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1 PROCESS. FOR THE PURI FI CATI ON OF A [err] TO [err] CARBOXYLIC ACID 2/
ANHYDRI PE” HAVI NG HALI DE | MPURI TI ES The present invention rel ates toA)QI 0”’2?’-1
purification process and in particular to a process for the purification of
a C2 to C4 carboxylic acid and/or anhydride thereof having halide
inmpurities.. Carboxylic acids and their anhydrides may be manufactured by a
variety of 5 processes. For exanple acetic acid may be manufactured by
the oxidation of hydrocarbons such as ethane, butane and naphtha. Acetic
acid and its correspondi ng anhydride nmay ke manufactured by carbonyl ation,
for exanpl e, carbonylation of nmethanol to acetic acid as described in WK
Patents GB 1233121 and GB 1234641. The co-production of acetic acid and
acetic anhydride by 10 carbonyl ation is described in European patent
appl i cation EP-A-0087870. Acetic anhydride may al so be manufactured by
absorbing ketene into acetic acid. The carboxylic acids and correspondi ng
anhydri des manufactured by known nethods are generally purified by one or
nore distillation stages. However, - -even after such purification the acid
and/ or anhydri de products often contain small 15 anounts of non-acidic
and/ or non-anhydride inpurities. The nature of these inpurities depends
upon the process of manufacture used but may conprise ketones and esters,

and where car bonybghiHSROK THEPURIFRERTIONUF A €, %5 &, CARBOXYLIC
ACID AND/OR ANHYDRIDE HAVING HALIDE IMPURITIES
The present invention relates to a purification process and in particular to a
process for the purification of a Co to C4 carboxylic acid and/or anhydride thereof

having halide impurities.
Carboxylic acids and their anhydrides may be manufactured by a variety of
5 processes. For example acetic acid may be manufactured by the oxidation of.

hydrocarbons such as ethane, butane and naphtha. Acetic acid and its
corresponding anhydride may be manufactured by carbonylation, for example,
carbonylation of methanol to acetic acid as described in UK Patents GB 1233121
and GB 1234641. The co-production of acetic acid and acetic anhydride by

10  carbonylation is described in European patent application EP-A-0087870. Acetic
anhydride may also be manufactured by absorbing ketene into acetic acid.

The carboxylic acids and corresponding anhydrides manufactured by known
methods are generally purified by one or more distillation stages. However, even
after such purification the acid and/or anhydride products often contain small

15  amounts of non-acidic and/or non-anhydride impurities. The nature of these
~ impurities depends upon the process of manufacture used but may compriée
ketones and esters, and where carbonylation manufacturing processes are used,
: may also comprise halide-containing compounds such as organic and inorganic
iodides.

20 Methods are known for removing impurities from carboxylic acids and/or
anhydrides. Thus, for example, UK patent GB 1293774 describes a process for
removing a halide impurity from a carboxylic acid by treatment with an inorganic
oxidising compound followed by distillati\}e separation. UK patent GB 749098
describes a process for purifying acetic anhydride by treatment with hydrogen

" 25  peroxide or peracetic acid.



may al SoR conpri se halide-containing conpounds such as organic and inorganic
i odi*des.” 20 Met hods are known for renoving inpurities from
carboxylic acids and/or anhydrides. Thus, for exanple, UK patent GB 1293774
describes a process for renoving a halide inpurity froma carboxylic acid
by treatnment with an inorganic oxidising cempound followed by distillative
separation. UK patent GB 749098 describes a process for purifying acetic
anhydride by treatnment with hydrogen 25 per oxi de or peracetic acid. 2
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JP-94-15492 relates to a method of refining acetic anhydride containing

diketene impurities in which the crude acetic anhydride is processed by irradiation

with UV rays and distilled as necessary either simultaneously with or after said

10  processing.

J. Radioanal. Nucl. Chem,, Letters 176(3) 251-259 (1993) relates to
removal of iodoorganic compounds from kerosene in nuclear fuel reprocessing.
Decomposition of iodododecane in n-dodecane solution to elemental iodine is said
to be achieved by exposure to a high intensity UV-light. -

15 Thus, according to the present invention there is provided a process for the
purification of a Cy to C4 carboxylic acid and/or an anhydride thereof having
halide impurities, which process comprises the steps of (a) exposing the impure
acid and/or anhydride to electromagnetic radiation under conditions of intensity,
wavelength and temperature, and for a time, sufficient to convert at least a portion

20 . of the halide impurities to lower - and/or higher-boiling halide components and (b)
separating the lower - and/or higher-boiling halide components formed in step (a)
from the C to C4 carboxylic acid and/or anhydride.

The process of the present invention may be used for the purification of
acetic acid, propionic acid, n-butyric acid, isobutyric acid and mixtures thereof,

25  The process of the present invention may be used for the purification of
anhydrides, mixed anhydrides and mixtures of one or more thereof with acetic acid,
propionic acid, n-butyric acid and iso-butyric acid. Mixtures of carboxylic acids
and anhydrides may be used. Preferably the process of the present invention is
used for the purification of acetic acid. Preferably, the acetic acid is prepared by

30 the carbonylation of methanol, for example as described in UK patents GB
1233121 and GB 1234641 and/or by the carbonylation of methanol and/or methyl
acetate for example as described in European Patent application EP-A-0087870,
and/or by the carbonylétion of dimethyletﬁer.

Preferably, the halide impurities are iodine-containing compounds, such as

'35 organic and/or inorganic iodides. More preferably the halide impurities are organic



with' UV rays and distilled as necessary either sinultaneously with or after
said 10" " processing. J. Radioanal. Nucl. Chem, Letters 176(3) 251-259
(1993) relates to renoval of iodoorganic conpounds from kerosene in nucl ear
fuel reprocessing. Deconposition of iodododecane in n-dodecane solution to
el enmental iodine is said to be achieved by3exposure to a high intensity
W-1light. 15 Thus, according to the present invention there is
provi ded a process for the purification of a [err] to [err] carboxylic acid
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Pref er abl y 1fhe npﬁné@@ryb(basenawu}ﬁtégm vl indidetfpamed ig step (a) from the Cy to C4

carboxylic acid and/or anhydride.
The C to C4 carboxylic acid and/or anhydride thereof may also have non-
halide, non-acidic and/or non-anhydride impurities such as Cq to Cg ketones

and/or Cj to C4 esters and/or mesityl oxide which may be present at any level, but
15  for example, the non-halide, non-acidic and/or non-anhydride impurities are
typically in the range 2 to 200 ppm.

