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Abstract: The recycled methanol solvent of the HPPO (liquid-phase epoxidation of propylene and
hydrogen peroxide to propylene oxide) process usually contains many kinds of trace impurities,
such as fusel alcohol, aldehyde, ketone, ester, acetal, and amine. In this study, the influence of these
impurities on the catalytic performance of titanium silicalite-1 (TS-1) in the liquid-phase epoxidation
of propylene with H20z was investigated with a batch reactor and simulated methanol solvents. The
results show that amine and acetone are the most hazardous impurities, as they could remarkably
suppress the conversion of H20:. Furthermore, competitive adsorption experiments and IR and UV-
Raman spectroscopic studies indicate that the suppression effect of impurities on the catalytic
activity of TS-1 can be attributed to the competitive adsorption of the impurities on the tetra-
coordination framework Ti sites. With this funding, the suppression mechanism of different
impurities in a methanol solvent on the catalytic activity of TS-1 in the liquid-phase epoxidation of
propylene was discussed.
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1. Introduction

Propylene oxide (PO) is a vital chemical intermediate, which is widely used for producing
varieties of commercial and industrial products, such as polyether polyols, propylene glycol, and
propylene glycol ethers [1]. Currently, chlorohydrin methods and co-oxidation methods are
dominant processes for PO production. However, the chlorohydrin methods have disadvantages,
such as large volumes of waste solid, waste water, and harmful byproducts, resulting in a badly
contaminated environment, while co-production processes produce huge amounts of co-products
that depend on market demand [2]. To eliminate these problems, great efforts have been made to
develop alternative technologies.

In 1983, titanium silicalite-1 (TS-1) zeolite was first synthesized by Taramasso et al. [3]. TS-1 was
primarily employed for the selective oxidation reaction using H202 as an oxidant [4]. To enhance the
performance of TS-1, a great deal of research work was devoted to: (1) improving the diffusion by
introducing a hierarchical pore structure or reducing the transport path [5-7]; (2) modifying the
hydrophilic and/or hydrophobic properties [8-10]; (3) controlling the amount of acid sites via
modification and additives [11-14]; and (4) constructing different Ti active sites [15,16]. Owing to its
unique oxidation properties, TS-1 led to the HPPO (liquid-phase epoxidation of propylene and
hydrogen peroxide to propylene oxide) process, which can produce PO at mild conditions with a
titanium silicalite-1 (TS-1) catalyst, using H20:2 as an oxidant and methanol as a solvent [3,11,17-19].
Theoretically, the HPPO process only produce water as its by-product; there are no environmental
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or co-product issues. In fact, due to the highest active oxygen content and the formation of water only
being a by-product, the use of H202 as an oxidant is among the key aspects of modern Green
Chemistry nowadays. For example, H2O2has become the primary oxidant in the selective oxidations
of numerous organic substances, such as imines [20], olefins [21-23], and alcohols [24].

In recent years, the HPPO process based on a TS-1 catalyst, as well as the H202 oxidant and
methanol solvent, has been industrialized by BASF and Dow, Evonik and Uhde, and Sinopec
Changling Refining and Chemical. Nevertheless, the HPPO process still suffers from the use of a
methanol solvent. One of the problems related to the methanol solvent is that, upon recycling, it
accumulates dozens of trace impurities, such as fusel alcohol, aldehyde [25,26], ketone [27], ester
[26,28], acetal [27], and amine [29,30], despite successive purification measures, including distillation,
hydrogenation, and adsorption being employed [27,28,31,32]. It was believed that the trace impurities
carried by the recycling of the methanol solvent were responsible for the accelerated catalyst
deactivation and lowered PO selectivity. So far, however, little is known about the exact influence of
each kind of impurity on the catalytic performance of the TS-1 zeolite catalyst in the liquid-phase
epoxidation of propylene with HaO:x.

Therefore, in this study, a systematic investigation was carried out to understand the influences
of different impurities in a methanol solvent on the catalytic performance of TS-1. This was
accomplished by using simulated methanol solvents that contained a single impurity each time they
were selected from the fusel alcohol, aldehyde, ketone, ester, acetal, and amine. Competitive
adsorption experiments, as well as an FT-IR (Fourier - transform infrared) and UV-Raman
spectroscopic study, were also carried out to understand the fundamental aspect of the impurities’
influence on the TS-1 catalyst and the propylene epoxidation.

