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Abstract

Solid alkali KF/MgO catalysts were prepared using the impregnation method by
combining alkali metal compounds with oxides, which performed the transesteri-
fication of isosorbide (IS) with dimethyl carbonate (DMC) into dicarboxymethyl
isosorbide (DC). Characterization of the catalysts was conducted through X-ray dif-
fraction, scanning electron microscopy, Fourier transform infrared spectroscopy,
and N, adsorption—desorption analysis. The catalytic performance of KF/MgO was
examined under diverse KF loading and calcination temperature conditions. The
characterization of catalyst identified that the creation of innovative active compo-
nents K,MgF, and K,CO; were produced at a calcination temperature of 500 “C and
a KF loading amount of 40%. The catalyst of 40-KF/MgO-500 demonstrated the
most effective, favourable activity and selectivity. Through the optimization of trans-
esterification process conditions, it was discovered that the yield of DC was at its
highest under the optimal reaction conditions of n(DMC)/n(IS)=6.5, catalyst dos-
age of 0.21 wt% (relative to IS mass), transesterification temperature of 120 °C, and
reaction time of 6 h.

Keywords Transesterification - Solid base catalysts - Isosorbide - Dimethyl
carbonate

Introduction

The employment of petroleum-based polymer materials has led to the gradual deple-
tion of petroleum resources and environmental pollution [1, 2]. Consequently, the
quest of polymer material’s researchers is to utilize renewable resources. Neverthe-
less, isosorbide (IS), which is a bio-based renewable resource [3], can be promptly
transformed from glucose and cellulose [4-6]. The implementation of isosorbide-
based chemicals and materials has garnered significant interest from domestic and
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international researchers. Through extensive research, it has been demonstrated that
IS, characterized by its unique, inflexible structure, is considered to be the most
promising candidate to substitute bisphenol A in polycarbonate production [7-9].
Particularly, isosorbide and its derivatives present compelling monomeric agents for
bio-based polymer synthesis, comprising polycarbonates [10, 11], polyesters [12],
polyamides [13], and polyurethanes [14], as they exhibit exceptional performance
and optimal compatibility [15, 16].

Isosorbide-based polycarbonate (IS-PC) is a material with non-toxic properties
and excellent optical, scratch-resistant, and thermal stability. It is also biodegrad-
able, biocompatible, and has great potential for applications in packaging, auto-
motive, electronics, electrical appliances, and biomedicine [17]. IS-PC is mainly
prepared by melt transesterification, which is primarily accomplished through the
reaction between an ester and one or more alcohols, acids, or esters at elevated tem-
peratures [18]. This preparation method has the advantages of simple process, green
environmental protection, easy availability of raw materials, no toxic solvents, and
high product yield, which has become the development direction of IS-PC prepa-
ration technology. Currently, IS and either diphenyl carbonate (DPC) or dimethyl
carbonate (DMC) is commonly used as raw materials in the preparation of IS-PC
[19], as displayed in Formula (1). This approach enables the recycling of phenol or
methanol as by-products, which can then be repurposed to produce DPC or DMC
[20]. Although IS-PC produced via the DPC method exhibits high molecular weight
and performs relatively well, DPC is synthesized using DMC [21], which involves
a lengthy process and fetches a significantly higher market price than DMC. During
the reaction process, a significant amount of high boiling point by-product phenol is
produced, which can impact material properties and hazard to human health [22].
The usage of DMC as raw material for preparing IS-PC has several advantages,
including a shorter process, lower production costs, and better environmental per-
formance [23, 24]. As catalytic technology and processes continues to advance, this
method is expected to become the leading and most competitive route for preparing
IS-PC.