The non-halide, non-acidic and/or non-anhydride impurities, if present, are
believed to be converted to lower and/or higher-boiling non-halide, non-acidic
and/or non-anhydride components which may be separated by distillation. It is

20 believed that the non-halide, non-acidic and/or non-anhydride impurities are
converted to higher-boiling non-halide components by oligomerisation of ketones
and esters. It may be possible to reduce the non-halide, non-acidic and/or non-
anhydride impurities by 90% within 90 mins.

The presence of oxidisable non-halide, non-acidic and/or non-anhYdride

25  impurities may result in unacceptably low permanganate times as hereindefined. It

* has been found that the electromagnetic radiation treatment process of the present
invention increases the permanganate time of acetic acid and that the permanganate
time is further increased after separation in step (b) of the process.

The process of the present invention may be operated as a batch or

30 continuous process, preferably a continuous process.

The impure carboxylic acid and/or anhydride may be exposed to the
radiation in step (a) as a solution in a suitable solvent but is preferably exposed as
neat, undiluted material. '

The impure carboxylic acid and/or anhydride may be exposed to the

'35  electromagnetic radiation as a vapour or liquid.



used for the purification of acetic acid. Preferably, the acetic acid is
prepared by 30 the carbonylation of methanol, for exanple as described in
UK patents GB 1233121 and GB 1234641 and/or by the carbonyl ati on of

nmet hanol and/or nmethyl acetate for exanple as described i n Eur opean Pat ent
application EP-A-0087870, and/or by the ca#dbonyl ation of dinethylether.
Preferably, the halide inpurities are iodine-containing conpounds, such as
35 organi ¢ and/ or inorganic iodides. Mre preferably the halide
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Suitable sources of electromagnetic radiation are medium pressure and low

pressure mercury lamps. Such lamps emit radiation predominantly in the
10  wavelength ranges 300 to 370 nm and 254 nm respectively and may have a power
" output up to 2 kilowatt, preferably up to 250 watts. More than one lamp may be
used depending upon the power of the lamp and the amount of impure acid and/or
anhydride to be treated. For example up to several thousand lamps may be used on
an industrial scale. The impure acid and/or anhydride is exposed to the radiation
15  for sufficient time to convert the halide impurities to lower - and/or higher-boiling
halide components. By lower-boiling halide components is meant halide
compounds having a lower boiling point than the halide impurities. By higher-
boiling halide components is meant halide componds having a higher boiling point
than the halide impurites. The halide impurities are believed to be converted to
20  halide compounds, for example, methyl iodide, which may be separated from the
acid and/or anhydride. The time of exposure will depend upon, amongst other
things, the concentration of impurities, the wavelength and intensity of the
radiation, the temperature and the like. Generally the time of exposure will be up
to about 10 hours, preferably up to about 5 hours, more preferably up to about 3
25  hours. It may be possible to reduce organic Cs to C7 iodides by 90% within 30
minutes. | |
In step (b) the lower - and/or higher-boiling halide components and, if
formed, the higher-boiling non-halide residues are separated from the carboxylic
acid and/or anhydride thereof by any suitable means, for example by distillation, or
30 by semi-permeable membrane filtration, and the like, preferably by distillation. The
lower-boiling halide components may have a sufficiently low boiling point that flash
distillation may be used to effect the separation. The higher-boiling halide and non-
halide residues may have a sufficiently higher boiling point to that of the purified
acid and/or anhydride that flash distillation may be used to effect the separation.
'35  Preferably, fractional distillation with heads and tail bleeds is used for the



10 iodide and (b) separating the nethyl iodide forned in step (a) fromthe
[ert] to Jerr] carboxylic acid and/or anhydride. The [err] to [err]
carboxylic acid and/or anhydride thereof nmay also have non- halide,

non-aci di ¢ and/ or non-anhydride inpurities such as [err] to [err] ketones
and/or [err] to [err] esters and/or mesityP oxide which nay be present at
any level, but 15 for exanple, the non-halide, non-acidic and/or
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The invention will now be illustrated by means of the following examples
and with reference to the Tables and Figures. Figures 1 and 4 are diagrams of
apparatus used for exposing impure acetic acid to electromagnetic radiation.
Figures 2 and 3 are graphs of impurity concentrations as a function time for

15 Example 1. Figures 5 and 6 are graphs of the concentration of iodide impurities as
a function of time for Examples 4 to 11. Figure 7 is a graph of the concentration
of mesityl oxide as a function of time for Examples 12 to 15. Figure 8 isa grﬁph of
the concentration of iodide impurities and methyl iodide as a function of time for
Examples 16 and 17. Figure 9 is a graph of the concentration of iodide impurities

20 as a function of time for Examples 18 to 20.

Referring to Figure 1 which represents in diagrammatic form apparatus
which was used to expose impure acetic acid to electromagnetic radiation.

In Figure 1, a borosilicate glass reaction vessel (1) was provided with a 125
watt medium pressure UV mercury lamp (2) which in use, irradiated predominantly

25 radiation of wavelength 365-366 nm with smaller amounts of radiation of
wavelength 265, 297, 303, 313 and 334 nm and significant amounts in the visible
region at 404-408, 436, 546 and 577-579 nm. The lamp had a power supply (3)
and was positioned inside the reaction vessel (1) in a double-walled, quartz )
immersion well (4). The immersion well (4) was provided with a water inlet (5)

30 and outlet (6). An optional nitrogen purge was available to the reaction vessel
through inlet (7), passing out of the vessel through condenser (8) and bubbler trap
(9). The reaction vessel was provided with a magnetic follower (15) turned by a
magnetic stirrer (10). The reaction vessel also had an outlet tap (11) for taking
samples and a stoppered inlet (12) for returning pre-runs from the sample point.

