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A one-step technique is provided for producing olig-ethylene glycol ethyl
ether acetate (olig-EGEEA) by inserting ethylene oxide (EO) into the linkage
between carbonyl carbon and the ester oxygen of ethyl acetate (EA).
Ethoxylation of ethyl acetate with Al-Mg composite oxide catalysts containing
both acidic and basic active sites was studied. The catalysts for ethoxylation of
ethyl acetate was screened out based on the ratio of acidic/basic active sites on
the catalyst surface aiming at high product selectivity of mono- ethylene glycol
ethyl ether acetate (MEGEEA). In this work, the best selectivity of MEGEEA
(51.5%, w/w) was obtained at following conditions: amount of catalyst, 1. 1 g/100g

ethyl acetate; initial pressure, 0.1 MPa; reaction temperature 145-150 C molar

ratio of EA to EO, 5:1; feeding rate of EO, 0.25 gmin . The product selectivity of
MEGEEA was not decreased dramatically after the catalyst had been used ten
times.

1. Introduction

Olig-ethylene glycol ethyl ether acetate (olig-EGEEA), especially mono or
di-EGEEA are excellent solvents for dye, paint, pigment. Olig-EGEEA with higher
molecular weight has been used in formulation of antifreeze. So far the
production of olig-EGEEA has been using two-step technique, which is, using
ethylene oxide, alcohol and carbonic acid or ester, synthesizes through
etherealization followed by esterification or transesterification. Comparing to the
one-step approach reported in this paper, the two-step techniques are
complicated in process, has to use strong acid (as the reactant or catalyst) or
strong base (as catalyst or initiator), produce much more by-products and are
difficult in purification since the product and the by-products would form several
azeotropes.

The one-step technique provided in this paper (as showed in scheme 1),
using carbonic ester as starting material to react with ethylene oxide, produces
olig-EGEEA without the formation of many by-products such as water, alcohol;
and there is no need to use strong acid or base during the reaction. Therefore
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the production of olig-EGEEA becomes much simple and economic. Hoechst Co.

used zirconium chloride and/or aluminium chloride as main cataly1st, together wgrl
triethyl amine to catalyze the one-step synthesis of olig-EGEEA . Hama et al.

also reported a similar approach through a reaction between a fatty acid alkyl
ester with an alkylene oxide in the presence of a composite metal-oxide catalyst
whose surface is modified with a metal hydroxide or a metal alkoxide. However,
the catalyst they studied was mainly used for manufacturing fatty acid ester of
polyoxyalkylene alkyl ether, using a fatty acid alkyl ester to react with the metal
alkoxide to form a mediator before the ethoxylation. Besides, inserting ethoxyl to
short chain ester is more difficult than that to long chain like fatty acid ester due
to their low boiling point and vaporization.
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Scheme 1. One-step approach of synthesis of olig-EGEEA (desired n=1,2)

In this paper, we developed a one-step technique to insert ethoxyl into
ethyl acetate catalyzed by inorganic Al-Mg composite oxides. The catalyst was
prepared from Al-Mg composite oxide calcined with slight amount of Fe, Nis%r

some other metal (all were group VIII metals) oxides and sodium carbonate
which has both acidic and basic active sites on the surface. To achieve high
selectivity of mono- EGEEA, reaction factors such as ratio of acidic/basic active
sites (acidic to basic) of the catalyst, reactant molar ratio (n(EA) : n(EO), ethyl
acetate to ethylene oxide), feeding rate of EO and initial reaction pressure were
studied to set the appropriate operation parameters.

2. Experimental Section
2.1. Apparatus and Reagents

Ethyl acetate, reagent grade; ethylene oxide, Yangzi Petrochemical; Al-Mg
composite oxide catalyst, perpared and characterised as described in reference
5,6, with different ratio of acidic/basic active sites as 0.28, 0.38, 0.45, 0.53, 0.63,
0.70, respectively; WHF-0.5L high pressure reactor, Shandong Weihai Autmatic
Control Reaction Kettle Co.; GC, FULI 9697, FULI Analytical Instrument,
Zhejiang,China; ESI-MS, ZMD MS,Waters; IR , MB 104, ABB Bomem.

