol synthcys (5.2.1.). '

We shall try to obtain additicrnaf information for Phase | and thus for the balances which up to
now were not accessible fur diffesent reasons, and which ar2 not of major importance for the
present report. :

- Ambngthcsc are:

Details for the Syrthol synthesis; 20% selectivity (Sascl)

Information un recent developments in the Rheinprzussen liquid phase synthesis (Prot.
Koelbel) which may rat have been published in technical journals

14



Information from Stanolind abowt e prepazation of the Hydrueo! plant 1n Brownsvilie
Detnils about recent studies of the U. S. BOM with ritrided iron catalyss

Details about direct manutacture of ethylene from twa palent owness.
6.2 Flexibility Limits

Depending on procedure. economic advantages are to he sought in ure or two developmenial
directions:

Maximization of valuable fractions of ine product distribution. such us the jowes alefins.

vlefins and paraffing for the marufacture of washing agents and alcohols {ideal case: direct
sypthesis of ethylene)

Minimizing of less valuable fractions. like methane, heavy fractions f the Sy athol synthosis
and ---in most cases—-acids.

The Synthol 1nethod, with 30% selectivity for 1ethane. and thz iot Gas Recyclé method show
the greatest pussible fractions of light kydrocarbons.

The “luidized bed svnthesis with iron nitride cutalyst generates a product spectram with the
greatest selectivities for O-compound: and light hydrocarbons.

“or further studics, the selectivities for light hydrocarbons and O-compounds were selected
which are nsi'accomptnied by major disadvantages-—such as low gas canversion o° rapid
deziuvation of catalysts.

Tubles 2-13 (the "“Ethylene Dirzct Synthesis™ is discussed separately ) further show:
Ethane yield: only the liquid phase produces ethvlens and ethane in a ratio of
ethylene/ethane >>1. This remarkable exception has not been seen so far in anv publication.

It may be explained by the diffusion-conditioned, secondary hydrogenation of the primary
n-olefins (1). Here may be a starting peint for further development.

17 /u Eths lene

Synthesis methods FFrom C, From C,-190°C Total

5.2.1. Syathol (3007 Cll, -Selvctivity) A5 n 154
S5.1.4. Hot-Gas-Recycle of the Buregu

uf Mines 278 2117 493
5.2.3. Fluidized bed with iron nitride

“the U. S, Burcau of Mines 192 * ?

5.2.1. Synthol “Normal" 185 25 400
5.3.6. (il circulation, iron turnings

of the U, S, Bureau of Mines 181 ' 142 3
5.2.2. Hydrocal 160 26 376
5.3.5. U 5. Bureau of Mines, oil

circulation, iron nitride 150 158 ang
5.3.2. Rheinpreussen fmaxlmuj-

gasoline vield) ’ 63 334 397
5.1.3. Arge 43 97 140
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The total vield of ethylene/ethane 1 always coupled with the production of other Jow
molecular products, Iike methane o1 CaiCa Dydracarbons. Al investivated metheds show the
same regularity: the selectivity lor €, can only be impraved it a simuttancous increase even
though not quantitaively aqual for all svntheses - of oiher low molecutar hydrocarhons is
accepted. This ergularity is also relevant for all =fforts to minimize fgher molecular weih
proditets

Assuming for the following nine balanced procedures an 80% recovery of C. haun the
residual was and a 737% ethyvlene yield from primury ethatie. unz uhtsing (alwavs far 2.5 Million
ta 1) the figures of column 1. >or the second column the assumntion was made that after
pratreatment 85% of the Cg -198°C fraction could be subjected to pyrolysis and then - including

ethare cracking—yield 255 ethylene.

As already mentioned. the ¢thylenc vield ol the direct ethylene synthesis is not to he copmeparredd
and analyzed with the vield of the clussicai F-T synthesis because ot lack of deruils.

Wurk with nitrided catalysts'? —rtor which long catalyst lile and high immunizy agauist suliu
compounds is chimed, in addivion 10 high selectivity for oxygen-containing and low molecalar
weight compounds, with guod vields—is not restricted to specific reactor systems.