2. Results

2.1. Liquid-Phase Epoxidation with Fresh and Recycled Methanol Solvents

As shown in Figure 1, when the propylene epoxidation is carried out in the recycled methanol
solvent, the performance of TS-1 is remarkably lower than it is in the fresh methanol solvent. This is
indicated by the conversion of H202, which was below 98% when it ran for 500 h in the recycled
methanol solvent. By contrast, the conversion of H20: remained higher than 98% until 700 h in the
fresh methanol solvent. In addition, the selectivity of PO was still lower than 97% when the time-on-
stream was extended to 500 h in the case of using a recycled methanol solvent, whereas it was already
higher than 98% after 264 h when fresh methanol was used.
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Figure 1. Comparison of the catalytic performance of titanium silicalite-1 (TS-1) in the liquid-phase
epoxidation of propylene with fresh and recycled methanol solvents. (a) Fresh methanol; (b) Recycled
methanol.

2.2. Influence of Fusel Alcohol Content in a Methanol Solvent

Figure 2 shows the influence of fusel alcohol content in a methanol solvent on the catalytic
performance of TS-1. It is easy to see that the fusel alcohol, namely ethanol, 2-propanol, and 1-
propanol, in the methanol solvent has no influence on the selectivity of PO, and has only a small
effect on the utility of H20O2. However, the fusel alcohol in the methanol solvent significantly reduced
the conversion of H202. Moreover, it can be seen that, at the same fusel alcohol content levels, the
conversion and utility of H202 decreases in the order of ethanol > 2-propanol > 1-propanol, which is
consistent with the results of the literature that used alcohol as the solvent [33-35]. In addition, it can
be seen (Table S1) that the fusel alcohol in the methanol solvent also facilitates the formation of by-
products such as acetaldehyde, propionaldehyde, acetone, and propylene glycol monoethyl ether.
The amount of aldehyde and acetone by-products increases with the content of fusel alcohol in the
solvent. The propylene glycol monoethyl ether only appears at a high ethanol content. Nevertheless,
the fusel alcohol in the methanol solvent seems to have the effect of inhibiting the formation of 1-
methoxy-2-propanol, 2-methoxy-1-propanol, and dipropylene glycol methyl ether. In any case, this
effect was small.
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Figure 2. Influence of fusel alcohol content on the catalytic performance of TS-1 in the epoxidation of
propylene with H20:. (a) Ethanol; (b) 2-propanol; (c) 1-propanol.

2.3. Influence of Ketone and Aldehyde Content in a Methanol Solvent

The reaction results of the epoxidation of propylene over TS-1 using a methanol solvent with a
certain amount of acetone, acetaldehyde, and propionaldehyde were summarized, as shown in
Figure 3 and Table S2. Clearly, a trace of acetaldehyde and propionaldehyde has no influence on the
conversion of H20: or the selectivity of PO, and has only a slight influence on the utility of H2O2 and
the turnover numbers, whereas acetone in a methanol solvent has a significant influence on the
conversion of H2O2 and the utility of H202. Additionally, acetone in methanol suppresses the
formation of 1-methoxy-2-propanol, 2-methoxy-1-propanol, and dipropylene glycol methyl ether.
What is more, when acetaldehyde, propionaldehyde, and acetone reached a certain amount, 1,1-
dimethoxyethane, acetic acid, 1,1-dimethoxypropane, propanoic acid, and 2,2-dimethoxypropane
were also detected.
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Figure 3. Influence of ketone and aldehyde content on the catalytic performance of TS-1 in the

epoxidation of propylene with H2O:. (a) Acetone; (b) Acetaldehyde; (c) Propionaldehyde.

2.4. Influence of Ester Content in a Methanol Solvent

An overview of the influence of the ester in the methanol solvent on the catalytic performance
of TS-1 is given in Figure 4 and Table S3. It was observed that, when the content of methyl formate
was below 1000 ppm it had almost no effect on the conversion of H202 and the turnover numbers,
whereas when the content of methyl acetate in methanol solvent was in the same range it would
notably lower the conversion of H202 and the turnover numbers. The utility of H202 slightly increased
first and then decreased as the methyl formate in the methanol increased, with the maximum
appearing in the range 400-600 ppm. In the case of methyl acetate, the utility of HO: displays a
monotonous descent curve as the methyl acetate content in the methanol solvent increases. The
selectivity of PO and product distribution were not affected by methyl formate and methyl acetate in

methanol.
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Figure 4. Influence of ester content on the catalytic performance of TS-1 in the epoxidation of
propylene with H20:. (a) Methyl formate; (b) Methyl acetate.

