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Phenol has a melting or solidification point of 41°C, it is therefore solid at the
usual ambient temperatures. However, phenol is handled in solid form only
in insignificantly small amounts. Phenol is customarily transported and stored
as _a'quuid at temperatures above its solidification point. In order to keep the
phenol liquid, the piping, transhipment facilities and the storage and
.. transport vessels are customarily insulated against heat losses. An additional
heating means is generally also required. Thermally insulated, heatable

transport and storage systems are therefore usually used.

The vessel material used is generally 'stee_l Phenol has a tendency to
discolor owing to oxidation products of phenol. If the phenol is to remain

colorless for as long as possible, systems made of stainless steel are used.

During the storage and transport of liquid phenol, care must be taken to keep
the temperature below 70°C, since the lower explosive limit for phenol/air
mixtures is reached at a saturation temperature of approximately 73°C. At
storage temperatures above the flash p-)ointl the gas space in the vessel must

be rendered inert by complex measures, e.g. by introducing nitrogen gas.

Another known commercial form of phenol is a mixture of phenol with water,




be rendered inert by conplex neasures, e.g. by introducing nitrogen gas.

- Anot her known commerci al form of phenol is a mxture of phenol wth water,
2 in which case, by addition of water, in theory, a solidification point of
the phenol/water mxture can be set betyeen O[err]C and 41[err]C. However,
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| nvol ves transport and storage of phenol. Therefore, even the addition of water to the
phenol does not avoid the need in every case for the use of heatable
| thermally inéulated vessels. Furthermore, the water, depending on the
phenol application, must generally be removed from the phenol again later

by complex means.

The object of the present invention is therefore to provide é method for the

transport and storage of phenol in the liquid phase which does not require

the use of heatable thermally insulated systems under conventional transport
- and storage conditions. |

This object is achieved according to the invention by a method for the
transport and storage of phenol as claimed in patent claim 1, which involves
adding up to 70% by weight of acetone to the liquid phenol. Preferably, the
acetone content in the phenol/acetone mixture is between 20 and 60% by
weight, particﬁlarly preferably between 45 and 55% by weight. The mixtures
thus obtained can be stored or transhipped and transpdr’ted as liquid phase
without additional heating and thermdl insulation under appropnate climatic

condmons

The phenolfacetone system does not have a miscibility gap, and mixtures




adding up to 70% by wei ght of acetone to the liquid phenol. Preferably, the
acetfone content in the phenol/acetone m xture is between 20 and 60% by

wei ght, particularly preferably between 45 and 55% by wei ght. The m xtures
t hus obtai ned can be stored or transhipped and transported as |iquid phase
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m xture is always |iquid under preset transport and storage conditions. As
a result, conplex heatable and/or thermally insulated transport and storage
systens becone unBygeaddingragetofieite phends migluresimaythe estallisteddy) this arians at
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~ additionally considerably increases the flexibility in logistics, since no special

tanks are necessary. Since the storage and transport of phenol in the liquid

phase can be performed as described by the method according to the

invention at ambient temperature and thus at considerably lower

.- temperatures than hitherto, the tendency of the phenol to discolor owing to

oxidation by atmospheric oxygen also decreases.

During the transport of pure liquid phenol, in addition, there is always the risk
of freezing due to, for example, failure of the auxiliary heating or damage to
the thermal insulation, for which reason relatively long transport distances
are avoided. When phenol which has solidified is thawed out again,
moreover, quality deterioration due to discoloration very frequently occurs.
These defects are reliably avoidé_d by using the method according to the

invention for the phenol transport.

The conventional ambient temperatures for the transport or storage of phenol
are roughly between -20°C and +3§°C, so that phenollécetone mixtures
having an acetone content up to 70% by weight are sufficient to keep the
product liquid at all times. This not only simplifies the storage of phenol in,

for example, tanks or the transport in tank trucks, tank cars, tanker ships etc,




During the transport of pure |iqui d.' phenol, in additi o.n,” t here |s al ways
the risk of freezing due to, for exanple, failure of the auxiliary heating
or damage to the thermal insulation, for which reason relatively |ong
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addi tion, water nust be kept awa romthe insulation, or an expensiyve
wat er - inper meabten besuiitted completely. By dianging the acetangcanient, Hfor?@‘éfﬂ'smﬁ' t of

henol / acet one m_xtut.es. b Lpeljne. the insul at] ) .
(F:)orrpl etely.. By cﬁaﬁﬁf'ﬁ%'qf{%‘ﬁa@gt‘bﬁéﬁ%‘&ﬁ% & Bg r?@%é%@et(raqﬂ?%gtés?gﬁ %f?ﬁlt(':%?sl on
poi nt of the ni X{diLsHoRTINRE Fof MRdrAftibas iheairdrsport opepatibrt, iaanerd acetanehor t
time. For interruptions in the transport operatin, \@F_rrﬁre acetﬁne- rich
m xture can al sofish rgbdurgan; alse benehasged intarhe piRe wanich govers gl xlreme
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Later removal of the acetone to produce pure phenol can be omitted for
those phenol applications in which phenol and acetone are in any case used
" together, that is, in particular, for example in the further processing of phenol
to bisphenol A, which is of importance economically and _by volume. The
transhipment and transport of a phenol/acetone mixture lends itself perfectly
to just this type of application. In this case also great advantages in terms of
costs and flexibility are achieved; and the acetone added need not be

removed for the further processing.