Currently, the development of IS-PC via the DMC technique presents certain
challenges and is still at the laboratory research stage. When considering raw mate-
rials, DMC has a low boiling point that makes internal temperature control difficult
due to its vaporization under heat. And about IS has a tendency to deliquesce and
possess a significant steric hindrance. Moreover, the internal hydroxyl group within
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Formula 1 Reaction formula for preparing IS-PC
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its molecular structure can form an intramolecular hydrogen bond with the oxygen
in another furan ring, which causes a large difference between internal and exter-
nal hydroxyl activity. Consequently, this results in a low efficiency reaction [25-27].
From the point of view of reaction, the strong electrophilicity of carbonyl carbon
and methyl carbon in DMC result in carboxymethylation and methylation side reac-
tions in the course of the transesterification reaction stage [28]. Refer to Fig. 1 for a
visualization of the reaction.

As shown in Fig. 1, the DMC method-prepared IS-PC transesterification reac-
tion may result in eight products. Among them, the intermediate product dicarboxy-
methyl isosorbide (DC) obtained from monocarboxymethyl isosorbide resolves the
issues of hydrophilicity and low reactivity of IS due to its molecular structure con-
taining -OCOOCH; group, which provides a prerequisite for the synthesis of IS-PC
with high molecular weight and high performance [29-31]. Additionally, DC can
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Fig. 1 Process of the transesterification reaction between DMC and IS
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act as a plasticizer, decreasing the material’s melting temperature and melting vis-
cosity. This improves the material’s processing performance, flexibility, and optical
transmittance.

At present, researchers still commonly use the traditional one-pot method by using
controlled ionic liquids or traditional solid bases as catalysts to synthesize IS-PC. How-
ever, the exploration of its ester exchange phase has been rarely reported, and confor-
mational relationships between reaction processes and catalysts has not been compre-
hensively studied. In addition, ionic liquid as a homogeneous catalyst, the retention of
its anions and cations may cause yellowing of the material and a decrease in the rela-
tive molecular mass, limiting the use of IS-PC in many fields, particularly those with
high standards for product transparency and aesthetics. About traditional solid bases
merely a minor number of catalysts exhibit favourable selectivity for DC synthesis [23],
including caesium carbonate (Cs,COj), lithium acetylacetonate (LiAcac), and potas-
sium carbonate (K,CO;). However, separating these alkali metal salts poses difficulty,
leading to metal ion residue which adversely affects subsequent IS-PC [26].

In this paper, solid base KF/MgO catalysts with simple separation, remarkable activ-
ity, and exceptional stability were created through the impregnation method for transes-
terification aimed at synthesizing DC. The study systematically explored the impact of
catalytic performance on the DC yield during transesterification. The study investigated
the structure—activity relationship of KF/MgO during the reaction using X-ray diffrac-
tion (XRD), scanning electron microscopy (SEM), N,-adsorption—desorption, alkalin-
ity, and base quantity analysis, and Fourier transform infrared spectroscopy (FT-IR).
Furthermore, the transesterification reaction conditions of isosorbide and dimethyl car-
bonate were optimized. Finally, a high-yield DC was synthesized, providing a founda-
tion for producing high molecular weight and high-performance IS-PC.

Experimental
Materials

Dimethyl carbonate (C;H60;,>98%), acetone (C3;HO,>98%), and methanol
(CH;0H, > 98%) were purchased from Chengdu Ke-Long Chemicals Reagent Co.,
Ltd. (Chengdu, China). Isosorbide (IS,>99%) was purchased from Jinan Yu-Ten
Pharmaceutical Co., Ltd. (Jinan, China). Potassium fluoride (KF,>98%) was pur-
chased from Shanghai Adamas Reagents Co., Ltd. (Shanghai, China). Nano mag-
nesium oxide (MgO,>98%) was purchased from Shanghai Diper Biotechnology
Co., Ltd. (Shanghai, China).The deionized water used in the experiment was made
homemade by the laboratory.

Preparation of catalysts
KF/MgO was prepared via a wet impregnation method. In standard preparation,

an appropriate quantity of KF aqueous solution was added to MgO and stirred for
6 h. The resulting mixture was subjected to rotary evaporation to remove water.
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The powder was then ground and calcined in a muffle furnace at a temperature of
300-700 °C for 5-8 h. The resulting material was designated as x-KF/MgO-T, where
x and T represent mass fraction (%) and calcination temperature (‘C), respectively.

