
;wxyze3e~N{,j.6TNYj    The present invention relates to a process for the
preparation of alkylene glycols by reacting an alkylene oxide with water in
the presence of a catalytic composition. 5 Background of the invention
Alkylene glycols, in particular monoalkylene glycols, are of established
commercial interest. For example, monoalkylene glycols are being used in
anti-freeze compositions, as solvents and as base materials in the 10
production of polyalkylene terephthalates e.g. for fibres or bottles. The
production of alkylene glycols by liquid phase hydrolysis of alkylene oxide
is known. The hydrolysis is performed without a catalyst by adding a large
excess of 15 water, e.g. 20 to 25 moles of water per mole of alkylene
oxide, or it is performed with a smaller excess of water in a catalytic
system. The reaction is considered to be a nucleophilic substitution
reaction, whereby opening of the alkylene oxide ring occurs, water acting
as the 20 nucleophile. Because the primarily formed monoalkylene glycol
also acts as a nucleophile, as a rule a mixture of monoalkylene glycol,
dialkylene glycol and higher alkylene glycols is formed. In order to
increase the selectivity to monoalkylene glycol, it is necessary to 25
suppress the secondary reaction between the primary product and the
alkylene oxide, which competes with the hydrolysis of the alkylene oxide
One effective means for suppressing the secondary reaction is to increase
the relative amount of water 30 present in the reaction mixture. Although
this measure improves the selectivity towards the production of the   7
June 2003 monoalkylene glycol, it creates a problem in that large amounts
of water have to be removed for recovering the product. Considerable
efforts have been made to find an 5 alternative for increasing the reaction
selectivity without having to use a large excess of water. Usually these
efforts have focused on the selection of more active hydrolysis catalysts
and various catalysts have been disclosed. 10 Both acid and alkaline
hydrolysis catalysts have been investigated, whereby it would appear that
the use of acid catalysts enhances the reaction rate without significantly
affecting the selectivity, whereas by using alkaline catalysts generally
lower selectivities with 15 respect to the monoalkylene glycol are
obtained. Certain anions, e.g. bicarbonate (hydrogen carbonate), bisulphate
(hydrogen sulphite), formate and molybdate, are known to exhibit good
catalytic activity in terms of alkylene oxide conversion and selectivity 20
towards monoalkylene glycol. However when the salts of these anions are
used as the catalyst in a homogeneous system, work-up of the reaction
product by distillation will pose a problem because the salts are poorly
soluble in the glycol and tend to make it semi-solid. Quaternary 25
ammonium salts remain soluble in the glycol reaction product. High
conversions, good selectivity and a low .water/alkylene oxide ratio can be
obtained with the process, disclosed in EP-A 0 156 999 and EP-A 0 160 330
30 (both of Union Carbide). According to these documents the hydrolysis of
alkylene oxides is carried out in the presence of a selectivity-enhancing
metalate anion-containing material, preferably a solid having
electropositive complexing sites having affinity for the 35 metalate
anions. The said solid is preferably an anion   - 3  7 June 2003 exchange
resin, in particular a styrene-divinyl benzene copolymer. The
electropositive complexing sites are in particular quaternary ammonium,
protonated tertiary amine or quaternary phosphonium. The metalate anions
are 5 specified as molybdate, tungstate, metavanadate, hydrogen
pyrovanadate and pyrovanadate anions. A complication of this process is
that the alkylene glycol-containing product stream also comprises a
substantial amount of metalate anions, displaced from the electropositive
10 complexing sites of the solid metalate anion containing material. In
order to reduce the amount of metalate anions in the alkylene glycol
product stream, this stream is contacted with a solid having
electropositive complexing sites associated with anions which are 15
replaceable by the said metalate anions. In WO 95/20559 (Shell? there is
disclosed a process for the preparation of alkylene glycols wherein an
alkylene oxide is reacted with water in the presence of a catalyst
composition comprising a solid material having 20 one or more
electropositive sites, which are coordinated with one or more anions other
than metalate or halogen anions, e.g. bicarbonate, bisulphite and
carboxylate, with the proviso that when the solid material is an anionic
exchange resin of the quaternary ammonium type 25 and the anion is
bicarbonate the process is performed in the substantial absence of carbon
dioxide. According to this document, the presence of carbon dioxide in the
feed is detrimental to the catalytic effect of bicarbonateexchanged resins
of the quaternary ammonium type. 30 A drawback shared by the conventional
anionic exchange resins is their limited tolerance to heat. In practising
the process of alkylene oxide hydrolysis according to WO 95/20559 with
catalyst compositions based on conventional organic quaternary ammonium ion
35 exchangers it has been found, that under severe alkylene   - 7 June 2003
oxide hydrolysis reaction conditions (high temperature and/or long service)
the catalytic activity (selectivity and/or conversion) of the conventional
resin-based catalysts tends to deteriorate. Moreover, under these 5
reaction conditions these catalysts were found to undergo swelling. In EF-A
226 799 there is disclosed a method for preparing ethylene glycol or
propylene glycol by hydration of the respective oxide, in the presence of a
10 dual composition catalyst consisting of a monobasic or polybasic
carboxylic acid and a metal or ammonium salt of such a carboxylic acid.
Summary of the invention The present invention relates to a process for the
15 preparation of alkylene glycols by reacting an alkylene oxide with water
in the presence of a catalytic composition including a polycarboxylic acid
derivative, having in its chain molecule one or more carboxyl groups and
one or more carboxylate groups, the individual 20 carboxyl and/or
carboxylate groups being separated from each other in the chain molecule by
a separating group consisting of at least one atom. Preferably the number
of carboxylic groups in the molecule is at least equal to the number of
carboxylate 25 groups. In a preferred embodiment of the present invention,
the polycarboxylic acid derivative as defined above is immobilised on a
solid support. Solid catalysts including such immobilised polycarboxylic
acid derivatives are 30 novel. Detailed description of the invention The
carboxylate groups may be metal salts such as alkali metal and earth alkali
metal salts or ammonium salts. Preferably the carboxylates are alkali metal
35 salts, most preferably sodium salts.   - 5  7 June 2003 