'35  The temperature of the reaction vessel was controlled in use by circulating water



30 “continuous process, preferably a continuous process. The inpure
carboxyl'i'c acid and/or anhydride nmay be exposed to the radiation in step
(a) as a solution in a suitable solvent but is preferably exposed as neat,
undi luted material. The inpure carboxylic acid and/or anhydride may be
exposed to the 35 el ectromagnetic radi ati®%n as a vapour or i quid. 4
The i npure carboxylic acid and/ or anhydride nay be exposed to the
el ectromagnetic radiation in step (a) at aEX sui t abl e pressure. ep (a)
144 meﬁﬁt
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predom nant |y i ExhimplelD wavel ength ranges 300 to 370 nm and 254 hm-
respectively and nmay;§gyg oRiANE cetic acid was charged to the reaction vessel and
' exposed to radiation from the mercury lamp without nitrogen purge. Water at
ambient temperature (about 20°C) was circulated through the immersion well (4)
10  and condenser (8). 5 ml samples were withdrawn at intervals and analysed. The
concentration of total non-acidics by PTI (purge and trap gas chromatogfaphy) is
shown in the graph' in Figure 2 and the concentration of Cs to C7 organic iodides
as measured by PTI is shown in the graph in Figure 3. The non-acidics were
dramatically reduced in about 90 minutes and the organic iodides were dramatically
15 reduced in about 30 minutes. It is expected that purified acetic acid could be
obtained from the treated acid by distillation. |
Example 2
Example 1 was repeated without withdrawal of samples. The acid was
exposed to the radiation for 3 hours at 20°C. At the end of this period the acid
20  was flash distilled at atmospheric pressure and distillate fractions totalling up to
99% of the feed were combined and analysed. The results are shown in Table 1.
' TABLE 1

Impure Acetic Acid | Distilled Product

Non Acidics 100 ppm | 9 ppm

Cs - C7 Iodides 245 ppb <1 ppb
Permanganate Time | <2 hrs - >8 hrs

Permanganate times were measured at room temperature by adding 0.1 ml
25  of 0.2 M potassium permanganate solution to 2 mi of sample and 10 ml of distilled
water; the permanganate time being' the time required for the pink colour of the
permanganate to be discharged. A permanganate time of greater than 2 hours was
taken as a pass of the test. ' |

Example 3 and Comparative -Exgeriment A
30 A borosilicate sleeve was fitted to the immersion well to reduce




outplt up to 2 kilowatt, preferably up to 250 watts. More than one | anp may
be GUsed ‘dependi ng upon the power of the lanp and the anpbunt of inpure acid
and/ or anhydride to be treated. For exanple up to several thousand | anps
may be used on-an industrial scale. The inpure acid and/or anhydride is
exposed to the radiation 15 for sufficien tine to convert the halide
impurities to |l ower - and/or higher-boiling halide conponents. By
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distillation. Temperature in excess of 45°C was required for the non-acidics to be reduced.
Further experiments (Examples 4 - 20 _
Further experiments illustrate step (a) of the present' invention. It is
; expected that step (b) may be carried out by conventional methods such as
15 distillation.
The apparatus used for the further experiments is shown in schematic form
in Figure 4. The apparatus comprised a UV cell (41) provided with inlet (42) and
~ outlet (43) pipes for liquid and a quartz sleeve (44). A storage vessel (45) for
liquid to be treated was connected by pipe (46) to pump (47). In use, liquid from
20 the storage vessel (45) was pumped by pump (47) through the inlet (42) to the UV
cell and returned through outlet (43) to the storage vessel (45). The flow rate of
liquid from the storage vessel via the pump and through the UV cell was controlled
by a flow rate transmitter (48) and by-pass valve (49). Sample points (50, 51)
were provided for sampling the liquid before and after passage through the UV cell
25  respectively. A UV lamp (52) was provided to irradiate the liquid in the UV cell.
The apparatus was used to expose acetic acid to electromagnetic radiation
from both a medium pressure (1.3 kW) mercury lamp and a low pressure (30 W)
mercury lamp, the latter irradiating predominantly radiation of wavelength 253.7
nm with a smaller amount of radiation at 150 nm. Desirably the clearence between
30  the lamp (51) and the walls of the vessel (41) holding the acetic acid having halide
impurities is as small as possible because of the poor transmissibility of UV
radiation through acetic acid. The acetic acid had been manufactured by the
carbonylation of a mixture of methanol and methyl acetate and had been purified by
distillation. The acetic acid contained about 300 ppb C5-C+7 iodide impurities and
'35  about 7 ppm mesityl oxide and was used either undosed or dosed (containing up to



| ower - boi l'ing halide components may have a sufficiently | ow boiling point
that flash distillation may be used to effect the separation. The

hi gher-boiling halide and non- halide residues may have a sufficiently

hi gher boiling point to that of the purified acid and/ or anhydride that
flash distillation may be used to effect tHe separation. 35 Preferably,
fractional distillation with heads and tail bleeds is used for the 5
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lamp was used. Results for Examples 4 to 8 are illustrated in Figure 5. These
| demonstrate the effect of UV treatment on the concentration of hexyl iodide in the
10 treated acid, using the 1.3 kW lamp and dosed feed, for varying volumes of acetic
- acid charged to the apparatus and for varying flow rates through the UV cell.
Volume charges of 10 1 and 20 1 and flow rates varying between 6.5 and 27 /min
were used. Change in flow rate was observed to have no effect on the rate of
conversion of hexyl iodide.
15 Results for Examples 9 to 11 are illustrated in Figure 6. These demonstrate
the effect of UV treatment on the concentration of C5-C7 iodides, using the 1.3
kW lamp and undosed feed, at a constant flow rate through the cell of 20 /min and
for volume charges of 101, 20 1 and 30 1. For initial concentrations of C5-C7
iodides of 335, 265, and 200 ppb, a reduction to 11 ppb or less was observed in 50
20  minutes. |

Results for Examples 12 to 15 are illustrated in Figure 7. These
demonstrate the effect of UV treatment on the concentration of mesityl oxide,
using the 1.3 kW lamp and dosed feed, at a constant volume charge of 20 | and
with flow rates through the cell varying between 6.5 I/min and 27 /min. For initial

25  concentrations of mesityl oxide of 50, 55, 60 and 65 ppm, a reduction to < 10 ppm-
was observed in 50 minutes.