2.2. Synthesis of olig-ethylene glycol ethyl ether acetate

100 g ethyl acetate and 1.1 g catalyst were added into a 500 mL reactor,
closed the lip and then completely blow out the reactor with nitrogen for 3 times.
After heating the reactant mixture to the desired temperature, ethylene oxide was
added with desired amount in a constant feeding rate into the reactor. Upon
finishing the addition of EO, remained the reaction under stirring 15 min at the
desired reaction temperature.



2.3. Analytical Methods

2.3.1. Electro-Spray lonization Mass Spectrometry (ESI-MS) Analysis
of olig-EGEEA

ESI-MS (ES ) was applied to identify the compositions of crude product.
2.3.2. Gas chromatography (GC), GC-MS analysis of olig-EGEEA

Further product separation and structure characterizing was performed by
GC-MS measurement. A computer-controlled Trace gas chromatograph
equipped with a PEG-30 column, and Trace MS detector was served. The gas
chromatograph column temperature was held at 50 °C for 2 min then increased
to 200 °C at 10 °C/min, and then held at 200 °C for 15 min.

Quantitative analysis of the product composition was performed with GC
measurement. Ethyl heptanoate was added as an internal standard. FULI 9697
gas chromatograph equipped with a SE-54 column separated the sample
constituents. The gas chromatograph column temperature was held at 200 °C.
SrAdv chromatograph station was used for the signals produced by the flame
ionization detector to produce chromatograms and perform the quantitative
analysis.

3. Results and Discussion
3.1. The inserted ethoxylation of ethyl acetate

As described in section 2.3, a slight yellow liquid was obtained after the
reaction. The ESI-MS spectrum of the crude product is as Figure1.
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m/z=199.4,243.4 indicate (M+Na) peak of DEGEEA and TEGEEA(tri-
ethylene glycol ethyl ether acetate) , respectively;

m/z=133.4, 177.6, 221.5 indicate (M+H)+peak of MEGEEA, DEGEEA and
TEGEEA, respectively.

Figure 1. ESI-MS spectrum of pre- product before fractionating



(reaction conditions:initial pressure, 0.1 MPa; reaction temperature, 155-16000;
-1
n(EA) : n(EO)=2:1; feeding rate of EO, 0.25 g*min )

Removing ethyl acetate from the crude product by vacuum distillation at
o o o o
400Pa and then collecting distillation fractions of 36 C;t0 38 C, 86 Cto 88 C,

and 134 oC to 136 OC. GC measurement shows that the mass fractions for olig-
EGEEA in each distillation fraction was: w(MEGEEA)=99.7%,
w(DEGEEA)=98.0%, wW(TEGEEA)=95.9%, respectively.
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a: ethyl acetate b: fraction between 36 0C to 38 0C c: fraction between 86

"Ct0 88 Cd: fraction between 134 C to 136 C
Figure 2. FT-IR spectrum of product distillation fractions
(reaction conditions: initial pressure, 0.1 MPa; reaction temperature, 155-160

o -1
C; n(EA) : n(EO)=2:1; feeding rate of EO, 0.25 g*min )

The measurement of FT-IR and ESI-MS characterized that the desired
ethoxylation of ethyl acetate was accomplished.

