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Oil-water separation performance of polylactic acid nano—micron
luminescent fiber membrane

XTI Peng, NIU Zeqi
(School of Material Science and Engineering, Tiangong University, Tianjin 300387, China)

Abstract: In order to optimize the oil-water separation process and improve the efficiency of oil-water separation, based on
the excellent processability and biodegradability of polylactic acid (PLA), combined with the photoluminescence
function of organic rare earth luminescent materials, PLA was used as fiber forming polymer, and PLA nano—mi-
cron fiber membranes with oil-water separation and fluorescence indication functions were successfully prepared
through electrospinning technology. The surface morphology of PLA nano-micron luminescent fiber membranes
was analyzed via SEM images. The oil—-water separation function of PLA nano-micron luminescent fiber mem-
branes was studied using different oil —water mixing systems. The results show that the as—prepared PLA nano—
micron luminescent fiber membranes have smooth surface, uniform diameter and average diameter of 550 nm.
The distribution maps of different elements on the surface of PLA nano-micron luminescent fiber membranes
prove that the organic rare earth luminescent materials are uniformly distributed on the surface of PLA nano—mi-
cron luminescent fiber membranes, and no obvious aggregation occurs. The PLA nano—micron luminescent fiber
membranes have good hydrophobic and oleophilic properties. In the oil adsorption experiment, the adsorption
capacity of the prepared PLA nano—micron fiber membranes for vacuum pump oil, silicone oil, edible oil,
petroleum ether and n—hexane reaches 26.7, 24.3, 21.4, 11.1, and 9.7 g/g, respectively. The fluxes of vacuum
pump oil, silicone oil, edible oil, petroleum ether, and n-hexane in the oil-water separation process are 727, 874,

994, 40 000, and 72 727 I/(m*+h) , respectively. After 20 times of recycling, the oil adsorption capacity of the
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membrane is still 78.5% of the value of the first time of oil absorption, and the flux is still 95.4% of the value of

the first time of oil—water separation. The PLA nano-micron luminescent fiber membranes have a good fluores-

cence indicator, and the distribution of oil droplets on the fiber membrane can be understood. After 20 cycles of

use, the fluorescence intensity only de-creased by 18.6% compared to the original fluorescence intensity.

Key words: polylactic acid (PLA ) ; electrostatic spinning; oil—water separation; nano—micron luminescent fibers mem-

brance; fluorescence intensity
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Fig.1 Electrospinning device
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Tab.1 Physical parameters of different kinds of oil
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Fig.2 Morphology characterization of PLA nano—micron

luminescent fiber membrane
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luminescent fiber film for different types of oils

H1& 3 T UL, PLA GATROK A& CET AE IO A5 583 |
TR B IR AR IR R R, TS A7 il | 1 e W
REL, X—25 R U0 PLA 99ROk ROLer 4 45 5
WSO JEE % P R B S A SRR PLA g Tk
EFHEIBEAE 20 min AT LA F SR a2 i A
222 GBI R R M E R

FRTEURERS PLA UK K S 2T Ak I it R Ff
(REIR , 43 BIE 25.40.50.60.70.80 Fil 90 “Co&F Tl
PLA TIOK T HERFNS B2 AL AW 6, anEl 4 s

30

26.7
[ ]
25k
‘bﬁ H
B o0t ey
=~ : 17.1
I " 153
2 15t . Y
= : P
= i ©102
10+ i oW g5
i .
5 TR i i i i i i
20 30 40 50 60 70 80 90 100

RErC
B4 AREBET PLA MK FHEENREE
Fig.4 Oil absorption of PLA nano—micron fiber membrane at

different temperatures
HilEl 4 Al DL, B EE TH , PLA NROKEF 4R
Xof LS A A I R e R TR . X PR Ay i ) R B
R EE T = MRS, T PLA ZHROK 4F 4 T 25 5

W BFF R FE SR R0, BT L) PLA 9 HCA 2T 2 5 A 3k
6 B 2 AL P T v S B R
2.3 PLA K& ST HERER Mk 9 B 1B
231 FREAFERBEZ

K PLA 98fHOK & AT i, i 5 K 23 s
A3 X B I KIR A REMKIR A B K
REY . Al /KIR &P HALE C e KR &P T o
By, 25N 5 PR,

80 000
70 000
60 000
50 000
40000
30 000
20 000
10 000

0

72727

ifE/(Lem?-h™)