The separating group may comprise several atoms, which then may be arranged
in a linear or branched chain or in a ring. Preferably the separating group
consists of a single carbon atom. 5 Examples of dicarboxylic acid
derivatives according to the invention are the monosodium salts of malonic
acid, succinic acid, adipic acid, tartaric acid, malefic acid, terephthalic
acid, malic acid, suberic acid, phthalic acid, isophthalic acid, quinolinic
acid (2,3 10 pyridine dicarboxylic acid), isochinchomeronic acid (2,5
pyridine dicarboxylic acid), dipicolinic acid (2,6 pyridine dicarboxylic
acid), chinchomeronic acid (3,4 pyridine dicarboxylic acid), dinicotinic
acid (3,5 pyridine dicarboxylic acid), cyclohexene-1,2-dicarboxylic 15 acid
(3,9,5,6-tetrahydrophtalic acid) and isomers, cyclohexane-1,2-dicarboxylic
acid (hexahydrophthalic acid) and isomers, cyclohexane-1,1-dicarboxylic
acid, thiophene-2,5-dicarboxylic acid, chelidonic acid
(4-oxo4H-pyran-2,&-dicarboxylic acid), thiophene-3,9 20 dicarboxylic acid,
etc. Examples of tricarboxylic acid derivatives according to the invention
are the monosodium salts of citric acid, trimellitic acid
(1,2,4-benzenetricarboxylic acid), and trimesic acid
(1,3,5-benzenetricarboxylic acid). 25 Examples of tetracarboxylic acid
derivatives according to the invention are the monosodium and disodium salt
of pyrornellitic acid (1,2,4,5benzenetetracarboxylic acid). As such, the
polycarboxylic acid derivative as herein 30 defined are effective as
alkylene oxide hydrolysis catalysts in a homogeneous liquid reaction
system. However, a particular advantage of these polycarboxylic acid
derivatives emerges when they are used in a heterogeneous reaction system,
wherein they are 35 immobilised an a solid support, especially but not   -
6  7 June 2003 exclusively a solid material having electropositive sites as
defined in WO 95/2G559. In particular, when the solid support is a strongly
basic anionic exchange resin the anion of which is exchanged with a
polycarboxylic acid 5 derivative according to the present invention, a
catalytic composition is formed which is stable and which retains its
selectivity and stability under severe reaction conditions as well as being
more resistant to swelling. 10 Any of a large number of ion exchange resins
(IER's) can be used as the solid support, in particular the strongly basic
(anionic) IER's wherein the basic groups are quaternary ammonium or
quaternary phosphonium, IER's based on vinylpyridine, pclysiloxanes, as
well as other 15 solid supports having electropositive complexing sites of
inorganic nature, such as carbon, silica, silica-alumina, zeolites, glass
and clays such as hydrotalcite. Further, immobilised complexing macrocycles
such as crown ethers, etc. can be used as well as solid support. 20 Anionic
exchange resins which are suitable for use In the present process are known
per se and many are commercially available, e.g. the ones sold under the
trade names AMBERJET 4200, AMBERLITE 400, IRA 404, LEWATIT M 500WS, DOWEX 1
x 8, DOWEX MSA-1 (a11 of which 25 are products based on polystyrene,
cross-linked with divinylbenzene) and REILLEX HPQ (based on
polyvinylpyridine, crass-linked with divinylbenzene). Custom-made
immobilised crown ethers, on and in different solid support materials such
as polystyrenes, 30 acrylates and silicas, are presently marketed under the
tradename SuperLig by IBC Advanced Technologies Inc., American Fork, Utah,
USA. The catalyst carboxylic acid derivative according to the invention can
be immobilised on the solid support by 35 adding it in aqueous solution to
a suspension of the   7 June 2003 solid support, which may or may not be
adapted in a foregoing preparatory step. For example, when the solid
support is an anionic exchange resin the immobilisation can be performed in
a single step by mixing the resin 5 with the catalyst in aqueous medium,
followed by washing with water - or alternatively in two steps by first
converting the resin to its hydroxyl form with a hydroxide such as aqueous
sodium hydroxide, and then adding the catalyst. 10 The alkylene oxides used
as starting material in the process of the invention have their
conventional definition, i.e. they are compounds having a vicinal oxide
(epoxy) group in their molecules. Particularly suitable are alkylene oxides
of the 15 general formula R1_CR2_CR3_R4 \ / 0 wherein R1 to R~
independently represent a hydrogen atom or an, optionally substituted,
alkyl group having from 1 to 6 carbon atoms. Any alkyl group, represented
by R1~ R2~ R3 and/or R9 preferably has from 1 co 3 carbon atoms. 20 As
substituents, inactive moieties, such as hydroxy groups may be present.
Preferably, Rl~ R~ and R3 represent hydrogen atoms and Rq represents a
non-substituted C1-C3-alkyl group and, more preferably, Rl, R2, P,3 and R9
a11 represent hydrogen atoms. 25 Examples of suitable alkylene oxides
therefore include ethylene oxide, propylene oxide, 1,~-epoxybutane,
2,3-epoxybutane and glycidol. Ethylene oxide and propylene oxide are of
particular commercial importance. As mentioned above, it is advantageous to
perform the 30 hydrolysis of the alkylene oxides, without using   - g _ 7
June 2003 excessive amounts of water. In the process according Lo the
present invention, amounts of water in the range of 1 to 15 moles per mole
of alkylene or.ide are quite suitable, amounts in the range of 1 to 6 on
the same 5 basis being preferred. In the process of the invention high
seiectivities with respect to the monoalkylene glycol are often already
achieved, when only 9 or 5 moles of water per mole of alkylene oxide are
supplied. The process of the invention may be carried out in 10 batch
operation. However, in particular for large scale embodiments it is
preferred to operate the process continuously. Such continuous process can
be carried out in a fixed bed reactor, operated in up-flow or down-flow.
Down-flow 15 operation is preferred. The reactor may be maintained under
isothermal, adiabatic or hybrid conditions. Isothermal reactors are
generally shell- and tube reactors, mostly of the multitubular type,
wherein the tubes contain the catalyst 20 and a coolant passes outside the
tubes, Adiabatic reactors are not cooled, and the product stream leaving
them may be cooled in a separate heat exchanger. Under certain chosen
circumstances the catalytic conversion of EO may be incomplete, in which
situation 25 rest EO can be thermally hydrolysed in the dead space of the
reactor below the catalyst bed. Since this thermal hydrolysis is less
specific towards MEG, it is recommended to minimise the liquid hold-up in
the reactor. This can be achieved by filling the reactor 30 outlet part
with internals or inert packing material to reduce its volume, and/or by
adding an inert gas, such as nitrogen, to the reactor feed mixture and
operating the reactor under so-called trickle flow conditions.   7 June
2003 _g_ In order to obtain adequate time-yield values, it is recommended
to perform the process under elevated temperature and pressure conditions.
Suitable reaction temperatures are generally in the range from 80 to 200 C,
whereby temperatures in the range from 90 to 150 C are preferred. The
reaction pressure is usually selected in the range of 200 to 3000,
preferably 200 to 2000 kPa. For batch operations of the process, the
selected reaction pressure is advantageously obtained by pressurising with
an inert gas, such as nitrogen. If desired, mixtures of gases may be used,
for example a mixture of carbon dioxide and nitrogen is in certain
instances advantageous. In order to accommodate any swelling of the
catalyst during operation, the reactor volume can advantageously be greater
than the volume occupied by of the catalyst therein, for example 10 to 70
vol% greater. In certain situations, particularly when operating in
continuous-flow manner, it has been found to be advantageous to subject at
least part, such as about 30-60 wt%, of the alkylene oxide feed stream to
partial thermal hydrolysis in the absence of catalyst, before completing
the hydrolysis catalytically. It has been found that partial hydrolysis,
even in the absence of a catalyst, is still sufficiently selective towards
the monoalkylene glycol while on the other hand this measure is effective
in saving the catalyst. A problem which may occasionally arise in any
process wherein ethylene oxide is being hydrolysed is the presence of small
amounts of amines and/or phosphines as impurities in the product stream.
When a strongly basic anion exchange resin is used as the solid support for
the catalytic anion, the basic groups thereof are quaternary   - 10 - 7
June 2003 ammonium or quaternary phosphonium groups. It has been found that
during operation, small amounts of amines or phosphines tend to leach from
the resin i:~to the product stream. Besides, amines in the product stream
may also 5 originate from corrosion inhibitors which may be added to the
water used in the process. Although the amounts of such amine or phosphine
contaminants reaching the endproduct are generally very small, they may
affect the quality of the end-product such that it may be desirable 10 to
keep them below the detection level. For example, trimethylamine (TMA)
and/or dimethylamine (DMA) may reach the end-product in an amount of up to
10 ppm while the fishy odour of TMA may be detected in an amount as low as
1 ppb. 15 An effective measure in removing amines and/or phosphines which
may be present in the product stream of generally any process wherein
ethylene oxide is being hydrolysed, including the process of the present
invention, has been found to be the use of a guard-bed, 20 containing a
strongly acidic ion exchange resin which effectively captures the amines or
phosphines. Strongly acidic ion exchange resins are of the sulphonic type.
Commercially available examples are those known by the trademarks AMBERLYST
15, AMBERJET 1500H, AMBERJET 12COH, 



