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PROCESS FOR PREPARING GAMVA- BUTYROLACTONE BUTANE- 1, 4- Dl O AND TETRAHY-

DROFURAN This invention relates to the production of butane-1,4-

. diol, y-butyr oﬁtggﬁ and tetrahydrof uran. But ane- 1

. together with & anounts of y- 5 butyrol actone and tetra ya;rcg?uran

- can be produced by hydr ogenol ysi s of nal eic anhydride. A major use of

© but ane- 1,4-diol is as a feedstock for the plastics industry,

. particularly for the production of polybutylene t erepht hal at e. [

- also used as an i Eﬁlﬁg gﬁ;ﬁﬂ SRYNED t o%ﬁsml

- of the inportant Bﬁ%%ﬁtpﬁ etra ydr o uraBEJR BWA%I%‘?@LZ‘&R ride is
normal |y produced by vapour phase oxi dation of a hydrocarbon feedstock,
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there is typi cal djolisegrmtsappactefe vamd diathahsdirofudan . catal yst
pronoted with Mod err] .and Slb| of her_promaters. T reacti
tenperature is from IgO?efi?‘? ' 1 0°F ﬁ’%&r?‘e?’?ﬁ;@n‘ﬂ am°“nttﬁe°$e}§ct i on
pressure is fronbabgtlacdisie hﬁdab_eﬂi-aﬁydmfﬁur%@x,wﬁthbadebdd wps the
theoretical am §dfggégglf§§su% méfeic anhydride. A major use of butane-

1,4-diol is as a feedstock for the plastics industry,

particularly for the production of polybutylene

terephthalate. It is also used as an intermediate for the

10 production of y-butyrolactone and of the important solvent,
tetrahydrofuran.

Maleic anhydride is normally produced by vapour phase
oxidation of a hydrocarbon feedstock, such as benzene, mixed
C, olefins, or n-butane, in the presence of a partial

15 oxidation catalyst. In the partial oxidation of benzene
there is typically used a supported vanadium pentoxide
‘catalyst promoted with MoO, and possibly other promoters. The
reaction temperature is from about 400°C to about 455°C and
the reaction pressure is from about 1 bar to about 3 bar,

20 while about 4 times the theoretical amount of air is used in
order to stay outside the explosive limits. The contact time
is about 0.1 s. When the feedstock is a mixed C, olefin
feedstock, i.e. a mixed butenes feedstock, then the partial
oxidation catalyst may be vanadium pentoxide supported on

25 alumina. Typical reaction conditions include use of a
temperature of from about 425°C to about 485°C and a pressure
of from about 1.70 bar to about 2.05 bar. The volume ratio
of air to butenes may be about 75:1 in order to stay below
explosive limits. Alternatively it is possible, according to

30 more modern practice, to design the plant so that
satisfactory safe operation can be achieved, despite the fact
that the feed mixture of air and butenes is within the

flammable limits. In the case of p-butane as feedstock, the
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5 though this may be within the flammable limits. One design

of reactor for such partial oxidation reactions comprises
vertical tubes surrounded by a jacket through which a molten
salt is circulated in order to control the reaction
temperature.

10 In each case a hot vaporous reaction mixture is
recovered from the exit end of the reactor which comprises
maleic anhydride vapour, water vapour, carbon oxides, oxygen,
nitrogen, and other inert gases, besides organic impurities
such as formic acid, acetic acid, acrylic acid, and

15. unconverted hydrocarbon feedstock.

One way of recovering maleic anhydride from such a
reaction mixture is to cool it to about 150°C using a steam-
producing stream and then to cool it further to about 60°C by
cooling it against water in order to condense part of the

20 maleic anhydride, typically about 30% to about 60% of the
maleic anhydride present. The remainder of the stream is
then scrubbed with water. '

Scrubbing with water or with an aqueous solution or
slurry is described, for example, in US-A-2638481. Such

25 scrubbing results in production of a solution of maleic acid
which is then dehydrated, by distilling with xylene, for
example, so as to remove the water and re-form the anhydride.
A disadvantage of such a procedure, however, is that an
unacceptable proportion of the product remains in the vapour

30 phase; In addition, some of the maleic acid is inevitably
isomerised to fumaric acid. The byproduct fumaric acid
represents a loss of valuable maleic anhydride and is

difficult to recover from the process system since it tends
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systen13|nce]dt 1§ﬁé Sas a branched chain C,,.,5-alkenyl substituted succinic
anhydride, for absorption of maleic anhydride from the
reaction mixture exiting the partial oxidation reactor.
Tricresyl phosphate has been proposed for this purpose in FR-
A-1125014. Dimethyl terephthalate is suggested for this duty
15 in JP-A-32-8408 and dibutyl maleate in JP-A-35-7460. A high
.molecular weight wax as scrubbing solvent is taught in US-A-
3040059, while US-A-2893924 proposes scrubbing with
diphenylpentachloride. Use of an aromatic hydrocarbon
solvent having a molecular weight between 150 and 400 and a
20 boiling point above 140°C at a temperature above the dew
point of water in the vaporous reaction mixture, for example
dibenzylbenzene, is suggested in FR-~A-2285386. Absorption of
maleic anhydride from the vaporous partial oxidation reaction
mixture in dimethylbenzophenone followed by distillation is
25 described in US-A-3850758. Polymethylbenzophenones, at least
a portion of which contain at least 3 methyl groups, can be
used as liquid absorbent for maleic anhydride according to
US-A-4071540. Dialkyl phthalate esters having C, to C, alkyl
groups and a total of 10 to 14 carbon atoms in both alkyl
30 groups are proposed for absorption of maleic anhydride from
the reaction mixture in US-A-3891680. An ester of a
cycloaliphatic acid, for example dibutyl hexahydrophthalate,

is suggested as absorption solvent for maleic anhydride in
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3¢ - to formcrystalline masses which give rise to process pr obl ens.
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The maleic anhydride product recovered following
condensation or by scrubbing or absorption and distillation
can then be subjected to hydrogenation to vield bﬁtane—1,4-

10 diol, together with variable amounts of y-butyrolactone and
tetrahydrofuian, as described in US-A-5347021 and
EP-B-0373947 the disclosure of which is herein incorporated
by reference.

