Research article

The Application of Biodegradable Poly(lactic acid)
Membranes in Membrane Contactors: Synthesis and

Performance Study
Available in: http://jips.ippi.ac.ir

Tran. J. Polym. Sci. Technol. Mehran Khosravani Koohi !, Gholamreza Bakeri ", Majid Khorshidian
(Persian),
Vol. 38, No. 1, 17-28
April- May 2025 1. Chemical Engineering Faculty, Babol Noshirvani University of Technology,
ISSN: 1016-3255 P.O. Box: 484, Babol, Iran
Online ISSN: 2008-0883 2. Advanced Membrane Research Lab, Babol Noshirvani University of Technology,
DOI: 10.22063/JIPST.2025.35660.2380 P.O. Box: 484, Babol, Iran

3. Malek Ashtar University of Technology, Northern Research Center for Science and Technology,
P.O. Box:47515373, Fereydunkenar, Iran

Received: 20 February 2025, accepted: 2 September 2025

ABSTRACT

ypothesis: The global warming, driven by CO, emissions, necessitates urgent
Hmitigation strategies. CO, capture using liquid absorbents (such as water) has

emerged as a promising approach and the membrane contactors enhance the
CO, removal. However, the membrane wetting remains a major challenge, typically
addressed by using hydrophobic polymers. Despite their effectiveness, these polymers
have limited diversity and are non-biodegradab.
Methods: Poly(lactic acid) (PLA) membrane, fabricated from a biodegradable
polymer derived from renewable resources, was used as a sustainable alternative.
The PLA membrane was fabricated using the common phase inversion method, and
the characterization tests were done. The CO, absorption performance was assessed
in a flat-sheet membrane contactor, and the long-term performance was studied over

six days.
Findings: The PLA membrane exhibited moderate hydrophobicity with a contact angle
of 76.01° and a liquid entry pressure of 2.5 bar. The scanning electron microscopy

images confirmed the presence of a finger-like porous structure, facilitating efficient
mass transfer. In short-term CO, absorption tests at liquid velocity of 0.06 m/s,
Poly(lactic acid), the absorption rates were 0.0688 mol. m?2.s"' and 0.0541 mol.m?s™" for synthetic
seawater (40,000 ppm NaCl) and distilled water, respectively, as the absorbents. The

membrane contactor,

b tion, . .
a sorp.u.)n long-term test over six days showed performance decline to 0.0479 mol. m?2.s’
hydrophobicity, (30.32% reduction) for seawater and 0.0283 mol.m2s" (47.74% reduction) for
greenhouse gases distilled water. The superior stability observed with seawater was attributed to its

higher surface tension, which delayed the membrane wetting and preserved the gas—
liquid interface. These results demonstrated the potential of PLA membranes for CO,
absorption applications, particularly when combined with high-salinity absorbents,
offering an environmentally friendly option for capture technologies.
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Table 1. Membrane fabrication conditions.

Parameter Value
Polymer Polylactic acid
Solvent and polymer
concentration (wt%) NMP, 17
Temperature for solving the 50
polymer (°C)
Membrane fabrication Flat sheet casting
method
Coagulation bath Water at room temperature

Membrane drying condition | Room temperature for 24 h
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Fig. 1. Schematic of the membrane contactor system.

;@;ﬁsu@éum‘;u;‘gw;.m&wkm
L;&)\ ;dw" U“p‘}} CU 4.))‘.) g;'l‘.‘.p' LS_JJ L;“L:.Jr bM.}wL&J
d"“é}f)ﬁ clﬂ-w&;«’;UT 4\.&;}? @)jSJLaJM e)".,\i‘ﬁﬁl
)sL;",.bQJ}LSJJ\JJ.«JJKSCJEJJ\)J&LEPWQjﬂjaSwl

LA 45‘)\ ‘JS/J\.J:JJ o.a\.i.l:s' JJ\JJ

o Luwgia o3k
Sl edias wles 53 0F 5 Sae 5 gl gs 31 Lae Jie 031t
Sl 1 5 3 s e Caaglie 585 sladie s
foose ol Al Rl S o Jlade s 5o 5 s e
el 55 ladine 5158 Glad S se e i Sl Wow
oy 4 Wi O3 Jl 585 gladine (o5 (g5 5
Lid gladite D5 b Ok s o G181 5 3l sl
da,a;n%;;);j.m&p;ﬁksbg\);jtfs,ac,;,w@ub.
slin o311 bl ol by cails dalys S8 Gl e
S B el slate s ol e Jsled syl diejl L
NY] 558 fol- S8 Cds sl

o3lizal ST (6 pdu35i O o3 51 Ladiie Jaw 20 6311 cpuans (41 5
o313 jge Lis 51) bar cob 5Lis U ki Ol aS &y s
Soslizal U (1) Bl Jams g plad . (5 805101 ol le 5ol
V0] el aples B (V) dsles

L \/8le(2.9—1.758) o)
" £ A AP

P g;&Jw ‘Q ‘(/\/QX\ - Pa.s) g_)T d})d‘; | Woles w‘ B
A c(m) Lie cules d s J>=k>£ &€ ‘(m3/S) Lie )‘ °J‘i}‘J3 uT
el (140 Pa) aidles! Lz 3] AP () Ui s

sl o lal e Jlle s Jb lalas ds s« e 5dss
Sla e tig s sy Sl L 18 s ege B
Srdsdsis 5038 wal b Lis Jltle Ol 5158 e gl ) 6 0
S g sb e lis 055 elol p Lae Jodos Y] S e oLl
Ol Gl J&s olens VF] (V) doles 51 (W, 5 W, < ja)
Al sl (VYO glem?) o) ey 5 (+/4%A glem?) w2l
W)J;.LZ L))_BJGJG«J-' g_)jléjﬂ 6[.&.9 6[.&4_’)».: nufﬂ U'i‘)b
Ll esls H1 380 °C glos 3 YFh Codeas S O35 e Sl 2

&€ iy )l (3339 8 A 0 lasds ol 9w Jlw posly (539J93S5 9 pode ok Alxo



e Jidans 5 LS (S0 3UR S Yled ) (Sawnl LYY s padges picman ) SLLIE 3 318

Table 2. The characterization test results of the membrane.
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Porosity (%) Mean pore size (nm)
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Fig. 2. SEM image of the membrane cross-section.
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Fig. 3. The short term contactor test results of PLA membrane

with distilled water as the absorbent.
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Table 2. Comparison of CO, absorption flux of PLA membrane with similar researches.