_ Results for Examples 16 and 17 are illustrated in Figure 8. They
demonstrate the effect C5-C7 iodide destruction had on methyl iodide production,
using undosed feed. As the higher iodides were reduced in concentration there was

30 aconcomitant increase in methyl iodide concentration.

As the experiménts for Examples 4 to 17 progressed the temperature of the
stream steadily increased to about 80°C in the first ten minutes and then levelled
out. The oxidisable contaminants were reduced, however, this was not sufficient
for the acetic acid samples to pass the permanganate time test. Permanganate

'35 times in the treated acid using dosed feed were in the range of 5 to 20 minutes (a



and with reference to the Tables and Figures. Figures 1 and 4 are diagrans
of apparatus used for exposing inpure acetic acid to el ectronmagnetic
radiation. Figures 2 and 3 are graphs of inpurity concentrations as a
function time for 15 Exanple 1. Figures 5 and 6 are graphs of the
concentration of iodide inpurities as a fumction of tinme for Exanples 4 to
11. Figure 7 is a graph of the concentration of nesityl oxide as a function
of time for Exanples 12 to 15. Figure 8 is a graph of the concentration of

i odide inpuriti @gssadU20MmRidINes)] POHAG ifdrede inpiinkRianate timdMighDbe Exproredes 16
and 17. Figure §lls.a ﬁ%ﬁ?h of the égnc nératlon.of dide inmpur.ities 20

as a function oft9Wee f5 Separation fep . yiich gyas tfsérf"f’lfika‘? ©E PFBMENRhi ch
represents in diThgpamaigaiaté timefaptha dasedfeedwadlesstharu$ euinutes. expose i nmpur e
acetic acid to electromagnetic radiation. In Figure 1, a borosilicate gl ass
reaction vessel (1) was provided with a 125 watt nedi um pressure UV nercury
lamp (2) whi&h in use, irradiated predom nantly 25 radi at’i on of ,
wavel engt h 365-366 nmwi th snmaller anmounts of -radi ati on of wavel ength 265,
297, 303, 313 and 334 nmand significant anounts in the visible region at
404- 408, 436, 546 and 577-579 nm The | anp had a power supply (3) and was
positioned inside the reaction vessel (1) in a double-walled, quartz
imersion well (4). The imersion well (4) was provided with a water inlet
(5) 30 and outlet (6). An optional nitrogen purge was available to the
reaction ve38el through inlet (7), passing out of the vessel through
condenser (8) and bubbler trap

15
20
25

30

35



(9). 'The reaction vessel was provided with a magnetic follower (15) turned
by a magnetic stirrer (10). The reaction vessel also had an outlet tap (11)
for taking sanples and a stoppered inlet (12) for returning pre-runs from
the sanple point. 35 The terrperature of,gt he reaction vessel was

controlled in use by ci Eg |ng Wat er b tnrougn The aoubfg- ski nned
i mrersion well (4) and fh 'zug_the copdenses (& Jheoappgrctys shown in
Figure 1 was used to ex E‘:’Lﬁﬁnme acet{caci® t & el 2ct Fomegndti ¢
radi ati on. The acetic afifd had been manyf actured by the carboryl ati on of
met hanol and purified by pPektikl ation byt still contained non-acidic 5
and organi c iodide inpu itﬁe-sv-gxarrple L 190 gl ef |°srpuroe acetljic acid was
charged to the reaction| vEgslgel3 &nhd expobed® t o=r adfi at% on™f r 6t tlhe nercury
| anp Wit hout nitrogen purlgel_Mater at ahbient tenperature (abdut 20[err])
was circul ated through hfcl,,maarsg,m\ we|l|l (4) 10 and condensgr (8). 5 m
sanpl es were w t hdrawn at §m§'8a§’£ &d| agplyseda $he cangept ration of
total non-acidics by PT| [ uﬁge”a&ét“raa gas chrorratography) i|[s shown in
the graph in Figure 2 d ion of [err] to [err] lorganic
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as nmeasured by PTI is shown in the graph in Figure 3. Thé non-acidics were
dramatically reduced in about 90 minutes and the organic iodides were
dramatically 15 reduced in about 30 mnutes. It is expected that purified
acetic acid could be obtained fromthe treated acid by distillation.
Exanpl e 2 Exanple 1 was repeated without hdr awal of - sanples. The acid
was exposed to the radiation for 3 hours at 20[err]. At the end of this

period the acid_20 flash distilled at atnospheric pressure and
distillate frao@&ﬁﬂ-@—e&ég-é-l—ﬂl 2 ing up to 99% of the feed were conbi ned and
anal ysed. The resul t Resuite fatExamples 1Babl20 uking LABbSed Feddgre piveAde Talble Aand
Distilled Produgct [er

[err] 1odides arﬂliﬂ\lgg @8 ugt?cgﬁre 9. They %?r?ongﬁ%ggen%@]egg%pv @ea?xpxgﬁt o%nthla