25 DOWER MSC-1, DOWER 50W, DIANON 5K1B, LEWATIT VP OC 1812, LEWATIT S 100
MB and LEWATIT S 100 G1. These strongly acidic ion exchange resins are
available in H+ form and in salt form, such as the Na+ form. When only the
H+ form of the strongly acidic resin is used in the guard bed, 30 the
product stream after passing it may become acidic. Using a mixture of the
strongly acidic ion exchange resin in its H+ form and salt form has the
advantage of the pH of the product stream remaining close to neutral.   - m
7 June 2003 An added advantage cf the strongly acidic guard bed is that any
remaining alkylene oxide which may be still present in the product stream
is hydrolysed to alkylene glycol, albeit with a lesser selectivity towards
the 5 monoalkylene glycol. In order to accommodate for exhaustion of the
strongly acidic ion exchange resin during operation, it is advantageous to
operate the guard bed in two or more separate vessels. 10 Exhausted
strongly acidic ion exchange resin can be regenerated by treatment with an
acid which is stronger than the sulphonic acid groups in the resin matrix,
such as HC1 and H~SOq. Hot sulphuris acid of G.1-2 normality has been
proven to be effective. 15 The following Examples will illustrate the
invention. Examples I. Experiments 1-12, batch hydrolysis in homogeneous
catalytic system The following carboxylic acid samples and sodium 20
carboxylates were screened for catalytic activity in a batch EO hydrolysis
reaction: Dicarboxylic acids and carboxylates: - Oxalic acid HOOC-COON and
its mono- and disodium salt - Malonic acid HOOC-CH2-COON and its monosodium
salt 25 - Succinic acid HOOC-CH2-CHI-COOH and its mono- and disodium salt -
Tartaric acid HOOC-CH(OH)-CH(OH)-COOH and its mono and disodium salt -
Mono- and disodium salt cf malefic acid 30 HOOC-CH=CH-COOH: cis - Adipic
acid (HOOC-(CH2)q-COOH) and its monosodium salt - Terephthalic acid
p-COOH-C~Hq-C00H and its mono- and disodium salt   - 12  7 June 2003 ^'r
icarbox.yl is adds and ca=boxyla tes - Citric acid
HOOC-CH2-C(OH)(COOH)-CH2-COON, its mono-, di- and trisodium salt -
Trimellitic acid 1,2,4-C~,H3(COOH)3 and its mono- and 5 disodium salt
Tetracarbexvlic acid and carbexylates: - Pyromellitic acid
1,2,4,5-C6H2(COOH)4 and its mono-, di- and trisodium salt A 250 ml
autoclave was charged with 30 mmol of 10 polycarboxylic acid derivative or
the comparative sodium bicarbonate and 5.55 mol (100 g) of water. Some of
the carboxylic acid derivatives were pu=chased as the hydrates and used as
such. The amount of water introduced to the reaction system by these
hydrates (max. 210 mmol), 15 however, was considered to be insignificant
and no adjustment of water intake was made. The gascap was purged 3 times
with nitrogen and an initial pressure of 1D00 kPa was employed. The mixture
was heated to 100 C. Ethylene oxide (44 g; 1 mol) was slowly 20 added under
stirring at 500 rpm. The reaction mixture was maintained under continuous
stirring For 6 hours at 100 C. An end of run sample was taker. for GLC
analysis. The rest,lts of the catalytic EO batch hydrolysis experiments in
terms of selectivity to MEG, using the 25 homogeneous catalysts (carboxylic
acids and sodium carboxylates) and the results of reference experiments (no
catalyst and NaHC03) are summarised in Table 1.   - 13 - 7 June 2003 Table
1  Exp.Selectivity towards MEG (mol
%)*No.Catalystacidmono-Nadi-Natri-NaReferences1-67.82NaHC0385.0Dicarboxylic
derivatives3oxalic acid77.078.278.74malonic acid73.783.15succinic
acid72.282.753.16malefic acid83.248.97tartaric acid72.582.466.08adipic
acid72.380.39terephthalic acid70.882.651.0Tricarboxylic derivatives10citric
acid70.985.476.743.311trimellitic acid74.584.364.8Tetracarboxylic
derivatives12pyromellitic acid74.783.984.672.7 * Selectivity towards MEG
(mol ~) = 100 x MEG/(MEG + 2DEG + 3TEG), measured at >99.5 EO conversion
The results indicate that in a11 cases the polycarboxylic acids perform
only slightly better than 5 the thermal non-catalysed reaction (70.B-77.0
vs. 67.8% selectivity to MEG). Except for oxalic acid (not according to the
invention), a significant improvement in MEG selectivity (to 80.3-85.4%) is
obtained when the mono sodium salts of 10 a dicarboxylic acid are used as a
catalyst. However, when 