7. PROFITABILITY CONSIDERATIONS
7.1. l)etérmining Factors
The mos: imporiant influences determining economic advantages are:
Operationul costs, namely: material, wages and salaries. capital costs and other costs

The averuge proceeds per ton CF product whivi: genends on selectivity for different froduets,
combuation of processing steps and the market tor e _difie pure preducts.

7.2 The Most Economic Methods of Today

Araong the three syntheses so far practiced with reactor performance adequate for =.¢ Million
tia C; (Arge. Hydrocol and Synthol) the Hydrocol method because of the reported' * operational
ditficulties with the fluidized bed 1eactor cannot be considered. at least until the receipt of further
urpubiished information from the Standard Oi! of Indiana (Stanolind). Qf the ather two methods.
the advantage of the mere valuable high molecular paraffing of the Arge method is lost 10 a large
extent because of the limited world market for these products. As soon as capacities o* severa)
1C0.000 t/a wotal product aze invulved the remaining essential advantage of the Arge meibind. ie.,
the continued great reliability. higher maximum annual reactor time 2ud greater catalyst lite,
uppear as relatively unimnortant by cotnparison with the advantages of the Synthol method:

Syntlial . Arge
CO = H, com ursion B5% 657
U4 feuctor ca. 80,000 ca.  20G.000 ]
Peaction heat is available at 300-330°C 204-240°C

No furthe: calculations are r.;;essa:J:: 10 answer the question akout the currently most
~advantygeous method. in view of the L= e difizrence of the two syntheses under vonsideration.
The Syntho!l method is to be prefrred. A final evaluation of the index “costs over return’ can
only te attempted in Phase [il of the study.

16



7.3 Determination of Profitability of the 12 Frimarily Selected Syntheses

Although we do not here wish to antiipate later parts of this study. it must he pointed out
that the repeatediy cateuluted® ® 37 vefation “starting gus costs. synthesis plus progessing
costs = gbout 22017 means tirat 2 Jowering of the cost of svnthesis bas g rather hinited eltect
upan overall costs and that aptinum utibization of the expe stating gus is ol great gipoertance.

23

Table 2 and Frgure | show that the smallest conswmptions for 2.5 173 C2 appear with | 8.1 9
Million Nm® COQ v H, hon the hguid phase method and wairh 1.9.2.0 Million Sm® €O + H, ‘b the
Synthol methad. Credits for the methane in the reseluad gas may change the relative positiuns ot the
procedores.

As s known, conversion and selectivity sre interlinked and even vur companisons of the
“noermal cases’ can wive only hints.

First estimetes have shown that the average price tor a ton C; ditiar markedly for the dificrent
caleulated procuct distributions discussed in Chaprer o,

8. TARGETS AND IMPLEMENTATION OF FURTHER WORK
%.1. On the Continuation of the Present Study

The narhed ditference in gas wiilization and <electivity of the balanced syntheses confirms
the necessity for the ex2owtion of thy next phases ol the proposed wark program, Only the
results of Fhases 1T and HI iprocessing and protitabitioy) can show how different factors are to
he weighted in regard to profizability and which procedursi combination is most faverable.

The support of engineering tirms is now sought for the program Phase 11 Processine of
Syntheue Products.” The broad spectium of the F-T synthesis products reguires considerstion
o g substantial nuimber of procedures end procedusal combingtions, The engindering s are
W advise in the selection of methods, detenmine investment vosts and - as 1ar 1s possible - -heip
W estimate yields and costs oi operation, The cust uf staning gas s 1o ke deternyinee Largely
on the basis o information us aileble at URBK. The investment costs o syntheses are prumarily
w be determined with the help of Sasoi.

The normal progress ol the study was delayved chiefly by 1 temperury interruption of the
centace with Susol. This interruption did nat permit us ta spproach the engineenag firms in

August {974 - us plunned in the program,

N.2. Tyrgets Which Gu Beyond the Framework of the Present Study

Pors ot departares far further sy s develupments which, aeeording @ our hiiwic dac.
ave nut siready deen investigaied by Sasoi or othels. are thie following topics

The ingusrial spplicabifity of nurided coniacts in the wied reactor types shauld b nioved
By large scale caperiments.