It would be desirable to improve the production of

15 butane-1,4,-diol, y-butyrolactone and tetrahydrofuran, from
maleic anhydride by hydrogenation. In particular it would be
desirable to reduce the capital cost of construction of such
a plant and also to reduce its running costs, thereby making
butane-1,4-diol, y-butyrolactone and tetrahydrofuran more

20 readily available.

It is accordingly an object of the present invention to
improve the production of butane-1,4,-diol, y-butyrolactone
and tetrahydrofuran from maleic anhydride.

According to the present invention there is provided a

25 process for the production of at least one C, compound
selected from butane-1,4-diol, y-butyrolactone and
tetrahydrofuran, which includes the step of hydrogenation in
the vapour phase of maleic anhydride in the presence of a
heterogeneous hydrogenation catalyst, which process

30 comprises:

(a) contacting a vaporous stream containing maleic anhydride
vapour, water vapour, and carbon oxides in an absorption zone

with a high boiling organic solvent having a boiling point at
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5 (c) contacting the solution of malelc anhydride in the high -

boiling solvent with a gaseous stream containing hydrogen
thereby to strip maleic anhydride therefrom and to form a
vaporous stream comprising hydrogen and maleic anhydride;
(d) contacting material of the vaporous stream of step (e)
10 in a hydrecgenation zone under hydrogenation conditions in the
presence of a heterogeneous hydrogenation catalyst thereby to:
convert maleic anhydride to at least one C, compound selected
from butane-1,4-dicl, y-butyrolactone and tetrahydrofuran;
and
15 (e} recovering from the hydrogenation zone a product stream
containing said at least one C, compound.

The vaporous stream of step (a) of the process of the
invention is preferably produced by partial oxidation of a
hydrocarbon feedstock in the presence of a partial oxidation

20 catalyst using molecular oxygen, typically in the foxrm of
air. The hydrocarbon feedstock can be benzene, or a mixed C,
olefin stream, but is most preferably n-butane. The use of
n-butane as hydrocarbon feedstock is currently preferred upon
the grounds of cost since it is a cheaper feedstock than

25  benzene or butenes. Hence in the process of the invention
the feedstock used for production of the maleic anhydride
containing vaporous stream of step (a) is most preferably p-
butane and the catalyst is preferably vanadium pentoxide.
Typical partial oxidation conditions in this case include use

30 of a temperature of from about 350°C to about 450°C and a
pressure of £rom about 1 bar to about 3 bar, an air to p-
butane ratio of from about 15:1 to about 50:1, e.g. about

20:1 and a partial oxidation catalyst comprising vanadium
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g water to a temperature in the range of from about
60°C to about 160°C.

In step (a) of the process of the invention the vaporous
maleic anhydride stream is preferably contacted with the high
boiling solvent at a temperature in the range of from about

15 60°C to about 160°C, preferably from about B80°C to about
120°Cc, and at a pressure of from about 1 bar to about 3 bar
so as to form a solution comprising maleic anhydride in the
high boiling solvent. The contacting can be carried out by
bubbling the vaporous stream through a body of the solvent.

20 Alternatively the solvent can be sprayed into the vaporous
stream. Countercurrent contacting devices can also be
employed wherein the ascending vaporous stream is contacted
by a descending stream of solvent in a gas-liquid contacting
device, such as a packed scrubber tower or a scrubber tower

25 provided with trays. In this step the solvent will typically
be at a lower temperature than the vaporous stream so that
the latter is cooled. *

In the resulting solution of maleic anhydride in the
high boiling solvent the concentration of maleic anhydride in

30 the high boiling solvent may range from about 100 g/l to
about 400 g/1.

The high boiling solvent has a boiling point at

atmospheric pressure that is at least about 30°C higher than
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since it is a cheaper feedstock than 2 benzene,or butenes. nce in the
process of the i?éi#ﬁq%) aving a mo ecu?ar weight between 150 anA*ioo and a

boiling point above 140°C, such as dibenzylbenzene; and

10 dialkyl phthalate esters having C, to C, alkyl groups and a
total of 10 to 14 carbon atoms in both alkyl groups.
Examples of esters which can be used as the high boiling
solvent include di-(C, to C, alkyl) phthalates, such as
dimethyl phthalate, diethyl phthalates, di-n- or -igo-propyl

15 phthalate, and dibutyl phthalate, di-(C, to C, alkyl) esters,
e.g. dimethyl esters, of other aromatic acids, such as
dimethyl 2,3-naphthalene-dicarboxylate, diesters of cyclic
aliphatic diacids, such as dimethyl 1,4-cyclohexane-
dicarboxylate, and methyl esters of long chain fatty acids

20 containing, for example, from 14 to 30 carbon atoms. Other
solvents that can be used include high boiling ethers such as
dimethyl ethers of polyethylene glycols of appropriate
molecular weight, such as tetraethyleneglycol dimethyl ether.

The high boiling solvent used in step (a) conveniently

25 comprises material resulting from the hydrogen stripping step

(c).
Provided that appropriate conditions are adopted in step

(a), the gas stream recovered in step (b) of the process of
the invention can be essentially free from maleic anhydride.

30 In step (c) of the process of the invention, a gas
stream comprising hydrogen is passed through the solution of
maleic anhydride.

