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Abstract
In this study, a porous membrane consisting of lactic acid and cellulose acetate was fabricated using a
low-cost and pro-environmental process. The wetting action of the lactic acid induced a plasticization
effect in the cellulose acetate chain, forming several small pores during the hydrostatic treatment. The
surface and cross-section of the membranes were observed using scanning electron microscopy, and the
interaction between cellulose acetate and lactic acid was investigated using Fourier transform infrared
spectroscopy. Furthermore, thermogravimetric analysis was performed to determine the thermal stability
of the membrane and the removal of lactic acid by the hydrostatic treatment. In addition, the optimum
composition and performance of the composite were investigated via water �ux measurement.
Furthermore, the average pore diameter and porosity of the cellulose acetate/lactic acid membrane
measured using a porosimeter was 0.38 μm and 65.3%, respectively.

1. Introduction
  In �elds such as environmental, industrial, and biological, etc., porous membranes are boundless used to
solve the problems faced mankind.(1-5) In addition, the membranes which have numerous pores are
extensively used to purify contaminated water, separate cathode and anode in battery and separate gas
in distillation process.(6-10) Porous membrane can absorb or �lter only pollutants out of wastewater, and
it can leads to tremendous environmental virtue. Futhermore, in industrial �elds, membrane process with
porous materials is able to simplify complicate processes including cryogenic distillation, water
puri�cation and etc.. Depending on the target application, the materials of the porous substance can be
of many types, including polymers, ceramics, and metals. There are several methods for fabricating
porous membranes such as surface modi�cation, phase separation, water treatment, electrospinning, and
3D-printing.(11-17) Several researchers take considerable pains to develop low expense and pro-
environmental methods for the production of separating membranes. Consequently, tremendous efforts
have been devoted by researchers to develop new pro-environmental materials such as green solvents
(18)and polymers for the eco-friendly production of porous membranes.

Recently, porous substances are often studied as separating membranes. Sushil Adhikari et al. compared
the performance of metal and ceramic membranes for high-purity hydrogen separation.(19) In addition,
De-en Jiang et al. proposed the use of porous graphene for gas separation.(20) Furthermore, Xiang Zhu et
al. synthesized a porous, �uorescent, triazine framework-based membrane with intrinsic porosity through
CO2 aromatic nitrile trimerization.(21) Pan et al. prepared porous membranes with various wettabilities
ranging from superhydrophilic to superhydrophobic, utilizing TiO2 nanowires for oil/water separation.(22)
Zhihua Qiao et al. synthesized metal-induced ordered microporous polymers and coated them on a
modi�ed polysulfone to develop a membrane for N2/CO2 separation.(23) Min Hu et al. prepared a zeolitic
imidazolate framework (ZIF-67) trap-in polystyrene hierarchical porous nano�ber membrane (ZIF-67/PS
HPNFM) with high gas permeability to remove particulate matter.(24) Shushan Yuan et al. produced a
membrane based on COF, a porous material, and reported the advantages and disadvantages of COF
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compared with MOFs.(25) Hence, the use of porous membranes as separators have received increased
attention among researchers, and thus, are being developed for further research.

PP or PE are primarily worked as plastic separator in battery(26, 27); however, the low thermostability of
these materials may cause safety issues such as battery explosion. Therefore, it is important to develop
polymer materials with high thermostability and good e�ciency.(28-31) To overcome this limitation,
several researchers have devoted numerous effort to develop more e�cient polymer materials.(32, 33) In
this study, to address this issue, we improved the thermostability of cellulose acetate (CA). The melting
point of CA is approximately 256 °C, which is higher than that of PP and PE, indicating its high
thermostability. In addition, CA is one of the most generally used polymers because it is inexpensive and
pro-environmental.

A former study demonstrated the formation of a straight-type pore in biopolymer membrane using Mg
salt.(34) This straight-type pore facilitated the rapid movement of lithium ions, improving the ion
conductivity of the membrane. In addition, the membrane was pro-environment and reusable since it was
made from CA which is derived from nature. However, the Mg salt used in the study reduced the porosity
of the membrane. To address this limitation, in this study, humectants were employed to expand the
porosity of the membrane, while ensuring an pro-environmental process. In this study, lactic acid, which is
an pro-environmental and cheap humectant was employed. In addition, lactic acid shows high
dispersibility owing to its good solvation. The dispersion of lactic acid in biopolymer improves the
�exibility of the regions dispersed with lactic acid due to the interaction between the polymer chain and
lactic acid. In addition, water pressure was applied to the polymer membrane to increase the generation
of pores, thus increasing the porosity of the membrane.

2. Experimental
CA ((Mn) ̅~30,000, Sigma-Aldrich Chemical Co.) and lactic acid (Daejung Chemical & Metals) were
utilized as the membrane materials. Acetone (Daejung Chemical & Metals) was employed as the solvent.
All materials were employed as received without further treatments.