The direct synthesis of ethylens appears so atrragtive that the Turther searcl for derans shoals he

pushed in parcdl=bwith Phuses Zund 3ot the stidv. in the hope tha SRNUING LETHNY Doinds o
develapienty eflorts in this Goecnion may be ound.

17



From a fong term perspextive the developrient of cohsli catalysts with higher operationai tis
in modern reavtors could be developed for the generation of nydrocarbons with a very amall
lraction of oxygen-cuntaining corapounds.

Can ather synthetic methods he controlled in such a manner that a similarly favorable
ethylene/ethane ratio (as in the stationary iiquid phase synthesis) can be obtmned”

It is to be expected that in the further course of tie study changes or additivns to this
enumeration of develonmental directions may be made.
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TABLE 3

Ereshfecd 2710000 Nm*'h

H, 64 Vor 7
O W Val -
CH, Y VoL~
oy F vl

SE3 Anw sy nthess normal Sasol
operdin.n for high wax vield

pros. 20 atm;

17320 MO

t

Pradust pas

Lustuct Sin® h
W oelated
1o fresh
gas

€0, S49 Vel
H, BILO0 Yl .
O 2708 Vel
1, LIRC R

CoH, 08 Vb
o, nSsvaL
O, ANl
CJOE, 038 Vol,

CoH, 037 Vol
CH,, 025 Vol

Overal) v wid

Ui, 6,377 MTy
C.HO 63717 M
CoHy 82400 M7y
CyoHy T4 3400 Ty
C.H, TS MIT
[ 1 0 SOMTy

—

¥ 133,459

“SMurne ton oy car

HO = hydrocarhons
Fight condensate

HC - hydrocarbons
Heavy condensate

! {
t, ATt 160 - 430"
/
\ mdh
- ——

Co BV JR9IED My
190 . 21674 S2THIG NIy
o A50°C 597300 MTy»

NASHTU ATII00 MTy?

L 1067590 MTy*

[ Hie
Olefin Kigt
Ivo-Verh, L
Naphthene 1
Atunialics (4
[IKILSS T &

(lelins 35

22
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Aqueous phase:

indudes 4077
of O-compounds
of the oil phase

336 m/h
Metharol  1.K2N0 MTy
Fthunol 52030 MTy
Propanel 16,420 MTy
Butanol FAMMTy

Ch Atk [LROD MTy
Essige.  IN.750 MTy
pN 101.940
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TABLE 4
Fresh feed 2904 (N0 Nm?/h

1, 49 Vol
0 49 Vol
4, I vol
D, 1 Vol~

rl

5.1.4. ', 8, Bureau of Mines “Hot gas
Recyule™ '
83.27% CH/H,-Umsarz Hot Recyole
54:1
Cold Rec, 2:1, Fxp, 33 4

p:27 atm; 1= 288°C

L]

Product gas

743.500 Nm*/h
25,6% related
to fresh
£as

CO, 106 VoL
H, 374 Volx
€O 20.0 Volz
CH, 219 Vei%
C,H, 0.2 Vol%
C,i, 5.4 Vol%
C,H, 0.5 Volw
C,H, 20Velw
( %

4

CJH, 0.3 Velr:
CH,, 09Volm
N, 0.8 Vol.%

Overall yield

H, 13.900 MTy,
H, 440.800 MTy
H, 58300 MTy
H, 251,000 MTy
E, 42600 MTy
H,, 153.800 MTy

L 952,400

1
HC =-hydrocarhons HC = hydrocarbons
Light vondensate Heavy condensate

C, - 210°C 190 - 450°¢
205 m* /b
L msmn

Cy - 190°C 1020400 MTy
190 - 316°C (17000 MTy
316 450°C 126000 MTy

>450°C 33000 MTy

T 1296400 Ty

23
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Adqueous phas::

inclusive of 40

of O-compound:

of the oil phasc
m?/h

Methanat MTy
Ethanol 198,600 MTy
Propanol MTy
Butanol My

Acetone MTy
other 0.-°

Verb., 44,000
Essigs. MTy

L 242600

&



TABLE 5§

Tresh teed 33500 Nm? ),

”_<1 4 ol
VO s Vel
CH, T Vi
CO, 10N

5.1 lo-Synthese, Car: JudtALO,
Ve 5t
Broasioft Chem M1, 5. 67

poT 300 s P drng
f 7 ‘ o !
HE = hvdrocarbons HO = hydro-arhons ,
Product gas [ight condensale Heavy condensate Aquenus phise
1507 004 N /b ! I inclusive of 4(F.
437 refated ¢y, - Ho'e 130 450°C of O-coinpounds