The hydrogen stripping step is preferably conducted
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partial oxidation"reaCtor can ] ‘be cool ed by external cooling with
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cooling wWih pysrogenation zone or a little below this temperature, for
example from about 5°C to about 20°C below this temperature.
Then the temperature can be raised to the desired inlet
temperature by admixture of further hot hydrogen-containing
gas which has the additional benefit of diluting the vapotous
10 ester-containing stream and thereby ensuring that it is at a
temperature above its dew point, preferably at least about
5°C higher than its dew point.
The hydrogenation step is advantageously conducted in
the vapour phase, using a heterogeneous hydrogenation
15 catalyst. Typical hydrogenation catalysts include promoted
copper-based catalysts, such as a Cu/Zn/Mg/Cr catalyst of the
type described in J. Org. Chem 150, pages 177 to 185.
The catalyst particles preferably have a particle size
in the range of from about 0.5 mm to about 5 mm. The
20 particles may be of any convenient shape, e.g. spheres,
pellets, rings or saddles. When using a fixed bed of
catalyst the reactor can be a shell-and-tube reactor, which
can be operated substantially isothermally; however, it is
preferably an adiabatic reactor. The use of an adiabatic
25 reactor is advantageous since its capital cost is much lower
than that of a shell-and-tube reactor and it is generally
much easier to charge the reactor with the chosen catalyst.
Hydrogenation is conducted at an elevated temperature
of, for example, from about 150°C to about 300°C, more usuélly
30 from about 180°C to about 280°C, and at a pressure of from
about 5 bar to about 100 bar, preferably from about 10 bar to
about 70 bar.

From the hydrogenation zone there is recovered a



10 cooling water to a tenperature in the range of from about 60[err] C
to about 160[err]C In step (a) of the process of the i-nvention
t he vaporous mal ei ¢ anhydride streamis preferably contacted with the
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120C, and at a pressure of fromabout 1 bar to about 3 bar so as to
forma solution conprising maleic anhydride in the hi gh boiling
solvent. The contacting can be carried out b¥ bubbl i ng t he vaporous
stream t hrough a body of the solvent. 20 Al ternatively the solvent can be
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desired, y-butyrolactone can be recycled to the hydrogenation
zone to produce additional butane-1,4-diol.

10 For further details regarding vapour phase hydrogenation
of maleic anhydride reference may be made to a paper by G.L.
Castiglioni et al in Erd&l und Kohle - Erdgas - Petrochemie
vereinigt mit Brennstoff-Chemie, Bd. 48, Heft 4/5, April/May
19595 at pages 174 to 178 under the heading Wissenschaft &

15 Technik (Science & Technology). Subsequent purification of
the resultant crude hydrogenation product mixture can be
carried out in a manner analogous to that described in US-A-
4584419, WO-A-86/03189, W0O-A-88/0937, US-A-4767869, US-A-
4945173, US-A-4919765, US-A-5254758, US-A-5310954, and WO-A-

20 91/01960. |

In order that the invention may be clearly understood
and readily carried into effect a plant for the production of
butane-1,4-diocl, as well as some y-butyrolactone and
tetrahydrofuran, using a preferred process in accordance with

25 the present invention will now be described, by way of
example only, with reference to the accompanying drawing
which is a flow diagram of the plant.

Referring to the drawing, n-butane is supplied in line 1
at a pressure of from 1 to 3 bar and at a temperature of

30 400°C to a partial oxidation plant 2 which is also supplied
with air in line 3. Partial oxidation plant 2 is of
conventional design and includes a partial oxidation reactox

comprising tubes packed with a partial oxidation catalyst
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7 that 6f mal ei c anhydri de. The solvent shoul d be selected so t hat

it does not Teact—stgriftecantly de-i de under conditions

used in they, ting step (a). pr ef er abl porRSHipoeder the
i€ $Hd a5 Bdt R REPLACED exanpl es of suitable E%h

scrubbing ¢ e (a

boi l'i ng solg u ' P epre ¥l phthalate; tricresyl
phosphat e; eate; a hlgh nDIecuIar wei ght wax; an aromatic
hydr ocar bon sol vent having a nol ecul ar wei ght between 150 and 400 and a
boi l i ng point above 140[err]C, such as di bb‘hzyl benzene; and 10 di al kyl

pht hal ate esters havin C%err] to (Jerr] aIkyI roups and a total of 10
to 14 carbon ﬁ"é‘ﬁé—sFﬁngo‘P wigAiug sggsoxide d0ter tRReR (REARAS can

be used as thevilthgl gabkeegthroug&plw\rﬁ@h htBE{:é'ﬁieséilt (cahebe] cipctdidd @kyl)
pht hal at es, such as di peth pht hal at e pht hal at es, _di-n- or

dieth
-i so- propyl 1%hey RUERPEE oL Rﬁ‘?ﬁﬁ“}]e Sﬁi‘hﬁ‘P%tee 'Iyttﬁ pagript ]°¥bd%3{3é-?1?]

al kyl) estersreacto® fs ShEPAtRA RSO 2irfh-Bitee éﬁééﬂa&hﬁlacbflszo sych as
di met hyl 2, 3- napht hal ene-di car boxyl ate, diesters of cyclic al i phatic
di aci ds, sluch as dPnBPRyYaROTRUS Hagirdranexidaticp ﬁoa%l?yl §txeamnts net hyl

esters of Ionq:dal@anbiraéweﬁeaﬂscommgoabahﬂga%ofﬁr &é@&phsteérwﬂéiéeo 30
carbon atons. O her sol vents that can be used include high boiling

ethers such a®team gpaebhon gHASE FoddngeVAlte e Fofuersibs appropri at e

nol ecul ar wei Glhinpetdelirastdeiigi hylgnegl i‘&@évéi}é?tf'ﬂsh BLBRL 2 in line The
hi gh boiling solvent used in step (a) conveniently 2 conprises materi al

resul ting froﬁath@hhydﬁggéhl%$r31ﬂﬁ W s mapeic anhydrlde, 5.8% w/w water,
10 1.3% w/w carbon dioxide, 1.0% w/w carbon monoxide, 0.01% w/w

