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Studies have been carried out on ethylene oxide addition to straight-
~chain aliphatic alcohols: ethanol, butanol, hexanol, octanol and decanol.
Active forms of zeolite Y were used as catalysts. The qualitative and
quantitative composition of reaction products has been determined.

Studies presented in this paper concern the synthesis of non-ionic
surface active compounds, particularly of oxyethylenated aliphatic alco-
hols. It is well known that surface active compounds which include the
anionic, cationic, ampholytic and non-ionic compounds are being now
widely used in practice. The largest amounts of these substances are
used in household in the form of varicus agents for washing and clea-
ning. They find also increasingly wide use in industry as wetting agents,
emulsifiers, dispersing agents etc.

The group of non-ionic surface active compounds includes mainly the
oxyethylenated alcohols, oxyetylenated alkylphenols, fatty acid esters
with polyoxyethyleneglycols, polyalcohols esterified with fatty acids and
their oxyethylenated derivatives. From the point of view of quantity the
products based on alcohols represented in 1975 the most important group
of these compounds [1]. Among other factors this is due to the fact
that the production of aliphatic alcohols (fatty alcohols, Alfols, Oxo-al-
cohols) as well as of ethylene oxide was increasing in recent years and
there are growth tendencies for near future. The discussed products
have a low toxicity against aquatic organisms and are readily biodeg-
radable. These factors, in addition to several other useful properties, fa-
vour the increasingly wide use of these products.

Oxyethylenated alcohols are prepared by reacting alcohols with ethy-
lene oxide in the presence of acidic or basic catalysts. The addition of
ethylene oxide to alcohols in the presence of basic catalysts (e.g. MeOH,
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ROMe) takes place by a mechanism of nucleophilic substitution SyZ2,
presented schematically in Fig. 1. On the other hand, in the presence
of acidic catalysts, such as Broensted and Lewis acids, oxonium salts
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Fig. 1. Mechanism of ethylene oxide addition to alcohols in the presence of basic
catalysts

etc. the reaction takes place by mechanisms shown in Fig. 2. The pre-
sented schemes indicate that the reaction products are always a multi-
component mixture of homologous compounds. With a given molar ra-
tio of substrates the distribution of molecular weights of homologous
polymers depends on several parameters and, first of all, on the cha-
racter and amount of catalysts. The type of catalysts affects also the
amount and composition of side products which include mainly the po-
lyglycols.

The polydispersion of product as well as the content of side-products
have a definite effect on surface properties and, therefore, on useful
properties of oxyethylenated alcohols. For this reason the problems of
synthesis, including the selection of suitable catalysts for ethylene oxide
addition to alcohols, are of constant interest and are being continuously
studied [7, 8].

Considering the potential catalysts we turned our attention to the
synthetic zeolites and particularly to their actiev forms which contain
acid centers of both Broensted and Lewis type. These aluminosilicates
have a characteristic structure and their crystal lattice contain uniform
empty spaces of specific dimensions. Because of such structure only the
molecules of suitable dimensions can enter these channels proceed only
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Fig. 2. Mechanism of ethylene oxide addition to alcohols in the presence} of acid
catalysts

on the external surface of crystals whereas other take place also in the
channels. Of many available synthetic zeolites the zeolites X and, in
particular, the zeolites Y of a structure similar to the structure of the
natural zeolite faujasite [5, 10] found the widest use as catalysts of or-
ganic reactions. The general scheme of faujasite and its empirical for-
mula are shown in Fig. 3.

The purpose of our studies was to examine the reaction of ethylene
oxide addition to straight-chain alcohols: ethanol, butanol, hexanol, octa-
nol and decanol and, in particular, to investigate the qualitative and
quantitative composition of reaction products.