2.5. Influence of Acetal Content in a Methanol Solvent

The results of propylene epoxidation in a methanol solvent containing dimethoxymethane, 1,1-
dimethoxyethane, and 1,1-dimethoxypropane are given in Figure 5 and Table S4. It can be seen that,
when the acetal content is fixed, the conversion of H20: and turnover numbers decreases with the
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increasing of the carbon chain length of acetal. These three kinds of acetal in the methanol solvent
had no effect on the selectivity of PO and product distribution, but they had a perceptible influence
on the utility of H20..
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Figure 5. Influence of acetal content on the catalytic performance of TS-1 in the epoxidation of
propylene with H20:. (a) Dimethoxymethane; (b) 1,1-dimethoxyethane; (c) 1,1-dimethoxypropane.

2.6. Influence of Amine Content in a Methanol Solvent

Differing from the other impurities in a methanol solvent, traces of methylamine and ethylamine
in a methanol solvent would result in a significant decrease in the conversion of H20;, the utility of
H20, and turnover numbers, as shown by Figure 6 and Table S5. Interestingly, it was found that the
selectivity of 1-methoxy-2-propanol declines when increasing these amines, and the selectivity of 2-
methoxy-1-propanol shows a converse trend. In addition, the increased amines content in the
methanol solvent also decreased the selectivity of 1,2-propanediol and dipropylene glycol methyl
ether.
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Figure 6. Influence of amine content on the catalytic performance of TS-1 in the epoxidation of
propylene with H20:. (a) Methylamine; (b) Ethylamine.

3. Discussion

In this study, several typical impurities were chosen to investigate the adsorption characteristic
of impurities in a methanol solvent on TS-1 and the influence mechanism of impurities in a methanol
solvent on propylene epoxidation over TS-1.
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As mentioned above, impurities in a methanol solvent were expected to produce competitive
adsorption levels on a TS-1 catalyst with methanol. The increase in the amount (based on the
concentration of impurities in the methanol solvent) of TS-1 adsorption toward the different
impurities in the methanol solvent, when the solvent was in contact with TS-1, provided the proof
for the competitive adsorption of the impurities on TS-1, as shown in Figure 7. In addition, it can be
seen that the IR spectra obtained in Figure 8 (a—e) provide the characteristic absorption bands of not
only methanol but also of five kinds of impurities. The assignments of these characteristic absorption
bands are summarized in Table 1. From the spectra obtained after a vacuum desorption treatment
(MEOH-x-des-80-v, x = AT (acetone), NP (1-propanol), MA (methyl acetate)) DMOP (1,1-
dimethoxypropane), and MEAM (methylamine)), it is easy to see that the adsorption strength of the
impurities on TS-1 was in the following order: methylamine = acetone = methyl acetate > 1-propanol
=1,1-dimethoxypropane. Figure 8 (f) demonstrates that the influence of impurities (based on the same
concentration in the methanol solvent) on the conversion of H20: decreases in the following order:
acetone > methylamine > methyl acetate > 1,1-dimethoxypropane = 1-propanol. Roughly speaking,
the competitive adsorption amount and the adsorption strength of the impurities on TS-1 were
positively correlated with the activity of the propylene epoxidation. Based on this, it is supposed that
the influence of the recycled methanol solvent on the epoxidation of propylene is the consequence of
the competitive and relatively strong adsorption of impurities in the solvent on the epoxidation
catalyst. Furthermore, from Figure 9 (a, b) it can be seen that, when the TS-1 zeolite catalyst was
contacted with the methanol and the impurities (AT, NP, MA, DMOP, and MEAM), respectively, the
characteristic peak of the tetra-coordinated framework Ti sites at 1125 cm ! in the UV-Raman spectra
[36] became weakened. Meanwhile, the infrared absorption band of the framework Ti sites at around
974 cm™ was also weakened and shifted to a high wavenumber zone. These phenomena are in line
with the literature [37-39], indicating that the competitive adsorption of impurities with methanol
occurred on the tetra-coordinated framework Ti sites. In this way, we believe that the impurities
would hamper the contact of the methanol solvent with the tetra-coordinated framework Ti sites and
would therefore hinder the activation of H20..

Table 1. Assignments of IR absorption bands.