Synthesis of DC

Under the protection of nitrogen purge, KF/MgO catalysts were added to a three-necked
flask holding a thermometer and an air condenser tube, along with a specific raw mate-
rial molar ratio. The transesterification reaction was conducted at a temperature range
of 90-150 °C. The reaction rate was enhanced by the continuous production of a DMC
and MeOH azeotrope, as illustrated in Formula (2). After the reaction, the transesteri-
fication catalyst was filtered out and DMC was removed through vacuum distillation to
obtain a high yield of the transesterification product dicarboxymethyl isosorbide.

Characterization of catalysts

X-ray diffraction (XRD) analysis was conducted on a Bruker D8 Advance diffractom-
eter, utilizing Cu Kal radiation with a scanning speed of 5 °C/min within the 20 range
of 0.5°—4.0°, at 40 kV and 100 mA. N, adsorption—desorption was measured using a
Quantachrome Autosorb-IQ gas adsorption analyser. The BET equation was utilized
to obtain the surface area. The BJH adsorption isotherm method was implemented to
determine the pore size distribution of the catalyst samples. Fourier transform infrared
spectroscopy (FT-IR) was conducted using Thermo Fisher Nicolet 670, and the catalyst
underwent KBr methodology. The band range was 4000-500 cm™! with a resolution of
4 cm™! and temperature of 25 °C. Moreover, scanning electron microscopy (SEM) was
employed to characterize the catalyst surface, utilizing ZEISS Gemini 300. The sam-
ples were adhered directly onto the conductive adhesive and subjected to 45 s of spray-
ing and 10 mA using the Oxford Quorum SC7620 sputtering spreader. The voltage
of acceleration used was 3 kV, and the detector employed was SE, for the secondary
electron detection. The base strength (H_) and basicity of these samples was studied
by employing the Hammett indicator alongside bromothymol blue (H_=7.2), phenol-
phthalein (H_=9.8), and 2,4-dinitroaniline (H_=15.0).
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Formula 2 IS and DMC transesterification processes.
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Fig.2 Typical a '"H NMR and b '*C NMR spectra of DC prepared using KF/MgO
Results and discussion

The DC molecular structure was synthesized by melting transesterification
reaction

DC as an important product of transesterification synthesis and also a prerequisite
for the synthesis of IS-PC. The structure characteristics of the synthesized DC, cata-
lyzed by KF/MgO, were determined by [1]H NMR and [13]JCNMR spectra (Fig. 2).
From the [1]JH NMR spectra, the peaks of the ISB moiety unit at 65.09-5.04, 4.87,
4.53, 4.08-4.00, and 3.93-3.85 ppm are assigned to hydrogen atoms recorded as 1,
2, 3,4, 5, and 6, respectively. The terminal groups (-OCH,) could be identified at
63.80 and 3.78 ppm. As shown in [13]C NMR spectra, It similarly demonstrates the
successful synthesis of DC using melt transesterification reaction.

Effect of catalyst preparation conditions on catalytic performance

KF/MgO has commonly been employed as a catalyst for transesterification pro-
cesses, including the production of chemical intermediates and polyesters. However,
its effectiveness in catalyzing the transesterification of IS with DMC for the synthe-
sis of DC remains unexplored in the literature. The temperature at which the catalyst
is calcinated and the amount of KF loaded onto the catalyst are crucial considera-
tions in the course of the preparation process [32].