1o fresh : of the ol phase
Eds Mm? m*h

—— = — -
O, Yol
H, Vol
Cry Vol b
CH, Vol

CoH, Vaoli C, 1907 C MTy Methunoi MTy
C.M, Vol 190 - 3167C MTy Fthaaot MTy
C,H, Vol't I3 A4S MTy Propunol My
CyHy Vol v A0 CMTY Butunol . My
CH, Vol T gsesen
¢, Vol R6360
Overall vield
. N, MTv
C.H, 260900 MTy Acetone MTy
¢, MTy Essigs.  MTy
C,H, MTy e imsenn
¥ 3R207
C.H, MTy B2076
L, MTy
bM 1.16:.470
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TABLE 6
Fresh fecd 1972000 Nm'/h

H, 66,0 Val.1:
CO32.0 Vol
CH, 1.0VoLs
2, L0 Vol

5.2.1. Synthol Sy nthese (U miaul Kats-
Ly tor)
Sasol. Normaihedingunpen

[
!p= 20 atn; t=220°C

—

product gas

435,200 Nm? th
22'% related
to fresh
gas

o, 3.2 Vol .

H, 62.7 Vol 7
co 4.1 Vol%
CH, 155 VoL
C,H,  25Vals
CH, LSyl
C,H, 5.0 Vel
C,Hy 08 vals
CH, 2.4 Volw
CHy, 0.3 Vols

Overall yield

C.H, 109,000 MTy
C,H, 164,600 MTy
- CyH, 328000 MTy
CyH, 55,000 MTy
C,Hy 219.000 MTy
CH,, 27.000 M7y

z 52000 MTy

|
¥ 1
HC = hydrocartons HC = hy Jrocarbons
Light condensate Heavy condensate
Cy = 210" 190 - 450°C

220 m?*/n /

———~ ——

C; - 190°C 1013000 MTy
190 - 316°C 164000 MTy
316 - 450° 137000 MTy

ZA50°C $5060 MTy

I 1369000 MTy

8- C -tiwc
Vlefins 707%
190°C - 255°C
Oledins 607 ’

25

1

Aqucous phase:

inclusive of 407
of O-compounds
of the vil phase

400 m* 'k
Methanol 3,000 MT
Ethanol 119 rou'uryy
Propanc! 34,000 MTy
F.anol 13,000 MTy
Acetone 23,000 \MTy
MEK 6.000 MTy
Cyr AIK 4,000 MTy
Essigs, 27.000 MTy

A

219.000 MTy



Calculations for Synthol method
Standard: 2.5 mithon t/a O34 and O-compounds: 8,000 h/a

‘Fresh gas compuosition:

H, ht Vol 7%
cO Vol
CH, | Vol 7
cO: 1 Val 7

i H: 0O ratio = 2,06 {from: Production of 2 Midlion Ua emg Svnihol Process. 1. H.
Cranje. Sep 74 p 4

Calculation of Conversion: ‘
Fig. 9 and 1500 " The zasol Story” tecture of L (L Hoogendoorn, AIME 23rd annual

meeting,

From Fig. 9

Fresh gas: in ' - Product gas: out
Hy: 1S2x06=9].2 ) S4x05=270
CO: 152 x 0.25=380 Mx002=1.0%

Conversion of H; therefrom: - ) I-', x 100 = 70,37
. IR0 - 1.08 . .
CO - Counversion: _"i'g"ﬁ]— ® 10 =970
Total conversion: _l_:_t)_.l _;‘}21‘%.(& X 100 = 78,377

Acvording 10 Fig. 15 the conversion amonts to 857t is assumed that 857 s correct and
the CO vuuversion remains at 97,27 thus o figure of 7975 results fur the H, conversiun,

Calculation of products’Sm? fresh pas
With 2 CO + H, ~onversian of 837 and & fresh gas o/ 987 CO+ H; 098 x Q.85 = (1.8
Smt €O + 115 are converted per Nint fresh gus.