3.2. Influence of ratio of acidic/basic active sites on product
selectivity

The formed mono-EGEEA can react with the coming EO to form a series

5
of product with an EO adduct distribution. Our previous studies indicates that the
most important impact factor on the adduct distribution of the products is the ratio
of acidic/basic active sites on the catalyst surface, in a certain range, high ratio
induces narrow adduct distribution, i.e., high selectivity. So in order to obtain high
selectivity of mono-EGEEA (W(MEGEEA), defined as its mass fraction in the
product), catalyst has to be screened out from those with different ratio of
acidic/basic active sites. Thus we chose a serious catalyst with ratios of
acidic/basic active sites of 0.28 - 0. 7, which provided high conversion of the

5
ester . Figure 3 shows that the optimum ratio of acidic/basic active sites for the
highest selectivity (42.5%) of mono-EGEEA was 0.63, where the total amount of
mono- and di-EGEEA reached the highest (70.9%) also. This result confirmed
again that high product selectivity requires a suitable ratio of acidic/basic active



sites. More acidic sites favours the formation of mono-EGEEA, but extra acidic
sites would help the self-polymerization of EO and therefore induced less
formation of olig-EGEEA. The later was confirmed by more PEG detected in the
product mixture (data not shown).
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Figure 3. Influence of ratio of acidic/basic active sites on product selectivity
o
(initial pressure, 0.1 MPa; reaction temperature, 155-160 C; n(EA)
-1
n(EO)=2:1; feeding rate of EO, 0.25 g*min )

The used catalyst, say, the one with a ratio of acidic/basic active sites of
0.63 can be reused after filter, washing and drying. The selectivity of MEGEEA
was 42.6%, 41.6% and 40.5%, after used twice, three times and 10 times,
respectively.

The catalyst with a ratio of acidic/basic active sites of 0.63 was used over
all following sections.

3.3. Influence of reaction conditions on product selectivity
3.3.1. Influence of molar ratio of ethyl acetate to ethoxyl oxide

Figure 4 illustrates that the selectivity of mono-EGEEA increased with
increasing molar ratio of ethyl acetate to ethoxyl oxide, i.e, n(EA):n(EO) until the
ratio reached 5:1, where the mass percentage of mono-EGEEA was 51.5% and
the total amount of olig-EGEEA reached the highest (74.5%). While increasing
n(EA) : n(EO) to 8:1, although the mass percentage of mono-EGEEA increased
to 57.3% but the total amount of olig-EGEEA (74.4%) almost remained the same
as that of n(EA) : n(EO) of 5:1, therefore, for the sake of economics, the suitable



n(EA) : n(EO) is 5:1.
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Figure 4. Influence of n(EA) : n(EO) on product selectivity
(o]
(initial pre;c,sure, 0.1 MPa; reaction temperature, 155-160 C; feeding rate of EO,
0.4 g*min )

3.3.2. Influence of initial reaction pressure

The initial reaction pressure here defined as the pressure in the reactor
before heating the reactor. Inserting ethoxyl into ethyl acetate is a reaction of
volume reducing, so the initial system pressure affects the reaction by influencing
the partial pressure of ethylene oxide. As shown in Table 1, increasing the initial
pressure decreased the selectivity of MEGEEA and olig-EGEEA. At the
meantime, the reaction rate slowed down dramatically under higher initial
pressure (data not shown).

*

Table 1. Influence of initial pressure on product selectivity

Initial pressure wW(MEGEEA) w(DEGEEA) W(TEGEEA)
(Mpa) (%) (%) (%)
0.1 425 28.4 16.0
0.2 39.2 26.4 16.7

* -1
feeding rate of EO, 0.25 g*min ; initial pressure, 0.1 Mpa; reaction temperature,
o
155-160 C; n(EA) : n(EO)=2:1

3.3.3. Influence of reaction temperature

Table 2 shows that lower reaction temperature yielded higher selectivity of



MEGEEA. Reactions conducted below 130 oC were very slow or even not
(o]
happened. So the suitable temperature is 145-150 C.

Table 2. Influence of reaction temperature on product selectivity

Reaction
temperature w(MEGEEA) w(DEGEEA) w(TEGEEA)

0 (%) (%) (%)
(C)

135-140 42.0 19.7 9.8

145-150 411 20.5 10.9

155-160 38.8 25.6 15.3

165-170 38.1 27 1 16.9

*

-1
initial pressure, 0.1 Mpa; feeding rate of EO, 0.25 g*min ; n(EA) : n(EO)=2:1
3.3.4. Influence of EO feeding rate

High feeding speed can speed up the reaction but lower down the selectivity.
We finally chose 0.25g*min as the applied feeding rate of EO.