The 40-KF/MgO catalyst underwent calcination in the range of 0 °C-800 °C. Fig-
ure 3a illustrated the impact of varying calcination temperatures on the transesteri-
fication activity of the 40-KF/MgO catalyst. As observed in Fig. 3a, the uncalcined
40-KF/MgO demonstrated catalytic activity in effecting this reaction. While the con-
version of IS was almost at 99.99%, the yield of MeOH and DC barely amounted to
80.3% and 47.5%, separately. The results demonstrated that the uncalcined catalyst
exhibits higher activity, but lower selectivity. Interestingly, the conversion of IS and
the yields of MeOH and DC were significantly lower when 40-KF/MgO was cal-
cined at 200 °C compared to uncalcined 40-KF/MgO. It can be explained by the fact
that the calcination temperature can alter the active centres of the catalysts. As the
temperature for calcination increased, the number of original active sites decreased,
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Fig.3 a Effect of calcination temperature on the activity of 40-KF/MgO catalyst(40-KF/MgO dosage
of 0.2 wt%, n(DMC)/n(IS)=6.5, 8 h at 110 C under ordinary pressure). b Effect of KF loading on the
activity of KF/MgO-500 catalyst(KF/MgO-500 dosage of 0.2 wt%, n(DMC)/n(IS)=6.5, 8 h at 110 ‘C
under ordinary pressure)

and no new active sites were generated. This resulted in a significant decrease in the
catalyst’s reactivity, leading to a decrease in the reaction rate. When the calcination
temperature of 40-KF/MgO increased from 200 °C to 500 °C, monocarboxymethyl
isosorbide was gradually transformed into dicarboxymethyl isosorbide (DC), due to
the yield of methanol was positively correlated with the yield of DC, While the yield
of DC increased rapidly from 11.5% to 75.9%, and the yield of methanol increased
from 70.6% to 99.2%. Then, it was found that high calcination temperatures of the
precursor led to rapid decreases in the conversion of IS, as well as the yields of
MeOH and DC. In conclusion, the active centre and pore structure of the catalysts
were altered due to the higher calcination temperature, making them less active.
Apparently, under the same reaction conditions, 40-KF/MgO-500 generated active
centres and pore structures, which is the best facilitate melt-transesterification.

The KF/MgO-500 catalyst was loaded with a concentration of KF ranging from
15 to 50%. Figure 3b illustrates the impact of different loadings of KF/MgO-500 on
IS converted to MeOH and DC yield. It can be inferred from Fig. 3b that the con-
version of IS, MeOH and DC yield increased initially but subsequently decreased.
The peak yields of MeOH and DC were attained at a KF loading amount of 40%,
reaching 99.2% and 75.9%, respectively. However, the high loading of KF may have
caused pore blockage in the catalyst, resulting in a rapid decrease in the yield of
MeOH and DC. Therefore, 40-KF/MgO-500 displayed the highest catalytic activity
during the reaction process and was selected for further investigation.

Optimization of reaction conditions

In order to determine the optimal conditions for the 40-KF/MgO-500 catalyst, a
study was conducted on the impact of various reaction parameters on transesterifica-
tion. Figure 4a displays the effect of reaction temperature on transesterification activ-
ity, demonstrating that the reaction of IS converted to monocarboxymethyl isosorb-
ide and the production of DC occurred simultaneously between 90 °C and 110 C.
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The conversion of IS increased significantly from 56.3 to 99.9%, while the yields of
MeOH and DC rose rapidly from 31.4 to 99.1% and 5.1 to 75.9%, respectively. At a
reaction temperature of 120 “C, the conversion of IS remained relatively unchanged,
whereas the yield of DC further increased, suggesting a faster rate of formation at
this temperature. However, excessively high temperatures may have caused adverse
reaction that produced methylated and other by-products, consequently reducing the
yield of DC from 91.5 to 63.4%. The reaction process is displayed in Fig. 1. There-
fore, 120 “C was identified as the optimal reaction temperature for further study.
Figure 4b displays how transesterification performance is influenced by the molar
ratio of DMC and IS. As the n(DMC)/n(IS) ratio increased gradually from 1.6 to
3.3, the reaction of IS was nearly complete, but the yield of methanol was approx-
imately 50%, and the yield of DC was not high. This consequence indicated that
monocarboxymethyl isosorbide was mainly generated with the ratio of ingredients.
The reaction process is depicted in Fig. 1. The molar ratio of DMC to IS affects
the reaction rate of both processes. Further analysis indicated that the reaction rate
of monocarboxymethyl isosorbide and dicarboxymethyl isosorbide formation was
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Fig. 4 a Effect of the reaction temperature (40-KF/MgO-500 dosage of 0.2 wt%, n(DMC)/n(IS)=6.5 and
reaction time at 8 h). b Effect of the n(DMC)/n(IS) (40-KF/MgO-500 dosage of 0.2 wt%, 8 h at 120 C).
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temperature 120 “C, n(DMC)/n(IS) =6.5 and 40-KF/MgO-500 catalyst dosage 0.21 wt%)
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impacted by the internal and external hydroxyl reactivity imbalance of IS when
n(DMC)/n(IS)=4.9. In this process, we speculate that the -OCOOCH; group within
the structure of monocarboxymethyl isosorbide altered the distribution of its elec-
tron cloud and enhanced its hydroxyl activity. Consequently, the reaction rate for
generating DC considerably exceeded that of converting IS to monocarboxymethyl
isosorbide. This accounts for the decrease in the conversion of IS and the increase
in the yield of methanol. When the ratio of n(DMC)/n(IS)=6.5, the transesterifica-
tion reaction was shifted to the right promoting equilibrium resulting in the highest
selectivity of DC with a yield of 90.35%. However, it should be noted that DMC,
which has a low boiling point, was heated and evaporated during the reaction. The
excessive DMC that refluxed into the reaction system through the condenser lowered
the internal temperature, always keeping it below 95 °C. The reaction temperature
failure led to a rapid drop in the conversion of isosorbide, the yield of methanol and
DC. According to the results, the ideal raw material ratio was n(DMC)/n(IS)=6.5,
consistent with literature [24].