acetic acid, 0.01% w/w acrylic acid, 15.7% w/w oxygen, and
the balance essentially comprising nitrogen and other inert
gases. It is fed to the bottom of a scrubbing tower 5, up
which it passes against a downflowing spray of dimethyl
15 phthalate which is supplied at a temperature of about 68°C.
from line 6. The scrubbed waste gas stream which contains
' 0.03% w/w maleic anhydride exits the top of scrubbing tower S
in vent gas line 7 and is passed to a waste gas burner.
From the bottom of scrubbing tower 5 there is recoveréd
20 a ligquid stream in line 8 which comprises a solution of
approximately 15% w/w maleic anhydride and 0.04% w/w acrylic
acid in dibutyl phthalate. This is supplied to near the top
of a stripping column 9 which is operated at a temperature of
180°C and a pressure of 580 psia (40 bar). Column 9 has a
25 number of distillation trays above the point of injection of
the maleic anhyride solution into column 9 sc as to reduce
carryover of the high boiling solvent dibutyl phthalate in
the overhead stream from column 9. The solution of maleic
anhydride in dibutyl phthalate flows down stripping column 9
30 against an upflowing stream of hydrogen from line 10. The
stripped dibutyl phthalate is recycled from the bottom of
stripping column 9 by way of line 6 to the top of scrubbing

tower S. From the top of stripping column 9 there emerges in



(c). ., Provided that appropriate conditions are adopted in step

(a), the gas streamrecovered in step (b) of the process of t he
. invention can be essentially free frommal eic anhydride. 30 In step
| (c) of the proggss the invention, a gas strean1conpri§Eﬁﬂmpmﬂﬁggen
I s passed through the solution of mal ei ¢ anhydri de. The
hydr ogen stripping step is preferably conducted WO 97/ 43234
PCT/ GB97/ 01286 8 substantial ly
at or at a pressure slightly higher than thq inlet pressure to the
hydr ogenati on zone. The hydrogen trlpplﬁg step S sinilarly preferably
conduct ed at pffantlalléa%he dgflred i_nl enpeéatu e to
hydr ogenat i on z%h% & PSAF| 22hRFBhE kﬁ%?qg§nﬁEF§P5Fe o™ C°“H£t§ﬁﬁﬁe from

about 5[err]C t:ﬁabélautarﬂﬁ;ﬁrbaéomnthyarégémemttw a. hydroé"éleﬁndlhﬁd enper at ure
can be 1 1 200, L2 hDEUES L DL, e SRIRCIEULE, Dhnsd e Al Lyt ve
diluting the vaporenis is at a temperature of from about 180°C to about 200°C
| 5 and at a pfessure of about 40 bar. It is diluted with
further hot hydrogen from line 12 at a temperature of from
about 180°C to about 220°C to yield a vaporous stream with a
hydrogen:maleic anhydride molar ratio of about 450:1 and is
at least about 5°C above its dew point.

10 This vaporous mixture passes onwards in line 13 to
hydrogenation plant 14 which includes an adiabatic reactor
packed with a copper based catalyst (e.g. a promoted copper
catalyst) and operated at an inlet temperature of 180°C, an
inlet pressure of 565 psia (39 bar), and an exit temperature

15 of 200°C. The maleic anhydride feed rate corresponds to a
liquid hourly space velocity of 0.1 h!. The plant also
includes a purification section in which the crude
hydrogenation product mixture is distilled in several stages
to yield pure butane-1,4-diol in line 15. Lines for separate

20 recovery of y-butyrolactone and tetrahydrofuran are indicated

at 16 and 17 respectively.



10, esféf;cdptaining stream and thereby ensuring that it is at a
temperature above its dew point, preferably at |east about 5[err]C
hi gher than its dew point. he h_drogenatlon step is

advanTaigsieet$ayBenReblueéded i N e = using a ?@g

hydrogjm E Hﬂm}ﬂtal yst. Typicalg tv CM/

pr onot ased cata —ds_a Zn/ al yst of

type descri . . Chem 150, pages 177 1T6=185. Myst
particles preferably have_a particle size in the rg

0.5 Mmmto about 5 nm The 20 particles nd¢ be of any ant“shape

e.g. spheres, ellets, rings or saddles. Wen using a fixed bed of
catal yst the fe¥¥%r can be a shell-and-tube reactor, which can be

operat ed subsjant i ald iR BR! Lie PANRKASor bl St leadt Gl 0y an

adi abatic reactor. Thé use of an adiabatic 25 reactor Is advantageous
since its captempowstisglecyedh firomebutane-i dadichat v obutyhididtoged andbe

reactor and | fel SRR, yhiclUEHo AR T0 08 GP HIEdRRGLI0ANELN the

chosen catal ys ogena Ton 1s cond evated
t enper at ube the Yﬁpoqnnphaﬁanpﬁemalccﬂn%nhxﬂrlﬁaopart@e:mxﬁaﬂnmﬁ of0@[err] C,

of from BEsBRR PYATEERIGISE Sl ot WEICR rdllhd | "1 bar 1o
about 70 bar.comprises: Fromthe hydrogenatlon zone there is recovered a
' (a) contacting a vaporous stream containing maleic anhydride
vapour, water vapour, and carbon oxides in an absorption zone

10 with a high boiling organic solvent having a boiling point at
atmospheric pressure which is at least about 30°C higher than
that of maleic anhydride thereby to form a solution of maleic
anhydride in the high boiling organic solvent;

(b} recovering from the absorption zone a waste gas stream;

15 {(c) contacting the solution of maleic anhydride in the high
boiling solvent with a gaseous stream containing hydrogen
thereby to strip maleic anhydride therefrom and to form a
vaporous stream comprising hydrogen and maleic anhydride;

(d) contacting material of the vaporous stream of step (e)

20 in a hydrogenation zone under hydrogenation conditions in the
presence of a heterogeneous hydrogenation catalyst thereby to
convert maleic anhydride to at least one C, compound selected
from butane-1,4-diol, y-butyrolactone and tetrahydrofuran;
and

25 (e} recovering from the hydrogenation zone a product stream
containing said at least one C, compound.