>8 hrs Per nangacralcenttatmsOﬂ\ﬁstmdslm,euBmga 3@ ¥rlampandrundases fioed. 2Bk flov0. 1

m 25 —of 02 Mé&%&%@hm&ﬁ%@m@t&t&eﬁmw m.ﬁin@ndqﬁe volFak gnatpd 10
m of distilled water; per manganate tie.being &eﬂﬁngredfor

t he pink col our Wag varied bﬁ@l’?ﬁ&ﬂ&eﬁﬂé Iy €spe7 !ﬂd&f’ﬁéﬂeﬁ%EF “ﬂ?
of greater t hanto2141|§BH ifi 308 mihetee Ninthe Bnduies eDferinttats! Mésityl EHddwhereducds

Conparative Ex pg'ommgout SA‘ ppm to < 2 ppm in 90 minutes. However, as with the 1.3 kW lamp,
the total reduction in non-acidics was not sufficient for the acetic acid to pass the
10  permanganate time test. For the undosed experiments the permanganate time of
the product reached 60 minutes after 300 minutes. The permanganate time of the
undosed feed was 25 minutes, indicating that a significant improvement had been
made. As inthe 1.3 kW lamp case the rate of removal of contaminants was
independent of flow rate through the cell (10 to 20 /min). The temperature of the
15  stream steadily increased with time to a maximum value of about 50°C.

Examples 4 to 20 show that UV radiation can be used to reduce both
higher organic iodides and non-acidics from acetic acid. Under the conditions
mentioned above higher organic iodides can be reduced to < 10 ppb. However, the
reduction in non-acidics achieved was not sufficient for the samples to pass the

20  permanganate test.

Methyl iodide is produced in the process and it is expected that this may be

removed by distillation.

TABLE 3
Time Example 18 Example 19 Example 20
[min] 10 I/min, 101 20 I/min, 101 10 Vmin, 201
charge charge charge

[C5-C7] ppb [C5-C7] ppb [C5-C7] ppb

0 360 280 330
60 90 85 155
120 40 45 70
180" 22 16 35
240 18 - 15 21
300 14 15 14
360 15

420 . 15




30 ° l A borosilicate sleeve was fitted to the i mrersi

7 stgnificantly radiation having a wavel ength bel ow about 30
was repeated but at 77[err] for Exanple 3 and 45[err] for Co \ f‘"l
Experinent A; the tenperature of the vessel being maintained *

wat er through the inmrersion well (4) and condenser (8). Sanples w thdrawn
at intervals were 5 anal ysed for non-acidics by gas chromatography. In
Conparative Experinent A at 45[err] the concentration of non-acidics did
not decrease over the tinme period of the Bkperinment whereas in Exanple 3 at
77[err] there was a reduction after exposure. Therefore when a nmedi um
pressure nercury lanp fitted with a borosilicate filter to reduce
significantly radiation having a 10 wavel ength of bel ow about 300 nm was
used in the process of the invention a tenperature in excess of 45/ err] was
required for the non-acidics to be reduced. Further experinents (Exanples 4
- 20) Further experinents illustrate step (a) of the present invention. It -
I s expected that step (b) may be carried out by conventional nethods such
as 15 distillation. :

Claims: _
1. A process for the purification of a Co to C4 carboxylic acid and/or an
anhydride thereof having halide impurities, which process comprises the steps of
(a) exposing the impure acid and/or anhydride to electromagnetic radiation under
conditions of intensity, wavelength and temperature, and for a time, sufficient to
5  convert at least a portion of the halide impurities to lower - and/or higher-boiling
halide components and (b) separating the lower - and/or higher-boiling halide
components formed in step (a) from the Cy to C4 carboxylic acid and/or anhydride.
2, ‘A process according to claim 1 for the purification of acetic acid.
3. A process according to either claim 1 or claim 2 wherein the halide
10  impurities are iodine-containing compounds.
4, A process according to claim 3 wherein the iodine-containing compounds
are organic Cs to C7 iodides. |
S. A process according to any one of the preceding claims wherein the impure
acid and/or anhydride is exposed to the electromagnetic radiation at a temperature
15  in the range from 20 to 85°C. ' '
6. A process according to any one of the preceding claims wherein the source
of the electromagnetic radiation is at least one medium pressure or low pressure
mercury lamp emitting radiation predominantly in the wave length ranges 300 to
370nm and 254nm respectively.
20 7. A process according to anyone of the preceding claims wherein the lower-
and/or higher- boiling halide components formed in step (a) are separated from the
C to C4 carboxylic acid and/or anhydride thereof by distillation.
8. A process according to any one of the preceding claims wherein the
exposure step (a) and the separation step (b) are performed sequentially by
25 exposing the impure acid and/or anhydride in a separate vessel prior to distillative



The apparat us used for the furt own in schematic fo

in Figufe 4. The apparatus conpfiTsé&S EEK/ ) pI’OVI de Ilml m ””"’
(42) and outlet (43) pipes for l}i qui REMACED quart sl eeve ( u
vessel (45) for liquid to be treated was connected by pipe (46) ‘to pu'?rp
(47). In use, liquid from20 the storage l&ssel (45) was punped by punp -
(47) through the inlet (42) to the W cell and returned through outlet (43)

to the storage vessel (45). The flowrate of liquid fromthe storage vessel
via the punp arss m’aﬁ@mgh the W cell was controlled by a flow rate

brovi ded for sl | ) PEAceRT fr shEpiebfion og AR EatBbidid i aidr LS
cell 25 res pwﬂlydlmiqtheo&oiptepmeﬂ by 82prbeaylatieroprodess; the actdraadﬁoaaehndndel i quid
in the W cell. J&gl w&&mmw&&%& g:rﬂmeaﬂg@ﬁdéinﬁﬁhﬂeé Which

el ectromagnet i c ra from both um pr.ess cury lanmp
and a | ow pressRiPgess 3emwsq$éh%ﬂﬁw f{ahexpoping rbﬁlfrqu %é%ndzﬁr ydride to