CO+2“: i —C“:‘ H_‘O
Ix 224 =670 -~ 1dg

2. 0.67 Nm' CO+ H: vield 140 ¢ €y + compounds. | Nn? fresh pas {0,833 Nm? converted
CO+ H,0) vields 173.5 ¢ C, + compounds.

According to Fig. 15,90% of these are Cacompounds e per Nm? fresh gas 1735 x 9 =
156 g O3+ product ate vbtained. The oxygen-<ontaining cumpounds are here calculated as
hydrocarbons.

Calculation of the fresh gas amount-h for 2.5 million t 4 €2+ and oxyger<ontaining
wompounds

25 % 10"

33100 x 156 x 167 - 00 3000 Nm’h
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Calculation of the compasition of the C; products (Fig. 15, Sasol Story) :

Caleuluted from Sclectivity

Selectivity /N2y fresh gas t/a x [U?

Cil,

C,H,
C,H,
C.H,
C,H,

C.H,

l‘A H'I 9
oo e
190" - 316°
36" 4507
450°

Neutral O-comp.

Avids

17.3 2272
6.4 11406
10.4 166.7
0y 1333
35 6.1
139 227
1.7 17
642 10289
104 166.7
8.7 139.4
33 L5610
10,5 165.3
vy 12
1735 2503.2¢,+
2IRNSC, -

Caleulution o7 prodact gas composition:

{a) Fresh gas

H, 66
1
€O, 1.0
CiH, 1.0

100.9

k.79
x 0.972

Unconverted fresh gus
vonverted o product gas fof |50}

5214
k1IN

(b) From the @/Nm” fresh gas one cateulates for C; -C.

13.%6
190
o

-4 O e

1.6t

16.46

hydrocarbons [/Nm? fresh gas

2 mal/Nm? I/Nm? 17100 1

®/Nm? Fresh gas Fresh gas Fresh gas Fresh gys
CH, 1713 .08 242 142
C.H, 6.9 0.24¢ 5.5 0.55
C,H, 10.4 0.347 1.8 0.78
C,H, 0.8 0.445 12 1.1
C,\H, 3s 0.079 1.& 0.i2
C,H, 1x9 0.248 5.6 0.56
VR, 1.7 3.029 0.6 0.06

*According 10 “Sasoj Story™
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# small amount »f €O, is cunsumed.
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For the product gas composition one obiains from {arund (b) the tollowing totzls:

NmUINO N 1 i af2212
I, 13.86 62.7
CQ, %7 32
o .9 4.1
cn, 342 15.5
C, H, 033 25

C,li, .74 s
C.H, AR 5.
<, 0.2y 0y
C.H, 0.56 24
C,H,, RIS .onl
22,12 100.0

Oxygen-containing compounds in the agqueous phase !

L. Caleulation of the composition of the €3 products according to Table 15 (Sascl Story)
gives for the neutral O-compounds 168.000 t/a when the O-share is not considered. With
consideration of the O-content une obtains, according to the following tatle, a value of
222,200 t/a : R

i

-~ . h -

Source: 1. H. Cronjé, Sept. 74,510 gC, gH, gO/mol’C + o »
Newtrzat O-compounds Wt 7 C+H 0
CH,CHO 3.0 28 16 0.84 0.84
CH,CH, CHO 1.0 42 16 042 016
Aceton 106 42 16 4.45 1.70
CH, Ol 1.4 1] 16 0.22 0.22
C;-Aldenyde 0.6 56 16 0.34 0.01
CyH,QH 55.6 30 16 16.68 £90
MEK 3.0 56 16 .68 047
Propanut 30 44 16 1.32 048
n-Propanol 12.8 14 16 5.63 2.08
2-Butunol 08 1 16 0.46 0.01
EEK-MPK 0.8 70 16 0.56 0.01
-Butanal 1.2 58 16 0.67 0.19
n Dutanol 4. 58 16 144 0.67
n-Butylketon 0.1 84 16 0.17 0.03
2-Pentanol 0.1 72 BT 1 0.6/ 0.0t
‘1-Pentanol 1.2 12 1§ 0.96 0.14
C; alcohal 0.6 90 16 0.54 0.01