A 10 wt% neat CA membrane solution was prepared by dissolving 1 g of cellulose acetate ((Mn) ̅~30,000)
in acetone/H2O (8:2 wt/wt ratio). Lactic acid was added into the polymer solution at a mole ratio of
1:0.07. Thereafter, the solution was stirred for 4 h at ordinary temperature. The CA/lactic acid membrane
was created on a glass plate with a doctor blade using the free-stand method. The membrane was then
dried for 30 min in a thermo-hygrostat at 25 °C and 50% humidity. Subsequently, the dried membranes
were placed in a water treatment equipment, and water pressure from 2 to 8 bar was applied to the
membranes; the water �ux was measured as L/m2h. The membranes were characterized using scanning
electron microscopy (SEM), Fourier transform infrared spectroscopy (FT-IR), thermogravimetric analysis
(TGA), and a porosimeter.

3. Result And Discussion
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3.1 SEM (Scanning Electron spectroscopy)

SEM was carried out to recognize the super�cies and cross-section of the membranes. Fig. 1(a) shows
the super�cies of the neat CA (pristine) with no applied water pressure. No pores were observed on the
super�cies of the pristine. Similarly, no pores existed in the 1:0.07 CA/lactic acid composite before the
hydrostatic treatment (Fig. 1(b)). In contrast, after the hydrostatic treatment at 8 bar, assemblies of pores
were generated on the super�cies of the 1:0.07 CA/lactic acid composite, as shown in Fig. 1(c). In
addition, as shown in Fig. 1(e), several tiny pores were observed on the surface of the 1:0.07 CA/lactic
acid membrane. As shown in Scheme 1, the application of water pressure to the plasticized area removed
the lactic acid, thus forming pores in the cellulose polymers. Furthermore, as shown in Fig. 1(f), sponge-
like pores were formed in the cross-section of the membrane.

3.2 Infrared spectroscopy (FT-IR) 

FT-IR spectroscopy was carried out to identify the interactions between CA and lactic acid. The peak
existed at 1750 cm-1 can be attributed to the C=O bond in the chains. Figure 2 shows the IR data for the
C=O bond of the pristine CA, 1:0.07 CA/lactic acid at 0 bar, and 1:0.07 CA/lactic acid at 8 bar membranes.
In Fig. 2, since the change in the shift was small, the peaks were analyzed by deconvolution (Fig. 3).
According to Table 1, in the range of 1735–1737 cm-1, the area ratio of the pristine CA was 79.19%, while
that of the CA/lactic acid at 0 bar membrane was 86.82%. This indicates that the peak shifted to a lower
wavenumber, which can be attributed to interactions in the membrane, such as the hydrogen bond
between the hydroxyl group of the lactic acid and the carbonyl group of CA. In addition, when the oxygen
atom of the carbonyl group newly interacted with the OH groups in the lactic acid, the C=O bond
weakened and the peak shifted to a lower wavenumber. However, the area ratio of the 1:0.07 CA/lactic
acid membrane at 8 bar was similar to that of the pristine CA, implying that the peak shifted to a higher
wavenumber, similar to that of the pristine CA. Since the lactic acid was eliminated by the hydrostatic, the
new bond that formed from the interaction between O and H disappeared and the C=O bond strength of
the 1:0.07 CA/lactic acid composite at 8 bar recovered to a level similar to that of the pristine membrane.
Figure 4 and Table 2 show that the C-O bond and the peak area ratios of the pristine membrane and
1:0.07 CA/lactic acid membrane at 0 bar observed at ~1037 cm-1 were 81.54 and 79.24, respectively, and
there was no prominent peak shift. Similarly, no signi�cant peak shift was observed between the C-O
group of the 1:0.07 CA/lactic acid membrane at 8 bar and that at 0 bar. This implies that the interaction
between the lactic acid and CA was more dominant at C=O than at C-O.

TGA was performed to exhibit the thermostability of the membranes. Figure 5 indicates that the 1:0.07
CA/lactic acid membranes at 0 bar had the lowest thermal stability among the three membranes. Upon
water pressure treatment, the lactic acid induced a plasticized area in polymer chains, thus increasing the
�exibility of the CA chains in that area and the decomposition of the lactic acid. Thus, an irregular
collapse was observed in the TGA graph of the 1:0.07 CA/lactic acid membrane at 0 bar in the
temperature ranges from 180–250 °C. In contrast, a relatively larger collapse was appeared in the TGA
graph of the 1:0.07 CA/lactic acid membrane at 8 bar. This can be attributed to the removal of lactic acid



Page 5/12

by the hydrostatic treatment, which eliminated the plasticizing effect of the lactic acid, thus increasing
the thermostability of the 1:0.07 CA/lactic acid composite at 8 bar to an almost similar level as that of
the pristine CA membrane. In addition, in the TGA graph of the 1:0.07 CA/lactic acid membrane at 8 bar, a
slight unusual weight loss was existed in the range 275–300 °C, which can be attributed to the
decomposition of lactic acid that remained in small amounts in the chains.