pr SdO{n nant |t ylg%léhtﬁirnd%getﬁframﬁahﬁﬁdﬁrhoﬁdiﬂoﬂs (ﬁghfehsﬁﬂy ara%migﬂeamhnou?g 1;)f ]
radlati on a nm S| ear.ence pet an
Lhe wal Ts of ¢ nETDRLEE. 304391 ¥ g nEn Gk SR eavE e §Rerig SRt
inpurities is ahallda;aioln-aa;simmxﬁoﬁmhcm—drﬂwdm@nmbntlemmﬂower-tand/ns higher-toiling y of
WV radi at t @G Lo, 6o A d b
Dy adi Ll on_ ¢ AGUGIRARS R RiAEbAyor i ARSI ARhiknBA RERD AR o 1Y
purified byl&i stomer-anion hlgméba'@es nen-felide, E@h@‘ﬂﬁilﬁ aXlaba@n-adwdn Beb [err]

| odi de inpurit '&?np’ﬁ%@nt@@'orme%QH'diePzam IRSC) Yo CPrhdxylichcibdndisiamhgirideer

d
u ndosed or dos eij ( CORtp%é]elssn gccopdmg to claim 9 wherein the non-halide, non-acidic and/or
non-anhydride impurities comprise Cj to Cg ketones and/or Cj to C4 esters and/or

mesityl oxide.

15 11. A process according to claim 9 or claim 10 wherein in step (b) the lower -

_ and/or higher-boiling non-halide, non-acidic and/or non-anhydride components
formed in step (a) are separated from the Cy to C4 carboxylic acid and/or
anhydride thereof by distillation.

12. A process according to any one of the claims 9 to 11 wherein the exposure
20  step (a) and the separation step (b) are performed sequentially by exposing the
impure acid and/or anhydride in a separate vessel prior to distillative separation.
13. A process for the purification of a Cy to C4 carboxylic acid and/or an
anhydride thereof having Cs to C7 iodide impurities, which procéss comprises the
steps of (a) exposing the impure acid and/or anhydride to electromagnetic radiation
25  under conditions of intensity, wavelength and temperature, and for a time,
sufficient to convert at least a portion of the C5 to C7 iodide impurities to methyl
iodide and (b) separating the methyl iodide formed in step (a) from the Co to C4
carboxylic acid and/or anhydride.
14. A process for increasing the permanganate time of acetic acid having halide
30 impurities and non-halide, non-acidic and/or non-anhydride impurities which
process comprises exposing the acetic acid to electromagnetic radiation under
conditions of intensity, wavelength and temperature, and for a time, sufficient to
convert at least a portion of the halide impurities to lower- and/or higher-boiling
 halide components and at least a portion of the non-halide, non-acidic and/or non-
'35 anhydride impurities to lower- and/or higher-boiling non-halide, non-acidic and/or

‘This Sheet Has Been Replac
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8 about 120 ppb hexyl i odi de and about 60 ppm nesityl oxide). The acetic
acid underwent multiple passes around the system Sanples were taken

periodically and nonitored for [err] iodides, nethyl iodideand nesityl

oxi de using gas chromat ography. The experil nts were carried
initial anbient 5 tenperature. Exanples 4 17 Table 2 showsﬂ ||IHII|HI|II " l“l
Exanples 4 to 17. In Exanples 4 to 17 a 1.3 kWl anmp was used. Resultls flors =*

Exanples 4 to 8 are illustrated in Figure 5. These denonstrate the effect
of UV tr eat mentnosranhydridecgompeneatsi on of hexyl iodide in the 10 treated

aci g ES' ngdt heysl. 3 kBrdcrsPacabdi faﬂhlmadnhe‘ra? th&b%ﬂ&n%r%@&r—b&#ﬁg St/ ic
acid charged t e appar at us or varyin rate ro e

cell. Vol une cﬁgﬁg%gmg&%tsf"& et a&ﬁ@/’i}"%’ﬁf {"Hf‘v ﬁ?h‘ir%g ?fgf‘ﬂ@gn 6.5
and 27 1/ m n weind/arsed-anbjhidgeompohéntyare atmarated fromstbe aeetictasidhave no ef f ect
on the rateof conversion of hexyl iodide. 15 Results for Exanples

9 to 11 are”illustrated in Figure 6. These denonstrate the effect of UV
treatment on the concentration of [err] iodides, using the 1.3
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kW I anp and undosed feed, at a constant flow rate through the cell of 20
1/min and for volume charges of 10 1, 20 1 and 30 1. For initial
concentrations of [err] iodides of 335, 265, and 200 ppb, a reduction to 11
ppb or | ess was observed in 50 20 m nutes. Results for Exanples 12 to 15
are illustrated in Figure 7. These denonstrate the effect of UV treatnent
on the concentration of nesityl oxide, usi g the 1.3 kWl anp and dosed
feed, at a constant volunme charge of 20 1 gnd with flow rates through the
cell varying between 6.5 1/mn-and 27 1/mn. For initial 25

concentrations of nesityl oxide of 50, 55, 60 and 65 ppm a reduction to <
10 ppm was observed in 50 mnutes. Results for Exanples 16 and 17 are
illustrated in Figure 8. They denonstrate the effect [err] iodide
destruction had on nethyl iodide production, using undosed feed. As the

hi gher iodides were reduced in concentration there was 30 a concomi tant

I ncrease in nethyl iodide concentration. As the experinents for Exanples 4
to 17 progressed the tenperature of the streamsteadily increased to about
80[err] in the first ten mnutes and then | evelled out. The oxi di sable
cont-am nant's were reduced, however, thia %ﬁi ggl sufficient for the acetic
acid sanples to pass the pernmanganate . Permanganate 35 tines in
the treated aci d RROCESSTEOR THEPURIEICATION ORAJE,; T0 E4tCARBOKYLIES (a

ACID AND/OR ANHYDRIDE HAVING HALIDE IMPURITIES

A process for the purification of a C5 to C4 carboxylic acid and/or an
anhydride thereof having halide impurities, which process comprises the steps of
(a) exposing the impure acid and/or anhydride to electromagnetic radiation under
conditions of intensity, wavelength and temperature, and for a time, sufficient to
convert at least a portion of the halide impurities to lower - and/or higher-boiling
halide components and (b) separating the lower - and/or higher-boiling halide
components formed in step (a) from the Co to C4 carboxylic acid and/or anhydride.