2. A process according to claim 1, in which the vaporous
stream of step (a) is produced by partial oxidation of a
hydrocarbon feedstock in the presence of a partial oxidation

30 catalyst using molecular oxygen.

3. A process according to claim 2, in which the hydrocarbon
feedstock is p-butane.

4. A process according to claim 3, in which the partial
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9 hydr ogenati on product m xture which contains, in addition to
but ane- 1, 4=diot—atso some tetrahydrofuran_and y- . butyrol actone. Even

f the pri MR @AYEL @it ©f oSt [ e o, PuF ARG BEEA i ol { BRTRABHRIA® O

t chem cal s of

T “Gecired, y-butyrol actone can be racycled Lo the ECSFU!MMHHIIIPHMIHIII

zone to produce addi tional butane-1,4-diol. 10 For furthef detdilsg *
regar di ng vapour phase hydrogenatlon of mal ei ¢ anhydride reference my
be nade to a pap¥idpfiep catalystyaomprisas wrnadiym rengaridadan@hin which
Erdgas - PetroChe@i partiaYeéeiditdlonidonBs 80954 Offc1diMuge Bf- a dGempdalde (Heb.
Apri |l /Vay 1995 at es 174 to 178 under_ the heading Wssenschaft & 15
Techni k (Sci enc®f&f T@E‘hﬁgPB@y:)SO SulbOe8bENE $RRTCHi @aPFeRSEre of fingm about 1
resul tant crude gaydteggBaht o BHRdWE aHkXtyr§ mrﬁeramocafr £6h Yot 2
manner anal ogous to that described in US- A 419, V\DA—86/ 03189

WO A- 88/ 09370 U3Salakg7sbout (J1:4 and a4g9Btact meanigfwwabms:m%zsm@
US- A- 5310954, angoWe 6-s20. 91/01960. In order that the invention
may be clearly understood and readily carried into effect a plant for
the production & 2 BUPERES 12CRQHIMI 58 amY|ons ofosdapmgul el 4ctighe and

tetrahydrof ur an:wh‘i%hnﬂnas@égf &) &he? Wg%%éub r\n@f&ﬂf dangarihe hst?:?eanl he
present invention wll now be describ exanple only, with

by way 0
reference to t h&oRERSHBIANYIHY Eheahish boiling solvent at a temperature in
10 the range of from about 60°C to about 160°C and at a pressure

of from about 1 bar to about 3 bar so as to form a solution

t hese m nor et rahydrg R’gﬂm@tyro actnne IS _not
di sadvant age mn n m t hese conjpound
conmer ce and

comprising maleic anhydride in the high boiling solvent.
6. A process according to claim 5, in which the contacting
step is carried out in a countercurrent contacting device

15 wherein the ascending vaporous stream is contacted by a
descending stream of solvent in a gas-liquid contacting
device.
7. A process according to any one of claims 1 to 6, in
which the high beiling solvent is a methyl ester.

20 8. A process according to claim 7, in which the methyl
ester is dimethyl phthalate.
9. A process according to claim 7, in which the methyl
ester is a methyl ester or mixture of methyl esters of a long
chain fatty acid or acids containing from 14 to 30 carbon

25 atoms.
10. A process according to any one of claims 1 to 6, in
which the high boiling solvent is a dimethyl ether of a
polyethylene glycol.
11. A process accérding to any one of claims 1 to 10, in

30  which the high boiling solvent used in step (a) comprises
recycled material resulting from the hydrogen stripping step
(c).

12. A process according to any one of claims 1 to 11, in



which is a fl ow di agram of the plant. Referring to the draw ng,
n-butane is supplied in |ine—% at—a pressure of froml1l to 3 bar and at

a tenperature of 30 400[er:1 | Il l | I xi dation plant 2 which is al so
supplied with air in |i !“ E mg“F Eat ion plant 2_j :
conventi onalwﬁél’f‘ﬁ# and i [ 8&’“8;”"&6%“ si ng

I ncl aLpastisal *oxi dation react
tubes packed with a partial oxidation catalyst
10 consi sting of vanadi um pent oxi de packed into tubes provided
with a jacket through which nolten salt can be circul ated for t he
pur pose of tenperature control. The partig oxidation reactor is
operated at an air:n-butane feed ratio of 20:1. 5 A hot vaporous

parti al oxi dawhbeoh ptivel utydrigerastripping caded droaduetadl attooli ng agai nst

boiler feed watger _to rajse .Ssteam and t hen agai nst .cooling. water to
reduce its 5% 3%%?%%1’?% ths f?éfgrPf?fs‘He i &2’50?/‘3?1589?’?% Bt &2 in
| i ne 4. 171Bis moptodess 2UYrdingneb cary are &fi ddaims 8% vd vi\atier, 10
1.3% w w car boa/id'%o i deh %.00(@ W/\él carbon noxi de, % g%lé W/t\:N acetic
aci d, 0.01% w't§ r%}i‘?c Y PN STFPRINE SRt SoFCEe 1% 1 ance
essenti al ISy ceempesatgrei in caden rangdeocbbefromattie inlegagemperdtiures toe@d hieO
the bottom of _a.scrubbing tower 5, %%5 It _pass agai nst a
downf | owi ng SBV8§°%?n%IPO%1‘ Vibgiis t%ﬁ#ﬁ‘é? 2% % §R§ub€f?te Spexature
t enper at ure otoabheit hpdfegerdtion zbhem | ine 6. The scrubbed waste gas
stream whi ch (ignt aILns . . .
. process according to any one of claims 1 to 13, in
which the hydrogenation step is conducted in the vapour phése
i0 using a promoted copper catalyst at a temperature of from
about 150°C to about 300°C and at a pressure of from about 5
- bar to about 100 bar.
14. A process according to any one of claims 1 to 13, in
which there is recovered from the hydrogenation zone a
15 hydrogenation product mixture which contains, in addition to
butane-1,4-diocl, also minor amounts of tetrahydrofuran and vy-
butyrolactone.
15. A process according to claim 14, in which the
hydrogenation product mixture is purified by distillation in
20 one or more stages, including distillation in a “light ends"
column to separate overhead the volatile components of the
mixture including tetrahydrofuran, and p-butanocl.
16. A process according to claim 15, in which the bottoms
product from the "light ends" column is further purified by
25 distillation in one or more stages to yield pure butane-1,4-
diol.