Catalysts are essential for producing DC during the transesterification stage [34],
and their quantity has a direct impact on the yield of DC. The figure highlights that
a small amount of catalyst is insufficient for transesterification. Figure 4c illustrates
the impact of 40-KF/MgO-500 catalyst dosage on the transesterification reaction.
When the catalyst amount was increased to 0.21 wt%, the active fractions in the
reaction system increased, promoting the reaction to a certain extent and enhanc-
ing the conversion of isosorbide and the yield of MeOH and DC. Nevertheless, an
excess of catalyst led to a concentration of free metal ions that was too high, result-
ing in side reactions and reduced yields of methanol and DC. Accordingly, the opti-
mal catalyst amount of 0.21 wt% was selected for subsequent research.

Upon examination of the reaction equation, it is apparent that monocarboxym-
ethyl isosorbide and dicarboxymethyl isosorbide were formed and contained MeOH.
Therefore, the yield of MeOH can be used as an accurate indicator of the degree of
reaction during the transesterification stage. The findings, depicted in Fig. 4d, dem-
onstrated that the reaction was initially progressing rapidly in the early stages of
transesterification. Among the hours of 3 and 5, the yield of MeOH increased at a
sluggish pace, indicating a gradual decrease in the reaction rate as the reaction pro-
gressed. From 6 to 8 h, the rate of methanol collection remained relatively constant,
suggesting that the transesterification reaction was complete. Consequently, 6 h rep-
resented the optimum reaction time.

Characterization of the catalysts

To obtain an understanding of the reaction mechanism for the transesterification of
isosorbide and DMC catalyzed by KF/MgO, this study examined the interactions
between KF/MgO and isosorbide or DMC through X-ray diffraction (XRD), scan-
ning electron microscopy (SEM), Fourier transform infrared spectroscopy (FIRT),
and N, adsorption—desorption.
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X-ray diffraction