both carboxylic acid groups of a MCS31/TS0685PCT   7 June 2003 - 14
dicarboxylic acid are ccnverted into carboxylate groups the selectivity
becomes inferior (48.9-66.00 . A similar behaviour is observed for the
tricarboxylic acids: an optimum selectivity for the mono sodium salts 5
(84-85~) and an inferior selectivity for the trisodium analogues. Also ~he
disodium carbcxylates of tricarboxylic acids show a decrease in selectivity
(although less pronouncedy when comps=ed with the corresponding mono sodium
salts (69.8/76.7 vs 85~). 10 The tetracarboxylic acid (pyromellitic acid)
behaves similarly, both the mono- and disodium carboxylates in this case
exhibiting the optimal selectivity performance (83.9/89.60. II. Experiments
13-17, batch hydrolysis in heterogeneous 15 catalytic system Two strongly
basic ion exchange resins of the quaternary ammonium type were used: -
AMBERJET 4200, a mono-disperse cross-linked polystyrene/divinylbenzene
based resin ex. Rohm and Haas, 20 chloride form, exchange capacity 1.4
meq/ml, and - IRA 9C9, a poly-disperse cross-linked
polystyrene/divinylbenzene based resin ex Rohm and Haas, chloride form,
exchange capacity 1.3 meq/ml. The resin was treated as follows to
immobilise the 25 carboxylic acid derivative: - 150 ml of wet resin was
slurried in a water filled glass tube (60 x 2.5 cm); - chloride was
exchanged by treatment with sodium bicarbonate (reference), mo.^.osodiurn
citrate (according to 30 the invention)or trisodium citrate (reference), in
each case in aqueous solution (10 molar excess, in 25C0 g of water) fox
approximately 5 hours (hHSV: 4 1/h); - the exchanged resin was washed with
1200 ml of water for 2 hours (LHSV: 4 1/h);   7 June 2003 - 15  - by this
p=ocedure most t>98~) ef the chlorine anions In Lhe resin were exchanged by
the desired anion. A 2~0 ml autoclave was filled with the catalyst (30
mmol) and water (100 g; 5.55 mol). The gascap was 5 purged 3 times with
nitrogen and an in_tial pressure of 1000 kPa was employed. The mixture was
heated to 100 C. Ethylene oxide (99 g; 1 mol) was slowly added under
stirring (500 rpm). The reaction. mixture was maintained under continuous
stirring for 6 hours at 100 C. An end of 10 run sample was taken for GLC
analysis. The results (EO conversion and MEG selectivity data) are
summarised in Table 2.   7 June 2003 - 16  Table 2 Exp.CatalystAmount
ofEOselectivityNo.catalystconversior.*towards MEG(mmol)(~)($)**13--99.267 .
8(ref . )15AMBERJET 4200/3099.088.3( ref . )HC03-16AMBERJET
4200/3099.579.3citrate mono-anion17IRA 404/3099.679.8citrate
mono-anion18AMBERJET 4200/3099.758.3(ref)citrate tri-anion *: EO conversion
(~) - IOC * (MEG + 2DEG + 3TEG)/(EO + MEG + 2DEG + 3TEG) **: Selectivity
towards MEG (~) - 100 x MEG/(MEG + 2DEG + 3TEG) 5 The results in Table 2
indicate that, similarly to the findi:~gs in a homogeneous catalytic
system, also in a heterogeneous system the partial salt of the
polycarboxylic acid is a satisfactorily selective catalyst while the
complete salt is not. 10 III. Experiments 19-20, catalyst stability test
The thermal stability of an AMBERJET 9200/carboxylate catalysts was
evaluated and compared with the thermal stability of AMBERJET
4200/bicarbonate. The thermal stability was tested by placing 20 ml of the
catalyst in a 15 65 cm long, 0.5 inch wide Hoke tube, provided with a
heating jacket using a hot oil system. Water was pumped with an HPLC pump
with a:'i LHSV of 1 1/1.h over the   7 June 2003 - 17  catalyst bed at 150
~ and a pressure of 100C kPa du=ing 48 hours. Then the catalyst sample was
removed from the reactor. The strongly basic capacity (quaternary ammonium
groups), the weakly basic capacity (tertiary amine groups) and the total
anion capacity (the sum of the two previous capacities) in the fresh and
used catalyst were determined by titration and the $ difference (change
during use) noted. The results are summarised in Table 3.   7 June 2003 M d
ri t0 E - 18  '~`rNov~c'NIIU.~rCUa_CTr" I00blDOOv~~II~Nr11~Uo"-~to
OOHm~r~r~JO~N.tOdoUr0~+.C+~'a___UO~Ux00ovpUr-I Op~lDcOv.WfO1IIO'--'Uo~rrONN
yO n !; 0 0v'Ow~yoMUIIac,Uo~U~t17l~ODr-INcn0p 'Q.u 7II~Nr-i.~JU
~od101,"iOou~~MMriNNroE~CEW0WNh.~hUGLsaLxr9 S~Wr6W~ Ou7UC1.u
.~IOE'~~~r-IZ~00~CU c0OO 0Q,OO ~X01NO..^J OCL.-fC`~~ C   7 June 2003 - 19  