Impurity Band, cm? Interpretation [40,41] Vibration mode
methanol 3616.7 O-H stretching
1-propanol 2880.8 CH2 stretching
1395.2 CH3 symmetric bending
acetone 1696.1 C=0 stretching
methyl acetate 1687.6 =0 stretching
1308.2 C-O-C stretching
1,1-dimethoxypropane 2992.1 unknown -
1391.5 CH3 bending
methylamine 3379.9 NH2 stretching
1595.5 NH2 bending

1467.5 CH3 asymmetric bending
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Figure 7. Competitive adsorption amount of impurities in a methanol solvent on TS-1 (NP: 1-propanol,
AT: acetone, MA: methyl acetate, DMOP: 1,1-dimethoxypropane and MEAM: methylamine).
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Figure 8. FT-IR spectra of adsorption and desorption of the methanol and impurities on TS-1 (a, b, ¢,
d, e); influence of impurities in the methanol solvent on the catalytic performance of TS-1 in the
epoxidation of propylene with H202 (f). (Reaction conditions: methanol solvent containing 1.0 wt.%
of impurities 35.5 mL, other conditions are shown in Table S1.).
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impurities.

It has been reported that, in the system of TS-1, H20», and alcohol (methanol, ethanol, 2-propanol,
and 1-propanol), a five-membered cyclic structure (Species I from Scheme [ ) formed, which
lowered the apparent activation energy of Ti-O-O-H and advanced the epoxidation activity [33,42—-
45]. However, the steric constraints of a five-membered ring intermediate increased in accordance
with the following: methanol < ethanol < 2-propanol < 1-propanol [34,35], which resulted in lowering
the conversion of H>O2 in the methanol solvent containing ethanol, 2-propanol, and1-propanol. In
addition, the activity of the epoxidation could be enhanced by forming a novel intermediate (Species
II from Scheme [) that contains double hydrogen bonds, when a considerable amount of NHs is
added [44]. However, a new Species Il (Scheme I ) was formed when the methanol solvent
contained an excess amount of amines [34]. Since Species Il with negative charge reduced its
electrophilic nature, propylene oxide could not be transformed in Species [II. This could explain why
the activity of the propylene epoxidation in the methanol solvent containing excess amines was
lowered. Furthermore, the aprotic impurities (ketone, ester, and acetal) might coordinate with
framework titanium sites, as shown in Figure 9; therefore, we speculated that the aprotic impurities
might form Species [V, V,and VI with TS-1and H20;, as shown in Scheme II. Due to their inferior
hydrogen-bond donor properties, the activity of the Species (IV, V, and VI) was weaker than that of
Species I . Consequently, the conversion of H20: in methanol with ketone, ester, and acetal would
be decreased due to the reduction in the concentration of hydrogen-bond complex Species I .

) R
SiO, zo\lﬂ SiO, yo\'ﬂ SiO\T /OOSi
SIO-Tiy SiO-Ti, A0
sic” 0%y si0” 0O\, Y9 G
Species I Species 11 Species 111

Scheme I.Reported active intermediate species in reference [33,34,42—44].
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4. Materials and Methods
4.1. Catalytic Reactions

4.1.1. Epoxidation with a Recycled Methanol Solvent

The recycled methanol solvent was obtained from our HPPO pilot plant in Nanjing. The recycled
methanol solvent contained fusel alcohol (3.33 wt.%), aldehyde and ketone (0.01 wt.%), ester (0.02
wt.%), acetal (0.66 wt.%), total nitrogen (6 ppm), water (3.4 wt.%), and other impurities (0.25 wt.%).

The influence of the recycled methanol solvent on the catalytic performance of TS-1 in propylene
epoxidation with H20O2 was evaluated in a fixed-bed reactor by comparing it with a fresh methanol
solvent. The reaction conditions were as follows: 7.2 g of TS-1 extrudate catalyst (prepared according
to the literature [46]); the concentrations of H202 and NH3-H20 in solvent (fresh methanol or recycled
methanol) were 3 mol/L and 2.0 mmol/L, respectively; the ratio of CsHs/ H202 was 4/1 (mol); the
reaction pressure was 3.0 MPa; the reaction temperature was 35 C; the WHSV (Weight hourly space
velocity) of propylene was 0.87 h-1.