*

Table 3. Influence of feed rate of EO on product selectivity

EO feeding

rate w(MEGEEA) w(DEGEEA) w(TEGEEA)

(%) (%) (%)
(g* min )

0.80 28.1 25.0 18.1

0.40 34.3 25.6 17.7

0.30 37.2 26.0 16.2

0.25 42.5 28.4 16.0

initial pressure, 0.1 MPa; reaction temperature, 155-160 oC; n(EA) : n(EO)=2:1
3.4. The ethoxylation conducted under optimum conditions

In a conclusion, the suitable reaction parameters for this technique are:
catalyst with a ratio of acidic/basic activity sites of 0.63; initial pressure, 0.1 Mpa;

reaction temperature, 145-150 0C; molar ratio of the reactants, n(EA):n(EO)=5:1;

-1

EO feeding rate, 0.25 gemin . We further screened the catalysts with different
ratio of acidic/basic activity sites under the above conditions, the optimum activity
sites ratio still remains the same as the above(0.63), while the product selectivity
was: W(EGEEA)=51.5%, w(DEGEEA)=22.3% and w(TEGEEA)=8.5%.

4. Conclusions



This study shows the production of olig-EGEEA by one-step inserting
ethylene oxide into ethyl acetate can be achieved through Al-Mg composite oxide
catalysts containing both acidic and basic active sites. Adjusting the ratio of
acidic/basic active sites on the catalyst surface and other operation parameters
can improve product selectivity of olig-EGEEA. In this work, the best selectivity of
MEGEEA (51.5%, w/w) was obtained at following conditions: amount of catalyst,
1.1 g/100g ethyl acetate; initial pressure, 0.1 MPa; reaction temperature, 145-150

o] -1

C; molar ratio of EA to EO, 5:1; feeding rate of EO, 0.25 gemin . The product
selectivity of MEGEEA was not decreased dramatically after the catalyst had
been used ten times. Operating at these conditions permits a complete
experimental run to be accomplished in 2-3 h (starting from feeding EO).

Acknowledgment

This work was supported by Ministry of Education program for Key Research
of Science and Technology (2002-78), Foundation of Jiangsu Universities High
and New Technology Development (2001-31).

Literature Cited

(1) Schwenk Ulrich Dipl Chem Dr, Streitberger Horst. Verfahren Zur Herstellung
Von Carbonsaeureestern Von Alkylenglykolethern. De:29571080, 1981

(2) Hama Itsuo; Okamoto Takahiro; Sasamoto Hisashi; Nakamura Hiroshi.
Production of fatty acid polyoxyalkylene alkyl ether. JP8169861 1996, Lion
Corp.

(3) Hama, 1.; Sasamoto, H.; Okamoto, T. Influence of catalyst structure on direct
ethoxylation of fatty methyl esters over Al-Mg composite oxide catalyst.
Journal of the American Oil Chemists' Society 1997, 74: 817-822

(4) Hama, |.; Okamoto, T.; Hidai, E.; Yamada, K. Direct ethoxylation of fatty
methyl ester over Al-Mg composite oxide catalyst. Journal of the American Oil
Chemists' Society 1997, 74:19-24

(5) Cheng-yu Yang ; Yun Fang; Jian Chen et al. Study of direct alkoxylation of
natural fats & oils and emulsifying properties of the products. Fine Chmicals
2004, 21(4): 262-265

(6) Jian Chen; Yun Fang; Cheng-yu Yang et al. Performances of ethoxylated
fatty-acid methyl esters and chemical modification with propylene oxide.
China Surfactnt Detergent & Cosmetics 2004, 34(2):80-83



	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