EXPERIMENTAL

The active forms of zeolites H—Y were prepared from the zeolite
NaY produced in Poland. The composition of this product is: 0,98 Na,O-
Al,0;-5,2 Si0,-xH,0 and the crystalinity is 100%0. The diameter of win-
dows in zeolites Y is 7-4 A [10]. The sodium atoms were exchanged
for ammonium cations and the ammonium form was decomposed ther-
mally in air over a period of 3—4 hrs: ‘

109, NH,NO, NH,_y 300% 8y

Na— Y —¢05c 10n 3—4h

The degree of sodium atoms exchange in the hydrogen forms thus
obtained was within 78—82%. The reactions of ethylene oxide addition
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NaY : 03 * 02Na,0 - Al,0, - 3-6 Si0, -yH,0

Fig. 3. Crystalline structure of faujasite

were conducted in a standard glass apparatus under normal pressure by
passing gaseous ethylene oxide into a suspension of catalyst in alcohol.
The rate of flow of ethylene oxide was regulated with a valve. The reac-
tions were carried out at elevated temperatures maintained within
+1°C. The reaction was discontinued when the desired substrate con-
version was achieved, as given by the molar ratio, the product was then
cooled, the weight was determined and samples were taken for chroma-
tographic analysis.

The qualitative and quantitative composition of reaction products
were determined by gas-liquid chromatography using a Perkin-Elmer
F 11 apparatus equipped with frame-ionizing detector. Glass columns
I1m @ 3 mm were used with two kinds of packing: 20% Carbowax M20
on Chromosorb G 60/80 mesh and 8% Apiezon L on Gas Chrom P
80/100 mesh.

The polyglycol content in reaction products was determined by the
extraction method described by Blomyer [3].



THE REACTION OF ETHYLENE OXIDE WITH ALIPHATIC ALCOHOLS 103

RESULTS

The reaction of ethylene oxide addition to alcohols were examined
at molar ratios equel about 1: 1. Other parameters are presented in Ta-
ble 1) which, includes also the conversion of alcohol used. The results

Table 1
Reaction conditions and conversion of aliphatic alcohols
Mol ratio of ) ) Conversion
No Alcohol subgtratss Amount of  Reaction Reaction
4 lyst temperature time my —m
C,OH  EO*C,0H @ ¢ o
e (g/mol) (°C) (h) ol
1 C,0H 1.03 12,5 70 3.0 68.1
2 C/ OH 1.01 20.0 100 1.8 61.5
3 C,OH 1.10 20.0 100 3.0 52.6
4 C;OH 1.20 25.0 100 3.0 40.8
5 C;,OH 0.87 25.0 100 4.0 28.0

* Ethylene oxide.

indicate that the conversion decreases with increasing length of hydro-
carbon chain of alcohols. This relatoin is shown graphically in Fig. 4.
This fact can be explained by the different relative acidities of indivi-
dual alcohols, decreasing with increasing length of the hydrocarbon
chain in alcohols. These results are in accord with those reported by
Svets and T'ukova [9]. These authors have found that the conversion
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Fig. 4. The relation between alco- z
. (o]
hol conversion and the number of O 20+ | } ,
carbon atoms in hydrocarbon chain, 2 4 5 ;3 1’0 '
for conditions as given in Table 1 Number of C atoms i

of alcohols in reaction with ethylene oxide decreases with the acidity
of alcohols. On the other hand, Barrer and Oei [2] in their studies of
polymerization of alkyl vinyl ethers on the active forms of zeolite Y ha-
ve established that the dimensions of alkyl groups do not determine the
kinetics of polymerization. Our results are essentially in accord with

this observation.
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The composition of products of ethylene oxide addition to investiga-
ted alcohols is presented in Table 2 and in graphical form in Fig. 5.
In the products of ethylene oxide addition to ethanol, butanol and he-

Table 2
The composition of products of ethylene oxide addition to aliphatic alcohols
No Alcohol Composition of reaction mixture, weight — 9,
’ C,OH C,OH C,OE, C,OE, C,OE, total
1 C,0H 16.1 51.2 19.6 6.0 92.9
2 C,0OH 23.4 46.7 15.6 3.8 89.5
3 C,0H 32.1 44.0 80 11 85.2
4 C;OH 42.8 34.5 6.7 — 84.0
5 (C,,0H 57.8 25.9 3.1 — 86.8

C,LOE, — ethylene glycol alkyl ether.
CLOE. — diethylene glycol alkyl ether.
CLOE; — triethylene glycol alkyl ether.