0.03% w w nual ei ¢ anhydri de exits the top of scrubbing tower 5 in vent
gas line 7 and is passed to a waste gas burner. From t he bottom of
scrubbing tower 5 there is recovered 20 a liquid streamin |ine 8 which

conprises a sol Yid PRk approximately 15% w w nal ei c anhy%;&z,ﬁ&q“
ed t0 near

0.04% w w acrylic acid in dibutyl phthalate. This is suppli
the top of a stripping colum 9 whi %h is operated at a tenperature of
180[err]C and a pressure of 580 psia (4 /ﬂar). Colum 9 has a 25 nunber of

distillation trays a oi nt of injection of t he mal ei ¢ anhyri de
solution into colum}9 so as tjk carryover of the high boiling
sol vent di butyl phthdlate in th head stream from colum 9. The
solution of maleic anhydride—fncgtpulyg pht hal ate fl ows down stri pping

ing streamsf hydrogen fromline 10. The
stripped dibutyl phthal ate isjrecy om t he bottom of stripping
colum 9 by way of the top of ®scrubbi ng tower 5. Fromthe
top of stripping columm 9ft energes in WO 97/ 43234

PCT/ GB97/ 01286 N4 line 11 a near
sat urated vapour m xt 11? tream conpri si ng °3\
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mal ei c anhydr| de -in hydrogen,

ratio of a
from about
bar. It is
t enper at ur

18052300 -

wi th a hydrogen: mal eic anhydri de nol ar
bout 400:1. This vapour m xture streamis at a tenperature of
180[err]C to about 200[err]C 5 and at a pressure of about 40
diluted with further hot hydrogen fromline 12 at /S

e of from C
S

about 180 t o about 220 err Cto yi

vapor ous stream w tRGT hydr 8 R L, PR rati o @
. gorloﬁgd S INTERIGATIORAS heAeRTioN ﬁfﬂ&ﬁlﬁpﬁﬁ@aﬁ e §ﬁ%ﬁ9bﬁbpﬁﬁrﬁmm TREATHED)
whi ch i nclf (fldatersationslRatess Sapsificafion bt o n&a LRQ@mmala’uﬂwwnnm'sed T 9743234
(e.g. a pilonutIC 29039H«C07D 30788t al yst) 4 D te t af _
of 180[erq]C. an inlet oressmem 565 @g'ﬁe Q.E)pg.gﬂmf}k, EO%EP""'E" o9 G197
t enper at uj 200 e fe ra P S
LT ol P e ShRhel Gkl Pt B ) SSek Pk RO SRS sk o
I ncl udes (zpumrﬁuuammnmg]nmct | on 12 Mayibs7 cogse Cr udk, IL, 1S, TryxE, &g emm% nli(::( LK, LR, LS,
product. mixture is distilled in several stades NO, NZ, PL,
but ane- 1, 4:6)ipAbre Batd: 1 N€ 15. Lines for separgte 2(5&%%%6%% sw,i“(g; g&&,\g gﬁ:
y-but yrol act on%sz%MSt ?t r?h'?lmhymmnaosmr e i nefjcat eckz.UG).mhsnaxlﬁmam(T AZ BY,KG,KZ, MDng,
respectively. olntries for which i '@' A pr P r E
of at IeasEt one (ernationd! g "cﬁ'ff'r'l ect edégfrom but qg,b f’“ %ﬁbggﬁ%,g’%‘
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(54) Title: PROCESS FOR PREPARING GAMMA-BUTYROLACTONE, BUTANE-1,4-DIOL. AND TETRAHYDROFURAN

(57) Abstract

A process is described for the production of at least one C4 compound selected from butane-1,4-diol, Y-butyrolactone and
tetrahydrofuran, which includes the step of hydrogenation in the vapour phase of maleic anhydride in the presence of a heterogeneous
hydrogenation catalyst, which process comprises: (a) contacting a vaporous stream containing maleic anhydride vapour, water vapour, and
carbon oxides in an absorption zone with a high boiling organic solvent having a boiling point at atmospheric pressure which is at least
about 30 °C higher than that of maleic anhydride thereby to form a solution of maleic anhydride in the high boiling organic solvent; (b)
recovering from the absorption zone a waste gas stream; (c) contacting the solution of maleic anhydride in the high boiling solvent with
a gaseous stream containing hydrogen thereby to strip maleic anhydride therefrom and to form a vaporous stream comprising hydrogen
and maleic anhydride; (d) contacting material of the vaporous stream of step (e} in a hydrogenation zone under hydrogenation conditions
in the presence of a heterogeneous hydrogenation catalyst thereby to convert maleic anhydride to at least one C4 compound selected from
butane-1,4-diol, Y-butyrolactone and tetrahydrofuran; and (c) recovering from the hydrogenation zone a product stream containing said at
least one C4 compound.