37.35 15.59

[nstead of 168,300 t/a one obtains:
37.35+ 15.59
168,300 x 373541
When recalculating the numbers of the study of Cronje, Sep 74, p 4, te 2.5 Million ¢/a
C3 hydrocarbons + O-compounds’' one obtajps for Cy—C, aleoho'r, acetone and MEK
alone 190,000 t/a. Recalculated for the total of neurral O-compounds this would give
219,000 t/a.

1.Reference value for the recalculation is the sum of £,694,600 t for the F-T products.

= 232,300 t/a neutral Q-compounds.
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Here we assume a total production of 205.000 t/a on neutral O-compounds of lhe composition
given in the Cronjé siudy, Sep 74, p 4.

Weight 7 (neutral axygenatey compound,)

1Studie J. H. Cronje P 1) Metric lum’yc;:f

Methanol 1.4 2037
Ethanol 55.6 120614
Prapunol 15.8 34275
Acetone Lo.6 22,995
MEK 0 6,508
Butanol 6.2 13450
C, Alkohole 1.9 4,121

94.5 205,000

Oxygen-containing compounds in the oil phase

It must be assumed that the above yieid of neutral O- -compounds already contains those alcohols
which can easily be washed from the oil by water.

Total balance of C; hydrocarbons amounts to:

C,-C,-HC %16.600 MTY (metric ton per year)

¢, HC 1.391,100 MTY (metric ton per year}

neutral O-V 205,000 MTY (metric ton per year}

Essigsaure 27,000 MTY (metric ton per year)
2,539,700

The sum was calculated for 2.5 Million metsic tons per year. Factor = 0.98437.
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TABLE 7
Fresh feed X 500 000 Nm?’/h

H,  6f Vol
O 32 Veld
CH, 1 valn
ce, 1 Yol.w

5.2.1. Synthol 30% CH, -Selectivity

Aqueous phasc:

inchusive of 4(¥7

of O-compounds

of the oil phase
m?/h

pe 20 at: 1> 310°C
I
L] . A ¥ 1
HC = hydrocarbons HC = hydrocarbans
Product gas Light vondensate Heavy condensate
700.000 Nm*/h I I
350 related C, -210°C 190 - 450°C
to fresh
RS 164 m?/h
—_—— ——

€O, 3.3 Vais
H, 514 Vol
CO X3 Vols
CH, 284 Vol
C,1t, 13 Volz
C.H, 43Vols
C,H,  37voln
G, L3 Vous
CHy 13 vals
C,H, 07 Vals

Overall yicld

a- hal

C, . 176,000 MTy

Hg 355000 MTy

H, 385,000 MTy

Hy 140000 MTy
s 210,000 MTy

"
H, 5 105.000 MTy
1.370.000 MTy

<
c!
¢,
C!
C,
X

Cy - 190°C M7y
190 - 2&°C MTy
316 - 450°C MTy

> 450°C MTy

1030000

Ruugh estimates secording 1o
poorly detailed plot data

Fig. 3, The Sasol Story

30

Methanol MTy

Frhanol MTy
rapanul MUy

Butanol MTy

Avetone MTy

Exsigs. MTy
L 100.000



TABLE §

FFresh fzed + 835 000 Nk
T ]
H, 653 Voi.%
CO 127 vol.'»
Cl, b val o
o, ! Vvoiv

5.2.2, Dydrocol

pr20-2er: 13- 340°C

Product gas

Nm3h
“Lorelated
10 fresh

fus
C(Jz Vol '/
H, Vol 7
[4e] Vai .
cn, Vol
C. I, Vol
C,H, Val
C,H, Vol
o, Val, t
o, Val, v
C,H,, Vol v
overall vield

