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IXI. SYNTHESIS OF TCLUERE FROM BENZENE AND METHANOL

Introduction:

The process for synthesis of tcluene by reaction of an
exoess of Benzene with Msthanol at medium preasuare over an agid
ginc silico~phosphate catalyst was originally developed at Leuna.
A comercial plant with a design capacity of 5,000 T/month of
Toluens was erected at Waldenberg in Silesia where the I1.G. hawe
a factoary which includes a Msthanol plant, O0,U.D.A. erected the
plant, W.I,F,0, finenced it and it was operated by the I.G. on a
management-fee basis,

The Waldenberg plant started operations in mid-19%42, The
mexrirmm achieved production was 3,800 T/month of Toluene tut
latterly only 2,500-3,000 T/month were made on ecoount of
transpart difficulties and qonsequent shartage of raw materials,

4 description of the process and of the Waldenberg
plant was provided in the first place at Leuna by Ir.Herold,
the head of the Development Department, His information was
later confirmed and some additionel data produced, also at Leuna,
by Dr.Klopfer who was in oharge of catalyst testing. A rrocess
desaription was also found in an I.G/W.I.F,0. Agreememt, a copy
of whioch was removed fram Leuna,

Ganeral Process Data:

Methenol and Benszene used for the process must be as free
as posaible from impurities, particulerly nitrogen compounds,
Hethanol is specially purified from amines, by means of an
arganic cation exchanger, down to & maximm nitrogen content
equivalent to 2 mgms mxy‘u.tre. Nitriles arc the chief
impurities in the benzehe and .no satisfactory method has been
developed for their removal; formation of ginc chloride
addition compoundsBiot successful, In the end, the I,G. have
resarted to careful analytical control of all batches of
benzene so that these can be Hended to give a feed to the plant
which never comteing more than 0,5 mgus Nﬂjflitre.

Benzene and Methanol amre reacted in the molecular ratio
L:1. Reaction temperature is 340-380°C end pressure 30-35 ats.
Fesd rate is 0.25 M/ catalyst volume/bowr with fresh
catalyst, In order to maintain the catalyst in an active
form steam mist be sdded to the reactants, Substantially all
the Methancl is converted in a single pass,
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The catalyat, widon hoag a life gp 4=5 woekn, wen
stated Ty Dr.R:_I_npfeu' 1o hars the fo.'r_'l,uﬂ'ing cubproat tlons
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r Hemlsh piated that the catalyat wam made oy mdxing ardhe—
thospharia acid, Eismeloubr and gpine oxrilde, and drying a2 oo
deep laym of tha remtant paste at g tamparature el gw

25090, The cake obtadned ie trokoan up and aieved, piaces

of abmt 20 mm size ‘being used sz eatalyst, Pine naterial,
anounting to about 309 of the charge, 15 recyaled to the paating

Loga of sotivity of tha cavelret io gagasd by corbon
formation Suring Teactlon; after 4 - f weaka the catalysat containg
aleut 400 carbeh, Attempts to revivisr S&talyst by hurning opr
this carken were Uneuccesaf™] becagss ofF omvErgion of arthe-
Phofpharic inko the inastive metaphosphoed o aoid,

Flant atlon:

Ihe Waldenbarg plent oonaisted of 1Yy unite, eanh
conais ting of 1 oompestar 100 o, extewrnal apeter ant 15 N
long, Each converter contalped 15 K% of astalyst, P ENOOIET
shews the gapera] layent of a mnsy, Benzene and Methaped in
the weight ratis 951 apa inJected at 35 pty and pase through
4 heat exohanger amd ZaR-£118d preheatar whora they ape
¥aporized ond heated to 2809 (Dr.Fopfer) ar 38000 (I .Perala),
They then enter the top of the resction vemse] whileh 1s divigad
into far or fipe catalyat bada meparated by layers of Raschip
rings. Oold benscl im injasted in comtrolied quantily et the
STy te tho converter mnd to ezeh of the Rapchig ring hedg 4
order to madptein a redctlon tamperatursy of ahout IF°0 with
& merimun off 2809C, The Pesction is extremely exothermic, *he
heat evolution per omverter Being 100,000 Eg, aals e,
There i3 & layer af caloined 1ims aboul 50 cma, thick at both
the top and bottmn of eagh convertar., Lindng of the
converfer 18 acid-resimtant refrastory hedch, & 5% ceustic
3cda aglution & injeated into tha Iroduets rmedialely on
leaving the gorvmrier in arder ta mrsven: corromion o
phoapharic estary.  The Ircduots then paes via the inferchanpen
and = watsr-cocled condensar to & separotor vessel, tpg,
consisting of methane, 303, QO Umatiylather and benzens Tapoar,
12 removed from the top of thia yeasel and ia SoUErazacd amd
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71 - 80% vol, Benzene
12 - 172 ®*  Toluene
b= 6% " IXylens :
4 - 6% " Higher methyl benzenes.
The production of 1 Ton Toluene requires 1.4L5 T Benzene
and 0,85 T, Methanol.

The water layer is distilled for recovery of a small
amcunt of umreacted Methanol which is returmed to feed,
The hydrocarbon product is first fractionated (2 packed columns
of 1100 mm. diam.) to remove benzol and dimethylether as
overheads, The bottoms pass to a second distillation stage
(3 packed columns also of 1100 mm.dism) in which most of the
benzol and only a tracse of Toluene is distilled over. Ths next .
distillation is fer complete stripping of Benzene from the product.
This is carried out in 3 60 plate columns of 2,400 mu, diameter
and the overhead contains some 15% Toluene. Theas overheads are
refturned to the feed of the first benzene-removal colimm,

The benzens-free bottoms of the third distillation stage
are next fed to two 3,000 mm, diam, 60 plate stills from which
a nitration grade Toluene ls taken overhead, The fifth atage of
distillation oonsists of the separation of the fourth stage bottoms
into Xylene and heavier alkyl benzenes,

Development work on Related Processes:

Leuna have experimented with the reaction of Benzene with
elcohols containing upwards of 5 carbon atoms available as
by-products of the higher slcohols synthesis. The same
catalyst and general conditions as used for Toluene synthesis
have been employed.

Long chain alkylates are not formed, Instead, splitting
of the alcohol occurs giving simpler alkyl benzenes and some
olefines which can be reeycled, .o

Isopropyl benzene was the main product cbtained, The
above experiments reached the semitechnical stage and a
large-scale plant was being considered for Heydelkrech,