The XRD of KF/MgO catalysts with different calcination temperatures and KF load-
ings are shown in Fig. 5. The reason for the high efficiency of uncalcined KF/MgO
in the transesterification reaction, but the low yield of DC, was investigated. Fig-
ure Sa illustrated that the presence of Mg(OH),, formed by the reaction between
MgO and H,0, promoted the transesterification reaction resulting in almost 99.99%
conversion of IS. However, the presence of a small amount of crystals in 40-KF/
MgO-0 resulted in the formation of strong hydrogen bonds between IS and the
crystals. This increased the energy barrier of the hydroxyl group in IS to a certain
extent and reduced the selectivity of the catalyst, resulting in a low DC yield. At a
calcination temperature of 200 C, some of the Mg(OH), decomposed into MgO,
which leaded to a decrease in the catalyst’s alkalinity and subsequently, a decrease
in the rate of the transesterification reaction. This result is in agreement with the
above statement. The variation of the calcination temperature from 200 to 500 °C,
the activated F~ induced in situ reaction of the oxide to form a new K,MgF, dif-
fraction peak (PDF 76-0038) ( 20=13.4, 30.3 31.8 34.6 41.0 42.2 45.6 52.8 55.7
63.0). This led to easier activation of carbonyl groups in DMC and hydroxyl groups
in isosorbide. The highest diffraction peak of K,MgF, and the best catalytic activity
are achieved at a calcination temperature of 500 °C. This temperature effectively pro-
motes the ester exchange reaction and results in the highest DC yield. On the other
hand, if the calcination temperature is too high, the active centre K,MgF, will disap-
pear, and the pore structure will change, leading to a rapid decrease in the reaction
rate and DC yield.

The X-ray diffraction (XRD) patterns of KF/MgO-500 catalysts with varied KF
loadings are depicted in Fig. 5b. It has been verified that the characteristic diffrac-
tion peaks of MgO and K,MgF, manifested at the calcination temperature of 500 C.
As the KF loading increased, the intensity of the diffraction peak of K,MgF, esca-
lated gradually, leading to a rise in the number and intensity of active sites on the
surface of the carrier and consequently promoting the reaction rate. The intensity of
the K,MgF, diffraction peak reached its peak at 40-KF/MgO-500, while the direct

(a) 0 * MgO (b) ¥ * MgO
R © Mg(OH), 1 A K Mgf
| l I A KMgF, -

40-KF/MgO-0

S0-KF/Mg0-500

ST U S N S |4s-kEMg0-500

40-KF/MgO-400

40-KF/MgO-500

Intensity
Intensity

At AI . Ar Jaa
e et A A 35-KF/MgO-500
40-KF/MgO-500 4

S——
30-KF/MgO-500

40-KF/MgO-600

- 40-KF/MgO-800 Me0

T T T T T T T T
20 40 60 80 20 40 60 80

0

Fig.5 a XRD patterns of 40-KF/MgO calcined at different temperatures b XRD patterns of KF/MgO-
500 catalysts with different KF loadings
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abortion rate was also at its highest due to the synergistic impact of alkaline strength
and specific surface area. However, with KF loading above this threshold, the excess
KF precipitated, obstructing the catalyst’s pores and hindering the solid-phase reac-
tion, which ultimately led to a decrease in the peak intensity, a reduction in reactive
sites, and a rapid decline in the reaction rate. These findings align with the experi-
mental process.

N, adsorption-desorption

In order to further clarify the structure—activity relationship of the catalyst in the
transesterification reaction, the N, adsorption—desorption curves of KF/MgO cata-
lysts with different KF loading and different calcination temperatures are shown in
Fig. 6, and the parameters such as specific surface area and pore volume were sum-
marized in Table 1. From Fig. 6, with the increase of gas pressure, it was appar-
ent that multilayer adsorption occurs on the surface and pore wall of the porous
material in the process of N, adsorption, capillary condensation occurs in the pore
to form a typical H3 hysteresis loop, which belongs to the mesoporous structure.
From Table 1, the specific surface area and pore volume of KF/MgO decreased with
increasing KF loading. Typically, the higher calcination temperature causes the
decomposition of the strong alkaline active centre K,MgF,, resulting in the collapse
of the catalyst channel. The specific surface area of KF/MgO decreased from 6.29
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Fig.6 N, adsorption—desorption isotherms of KF/MgO catalyst

Table 1 Specific surface arca Catalyst SBET (m%g) Pore volume  Pore diam-

and pore volume of KF/MgO (cm¥/g) eter (nm)

catalyst
35-KF/MgO-500 7.12 0.038 19.97
40-KF/MgO-500 6.29 0.036 20.67
45-KF/MgO-500 5.10 0.031 15.66
50-KF/MgO-500 4.43 0.027 11.87
40-KF/MgO-200 2.95 0.020 15.33
40-KF/MgO-800 2.09 0.010 19.35
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m [2]/g to 2.09 m [2]/g, the pore volume decreased rapidly from 0.036 cm [3]/g to
0.010 cm [3]/g.