The tank farm capacity at the receiverffurther processor can be designed to
be correspondingly smaller. This decreases the capital costs and the current

assets of bisphenol A plants.

Just-in-time delivery agreements are also simpler to organize, in particular if
the distance between supplier and customer enables the use of a pipeline

connection.

The transport of a mixture of phenol and abetone offers advantages not only

when both substances are in any case required in the following production
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t hosé phenol applications in which phenol and acetone are in any case used
together, that is, in particular, for exanple in the further processing of
phenol to bisphenol A which is of inportance econom cally and by vol une.
The transhi pnent and transport of a phenql/acetone m xture |ends itself
perfectly to jusépééﬂﬁntype.of applicatidn. In this case al so great
advantages in terns of costs and flexibility are achieved; and the acetone
added need not be renoved for the further processing. The tank farm

capacity at the receiver/further processor can,6be designed tp be,.
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to have both pursulsstaségices available at any tine within easy reach of the

custoner, and at the same tinme to utilize the other said advantages of
transport and storage of the m xture of substances.

If the phenol is prepared by the Hock process, acetone is prodgced as
coupling product and is thus generally available in a sufficient amount for the
employment of the method according to the invention. Employing the method
according to the invention is therefore particularly simple and advantageous

if the phenol is produced by the Hock process.

The method according to the invention is described in more detail by the
.o following examples, without being restricted thereto:

Example 1:

Transport of phenol by road and rail in central Europe in summer

If the phenol is diluted with acetone until the mixture contains 40% by weight
of acetone, a solidification point of 8°C is produced. This mixture is not at
risk of freezing in the summer months in central Europe. The transhipment
facilities themselves do not need to be heated and insulated, and the
transport containers likewise not. This not only introduces cost savings, but
additionally increases the flexibility in logistics.

Example 2:

Transport of phenol by road and rail in eastern Europe in'winter
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| f the phenol is prepared by the Hock process, acetone is produced as
coupling product and is thus generally available in a sufficient amount for
t he enpl oynent of the nmethod according to the invention. Enploying the

met hod according to the invention is therefore particularly sinple and
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6 In eastern Europe, tenperatures of -20C nust be expected in winter. A

Example 3:

Tank storage in central Europe

If pure phenol is stored in tanks, the tanks must be insulated and heated. In
an appropriate mixture with acetone, uninsulated tanks can be used, which
not only reduces the costs, but simﬁltaneously also ensures flexibility in tank
usage. 55% by weight of acetone in the mixture decrease the solidification
point to as low as -11°C.

c- Example 4:

Transport by ship

If pure phenol is transported by ship, insulation from the surrounding water
is particularl}; important, since the cooling action of water is considerably
greater than that of air. Shipments in uninsulated ship's tanks are simpler to
organize and, in addition, cheaper than shipments in‘insulated and heatable
ship's tanks. In order to achieve a solidification point below 0°C, a mixture

containing 50% by weight of acetone must be established.

Example 5:

Underground pipeline transport over 5 km

In an actual case, a continuous transport by pipeline of pure phenol over 5




m xt ure contai ni ng 60% by wei ght of acetone does not solidify until
-20[err]C. In particul ar because of the long .transport routes, elimnating
the risk of freezing offers great advantages. \Wen phenol which has
solidified is thawed out again, noreower, quality deterioration due to
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in uninsul ated shjgare tanks are sinpler to organize and, in addition,
cheaper than shipnents in insulated and heatable ship's tanks. In order to
achieve a solidification point below O[err]C, a m xture containing 50% by
wei ght of aceto nmust Jbe established. Exanpl e 5: Under gr ound pi pel i ne
transport over ﬁ%ﬂ?ﬁﬁk’)

Overground transport by pipeline over 2 km

For a project in the southern USA, transport by pipeline from the ship's
landing stage to the tank farm 1.5 km away was investigated. The pipe is
intended to be used for unloading and loading ships. The construction costs
for a heated and insulated DN 200 pipe are approximately 50% higher than
for an uninsulated pipe for an acetone/phenol mixture, with a second pipe for
acetone not yet having been included in the calculation.