xanol there was found the presence of the monoethers of ethylene-, die-
thylene- and triethyleneglycol whereas only the monoethers of ethylene
glycol and diethylene glycol were found in the products of osyethylena-
tion of octanol and decanol. We never found any higher homologues, i. e.
the products of a higher degree of oxyethylenation which could be ex-
pected from the Poisson distribution for the investigated molar ratio of
substrates. We have thus confirmed our earlier observation of the sieve
effect of zeolite catalysts in the oxyethylenation of n-butanol under va-
roius conditions [8]. This efect results from the fact that the molecules
of diethyleneglycol monoethers and sometimes even the molecules of
ethylene glycol monoethers are not able, for steric reasons, to enter into
the crystal lattice of catalyst where there are the active acid centres
on which the further addition of ethylene oxide could take place.

In Table 3 there are presented the side-products formed in the pro-
cess of oxyethylenation of alcohols in the presence of zeolite H—Y. The-
re is also given their quantitative content in reaction products.

The qualitative composition of side-products is very similar. Thus,
among the products of oxyethylenation of all alcohols there were found:
acetaldehyde, 2-methyl-1,3-dioxolane, p-dioxane and polyglocols. In ad-
dition, diethyl ether was detected in the products of oxyethylenation of
ethanol. This product is formed by ethanol dehydration on catalyst. Ho-
wever, no symmetrical ethers were formed among reaction products of
higher alcohols. This observation is in accord with the results of Bryant
and Kranich concernig the dehydration of ethanol and m-butanol in the
presence of synthetic zeolites as catalysts [4]. In ethanol dehydration
the major product, in addition to ethylene, was the diethyl ether whe-
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Table 3
The content of side-products in oxyethylenated aliphatic alcohols
' Content of side-products weight — 9,
Alcohol 2-methylo-
No C,O0H (GH,,0 SH:CHO A+ 3 jioxo- p-Dioxane POWE- (o
+ EO* lane cols :
1 C,0H 1.1 2.6 0.8 traces 2.6 7.1
2 C,OH 3.2%% 0.6 0.8 2.1 3.8 10.5
3 C,OH — 1.2 2.7 21 3.8 9.8
4 C,OH — 1.7 3.9 3.8 6.6 16.0
5 CjoOH —— 0-9 1.0 4.6 6.7 13.2
* Ethylene oxide.
** Amount of 2-propyl-1,3-dioxolane.
g
Fig. 5. Distribution curves of homo- W
logous monoethers present in oxyethy- o
lenation products of ethanol (1), n- \ ‘ - \>12 \\
-butanol (2), m-hexanol (3), m-octanol “%:3 LT
3 .. 4 5.

(4) and m-decanol (5). Curve (6): Pois-

son distribution Number of oxyethylene units

reas the dehydration of n-butanol produced a mixture of butenes but
no dibutyl ether. According to these authors such results demonstrate
that the dehydration of alcohols takes place within the crystal lattice of
zeolites where there is no possibility of formation of ethers of higher
alcohols with larger dimensions of molecules.

Interesting is also the fact that 2-propyl-1,3-dioxolane is present in
the products of oxyethylenation of n-butanol only. This indicates that
there is an oxidation of n-butanol to butyraldehyde in the presence of
the zeolite used. Subsequent reaction of this aldehyde with ethylene
oxide yields the cyclic acetal in question [6].

The amount of side-products of oxyethylenation of alcohols in the



106 B. BURCZYK, F. KUKLA

presence of active forms of zeolite Y depedns mainly on temperature
and molar ratio of substrates and is less dependent on the amount of
catalyst. Their total content is higher than the content of analogical

products formed when protonic acids or Lewis acids are used as ca-
talysts.

CONCLUSIONS

The following conclusions can be drawn on the basis of obtained
results:

1. The active forms of zeolites Y obtained by thermal decomposition
of ammonium forms at about 560°C are able to catalyze the reaction of
ethylene oxide addition to aliphatic alcohols.

2. The reaction products of ethylene oxide with ethanol, butanol
and hexanol contain the monoethers of ethylene-, diethylene- and trie-
thylene glycols whereas the reaction products of octanol and decanol
contain only the ethers of ethylene glycol and diethylene glycol. This
phenomenon is related to the sieve effect of the zeolite catalyst.