Alkalinity and base quantity analysis

The basicity and base quantity of x-KF/MgO-500 and 40-KF/MgO-T were analysed
by the Hammett indicator method. The results are summarized in Table 2. It was
found that when bromothymol blue and phenolphthalein were added to the methanol
solution of the sample, the colour changed significantly to blue and red, respectively.
When 2.4-dinitroaniline indicator was added to the methanol solution of the sample,
the colour changed only slightly. We believed that there were few basic sites with
H->15.0 on the surface of the sample and it was difficult to determine the exact
basic content. Therefore, in this paper we discuss the number of basic sites limited
to two different surfaces, 9.8 >H->7.2 and H->9.8.

The activity of the KF/MgO catalyst was significantly higher than that of MgO
alone. With increasing KF loading, the active sites were uniformly dispersed on the
surface of MgO, so that the strong basicity and total alkalinity were increased, and a
maximum basicity of 0.6 mmol/g was observed. However, the excessive KF content
covered the active sites on the surface of the magnesia, resulting in a decrease in the
alkalinity of KF. The influence of the calcination temperature on the catalytic per-
formance was then studied. It is a very fascinating phenomenon that the uncalcined
catalyst also has a high alkalinity, which probably catalyzes the transesterification
reaction. It is well known that the furnace temperature is not sufficient to induce
decarbonisation of the catalyst and its activity must be distributed to the fluoride
anion. Therefore, as the calcination temperature increased from 80 “C to 300°C, the
alkalinity of KF/MgO decreased. When the calcination temperature reached 500 °C,
the number and strength of the medium basicity of the active centre K,MgF, reached
the best, and the total alkalinity and medium basicity mainly led to the formation

Table 2 The alkali strength and amount of KF/MgO were tested by Hammett indicator meth

Catalyst Basic strength (H-) Basicity (mmol/g) Total basic-
- ity (mmol/g)
Weak Medium
H-=7.2-9.8 H-=9.8-15
MgO H-<7.2 - - -
5-KF/MgO-500 9.8<H- <15 0.04 0.018 0.058
30-KF/MgO-500 9.8<H- <15 0.21 0.05 0.26
40-KF/MgO-500 9.8<H- <15 0.38 0.22 0.6
45-KF/MgO-500 9.8<H-<15 0.42 0.16 0.58
40-KF/MgO-0 9.8<H-<15 0.34 0.12 0.46
40-KF/MgO-200 9.8<H-<15 0.15 0.11 0.26
40-KF/MgO-400 9.8<H-<15 0.23 0.19 0.42
40-KF/MgO-800 9.8<H-<15 0.42 0.14 0.56
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of DC. The excessive calcination temperature caused the decomposition of the KF/
MgO active components and the collapse of the catalyst pores, which caused the
reaction rate to decrease.

Combined with the experimental results, the number and strength of the basic
sites of the catalyst are closely related to the activity of the catalyst. The higher the
number and strength of basic sites, the better the catalytic activity, which was more
conducive to improving the reaction rate in the transesterification stage to obtain
high yield DC.

Fourier transform infrared spectroscopy

The FT-IR characterization results for different KF/MgO catalysts are shown in
Fig. 7. The result showed that 40-KF/MgO-200 had a strong absorption peak at
3600 cm™!, which was attributed to the v(OH) stretching vibration in Mg(OH),
[35]. Combined with the above experimental results, the FT-IR patterns are in good
agreement with the XRD results, and with the increase of calcination tempera-
ture, Mg(OH), gradually transforms into MgO, and the absorption peak gradually
decreases or even disappears, which was also similar to the Hammett analysis. The
characteristic absorption peaks of CO, [2—] appeared at 1400 cm™" and 1350 cm™,
indicating that K,CO; was formed when the catalyst was calcined in the muffle
furnace.