Example 7:

Transport by pipeline over 20 km

Transport of pure phenol by pipeline in a héated and insulated pipe is
considerably more expensive than an alternative transport using vehicles or
ships. In addition, only with considerable expenditure could the faultless
functioning of the heating and insulation of the pipeline be ensured.
Therefore, a project of this type also fails due to technical problems.

In this actual case, as an alternative, an uninsulated DN 80 pipe was used as
the basis for the phenol transport according to the invention, which pipe is
laid on an existing substructure. If 50,000 metric tons per year of a mixture of
phenol containing 55% by weight of acetone are transported, the mixture
remains liquid down to -10°C. The transport cost advantage wi.th respect to
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In an actual case, a continuous transport by pipeline of pure phenol over 5
7 kmin Bel giumwas studied in conparison with an alternative transport by
ship. The transport of pure phenol- by pipeline proved to be uneconom c.
However, if instead a phenol/acetone m xture containing at |east 45% by

wei ght of acetone is transported, Iaying an uni nsul at ed under ground pipe IS
sufficient. Continuous transport by pipeline becones nore econom cal

this neans than {anghghigles givesra paybaek tinag EUF%%@PTEHW%%‘@W@V?@" St ess t han
2 years. Exanpl e 6: Overground transport by pipeline over 2 km For a
project in the southern USA, transport by pipeline fromthe ship's |anding
stage to the tanExhepleB:5 km away was investigated. The pipe is intended
to be used for unloading and | oading ships. The construction costs for a
heat ed and i nsul ated DN 200 prpe are approxrnately 50% hi gher than for an
uni nsul at ed pi pe [ I ) \ )
acetone not yet fe )
Transport by pipeline over 20 km Transport of pure phenol by prpelrne in
a heated and insul ated pipe.is

Phenol and acetone are very easy to separate by distillation. In a continuous
distillation column, pure acetone can be produced as top product and pure
phenol as bottom product. In a distillation column operated batchwise, pure
acetone can be distilled off as the first fraction. The second fraction contains

a mixture which can be recycled to the feed tank. Pure phenol.remains as

bottom product.

Combinéd storage and separation plants of this type can be used anywhere
in regional markets.



consi derably nore expensive than an alternatlve transporiﬂ'ﬂ"“ﬁunﬂﬂ Hlﬁﬂﬂor
ships. I'n addition, only with considerable expenditure c

functioning of  the heating and insulation of the pipeline be “ensur'®td.®
Therefore, a project of this type also fails due to technical problens.

In this actual case, as an alternative, 8n uninsulated DN 80 pi pe was used
~as the basis for the phenol transport according to the invention, which
pipe is laid on an exij substructure. If 50,000 nmetric tons per year of
a mxture of phenol containing 55% by weight of acetone are transported,

the m xture remains I|qU|d down to -10[err]C. The transport cost advantage
with respect to 1. A methadifordhe dranspgit\ang storagebaicphenatewbichceomprisesibl v
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distillation. In a continuous distillation columm, pure acetone can be
produced as top product and pure phenol as bottom pr oduct
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recycled to the feed t re phéenol Ins as bottom product.
Conbi ned storage and separation plants of this type can be used anywhere in

regi onal narkets.
g 3. The method as claimed in claim 2, wherein 45 to 55% by weight of

acetone are added to the phenol.

4, The method as claimed in at least one of the preceding claims,
wherein the transport or storage vessels are not constructed so as to
be heatable and/or are not constructed so as to be thermally
insulated.

5. The method as claimed in at least one of the preceding claims,
. wherein the phenol is prepared by the Hock process.

6. The use of transport mixtures of phenol and acetone for the
preparation of bisphenol A.



9 7 C ai ns: 1. A et hod for. t he tran”sport and st or age of phenol,

whi.ch conpri ses adding up to 70% by wei ght of acetone to the liquid
phenol 2. The nmethod as clained in claim]1, rWheI’el n 20 to 60% by

wei ght of acetone are added to the phenol. 3. The met hod as
claimed in claim2, wherein 45 to 55% by wei ght of " acetone are added
to the phenol. ﬁbt The nmethod as clainmed in at | east one of the

precedi ng cl ai ns, AbsSracty herein t he transport or storage vessels are not
constructed so as to be heatabl e and/or are not constructed so as to
be thermally i nsul at ed. 5. The nethod as clained in at | east one
of the precedi ng Method for the trankpodi and storate ofiphenabr epar ed by t he Hock
process.. 6. The use of transport m xtures of phenol and acetone for the

preparation of: bi sphenol A
Phenol has a solidification point of 41° C Since phenol is generally stored

and transported in liquid form, heatable, thermally insulated transport and

storage systems are necessary.

By the addition according to the invention of up to 70% by weight of acetone
to the phenol, the solidification point .of -the phenol/acetone mixture can be
decreased to -40°C, as a result of wHich the transport and storage of phehol
become possible without heatable and/or thermally insulated systems.

Transport of phenol.