3.3 TGA

TGA was performed to exhibit the thermostability of the membranes. Figure 5 indicates that the 1:0.07
CA/lactic acid membranes at 0 bar had the lowest thermal stability among the three membranes. Upon
water pressure treatment, the lactic acid induced a plasticized area in polymer chains, thus increasing the
�exibility of the CA chains in that area and the decomposition of the lactic acid. Thus, an irregular
collapse was observed in the TGA graph of the 1:0.07 CA/lactic acid membrane at 0 bar in the
temperature ranges from 180–250 °C. In contrast, a relatively larger collapse was appeared in the TGA
graph of the 1:0.07 CA/lactic acid membrane at 8 bar. This can be attributed to the removal of lactic acid
by the hydrostatic treatment, which eliminated the plasticizing effect of the lactic acid, thus increasing
the thermostability of the 1:0.07 CA/lactic acid composite at 8 bar to an almost similar level as that of
the pristine CA membrane. In addition, in the TGA graph of the 1:0.07 CA/lactic acid membrane at 8 bar, a
slight unusual weight loss was existed in the range 275–300 °C, which can be attributed to the
decomposition of lactic acid that remained in small amounts in the chains.

3.4 Water �ux

The water �ux at 8 bar was measured to identify pore information such as the porosity and pore size of
various proportions of the CA/lactic acid membrane using a water treatment equipment. The water �ux
was measured for 1:0.01 CA/lactic acid to 1:0.07 CA/lactic acid mole ratio. The results revealed that the
best composition was the 1:0.07 mole ratio, with an average water �ux of 5.87 L/m2h, as shown in Fig. 6.
Membranes with a ratio >0.07 showed poor reproducibility, as the lactic acid formed aggregates in the CA
membrane.

3.5 porosimeter

A porosimeter was used to examine the porosity and average pore diameter of the CA membrane. The
porosity and average pore diameter of the 1:0.07 CA/lactic acid membrane were 65.3% and 0.38 μm,
respectively. In a former study, a porous membrane was prepared using an ionic liquid, and the porosity
was measured to be approximately 16%.(34) In the case of an ionic liquid, owing to the electrostatic
attraction between ions, the viscosity was high, and thus, was unequally dispersed.

In addition, a water channel forms at regions with high concentration of the ionic liquid, thus preventing
the even generation of pores, which in turn reduced the porosity. However, due to the relatively low
viscosity of the lactic acid, it was well dispersed in the CA. Thus, as shown in Fig. 1, a large number of
small pores were formed, resulting in a relatively high porosity and small pore diameter.
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4. Conclusion
In this study, we formed lactic acid membranes using a low-cost and pro-environmetal process. The
wetting effect of the lactic acid induced plasticization in the CA chain, thus leading to the formation of
several micro-size pores in the membrane. The pores which formed on super�cies of the membrane were
perceived by using SEM, and the SEM images con�rmed the formation of sponge-shaped pores in the
cross-section of the 1:0.07 CA/lactic acid membrane. In addition, the FT-IR data con�rmed the interaction
of lactic acid with the C=O group of the CA and showed that the interaction with the C-O groups was more
dominant. Furthermore, the TGA data revealed that the hydrostatic treatment removed the lactic acid
from the 1:0.07 CA/lactic acid composite and recovered the thermostability of the membrane to a similar
level as that of the pristine CA membrane. In addition, the water �ux for various compositions was
measured to determine the best ratio with the optimal performance and reproducibility. The results
revealed that the best composition was the 1:0.07 mole ratio and its average water �ux was 5.87 L/m2h.
In addition, the porosity and average pore diameter of the membrane with this composition was 65.3%
and 0.38 μm, respectively. Finally, we successfully demonstrated the fabrication of a highly porous
membrane using a economical wetting agent.
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Tables And Scheme
Tables 1-2 and Scheme 1 are available in the Supplementary Files

Figures
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Figure 1

(a) Neat membrane without hydrostatic pressure, (b) 1:0.07 CA/lactic acid membrane without hydrostatic
pressure, (c) 1:0.07 CA/lactic acid membrane at 8 bar (magni�cation ×70), (d) enlargement of (c) (×850),
(e) enlargement of (d) (×2,700), and (f) cross-section of the 1:0.07 CA/lactic acid at 8 bar
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Figure 2

IR data of the neat CA membrane and 1:0.07 CA/lactic acid membranes at 0 and 8 bar.

Figure 3
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Deconvolution data of (a) Pristine, (b) 1:0.07 CA/lactic acid membrane at 0 bar, and (c) 1:0.07 CA/lactic
acid membrane at 8 bar (C=O)

Figure 4

Deconvolution data of (a) pristine, (b) 1:0.07 CA/lactic acid composite at 0 bar, and (c) 1:0.07 CA/lactic
acid composite at 8 bar (C-O)

Figure 5

TGA data of (a) Neat CA and 1:0.07 CA/lactic acid membranes at 8 and 0 bar, and (b) enlargement of (a)
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Figure 6

Water �ux at 8 bar for various proportions
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