Scanning electron microscopy

To further investigate the effects of different loadings and calcination temperatures
on the morphology and structure of KF/MgO, we also carried out SEM analysis. As
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Fig.7 FT-IR analysis and comparison of different KF/MgO catalysts
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Fig.8 SEM image of KF/MgO calcined at different KF loadings and temperatures. a 30-KF/MgO-500; b
40-KF/MgO-500; ¢ 50-KF/MgO-500. d 40-KF/MgO-0; e 40-KF/MgO-200; f 40-KF/MgO-800

shown in Fig. 8, the change in particle size of KF/MgO at the same calcination tem-
perature with increasing KF loading was not significant. Nevertheless, 50-KF/MgO-
500 was overloaded with KF, causing the particle size and particles to combine and
aggregate (C), which greatly reduced the catalytic performance or even inactivated
KF/MgO. At a certain level of KF loading, the surface morphology of the KF/MgO
catalyst before and after calcination is quite different. The 40-KF/MgO catalyst par-
ticles before calcination play a binding role due to the presence of crystalline water
(D), which is manifested as a smooth structure with heterogeneous size and poor sta-
bility. However, the calcined 40-KF/MgO-800 catalyst has a severe collapse of its
pore structure due to severe calcination (F), which is not conducive to the exposure
of basic sites. Therefore, the appropriate loading and calcination temperature will
make the KF/MgO catalyst undergo a good solid-phase reaction to form a new active

Mg Kal 2

Zoam ' F Kol 2

—_——

2.50m

PR
2.50m 2.5pm

Fig.9 SEM image of 40-KF/MgO-500 (a) EDS layered images (b) and Element mapping (c, d, e, f)
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Table 3 Total distribution map Element Wt % Wt % sigma AL %
spectrogram
(6] 36.83 0.61 47.53
F 15.59 0.71 16.94
Mg 32.39 0.49 27.51
K 15.19 0.37 8.02
Amount 100.00 100.00

centre, so that the metal and support form mixture, prevent the catalyst from sinter-
ing, improve the activity and stability of the KF/MgO catalyst, and prolong its life.

In addition, SEM-EDS analyses were carried out on the 40-KF/MgO-500 mate-
rial to reveal the distribution of Mg, O, K, and F elements on its surface. As shown
in Fig. 9, Mg, O, K, and F elements are well dispersed on 40-KF/MgO-500 surface.
Meanwhile, according to total distribution map spectrogram (Table 3), the atomic
percentage of K element is half that of F element, indicating that the active cen-
tre of 40-KF/MgO-500 is K,MgF,, which has an excellent catalytic effect on ester
exchange reactions. It can further prove that the 40-KF/MgO-500 had excellent cata-
lytic activity.

Conclusion

In this paper, DC was synthesized via transesterification using DMC and IS as raw
materials. Supported solid base catalysts were prepared to use the impregnation
method, comprising KF/MgO that demonstrated high activity, stability, and easy
separation. The influence of catalyst preparation and transesterification conditions
on the synthesis of IS-PC prepolymer DC was researched. In conclusion, the tem-
perature of calcination, catalyst loading, and dosage were identified as crucial fac-
tors that affect the catalyst’s active centre, pore structure, and alkalinity. Under the
given conditions of a transesterification temperature of 120 “C, a raw material ratio
of n(DMC)/n(IS)=6.5, 40-KF/MgO-500 dosage of 0.21 wt %, and a 6 h transes-
terification reaction, the selectivity of DC was found to be the highest. It should be
noted that an excessive use of the catalyst may result in an overly strong alkalin-
ity, which can lead to side reactions during the transesterification phase. The study
showed that at 500 °C calcination temperature and 40% KF loading, the in situ reac-
tion of MgO under the stimulation of F~ produced new strongly basic active cen-
tres, namely K,MgF, and K,CO;. In addition, the suitable pore structure increased
the number of substrates on the catalyst surface, ultimately improving the catalytic
performance.
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