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Abstract
In this study, calcium oxide (CaO) was used as an additive to form pores in a cellulose acetate (CA)
membrane and at the same time improve the thermal stability of the cellulose acetate membrane. When
the CA/CaO membrane was exposed to water pressure, the solvent was removed from the CA matrix area
plasticized by the CaO particle size and water channels were formed. In addition, the high melting point of
CaO and its bonding with the carbonyl group of CA caused a crosslinking effect.

We succeeded in membrane synthesis with a high porosity of 73.1% and �ux data of 95.25 L/m2h at 8
bar, which was enhanced thermally with an increased decomposition temperature of 50°C on
thermogravimetric analysis (TGA). The pores generated in the cellulose acetate �lm were con�rmed using
a scanning electron microscope machine (SEM) and mercury porosimeter. Thermal stability and
interactions in materials were measured using TGA and Fourier transform infrared (FT-IR).

1. Introduction
With rising awareness of various environmental problems such as water shortage and energy problems
across the world, the interest in porous polymeric materials is also rising as a way to solve these
problems. Porous polymeric materials are substances that have nano-sized pores, which are actively
used in adsorbents, catalysts, water treatment and gas separation membranes, and electrical and
chemical materials. (Li et al. 2019; Otaru et al. 2019; Xu et al. 2018; Notario et al. 2016; Rashidi et al.
2018; Samanta et al. 2019; Sun et al. 2016; Huang 2016) The separation process using porous polymer
membranes is seeing a rapid growth in a variety of applications, despite its short history compared to
other process technologies. This is because porous membranes have various advantages: easy to use,
relatively low cost and space, environmental friendliness, and convenience of post-processing. (Costa et
al. 2020; Fen Yong et al. 2020; George et al. 2016; Han et al. 2018; Karami et al. 2020; Luiso et al. 2020;
Prasetya et al. 2020; Hussain et al. 2020; Cui et al. 2016; Sun et al. 2020)

Recently, many researchers have been devoted to solve the problems of separator permeability, selectivity,
and chemical and thermal stability and the separator material to be environmentally friendly and
inexpensive. Shasha Ma et al., studied a polypropylene (PP) composite membrane coated with PMMA
and AlPO4 to improve the electrical and thermal stability of batteries. Since AlPO4 present in the coating
layer was able to form a high electrolyte absorption and strong bond with PP, the membrane could have
high ionic conductivity, which could lead to the thermal strengthening of the battery. (Ma et al. 2019)
Dongwei Ma et al., studied a hydrophilicity of polysulfone modi�ed by applying spray coating and
selective swelling process technology. This made the membrane �exible and led to the control of porosity
and pore size control. (Ma et al. 2020) Zhanghui Wang et al., prepared hydrophilic β-CD-PIM NPs and
used them to effectively actuate interfacial bonding with polyamides. The additives showed excellent
long-term durability, and also suggested the possibility of forming water transport nanochannels. (Wang
et al. 2019) Ahmed Bhran et al., produced PVC/PVP membranes by effectively using phase-inversion
technology. This showed a high salt removal rate, suggesting that it will be used effectively for future
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seawater treatment. (Bhran et al. 2018) Waqas et al., succeeded in manufacturing a membrane that was
believed to be actively used for LIB of coin cells. PMDA and 4,4-oxydianiline were synthesized using
electrospinning and thermo-compression. This membrane exhibited excellent porosity, electrolyte
absorption, and ion conductivity. (Arifeen et al. 2020) Chaihong et al. reported that polybenzimidazole
was synthesized and a polyethylene membrane was coated with a TPA crosslinking agent to make a
CHBPBIE membrane for batteries. (Xue et al. 2020)

Recently, our research team has also conducted several studies to make separators more effective, in
particular, the cellulose acetate (CA) separators. A new method for controlling the size and number of
pores of the membrane and generating a pore path that is close to straightforward was proposed. The
use of various additives and solvents was attempted in past studies. The process used in those studies
were highly energy e�cient, relatively low cost, and environment friendly. Forming several pores,
controlling the pore size, and generating a pore path close to a straightforward can reduce the resistance
in the cell separator and enable fast lithium-ion transport. Unfortunately, the formation of many pores in
the CA separator with a relatively low molecular weight (MW 30,000 ~ 50,000) resulted in lowering the
thermal stability of the membrane. This caused a fatal disadvantage, especially in the battery �eld. (Lee
et al. 2016, 2018, 2019; Kim et al. 2019; Hong et al. 2020; Hwang et al. 2016) In this study, calcium oxide
(CaO) was used to develop a separator that maintains high porosity and solves the problem of low
thermal stability. It was expected that the high melting point and particle size of CaO and its interaction
with CA would enhance the thermal stability of the entire membrane.