Also a process for the purification of a Co to C4 carboxylic acid and/or an
anhydride thereof prepared by a carbonylation process, the acid and/or anhydride
thereof having non-halide, non-acidic and/or non-anhydride impurities, which
process comprises the steps of (a) exposing the impure acid and/or anhydride to
electromagnetic radiation under conditions of intensity, wavelength and '
temperature, and for a time, sufficient to convert at least a portion of the non-
halide, non-acidic and/or non-anhydride impurities to lower- and/or higher-boiling
non-halide, non-acidic and/or non-anhydride components and (b) separating the
lower- and/or higher-boiling non-halide, non-acidic and/or non-anhydride
components formed in step (a) from the Cy to C4 carboxylic acid and/or anhydride.

No Figure.



9 pass is 120 minutes). Further increase in permanganate tinme m ght be
expécted following the separation step (b), which was not sinulated in

t hese experinents. The permanganate tinme for the dosed feed was | ess than 5
mnutes. 5 10 15 20 25 30 35 [err] [err] [err] [err] ' '
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Exanples 18 - 20 Results for Exanples 18 to 20 using undosed feed are given
in Table 3 and are illustrated in-Figure 9. They denpnstrate the effect of
UV treatnment on the concentrations of [err] iodides, using a 30 Wl anp and
undosed feed. The flow 5 rates through the cell were varied between 10
and 20 1/m n and the volunme charge was varied between 10 and 201. [err]

i odi des were reduced from about 300 ppb to 14 pbb in 300 mnutes. In the
undosed experinents nesityl oxide was redg&pd fromabout 6 ppmto < 2 ppm
in 90 m nutes. However, as with the 1.3 kWlanp, the total reduction in
non-aci dics was not sufficient for the acetic acid to pass the 10
permanganate tinme test. For the undosed experinents the permanganate tine
of the product reached 60 m nutes after 300 m nutes. The pernanganate tlne
of the undosed feed was 25 m nutes, indicating that a significant

i nprovenent had been made. As in the 1.3 kWI| anp case the rate of renoval
of contam nants was i ndependent Flﬂgrate t hrough the cell (10 to 20
1/mn). The tenperature of-the m steadily increased with tinme to a
maxi num val ue of about 50[err]C. Exanples 4 to 20 show that UV radiation

can be used to redﬁﬁe bot h hi gher organic iodides and non-acidics from
acetic acid. Underli¥ig conditions

£100-,
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ment i oned above hi gher organic iodides can be reduced to < 10 ppb. However,
t he reduction in non-acidics achi eved was not sufficient for the sanples to
pass the 20 permanganate test. Methyl iodide is produced in the process and
it is expected that this may be renoved by distillation. -TABLE 3 Tine
Exanpl e 18 Exampl e 19 Exampl e 20 [m n] 10 1/mn, 10 1 20
1/mn, 10 1 10 1/mn, 20 1 charge char ge char ge

[ C5- C7] ppb [ C5- C7] ppb [ C5- C7] 36bb 0 360 -

280 330 60 90 85 155
120 : 40 45 70 180 22

16 35 240 18 ' 15 21 300
14 15 14 360 15 420

15
FIG.3
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12 dains: 1. A process for the purification of a [err] to [err]

car boxyli ¢ acid and/or an anhydride ther eof having halide inpurities, which
process conprises the steps of (a) exposing the inpure acid -and/ or
anhydride to el ectromagnetic radi ati on under conditions of intensity,

wavel ength and tenperature, and for a tine, sufficient to 5 convert at

| east a portion of the halide inpurities ? | ower - and/or higher-boiling
hal i de conponents and (b) separating the - and/ or higher-boiling
hal i de conponents fornmed in step (a) fromthe [err] to [err] carboxylic
acid and/or anhydride. 2. - A process according to claim1l for the
purification of acetic acid. 3. A pracess according to either claim1 or
claim2 wherein the halide 10 inpurities are iodine-containing compounds.
4. A process according to claim 3 wherein the iodine-containing -
conpounds are organic [err] to [err] iodides. 5. A process according to
any one of the preceding clains wherein the inpure acid and/or anhydride is
exposed to the el ectromagnetic radia at, a tenperature 15 in the range
from20 to 85[err]. 6. A process EXE g to any one of the preceding
clains wherein the source of the el ectromagnetic radiation is at |east one
medi um pressure or |ow pressure 43
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mercury lanp enitting radiation predoninantly in the wave | ength ranges 300
to 370nm and 254nm respectively. 20 7. A process according to anyone
of the preceding clains wherein the | ower- and/or higher- boiling halide
conponents forned in step (a) are separated fromthe [err] to [err].
carboxylic acid and/or anhydride thereof by distillation. 8. A process
according to any one of the preceding claiLns wherein the exposure step (a)
and the separation step (b) are perfornedsééquentially by 25 exposi ng t he
i npure acid and/or anhydride in a separate vessel prior to distillative
REPLACEMENT SHEET 13 separation. 9. A process, according to any one of
the preceeding clains, for the purification of a [err] to [err] carboxylic
acid and/or an anhydride thereof prepared by a carbonyl ati on process, the

aci d and/ or anhﬁzrV2§-g;ereof havi ng non-hal i de, non-acidi c and/or
non- anhydri de i npufkii e, which 5 process conprises the steps of (a)

cxBo 19 L1, | UL BB B gl olicle LG thRTTRW 1 2.

10 6.5U/min 201 charge ( Ex. &)
120 _—101/min 201 charge ( Ex.5)
= 100+ 201/min 201 charge ( Ex.6)
= 803 271/min 201 charge (Ex.7)
B 60+ 20/min 100 charge ( Ex.8)
= 0l e |
20+ s
0 | |
0 10 20 30 L0 50

Time/min

FIG.6 |
Reduction of C5-C7 lodides using the 1.3kW Lamp.