These =esults indicate that in this severa accelerated stability test the
TER/citrate mono-anion catalyst is more than 2 times more stable t:'~an the
corresponding bicarbonate catalyst. 5 IV. Experiment 21, continuous
hydrolysis in a heterogeneous catalytic system. AMHERJET 4200/citrate
mono-anion catalyst was used in this test, wherein process parameters were
varied (water:EO molar ratio between 5.0 and 18.9; LHSV between 10
0.81-0.95 and maximum bed temperature between 95-112 C). Samples were taken
periodically. The results are summarised in Table 9.   7 June 2003 - 20
Table 9 Run hour (h)H20/EO mol ratioLHSV (1/l.h)Max. bed temperature (~)EO
conver- sion (mol ~ )selecLmsty towards MEG (mol
~)**758.10.9111298.B97.7107
~8.10.8899.396.71538.00.8999.396.822311.90.90100.097.927012.10.9910399.797.
831718.90.95105100.098.43921B.80.95
I1071p0.09B.34175.00.B510397.293.846513.50.90100.097.048612.10.9110299.897.
75285.10.8797.799.57045.00.B210298.395.37725.00.8797.596.08975.00.819596.99
6.3 *: EO conversion (mol ~) - 10U x (MEG + 2DEG + 3TEG)/(EO + MEG + 2DEG +
3TEG) **: Selectivity towards MEG (mol $) - 100 x MEG/(MEG + 2DEG + 3TEG) 5
V, Experiments 22 and 23, continuous EO hydrolysis AMBERJET 4200/citrate
mono-anion catalyst was used in a continuous fixed-bed experiment. The
long-time performance was compared with that of AMBERJET 4200/bicarbonate
under exactly identical process 10 conditions. The experiments were carried
out in a once-through mode. The 29 cm long reactor consisted of a 20 mm
(inner diameter) wide glass tube in a 39 mm wide stainless steel metal
pipe. Between the glass reactor tube and the SS ZS outer tube a Teflon
(PTFE) layer was used as an   _ ~ _ ^1 7 June 2003 insulatcr. An electrical
heating system was used at the outer SS tube to compensate for heat losses;
the temperature set point for this heating device was set at the
temperature of the water/EO reactcr feed. The reactor 5 was charged with 60
ml of catalyst. The water feed was preheated to achieve the desired reactor
inlet temperature prior to mixing with E0. The temperature of the feed was
measured using a thermocouple placed on top of the reactor and the outlet
temperature was measured 10 using a thermocouple just below the catalyst
bed in the reactor outlet. The process conditions during these experiments
are compiled in Table 5.1. Table 5.1 Pressure (kPa)1u00Reactor inlet65-
90temperature (C)Reactor outlet85 -110temperature (C)H20/EO flow (ml/h)130-
150Mol ratio H20/EO10- 25(mol/mol)LHSV (1/1.h)2.3- 2.5 The results of this
comparative experiment are 15 compiled in Table 5.2 and 5.3, showing that
the AMBERJET 4200/citrate catalyst has a significantly increased lifetime
under the process conditions applied wl^,en compared with the corresponding
bicarbonate catalyst.   7 June 2003 _ 22 _ Table 5 . =' AMBERJET
4200/bicarbonate catalyst Run hour (h)EO conversion
(~)9099.842599.767099.975098.3100099.1120099.2136599.5140096.2160094.716757
6.3   7 June 2003 - 23  Table 5.3 AMBERJET 4200/citrate cats=yst Ru:: h ou
r (h)EO conversion l$)9099.9925
~99.967099.875099.9100099.7120099.9136599.7140099.7.60G99.7179599.6189599.6
194999.6206099.4235099.3250098.9   _ 2q _ 