3. The conversion of alcohols in reaction with ethylene oxide and
the molar yield of alkyl monoethers of polyoxyethylene glycols decrea-
se with increasing chain length with concomitant increase of the amount
of side-products.
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REAKCJA TLENKU ETYLENU Z ALIFATYCZNYMI ALKOHOLAMI
W OBECNOSCI ZEOLITOW Y, JAKO KATALIZATOROW

Streszczenie

W ramach prac nad synteza niejonowych zwigzkéw powierzchniowo czynnych
zbadano reakcje przylgczania tlenku etylenu do alkoholi alifatycznych: etanolu,
n-butanolu, m-heksanolu, m-oktanolu i m-dekanolu w obecnosci aktywnych form
zeolitu Y, zawierajagcych centra kwasowe typu Broensteda i Lewisa. Reakcje pro-
wadzono sposobem periodycznym, wprowadzajac gazowy tlenek etylenu w ilosci
1 mola na mol alkoholu do zawiesiny katalizatora w alkoholu, w zakresie tempe-
ratur 50-140°C, w ciggu 1-5 godzin. Produkty reakcji stanowily mieszanine mo-
noeter6w alkilowych glikolu mono-, dwu- i tréjetylenowego oraz zwigzkoéw, beda-
cych produktami ubocznymi tej reakcji. Wér6d ostatnich zidentyfikowano: aldehyd
octowy, p-dioksan, 2-metylo-1,3-dioksolan i polioksyetylenoglikole; w produktach
oksyetylenowania etanolu wystepowal ponadto eter dwuetylowy, a w produktach
oksyetylenowania n-butanolu 2-propylo-1,3-dioksolan.

B. Bypuux, ®. Kyxas

PEAKIIUA OKUCU OTUJIEHA C AIUMPATUYECKUMU AJKOTIOJIAMU
B ITPMUCYTCTBUMU 3EOJIUTOB KAK KATAJU3ATOPOB

Pe3zmomMme

B paMkax TPYAROB NO CUHTE3y HEMOHHBIX IIOBEPXHOCTHO-AKTUBHBLIX COEAMHEHMT
MCCIe0BasIL PEaKIMI0O IIPUCOEAVHEHMS OKMUCHM STMIIeHa K aaudaTUYecKUM aJIKoro-
JAM: 3TaHOJNY, H-OyTaHOJy, H-TE€KCaHOJY, H-OKTAHOJY M H-IEKAHOJY B INPUCYTCTBUMA
AaKTUBHBIX (bOpM 3eosmTa y COAepIKALMX KUCJIOTHBIE UEHTPhI Tuna Bpéncrexa
n Jliomca. Peakmuu nIpoBOaMIM IIepuoOgMdeckuM cnocoboM, BBoad rasoobpasHylo
OKMCh 3TUJIEHA B KOJMYecTBe 1 MOJA Ha MOJb aJIKOrOJIA BO B3BeCh KaTaam3aTopa
B aJKOroJjie B npeaenax Temmnepatyp 50—140°T na nporaxenumn 1—5 uwacos. IIpo-
AYKTbl PEaKIMM COCTABJIAJNM CMeCh aJIKMJIOBBIX MOHO3(PMPOB MOHO-, AM- M TPUITU-
JIEHOBOTO TJIMKOJA M COEAVHEHUN ABIAIOUIMXCA INIO6G0YHBIMM NPOAYKTAMM 9TOM
pearmwm. Cpemu mnociaenuux OblaM  MAeHTUMOUILMPOBaHbI: YKCYCHBIA aJbAErug,
N-IUOKCaH, 2-MeTUyO-1,3-1MOKCONaH ¥ TOJMOKCUITUIECHOTKMKOJM;, CPeAy TNPOAYKTOB
OKCMA3TUJIEHOBAHMA STAHOJA BBLICTYIIAJ CBEePX TOT0 AUSTUJIOBBIZ 3(bup, a cpeau Ipo-
AYKTOB OKCHMITUJIEHOBAHMA H-OyTanona — 2-nponuJio-1,3-aMOKCOJIaH.