C.H, 6l ST My
C.H, 18500 8Ty
., Mg 20 vy
o, H, 71600 M v
o hy 2940l M
o, 45 300 MTy

x 978 27Ny

HC = hydrocarbons
Heavy condens: 1

I |

(G [T : 190 430°C

\ 20 m*h /

_——— e — — —

HC = Lydrocs bons
Light condensare

Cy 19 C 17920 M1y Methanal
9021670 217900 M Ty Fthanol
b A43C 1500 MTy Propanol

e MTy Buranol
x 1317320
N ciane
- Aldch
bt
Voo

hitlage e, de

-

Aqueous phase:

inclusive o 40"

at Dvompounds

of the oil piase
m*/h

AN MTY
31800 My
18370 MTy

TR0 MTY

A3 MTy
(RN RVERS
725 My
11050 Ty
1930 MTy

31
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TABLE 9
Fresh feed 2535 800 Nm? /iy

H, 49 Vol
O 49 Volz
CH, 1 Vol'b
co, | Vol.5

5.2.3. Wirbelbett-Verfahren de- US Bureac
of Mines, Fe-Nitnd - Kataiysatos

LR. 5456, Lap. VNI
p:2er; t257°C

'

Product gas

1288186 Nm?*/h
S0.8% retated
to fresh
ras

CO, 234 Vol
H, 26.9 Vol
CO 358 Vult
CH, 9.5 Vol5
C,H, 0.1 Yoi>
C;H, 2.26 Vol%
C,H, 10VsLy
CyH, 10 vaL
C,H, vd.8 Val
C,H,, 0.5 Vol

Overall yield

C,H,  195.351 MTy
C,H,  205.687 MTy
., 152753 MTy
Cdl,, 136620 MTy

£ 1.007.107 MTy

¥

Aqueous phase:

1
HC = hydiocarbnns
Heavy condensate

Y
HC = hydrovarbe o
Light condensate

I inclusive of 4i¥3
C, - 2I6°C 190 - 450°C of O-vompounds
) of iFe oil phase
\ 775 mdh / 278 m* h
—_ g — =
C, - 190°C MTY Methanol 144,178 MTY
190 - M6°C MTY Etharol 405379 MTy
316 - 450°C MTy Propanct  {77.196 MTy
> 450°C MTy Butano! 51.618 MTy

T 497448

Acetone 27021 MTy
Essigs. 10.000 MTy

Uebrige O-
Verb, 189.554 MTy

z 1.005.146 MTy

32
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TABLE 10

Fresh feed 1 B2 2210 Nm b

M, W2V
(0 SK R Vol ;
l(“u, Lo Val..

ro, 1Lnvols

[ e e Bhemprevssen-tlussigphase-Fo. !
Fallungs-1atuly sator
897 CO+ H, Umets
!

plren [ R i

'
Product gas
741 240 Nm*/h
40,77 related

to fresh
Eas

CO, 634 Vol
Hy 133 Vol
€O 13! Volu
CH, 5.7 Voln

C,H, Vol
CH, 1.1valx
c,u, Voi. %
G, 22yl
C.H, Vol %

C.H,,  Vol%

Overall Yiels

C,H, $8940 MTy
C.H, 26520MTy
C,H, MTy
C,Hy 427 310 MTy
C,H, MTy
C,H,, MTy
b} 512770 MTy

HC = Lyvd-ocarbons NC = hydrocarbans
Light vondensare Heave conde

C, - 2igC 190 - 450°C

Al
\\ 300 m*/h /

—— ———

€y - 190771577 480 MTy
190 - 316°C 258 350 MTy
M6 - A50°C 25990 MTy

>450°C 14 740 MTy

———

U 1906 360

33

1

Agueous phase.

inclusive or 4187

of Owormponnds

of the vil phase
118 m*'h

Mcthanol 3 190 MTy
Fthanol 46 67 MTy
Propanol ¥ #.0 M1y
Eutanol 2 9RIFMTy
Pentanol 1 020 MTy