C L A I M S 7 June 2003 1. A process for the preparation of alkylene
glycols by reacting an alkyiene oxide with water in the presence of a
catalytic composition including a polycarboxylic acid derivative, having in
its chain molecule one or more 5 carboxyl groups and one or more
carbcxylate groups, the individual carboxyl and/or carboxylate groups being
separated from each other in the chain molecule by a separating group
consisting of at least one atom. 2. A process according to claim 1,
characterised in that 10 the separating group consists of a single carbon.
atom. 3. A process according to claim 1 or 2, characterised in that the
polycarboxylic acid derivative is a citric acid derivative. 4. A process
according to claim 3, characterised in that 15 the citric acid derivative
is the mono-anion of citric acid. 5. A process according to any one of
claims 1 to 9, characterised in that the carboxylic acid derivative is
immobilised on an solid support. 20 6. A process according to claim 5,
characterised in that the solid support is one having electropositive
sites. 7. A process according to claim 6, characterised in that the solid
support is an anionic exchange resin of the quaternary ammonium or
quaternary phosphonium type. 25 8. A process according to claim 5,
characterised in that the solid support is a clay. 9. A process according
to claim 5, charactersed in that the solid support comprises an immobilised
macrocycle. 10. A catalyst composition suitable for the preparation 30 of
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mfnfofpfqfsftfpP48i\ 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T   10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3tfufvfwfxfyfzftX8i\ 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3zf{f|f~fffflP48i\ 10%-!-&'()-3 10%-!-&'()-3& 10%-!-&'()-3&
10%-!-&'()-3 10%-!-&'()-3;cv/zB~T 