2. Experimental

2.1 Materials & membrane preparation
CA (MW 30,000), CaO (99.9%), and Dimethylformamide (DMF, 99.8%) were purchased from Sigma-
Aldrich. Acetone was purchased from Daejung Chemicals. All experimental reagents were used as
purchased without further processing. A 20wt% CA solution dissolved in DMF and acetone (w/w 8:2) was
stirred for 2 hours at RT. and then 0.006 mol of CaO compared to 1 mol of monomeric CA polymer was
added and stirred for 48 h. The prepared solution was cast on Te�on tape for a freestanding �lm by
doctor blade. and then dried in a thermo-hygrostat (25°C, 50%) for 23 min. When CaO was added as an
additive to the polymer matrix, the ratio of CA:CaO was selected as 1:0.006 mol as a moderate ratio.
Because a low ratio of CaO addition could generate a low porosity problem and a high ratio of the same
could create a particle dispersion problem, the addition amount of CaO was selected as 0.006 mol. As the
drying time increased, the solvents rapidly evaporated, the chains became more rigid, and pores were not
formed. Thus, 23 min was selected as the appropriate drying time.

2.2 Characterization
The dried CA/CaO composite �lms were treated with a water treatment machine at 8 bar for 3 hours. The
�ux data was measured as L/m2h (LMH). A mercury porosimeter (AutoPore V9600 series, Micromeritics
Inc.) and scanning electron microscopy (SEM, JEOL JSM 5600 LV) was used to monitor the
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characteristics of the pores and porosity of the CA/CaO composite �lms. Samples were prepared by
cutting the dried membrane for more than 24 hours after hydrostatic treatment. Fourier transform infrared
(FT-IR, Varian FTS 3100) was utilized to con�rm the interaction between the CA polymer matrix and CaO.
For IR measurement, the sample was dried for 3 days. and the overall portion of several �lms was
measured to obtain average data. To �nd out the thermal stability of the polymer, thermogravimetric
analysis (TGA, Mettler Toledo) was performed from 25°C to 800°C at a rate of 10°C/min.

3. Results And Discussion

3.1 Water �ux data
Table 1

The water �ux data of CA/CaO
composite �lms at 0 bar and 8 bar

at 0bar (L/m2h) at 8bar (L/m2h)

0 95.25

Physical pressure was applied to CA/CaO composite �lms through hydraulic pressure in order to observe
the formation of pores. The pressure was maintained at 8 bar for more than 3 hours, and as seen from
the water �ux data, a water channels were formed. This �ux measurement result showed an average of
95.25 LMH based on reproducible results more than 10 experiments.

3.2 Porosimeter data
Table 2

Porosimeter data of CA/CaO composite �lms at 8 bar
Sample CA/CaO composite �lms

Porosity (%) 73.1

Average pore diameter (µm) 1.62

For a more detailed analysis, a mercury porosity meter was used. As a result of the measurement, data of
a high porosity of 73.1% and an average pore diameter of 1.62µm were obtained. Considering the �ux
data and porosimeter data, it was con�rmed that abundant pores were generated after CaO was added,
more than the cellulose acetate polymer �lm in which nothing was added. The formation of pores in the
CA/CaO composite �lms rather than in CA without additives could be explained by the fact that some
plasticized regions were formed in the existing chains due to the particle size of CaO. Furthermore, some
solvents were allowed to remain in the CA polymer chains by controlling the drying time. After hydrostatic
treatment, the solvents were removed, resulting in the formation of water channels through the plasticized
chain regions.

3.3 SEM images of membrane
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The image of the CA polymer surface without additives dissolved in DMF and acetone (w/w 8:2)
(Fig. 1(a)) showed that pores were not formed; however, pores were observed in the polymer to which CaO
was added (Figure. 1(b)). Additionally, unlike previous studies, the newly discovered fact con�rmed that
pores of various sizes existed in one pore. (Figure. 1(c)). In the case of the cross section of the polymer
matrix in which CaO (Figure. 1(d)) was used as an additive, the shape of the pores was sponge-like. Thus,
it seemed that there were not many pores on the upper surface of the polymer �lm, but many pores were
contained in one pore, and it was con�rmed that these pores formed a sponge-type water channel. This
could also explain the high values of the �ux data and porosity data mentioned earlier

3.4 FT-IR data

Figure 2. FT-IR data of neat CA, CA/CaO composite at 0 bar, and CA/CaO composite at 8 bar

Figure 3. Deconvolution data of ether group in (a) neat CA, (b) CA/CaO composite at 0 bar and (c)
CA/CaO composite at 8 bar

Table 3
Deconvoluted area of FT-IR data at ether group

Peak (cm− 1) Area (%)