201/min 20 charge ( Ex.10)
201/min 301 charge { Ex.11)

0 10 20 30 40 50
Time/min



tenperature and for a tinme, sufficient to convert at |east a portion of
t he’non- hal i de, non-acidic and/or non-anhydride inpurities to |ower-
and/ or hi gher-boiling non-halide, non-acidic and/or non-anhydride
conponents and (b) separating the 10 |ower- and/or higher-boiling
non- hal i de, non-aci di ¢ and/ or non-anhydri de conponents fornmed in-step (a)
fromthe [err] to [err] carboxylic acid and/or anhydride. 10. A process
according to claim9 wherein the non-halidg non-acidic and/or
non-anhydride inpurities conprise [err] to [err] ketones and/or [err] to

[err] esters andE'r!&sZt oxi de. 15 11. A process according to claim
9 or claim10 wh step (b) the Iower - and/or higher-boiling

are separai ed R@@Lfc‘h@q?ﬂ%f MESOR ST AL 3KW 488 annyar  de.
t hereof by distillation. A process according to any one of the clains

9 to 11 wherein the exposur Ibl/nnneZﬂl(ghapgel(tEmeB)zparat| on step (b) are

perfornmed sequentially by/expas r C d/ or anhydride in a '

separ ate vessel prlgpy to/di %Qﬁn%f&lﬂn{ge?ﬁxﬁ} - A process for the .

purification of a r baxy) i cid an anhydri de

t her eof having [er ﬁ Jmlﬂpim cﬁasge aArdee%l)rocess conpri ses
i mpure acid and/ or anhydride to

he steps of (a)Ee
el ectron R 5B 201/mn 201 chaegei(tBx.1dvel engt h

el ectromagneti c Bn
and tenper at ur es—afyf) - or cient to convert at | east a portion

of the [err] to erb] i odi de |

= 201
]U“ ——
0 ' - I : } 1
0 10 20 30 40 50

Time/ min

FlG.8 |
Methyl lodide Production with C5-C7 Destruction.

Hexyl Iodide ( Ex.16) 7

Methyl lodide ( Ex.17)

0 5 1 15 20 25 30 35 L0 45 50
Time/min



i odi de and (b) separating the nethyl iodide formed in step (a) fromthe
[erf] to [err] carboxylic acid and/or anhydride. 14. A process for

i ncreasi ng the pernmanganate tinme of acetic acid having halide 30

impurities and non-halide, non-acidic and/or non-anhydride inpurities which
process conprises exposing the acetic acid to el ectromagnetic radiation
under conditions of intensity, wavel ength d tenperature, and for a tine,
sufficient to convert at |east a portion Z?che halide inmpurities to | ower-
and/ or hi gher-boiling halide conmponents and at |east a portion of the
non- hal i de, non-aci dic and/or non- 35 anhydride inmpurities to | ower-

and/ or hi gher-boiling non-halide, non-acidic and/or 14 non-anhydri de
conponents. 15. A process according to claim 14 wherein the | ower- and/or
hi gher-boi l i ng halide conponents and the | ower- and/or higher-boiling
non- hal i de, non-aci di c and/ or non-anhydri de conponents are separated from
the acetic acid. 5 10 15 ' '

FlG. 9

Reduction in C5-C7 lodides
~using the 30W Lamp.

ggg 10/min 101 charge { Ex. 18)
300 100/min 20 charge ( Ex.20)

= 250 ,
= 200+ 200/min 10 charge ( Ex.19)
< 1501
& 1007
53-- , .\Q.___' Py °
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separation.

9. A process; according to any one of the preceeding claims,

for the purification of a C2 to C, carboxylic acid and/or an
anhydride thereof prepared by a carbonylation process, the acid and/or anhydride

thereof having non-halide, non-acidic and/or non-anhydride impurities, which
process comprises the steps of (a) exposing the impure acid and/or anhydride to
electromagnetic radiation under conditions of intensity, wavelength and
temperature, and for a time, sufficient to convert at least a portion of the non-
halide, non-acidic and/or non-anhydride impurities to lower- and/or higher-boiling
non-halide, non-acidic and/or non-anhydride components and (b) separating the
lower- and/or higher-boiling non-halide, non-acidic and/or non-anhydride
components formed in step (a) from the C5 to C4 carboxylic acid and/or anhydride.
10. A process according to claim 9 wherein the non-halide, non-acidic and/or
non-anhydride impurities comprise C| to Cg ketones and/or C1 to C4 esters and/or
mesityl oxide.

11. A process according to claim 9 or claim 10 wherein in-step (b) the lower -.
and/or higher-boiling non-halide, non-acidic and/or non-anhydride components
formed in step (a) are separated from the Cy to C4 carboxylic acid and/or
anhydride thereof by distillation. _

12. A process according to any one of the claims 9 to 11 wherein the exposure
step (a) and the separation step (b) are performed sequentially by exposing the
impure acid and/or anhydride in a separate vessel prior to distillative separation.

13. A process for the purification of a C5 to Cy4 carboxylic acid and/or an
anhydride thereof having Cs to C7 iodide impurities, which process comprises the
steps of (a) exposing the impure acid and/or anhydride to electromagnetic radiation
under conditions of intensity, wavelength and temperature, and for a time,
sufficient to convert at least a portion of the C5 to C7 iodide impurities to methyl
iodide and (b) separating the methyl iodide formed in step (a) from the Co to C4
carboxylic acid and/or anhydride.

14, A process for increasing the permanganate time of acetic acid having halide
impurities and non-halide, non-acidic and/or non-anhydride impurities which
process comprises exposing the acetic acid to electromagnetic radiation under
conditions of intensity, wavelength and temperature, and for a time, sufficient to
convert at least a portion of the halide impurities to lower- and/or higher-boiling
halide components and at least a portion of the non-halide, non-acidic and/or non-
anhydride impurities to lower- and/or higher-boiling non-halide, non-acidic and/or