fffffffpT48i\ 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T   10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3fffffffoS8i\ 10%-!-&'()- 10%-!-&'()-33 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3( 10%-!-&'()-3( 10%-!-&'()-3fffffffpT88i\
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T
fffffffpT48i\ 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T   10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3fffffffhL8i\ 10%-!- 10%-!-&'()-3& 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3fffffffhH,8i 10%-!-&'()-3-
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T  fffffffpT48i
10%-!-&'()-3 10%-!-&'()-3;cv/zB~T   10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3fffffffcG8i  10% 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3ffffffflL08i 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T  fffffffpT88i 



10%-!-&'()-3 10%-!-&'()-3;cv/zB~T   10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3ffffffftX8i  10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3fffffffpT88i
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T
fffffffpT88i  10%-!-&'()-3 10%-!-&'()-3;cv/zB~T   10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3fffffffoS8i  10%-!-&'()-3 10%-!-&'()-33 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3( 10%-!-&'()-3( 10%-!-&'()-3ffffffflL,8i
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T
fffffgglP48i 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T   10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3gggggggtX8i 10%-!-&'()-3  10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3ggggg gglP08i
10%-!-&'()-3 10%-!-&'()-3& 10%-!-&'()-3& 10%-!-&'()-3 



10%-!-&'()-3;cv/zB~T  gggggggT48i 10%-!-&'()-3;cv/zB~T   10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3gggggg"g#ghH,i 10%-!-&'()-3-
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3#g$g%g&g'g(g)gpT8,i 10 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3;cv/zB~T  )g*g+g,g-g.g/gpT8,i 10 10%-!-&'()-3
10%-!-&'()-3;cv/zB~T   10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3/g0g1g2g3g4g5gtX,i 10 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-35g6g7g8g9g:g;gpT8,i 10
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T
;g<g=g>g?gAgBgpP4,i  10%-!-&'()-3 10%-!-&'()-3;cv/zB~T   10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3BgCgFgHgIgJgKglP,i  10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3KgLgOgPgQgRgSglP4,i  10%-!-&'()-3 



10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T
SgTgVgWgXgYgZglP4,i  10%-!-&'()-3 10%-!-&'()-3;cv/zB~T   10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3Zg]g^g_g`gagbgoS,i  10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-33 10%-!-&'()-3
10%-!-&'()-3bgcgegfgggjglglL,,i 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3;cv/zB~T  lgmgogpgqgrgsglP4,i 10%-!-&'()-3
10%-!-&'()-3;cv/zB~T   10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3sgtgwgygzg{g|glP,i 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3|g}g~gggggpP4,i
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T
gggggggpP4,i 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T   10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3gggggggtX,i 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3ggggggghH,,i 10%-!-&'()-3&
10%-!-&'()-3 10%-!-&'()-3 



10%-!-&'()-3 10%-!-&'()-3;cv/zB~T  gggggggpP0,i 10%-!-&'()-3 10%-!-&'()-3;
cv/zB~T   10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3gggggggkO,i 10%-!-&'()-
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3ggggggglP0,i 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3;cv/zB~T  ggggggglL,,i 10%-!-&'()-3 10%-!-&'()-3;
cv/zB~T   10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3gggggggtX,i 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3ggggggglP0,i 10%-!-&'()-3 10%-!-&'()-3& 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3;cv/zB~T  gggggggK/,i 10%-!-&'()-3;cv/zB~T
10%-!-&'()-3( 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3gggggggglP4i
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3ggggggghL04i 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T  



ggggggglP44i 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T   10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3ggggggggK4i 10%-!-&'( 10%-!-&'()-3( 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3ggghhhhlP44i 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T  hhhhh hhpT84i
10%-!-&'()-3 10%-!-&'()-3;cv/zB~T   10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3hh hhhhhtX4i 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3hhhhhhhlP44i
10%-!-&'()-3 10%-!-&'()-3& 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T
hhhhhhhpT84i 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T   10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3h h"h$h%h'h(hcG4i 10% 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3(h)h*h+h,h-h.hpT84i 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T
.h/h0h1h2h3h4hpT84i 10%-!-&'()-3 