4.1.2. Epoxidation with Simulated Methanol Solvents

Simulated methanol solvents were prepared with methanol (analytical reagent) and each of the
13 kinds of chemical reagents (analytical reagent or chromatographic reagent), which were classified
into 6 groups (fusel alcohol (ethanol, 2-propanol and 1-propanol (Kermel, Tianjin, China ), aldehyde
(acetaldehyde, propionaldehyde (Sinopharm Chemical Reagent, Shanghai, China), ketone (acetone
(Sinopharm Chemical Reagent, Shanghai, China), ester (methyl formate and methyl acetate (Guangfu
Fine Chemical Research Institute, Tianjin, China)), acetal (dimethoxymethane (Macklin, Shanghai,
China), 1,1-dimethoxyethane (Energy Chemical, Shanghai, China), 1,1-dimethoxypropane (TCI,
Shanghai, China) and amine (methylamine and ethylamine (Sinopharm Chemical Reagent, Shanghai,
China), as shown in Table S6. These chemical reagents served as a representative of impurities found
in the real recycled methanol solvent. The content of each impurity in the simulated methanol
solvents was determined and referred to the content of impurities in the recycled methanol solvent,
as shown in Table S6.

The TS-1 powder was synthesized according to reference [46]. The Si/Ti molar ratio of the TS-1
catalyst was approximately 37. The TS-1 powder catalyst was calcined at 540 ‘C in air to remove the
organic template in the micropores, and then it was subjected to pre-adsorption treatment by the
simulated methanol solvents. The details of the pre-adsorption treatment are as follows: a certain
amount of TS-1 powder catalyst was soaked in the simulated methanol solvents (in excess) at 50 C
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for 48 h under a static condition. Then, the pre-adsorbed TS-1 powder catalyst was obtained by
filtration and dried at 40 ‘C for 12 h.

Propylene epoxidation with H202 was conducted in a batch reactor under the following reaction
conditions: pre-adsorbed TS-1 powder 0.40 g, H202 (50 wt.%) 4.5 mL, NHs-H20 (0.32 mol/L) 0.2 mL,
solvent (fresh methanol or the simulated methanol solvents) 35.5 mL, reaction temperature 50 C,
propylene pressure 0.6 MPa, and reaction time 1 h.

The residual H20: in products was analyzed by iodometric titration. The composition of the
products was analyzed by gas chromatography (Shimadzu GC-2014 C), involving a flame ionization
detector and a DB-WAX capillary column (30 m x 0.32 mm x 30 um). The unknown components were
identified using gas chromatography-mass spectrometry (Agilent-5975 C). The main product was
propylene oxide (PO), and the by-products were propylene glycol (PG), monomethyl ether (MME,
namely 1-methoxy-2-propanol and 2-methoxy-1-propanol), and other species, respectively. The
conversion of H20;, the selectivity of PO, and the utility of H202 were obtained using the following
definitions:

no(H,0,) — n(H;0,)

= 0,
X(H,0,) 0, x 100%

S(PO) = n(Po) 100%
(PO) = n(PO) + n(MME) + n(PG) + n(Others) 0

UCH.O.) = n(PO) + n(MME) + n(PG) + n(Others) 100%
(H202) = ny(H,0;) x X(H0,) 8 ’

where the no(H202) and n(H20:) stand for the initial and final molar numbers of H20:, respectively.
The n(PO), n(IMME), n(PG), and n(Others) are the molar numbers of PO, MME, PG and other by-
products, respectively.

4.2. Competitive Adsorption and Desorption of Impurities on a TS-1 Catalyst

The dynamic competitive adsorption of impurities in methanol using a TS-1 catalyst was
investigated with gas chromatography in the following way: a certain amount of the TS-1 catalyst
was soaked at room temperature in a special methanol solution that contained an impurity (0.1
mol/L). The evolution of the impurity concentration in the methanol was monitored by gas
chromatography (Shimadzu GC-2014 C, Kyoto, Japan) involving a flame ionization detector and a
DB-WAX capillary column (30 m x 0.32 mm x 30 pm) or a DB-1701 (30 m x 0.32 mm x 1.0 pm) at
desired time intervals.

The desorption experiments were carried out using a FI-IR spectrometer (Nicolet 6700,
Waltham, MA, USA) that was operated in transmission mode. First, the TS-1 catalyst powder was
pressed into a self-supporting thin wafer (approximately 15 mg) and decontaminated at 400 C
under vacuum (1072 pa) for 4 h in a quartz IR cell equipped with CaF: windows. Next, the cell was
cooled down to room temperature to record the sample background spectrum. Then, the pretreated
TS-1 was exposed in the vapor of the methanol or the impurity or the methanol solvent with the
impurity at room temperature for adsorption. The vapor was carried by N2 (flow rate of 10 mL/min),
and the adsorption lasted for 30 min in each experiment. Finally, the IR spectrum was collected (64
scans and a 4 cm resolution). The adsorption spectra were denoted as MEOH, Impurity, and MEOH-
Impurity, respectively.