'tet}dhydrofuran, mh+ehrrntTﬁH€§—?ﬁgﬂg;ep of hydrogenation.in.5 Ihg;vapour
phase of nal ei ¢ anhy ‘mﬂ“‘ﬁ nce of a _ REPL‘QQEI;@NIS ET
hydr ogenati on catal.y ﬂ! ““ conpri ses: ay—contacti hg a

vapor ous stream cont aisii g #al Bi c® anhydri && vapgui, and
carbon oxides in an absorption zone 10 wth a high b |W§@Té§ﬁ)c s¢pl vent

havi ng a boiQLifdéiSpoi nt at at mospheric pressure ilch is at bout
30C hi gher than t hat Ielc anh e theLeb _Lor ol uti ¢n of
mal ei c &nhydrlaé-|89ﬁﬁ§ |gh 55i Pr g ggﬂl 13 &he

recovering fdamotin@ %hﬁ&&dﬁédpﬁ*%ﬁn%aaaWBSﬁedgéso$trQaﬁLti501é6i01§08héCtlng
the solution of maleic anhydride in the high b0|I|ng solvent with a

gaseous stre&ﬂnnaMquQﬂun}ﬂhydrugén—nC1uSh§réb? stepsPEi prAaPgrBaahandinde

therefron1an to far VabQraus . str onprls d hydrogen apd_nal eic
anhydri de; (QﬁPQﬂﬂn%ﬂﬁﬁﬁufﬁﬂéf€Fral EYPﬁg rggs gfréa%?ofgstgp (c)

20 in a hyqf%@@ér@b@ﬂﬁ/dﬁ%ﬁ:hﬁ@hogélﬂaquﬁ CQﬁdbhl eascesst he
presence of a heterogeneous hydrogenation catalyst t hereby to convert
mal ei ¢ anhyd@omdsisesat | east one CJerr] conpound sel ected from

but ane- 1, 4- dj nltnAﬂ#é@“ﬂéﬂn(V“%dmg%st%EE%g%dEBEEEQBHn% raﬂggczgﬂn&akla

recovering f ogenatlon Zone roduct ontarni'n

said at | eastagyug C[‘mtre]»« capmimd.and carEon Axjideseds ancabdongt.b.oqclzaanm 1,
in which the vaporous stream of step_(a) is produced arti a

oxi dat i bh ofwigh a h#ﬂhﬂQR%%%R91Q§ﬁ§$§ﬁo@Plvﬁth§aﬁﬂ@§éﬁc€°6¥ ap&PﬁP&la“
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4. A processlanc@flimgleic carahydﬁ,ca ithenebyh tché&opar B slolution of maleic
anhydride in the high boiling organic solvent;
(b) recovering from the absorption zone a waste gas stream;
15 {c) contacting the solution of maleic anhydride in the high
boiling solvent with a gaseous stream containing hydrogen
thereby to strip maleic anhydride therefrom and to form a
vaporous stream comprising hydrogen and maleic anhydride;
(d) contacting material of the vaporous stream of step (c)
20 in a hydrogenation zons under hydrogenation conditions in the
presence of a heterogensous hydrogenation catalyst thereby to
convert maleic anhydrids to at least one C, compound selected

-

from butane-1,4-diol, y-butyrolactone and tetrahydrofuran;

and _
25 (e) recovering from the hydrogenation zone a product stream
containing said at least one C; compound.
2. A process according to claim 1, in which the vaporous
stream of step {(a) is produced by partial oxicsztion of a
hydrocarbon feadstock in the presence of a partial oxidation
30  catalyst using moleculzr oxygen.
3. A process accorcéinz to claim 2, in which the hyér ocaxboxn

fzedsrock is n-butane.

4, A process according to claim 3, in which the partial



oxi dat ion ca%al—yst’fo’rrﬁrl’ses vanadi um pent oxi de} \/}Eh’@fﬂ@jﬁ? t he
partial oxidat “me““mélude use of at rom about
350[err]Cto aH““)‘Tﬂﬁ “ pressure of from gbout o about 3
bar, an air to Rm-butane % ati o”of fromabqt 5 1% 10 %WS: and a
contact time of fromabout 0.01 s to about (.1 rocess

according tg, gy, POe 9£tc4glgscéﬁ59’sd" Jg}ﬁ%ﬂh}.

vapor ous mm e an ydrTde §tream'i s

sol vent at thé eppet palrexidatdfont bendangemofi dfdiameahnoy &O[kﬁrcrdr@evababgut
160[err]C and at a pressure , of from about 1 bar to about 3 bar so as to
form a sol UPF orEOm 22@Wpri2f iy Y&I@?Q}lfarﬁﬁpdﬁudé PSSR Qﬁ B5PRi apout 1

sol vent . 5. ocess,accord ont acti ng
step is car}?laed ou{bﬁ&ﬁ afcl?)%%t er’c’u%f%n%é)con ac I}é g“lag:e%cce" ‘"‘W%é’l%l n the
ascendi fig vEPOI otis showansd sicantiasteshined time G55 CReh AT @INOE to
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solvent in a gas-liguid contacting devi ce. 7. A process according
to any one ¥P%FPn® $-to 6, in whi ch the high boiling solvent is a
di butyl ester. LA-PLPEES L& G 1 1y t he
met hyl esterg?%rog ssyT {31 ﬁa1 %t‘g&@\ﬂd}% AA%@%SS accdrcgﬂgng to any

one of claiwbsidhtin6sten ﬁh)cbbeheapmxbLixmdlam;5ﬁﬂh&ﬂﬂ1c= stream is

contacted with the high boiling solvent at a temperature in

100 the range of from about 60°C to about 160°C and 2t a pressure
of from about 1 bar to about 3 bar so as to form a solution
comprising maleic anhycdride in the high boiling solvent.
6. A process according to claim 5, in which the coﬁtacting
step is carried out in a countercurrent contacting device

15 wherein the ascending vaporous stream is contacted by a
descendlng stream of solvent in a gas-ligquid centacting
device.
7. A process accordin ng to any one of claims 1 to 6, in
which the high boiling solvent is a dibutyl ester.