Neat CA CA/CaO at 0 bar CA/CaO at 8 bar

981 8.66 8.45 8.04

1031 80.76 81.61 83.11

1075 10.58 9.94 8.85

Figure 4. Deconvolution data of carbonyl group in (a) neat CA, (b) CA/CaO composite at 0 bar and (c)
CA/CaO composite at 8 bar

Table 4
Deconvoluted area of FT-IR data at carbonyl group

Peak(cm− 1) Area (%)

Neat CA CA/CaO at 0 bar CA/CaO at 8 bar

1731 72.77 76.54 79.46

1753 27.23 23.46 20.54

In Fig. 3, it showed that there was no change in the peak area in the ether group of CA, which indicated
that CaO was not complexed to the ether group of CA when CaO was added. These changes were not
observed even after hydraulic treatment. However, in Fig. 4, when CaO was added to the CA, a shift of
approximately 4% from the high wavenumber (1753 cm-1) to the low wave number (1731 cm-1) was
observed. This suggested that the addition of CaO weakened the C–O bond in the existing CA chain. The
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data after the hydraulic treatment at 8 bar showed that the shift to the low wavenumber was an
additional 3%. This indicated that when the water pressure treatment was carried out, CaO remained in
the polymer chain. Additionally, as the mobility of the CA chain increased due to hydraulic pressure, more
interactions with the surrounding CaO particles occurred. In most cases, when the particles penetrated the
polymer chains, the distance between the CA chains increased, and as a result, the C–O bond
strengthened, consistent with the shift to higher wavenumbers in the IR spectrum. However, when the CaO
particles were penetrated, the effect of weakening the C–O bond caused by the interactions between the
polymer chain and the surface of CaO particles became more pronounced than the previously mentioned
effect, resulting in the shift to a lower wavenumber.

3.5 TGA data

Figure 5. TGA data graph of neat CA and CA/CaO composite

The thermal stability of the CA/CaO composite was measured using TGA. As shown in Fig. 5, when the
water pressure treatment was not applied, the CA without additives decomposed at approximately 260°C.
These phenomenon was attributable to the melting point of cellulose acetate (approximately 256°C).
However, the CA/CaO composites decomposed at approximately 280°C and after water pressure
treatment, the decomposition-starting temperature increased to 310°C. In the aforementioned FTIR, the
additional bonding of the CA chain with CaO was generated after hydraulic treatment. In addition, the
high melting point of CaO at 2572°C would strengthen the thermal stability of CA polymer.

4. Conclusion
In previous studies, it was seen that porous cellulose acetates showed weak stability due to their low
molecular weights, posing a hindrance to their practical applications. To compensate for these problems,
this study proposed a method to improve the thermal stability of porous cellulose acetate �lms by
changing the solvent, additives and drying time. In this study, water channels were formed in some
�exible regions of the polymer chain by using a residual solvent controlled by drying time. In addition,
CaO used as an additive with the high melting point was complexed with the carbonyl group in CA,
generating the crosslinking effect. The average water �ux data was 95.25 LMH at 8 bar, and the porosity
was 73.1%. Through FT-IR, it was con�rmed that CaO interacted with the carbonyl group of CA, and more
interactions were generated with carbonyl groups by increasing the mobility of polymer chains during
hydraulic treatment. These results could be expressed in detail with Scheme1. Scheme 1(A) and (B)
describe the interaction between the carbonyl groups of polymer and CaO. Even after hydrostatic
treatment, as shown in Scheme 1(C), the CaO particles remained and interacted with more carbonyl
groups. The TGA data showed that the thermal strength of the CA/CaO composite �lms improved. In
detail, the decomposition temperature increased by approximately 50°C for the water-pressure-treated
Ca/CaO composite �lms compared to CA polymer without additives. These results show that the CA/CaO
composite showed not only high porosity but also enhanced thermal stability compared to neat CA �lms.
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It could be concluded that the method proposed in this study could solve the problem of low molecular
weight CA separators and expand the use in various applications.
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Figures

Figure 1
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SEM image of (a) surface of neat CA, (b) surface of CA added with CaO, (C) enlarged view of one pores,
and (d) cross section of CA with CaO

Figure 2

FT-IR data of neat CA, CA/CaO composite at 0 bar, and CA/CaO composite at 8 bar

Figure 3

Deconvolution data of ether group in (a) neat CA, (b) CA/CaO composite at 0 bar and (c) CA/CaO
composite at 8 bar
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Figure 4

Deconvolution data of carbonyl group in (a) neat CA, (b) CA/CaO composite at 0 bar and (c) CA/CaO
composite at 8 bar

Figure 5

TGA data graph of neat CA and CA/CaO composite
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