. Liquid velocity CO, absorption flux

Mem. type Mem. Material Absorbent k) Feed gas (rolie) Ref.
Flat sheet PLA Distilled water 0.06 Pure CO, 53 %102 Current

work

Hollow fiber PVDF biocatalyst Water 0.25 Pure CO, 2.3 %103 [19]

Hollow fiber PP/CH,SiO, MEA (30 wt%) 0.55 Pure CO, 1.7 x 10 [20]

Hollow fiber | TiO,-SiO,/PVDF MEA 0.3 Pure CO, 8.6 x 10° [21]

PVDF-filled Nanofluid based 3 2
Hollow fiber MWCNT on water and ALO, 2.5 Pure CO, 3.85% 10 [22]

Note: Changes in membrane type (flat sheet and hollow fiber) and differences in test conditions (such as temperature and pressure) will affect the amount of

CO, absorption flux.

&€ iy )l (3339 8 A 0 lasds ol 9w Jlw posly (539J93S5 9 pode ok Alxo



e Jidans 5 LS (S0 3UR S Yled ) (Sawnl LYY s padges picman ) SLLIE 3 318

aj\.l.;‘ A e olis b a)L.v Ui‘ BE c.L.Zfl}u\ LSL“J:‘A)}.'. J.LL.AJ b
Olzman 13 S oo Wl OF 5 Shas 55 age Job Lo slalin
558 38 Caslie jialS sl Lis gladie 3855 ol &S
JU)MJJ‘}LI&L;M; oJu“J;l .Ju‘jjgﬁ b\m,&d/au&ulﬁ
Sol bl S 5 ol S ie e ar g OLLE
Sl js J glas sl (golae oS L 550 (ioman 550
LS 5 5 bSes Sl ed LS e 0Ll 1 oo Jasl s
531y Rl OF (maw 228 Wl 55 e mle O3l 55 sloms
4 gyose pl L ui.ASbLibLgl.Aié;.ApGLe 58 ol
&Sommgk@@);@u—jgj\.ggdﬂmchﬂh&
[YYYF] s e

Gl p a8 Sl Loy (g5 SOl odaasOlias VOV bl wsls
395 ooyl ;ﬁ)l{..l.ﬂdw'jlé.?d..g S SAs gl 5 Caslis
oo ol aY [ 5 G Gl S ea a5 of 5 S
IYOT S o S 1, 0T Wigy 5 o3ls ks |, S S i o
55 csllas Caslie sasolis (Lis Y/O bar ol o LEP ioeen
23 b e Al blie o5 Sas 5 Wsw 5 haie T L
Ghls O 5 S pse Glas,w 2als 5 Greml gla il 5 Jl>
C.J)u\éMJ”‘)GLAJﬁf‘f)bu‘)uﬂgjf.bj)c&m
Sl il s of cldle malS L oS gl o Sy
&ASL&L;JUJ”Q.M}@L&.&SJLLACEMPGL»)GL;)%LA
jnJ;‘Sﬁf}l}d)l}}u%ﬁJ‘aMWLsuj‘w\_LSL;A
LYP] S o s el slizad Sk s 1 Hlul 5 Slas

8.00E-02
200k
6.00E-021
50002
4.00E-021

3.00E-02

Absorption rate (mol/m?.sec)

2.00E-02
- - - - Seawater
- - - - Water

1.00E-02

0.008+9%, 20 40 60 80 100 120 140
Operation (hr)

ol Ol LPLA lis CO, il ey 5 Shas -¥ 2

Az gl e 3 (ppm NaCl400000) (s 5 b3 S 5 s
o2 CO, 38 Sl ) SCFH 38 e s 0/+ 7 mfs

Fig. 4. Long-term CO, absorption test of PLA membrane with

distilled water and synthetic seawater (40,000 ppm NaCl) as the

absorbents at liquid velocity of 0.06 m/s, gas flowrate: | SCFH,

feed gas: pure CO,.
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Table 4. Comparison of the long-term CO, absorption performance of PLA membranes with other similar researches.

Mem. type Mem. Material Absorbent Feed gas L(];:)E;V)(l) ;;?;a(cog absSrOpiion Ref.
reduction (%)

Flat sheet PLA Distilled water | pyre CO, 2.5 76 47 (130 h) | Current work

Flat sheet PLA Seawater @ Pure CO, 2.5 76 30 (130 h) | Current work
Hollow fiber PVDF Distilled water | PureCO, | 5.3 - 30 (150 h) [27]
Hollow fiber PVDF/ZSM-5 Distilled water Pure CO, 3.5 87 18.9 (350 h) [28]
Hollow fiber PSf+ SMM Distilled water Pure CO, 3 73 18 (130 h) [29]

Flat sheet lg’if-ls);obi;\l/ll(l:\j[/ Water Pure CO, 6.2 120 39 (180 h) [16]

(1) LEP ; Liquid entr pressure of water, (2) 40.000 ppm NaCl.
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