10%-!-&'()-3;cv/zB~T   10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-34h5h7h9h:h<h=hhL4i 10%-!-& 10%-!-&'()-3& 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3=h>h?h@hBhDhFhlL,4i
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T
FhGhJhKhMhNhOhQhlP0i 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3QhRhShThUhVhWhpT80i 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T
10%-!-&'()-3WhXhYhZh[h\h]hT80i 10%-!-&'()-3;cv/zB~T   10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3]h^h_h`hahbhchdhtX<i 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3dhehfhghhhihjhpT8<i 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3;cv/zB~T  jhkhlhmhnhohphpT8<i 10%-!-&'()-3
10%-!-&'()-3;cv/zB~T   10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3phqhrhshthuhvhtX<i 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 



10%-!-&'()-3 10%-!-&'()-3vhwhxhyhzh{h~hpT4<i 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T  ~hhhhhhhlP4<i 10%-!-&'()-3
10%-!-&'()-3;cv/zB~T   10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3hhhhhhhcG<i
10%-!- 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3hhhhhhhlP4<i 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3;cv/zB~T  hhhhhhhpT8<i 10%-!-&'()-3 10%-!-&'()-3;
cv/zB~T   10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3hhhhhhhlP<i 10%-!-&'(
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3hhhhhhhlL0<i 10%-!-&'()-3& 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3;cv/zB~T  hhhhhhhpT8<i  10%-!-&'()-3 10%-!-&'()-3;
cv/zB~T   10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3hhhhhhhtX<i  10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3hhhhhhhlP4<i 



10%-!-&'()-3 10%-!-&'()-3& 10%-!-&'()-3& 10%-!-&'()-3& 10%-!-&'()-3;cv/zB~T
hhhhhhhpT8<i 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T   10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3hhhhhhhkO<i 10%-!-&'( 10%-!-&'()-3( 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3hhhhhhhhL,<i 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T  hhhhhhhlP4<i
10%-!-&'()-3 10%-!-&'()-3;cv/zB~T   10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3hhhhhhhhL<i 10%-!-&'( 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3hhhhhhhdD$ 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T  hhhhhiiT8 10%-
10%-!-&'()-3;cv/zB~T   10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3iiiiiiidH 10%- 10%- 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3iiiiiiikO/  10%-!-&'()-3 



10%-!-&'()-3 10%-!-&'()-3;cv/zB~T   10%-!-&'()-3 10%-!-&'()-3iiiiiiio3
;cv/zB~T   10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3i i!i"i#i$i%i&itX< ;c 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3&i'i(i)i*i+i,ipT8< ;
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T
10%-!-&'()-3,i-i.i/i0i1i2iT8< ; 10%-!-&'()-3;cv/zB~T   10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-32i3i4i5i6i7i8i9itX< ; 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-39i:i;i<i>i?iAilP0<  10%-!-&'()-3 10%-!-&'()-3& 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3;cv/zB~T  AiBiCiDiEiFiGiT8<  10%-!-&'()-3;cv/zB~T
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3GiHiJiKiNiOiRiSilL0
10%-!-&'()-3& 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 



10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3SiTiUiViWiXi\ipT40  10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T
\i]i^i_i`ibicipP40  10%-!-&'()-3 10%-!-&'()-3;cv/zB~T   10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3cidifigihiiijipT0  10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3jikiliminioipipT80  10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3;cv/zB~T  piqirisitiuivipT80  10%-!-&'()-3
10%-!-&'()-3;cv/zB~T   10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3viyi{i}i~iiicG0  10% 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3iiiiiiilP40  10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T  iiiiiiipT80
10%-!-&'()-3 10%-!-&'()-3;cv/zB~T   10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3iiiiiiitX0 



10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3iiiiiiipT80  10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T  iiiiiiipT80  10%-!-&'()-3
10%-!-&'()-3;cv/zB~T   10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3iiiiiiikO0
10%-!-&'( 10%-!-&'()-3( 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3(
10%-!-&'()-3( 10%-!-&'()-3iiiiiiipT80  10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T  iiiiiiipT80  10%-!-&'()-3
10%-!-&'()-3;cv/zB~T   10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3iiiiiiitX0
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3iiiiiiilP00  10%-!-&'()-3 10%-!-&'()-3&
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3;cv/zB~T  iiiiiiigK/0  10%-!-&'()-3
10%-!-&'()-3(;cv/zB~T 



( 10%-!-&'()-3( 10%-!-&'()-3 10%-!-&'()-3iiiiiiihH0  10%-!-&'()
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3iiiiiiipT40  10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3;cv/zB~T  iiiiiiigK/0  10%-!-&'()-3 10%-!-&'()-3;
cv/zB~T  ( 10%-!-&'()-3( 10%-!-&'()-3 10%-!-&'()-3iiiiiiicC0  10%-!-&
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3iiiiiijpT40  10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3;cv/zB~T  jjj jjj jcG+0 10%-!-&'()-3 10%-!-&'()-3;
cv/zB~T   10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 jjjjjjjhH0 10%-!-&'()-3
10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3 10%-!-&'()-3
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