A-elone 2 240 M7y
Aldehyde 750 MTy

MEX 610 MTy
Ethylacetate 560 MTy
Essigs, 12 810
¥ 50670 MTy




TABLE 11

1resti feed {40 700) Nm''h
l F, R Vol.
4 e hL R Val. 7}
CH, 1.0 Vo 7
| vo, Lo Vol 7
;332 Rhempreussen Liquid Phave
max. leieite Produkre
| P 12 ag; t3°C
—
i ¥ ¥ —3
HC = hydrocarbons HC = lvdracarbons
Product gas Light condensste Heavy vundensate Agueous phuse:
—_— ; i ‘ :
Nm*/h G- o inciusive of 4115
190-450°C ,
T owelated m!h - of O-compounds
i ITesh - - _‘ﬂtl — uf the ail phaw
fus o m’/h
o, Vol
H, Yol
{0 Yol 7
VH, Vol
C M Val® Co-130C 1467210 MTY Methanol
C.H, Vol 190-. 316 °C 143840 MTY Ethanol
C.H, ValT IL6-450°C BT MTY Propanol
T H, Yul ™ >450°C MTY Butanwl
¢, H, Vol
' } = 1982
C,H,, Vol.% 1639820
Oveall yizid Acttone
C,H, MTY
P I UL R
C.H, MTY Essips MTY
C\H, MTY T eInd0
5
CH, [890450 oy
C.H,, MTY
T 7% 140

34
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TAELE 13

Iresh feed 218 7 000 Nmtih

H, 4y v~
€O 39 Vol
CH, 1 Vol s
O, Vel

$.16 U5 Bureau of Mines, Olumlael, Tisenspane

no MM oarg t 2
]
1 ! t IR,
¢ = Pvdrcarbons HC = hydrocarhons

Product pas Light condensate Hleavy condenate *Aqueuus phase
999 0 Nm* h | l inclusive of 4(r:
45777 related C,-nu'c 190-450°C »f O-compounds

tu lresh of the odl phuse
P18 \‘ m*/h 2miu
-
13

Co, .9 Yol o
i, 0.9 Vol
(0] 20,27 Vol. %
CH. 687 Val, = .
C, H, 068Vl 7 Cy 190°C 568.900 MTy Methanal 42000 MTy
C,H, 2010 Yol % 190 - 3116°C 350.500 MTy Ethanol 149 700 MTy
C,H, 1.86 Yol 7 36 450°C 178 00D Ny Propanal  47.000 M Ty
C,H, 055 VoL 17 S4S807C S Su0 M Ty 2utinol 30 200 MTy
C,H, (LR ST -
N, 049volz - Laded00

uverall vield

CoH, 64940 MTy €, -190°C  Olefine 617 Acetone  4.800 MTy
C,H, 214 600 My 190 316°C  Olefine 400
C,H, 279 Lot MTy 34-450°C  Olefine 5%
C,H, 47500 MTy Essies.  54.200 MTy
C.5, 192100 MTy -
C,H,, 87.500 MTy £ 327500

* 926.240
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TABLE 14

Fresh feed 167 953 Nin?
H, 47 voins
O 33Vvo.
CH, Vol. %
€0, Yol. %
o 54 A:hylen-Dircklsynthes«e
p: 30 at; t 250 °C
' . KW = hydrocarbons KW= hyd’rncarbuns t
Product gas Light cundensate " Heavy condensate

Nm?/h % related
to fresh gas

|
C,-210°C

——— — — —

co, Val. %
H, Vol. %
co Vol 7%
Cl, Yol. %
C, H, Val. %
C,H, Vol,
CyH, Yol. %
Ty Hy Vol. %
 Hy Val. %
C,H,, Vol %
overail vield
CH, 182.291
C, R, 2.500.000 MTy
1 H, : MTy
sH, MTy
My MTy
CyH; - MTy
CoHyy MTy
b 2.682,291

m*/h

190-450°C

C, —190°C MTY
190 - 316°C MTy
36 —450°C MTy

> 450°C MTy
—_0r
= 7/

37

Aqueous phase

inclusive of 407
of Q«ompounds
of the oil phase

m?/h
Methanol MTY
Ethanol MTy
Propanni MTy
Burtanol MTy
Actone MTy
Essigs. MTy

pa