20 8. A process .according to claim 7, in which the methyl
ester is gdibutyl phthalate.
9. A process according to any one of claims 1 to 6, in which the high boiling solvent

is a methy! ester or mixture of methyl esters of a long chain fatty acid or acids containing

from 14 to 30 carbon atoms.

25
10. A process according to any one of claims 1 to 6, in
which the high boiling solvent is a dimethyl ezher of a
polyethylene glycol.
1l. A process accérdihg to any one of claims 1 to 10, in
30 wnich the high boiling solvent used in step (z) comprises

recycled material resulting from the hydrogen s:tripping step
(c).

12. A process accoxrdéing to any one ¢f claims i to 11, in
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aci ds contai ni ng from1l4 to 30 carbon atons.
according to any one of clains 1 to 6, in
solvent is a dinethyl ether of a pol yet hyl enel g

process according to any one of claims 1 éo'lo,

boi li ng sol vent used.in step a) CO ri,ses

fromthe hy8rBoSRIEEDBE ngtep'“ ig)at leasygpe

and one of kMg £l 0 21 Bydride o - 2 oved

14 Whlgh%tgg h§%?ﬁg§na?trlppantgfégoyshgon 50 8qS3tuEion Qi |y
the inlet peesydrédeo ithéhiydriggebatilangzongznic sd3veAtprocess accordi ng
to any one qL claims 1 to 1 i n whi ch_the hydrogen stripping step is
conduct ed. atP3 5TESRYEFAFTr &XOR tﬁe FQﬁ@EDbF°Pr6ﬁﬂ?hé VAFEE $eFperdase to

the  shydregengbheactang thealeutc28hebE] faPELOVLhAGakDLE! 1 SIRENAIH ©
boiling solvent with a gaseous stxeam containing hydrogen
thereby to strip maleic anhydride therefrom ané to form a
vaporous stream comprising hydrogsn and maleic anhydride;
(d} contacting material of the vaporous stream of step (c)
10 in a hydrogenation zone under hydrogenation conditions in ths
presence of a hetercgeneous hydrogenation catalyst thereby to
convert maleic anhydrids to at least one C, compound selected
from butane- -1,4-diocl, y-butyrolactone and tetra! yd ofuran;
and
15 (e) recovering from the hydrogenation zone a product stream
containing said at least one C, compound.
The vaporous stream of step (a) of the process of the
invention is preferably produced by nartial oxidation of a

hydrocarbon feedstock in the presence of a partial oxidation

Hh

20  catalyst using molecular oxygen, typically in the form o

air. The hydrocarbon feedstock can be benzene, or a mixed C,

(]
0
th

olefin stream, but is most preferably n-butane. Ths

=

s
n-butane as hydrocarbon feedstock is currently preferred upon

the grounds of cost since it is a cheaper feedstock than

OS]
(4]

benzene or butenes. Hence in the process of ths invention

the feedstock used for production cf the maleic anhyérides
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butane ratio cf from about 15:1 to about 50:1, 2.c. zbout

20:1 and a partial cxidation catalyvs: comprisinc vanzdium



t® the hydrogenation zone. 14. A process acco
1to 13, in whi ch the hydrogenation step i.s d
phase 10 wusing .a pronoted copper catalyst at at
about 150[err]C to about 300[err]C and 4P a press
bar to about 100 bar. 14. A process according|
13, in cams it ineref i vanadbyemagtoxdhe packedr

hydrogenat i on_ product _.m e ¢Lg cont,ai_ns, _in
butane-1,4yd$%I? %ﬁé&rThéﬁég&%‘ tjéh %F%tq §idio

nor -~ anounts o Tta
but yr ol act gR€. purpod®. oA PEMEEES BRC AIHIBLL.0 Thal Bakéizinowhitebibhe
hydr ogenati on ‘product mixture is purified by distillation in_20 one or
nore st agesea¢®RY UHS NgPeR3E¢d | &t ih Jir :a-hutgme &egs ratiocsfurf:te
separate- over head_t he A ganpgnent.s: qf; th < A0 XE Jagludin
teltorah dr of uran‘,il %é\éc} ‘r’g%%%‘ﬁ%leg““ cil‘é@l}a%rlggieggoggg?r %i‘l‘ﬁ%g{noggl aim %5, in
whi ch the beblédspy expeoaltcdsbing heydinisghbodnds” feekuraces tor rhege

purified by 25 disti]lation in one or nore stages to yield pure
but ane- 1, 45team gp@|then against cooling water tO reduces its

temperature to 138°C. It is recovered from plaaxt 2 in line
4, This contains 2.¢%% w/w maleic anhydride, 5.8% w/w water,
10 1.3% w/w carbon dioxics, 1.0% w/w carbon monoxids, 0.01% w/w
acetic acid, 0.01% w/w acrylic acid, 15.7% w/w oxygern, and
the balance essentially comprising nitrogen and other inert
gases. It is fed to ths bottom of a scrubbing tower S5, up
which it passes against a downflowing spray of dibutyl
15 phthalate which is supplied at a temperature of about 68°C
from line 6. The scrubbed waste gas stream which contains
0.03% w/w maleic anhydride exits the top of scrubbing towexr 5
in vent gas line 7 and is passed to a waste gas burner.
From the bottom of scrubbing tower S5 there is recovered

20 a liquid stream in line 8 which comprises a solution of

N

1li
pproximately 15% w/w maleic anhydride and 0.04% w/w acrylic

acid in dibutyl phthalate. This is supplied to near the top

0

f a stripping column 9 which is operated at a temperature of

180°C and a pressure of 580 psia (40 bar). Column 9 has a

o
wn

numbaer of distillation trays above the point of injection of
the maleic anhyride solution into column 9 so as to resduce
carryover of the hicgh boilihg solvent dibutyl phcthalate in -
the overhead stream from column 9. The solution of mzleic
anhydride in dibutyl chthalate flows down stripping column &

30 agazinst an upflowing stresam of hydrogen from lins 10. The
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