Then, the TS-1 catalyst samples, which came into contact with the vapor of the methanol solvent
containing impurity, were subjected to a desorption study. First, the samples with the methanol and
the impurity were purged with nitrogen (100 mL/min) at room temperature for 20 min. This was
followed by a spectrum collection. The spectra were denoted as MEOH-Impurity-des-20-n; then, the
purging was resumed at a higher temperature (50 C) for 30 min. Similarly, it was followed by a
spectrum collection. The spectra were denoted as MEOH-Impurity-des-50-n; finally, the purging was
replaced by an evacuation treatment (10! pa, 100 ‘C, 30 min). Spectra collected here were denoted
by MEOH-Impurity-des-80-v.
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4.3. Characterizations of the Adsorption Site of Impurities on a TS-1 Catalyst

The characterization of the adsorption site of impurities on a TS-1 catalyst was carried out with
UV-Raman and skeleton vibration FT-IR. The FT-IR spectra were collected on a FT-IR spectrometer
(Nicolet 6700, Waltham, MA, USA) using the KBr wafer technique. UV Raman spectra were recorded
on a home-made UV Raman spectrograph (Dalian Institute of Chemical Physics, Dalian, China) using
a Jobin-Yvon T64000 triple-stage spectrograph (Jobin Yvon, New York, USA) with a spectral
resolution of 2 cm!. The 244 nm line was from a Coherent Innova 300 Fred laser. The power of the
244 nm line, at samples, was below 1.0 mW. The procedures used for the preparation of the TS-1
powder samples were as follows: first, the purified TS-1 was soaked in methanol (MEOH), 1-
propanol (NP), acetone (AT), methyl acetate (MA), 1,1-dimethoxypropane (DMOP), and
methylamine (MEAM), respectively. Then, the mixtures were stirred at room temperature for 4 h.
Next, the soaked TS-1 samples were recovered by filtration and dried at 60 ‘C for 12 h. The samples
were labeled as TS-1-MEOH, TS-1-NP, TS-1-AT, TS-1-MA, TS-1-DMOP, and TS-1-MEAM,
respectively.

5. Conclusions

This study indicates that, during the liquid-phase epoxidation of propylene and H:0:, the
influence of impurities in a methanol solvent on the conversion of H:0: is significant, but the
influence on the selectivity of PO and the utility of H2O2 is unremarkable. Among the impurities, the
influence of acetone and amines (methylamine and ethylamine)on the conversion of H202 was the
most striking. In general, the content of methylamine, ethylamine, acetone, methyl acetate, 1,1-
dimethoxypropane, and 1-propanol in a methanol solvent should be strictly controlled. In addition,
the influence mechanism of impurities in a methanol solvent on the liquid-phase epoxidation of
propylene and H>O:2 has been preliminarily studied. It was found that impurities competitively
adsorbed on tetra-coordinated framework titanium sites of TS-1, and that they consequently
hindered the contact of methanol with the tetra-coordinated framework Ti sites, which might account
for the negative influence of impurities in methanol solvent on the epoxidation. For example, Species
[II might have been formed on TS-1 when the methanol solvent with excess amines (methylamine
and ethylamine) was used. This species could not take part in the epoxidation of propylene. In the
case of the methanol solvent, contained aprotic impurities (acetone, methyl acetate, and 1,1-
dimethoxypropane) were used. A decrease in the concentration of Species [, which would slow
down the conversion of H20, is a possible consequence of this. Our future research will be focused
on a solution to reduce the influence of these impurities on the liquid-phase epoxidation of propylene
and H20..

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1, Table S1: Influence of
fusel alcohol content on the product distribution and turnover numbers in epoxidation of propylene with
H20z, Table S2: Influence of ketone and aldehyde content on the product distribution and turnover numbers in
epoxidation of propylene with H20, Table S3: Influence of ester content on the product distribution and
turnover numbers in epoxidation of propylene with H2O2, Table S4: Influence of acetal content on the product
distribution and turnover numbers in epoxidation of propylene with H20:, Table S5: Influence of amine
content on the product distribution and turnover numbers in epoxidation of propylene with H2O», Table Sé6:
Contents of impurities in simulated methanol solvents.
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