997 727 874
o ,@x&\‘zﬁﬁé@ o

RHEIES
5 PLA HRCRE LT HE MBS
Fig.5 Oil flux of PLA nano—micron luminescent fiber
membrane

SEE R R B, 2 T B P B K 5RO
KIBEWG , KRG Y Z 3L PLA GHOK £ 4 i
IR SRR B P B YRk K AR LT, Yt
JER N IR . A SCERIF TR, 245 B8 B 1) 8
#IAF] 10 000 L/(m?-h) B, 5] gl ok 2 2
TR B, B HEE LS AR B ROR M,
KIS AT, PLA 4N T0OK & 6 £F 4k I 4 257K 5 1F C %
RV K5 AhBHE S P &30 sk 72 727 F
40 000 L/(m?+h), LR, A SO 45 (7 PLA 4464
KRG 2 FEEAE 25 50 B AR AT K TR & PR &R
SR VAN VB | g T =y € e B = = A E R
TR A SR FRE /KX 3 FihKIE & i, Hom
HP0 994 727 F1 874 L/(m*+h), X FEEH T
b 3 A AR SR R R B
2.3.2 &5 22 utiE) 3t il 0 R

AR 25 22 1) 8] Jr il 4% 4 1) PLA ATR0OK & 641 4
JEA 3 AN [T R L, ks e HAM K B8k, i T
L L7 LI [R]85, 3 K 2 22 ) R
0.5.1.0.1.5.2.0.2.5 1 3.0 h 1Y PLA DNk & OGLT 4k
FEEFH T REm K TR0 43 B D, 25 R 18l 6 . Bh
6 0] UL, Bl 27 22 B ] 0 154 i, B %) il 3 0 147 o
I G 22 0) 2 0.5 h B, JREH i 55 h 874 1/(m?+h) 5
2 22 s[RI 3EINEE 1.0 h B, A0 30 2 R R R AR N
390 L/(m?+h); {222 BF[a]3A %) 3.0 h J5, AR 2 BTG
#1160 L/(m?+h),



555 1 PO S, 45 R IR GOK AR AR IR A Tk 43 15 1 R -5 -
000 779 640
: 874 930 A
i 977 l
- 800 1174 : o i‘M414
L 600f 5 g
2 b 390 @ E:z
:]bg 308 281 9’._3": 5‘?—,{
= 00k 193 6
05 10 15 20 25 30
I s 100600 400 600
(a) PLA ZAFICK K LT 2 AN [ Wil i 2 ' 1A
B 6 AEZLATiEF&EHE PLA ARKE ST LEER |
N, 4
i H ot .— ) ,‘— s}

Fig.6 Oil flux of PLA nano—micron luminescent fiber mem-

branes prepared at different spinning times
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micron luminescent fiber membrane
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cent fiber membrane before and after recycling use
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cent fiber membrane before and after recycling use

fRZE 1414.1326.1 303 1 1227 a.u., 4 PEAEER ]
20 VR i HA i B AN R A 2 L A 5 181.4%, X
FEAIR T 18.6%, Uil PLA ATICKET YRR vk SR G
A B m PO G | 38 B B 15 e DItk

3. 5 i

AR SOR L 25 22 B 26 Hh T BAT 9618 78
TIRERY PLA GATOKIHK 73 B, P TE45 R0«
(1) PLA ZROK KOCEFHE I BAT R4 BB K S5

(2) PLA ZNROK R CEFAERSNT FL25 B8 Al VB ]
L AR IE O e W B iR B T 26.7.24.3
21.4 111 F19.7 g/g; TEMIK o> B FE b EL 25 553 ik
BRI A TR IE O be Y B4 727 874



5% 5 3

VA, A SRFLRR N GHOR RO G HE K Jr g R RE

-7 -

994 .40 000 F172 727 L/(m?-h) ; JEFME ] 20 K5 1% K
AT R B0t A 55— UK A 7 A Tk s I 1 1) 78.5%, 3
OIS — R TIlK ST B Bl Y 95.4%, U]
PLA GRICK KOG AE RS EAT B Ay m] Ji 52 A R

(3) JLA Th(BAO );(Phen) 1Y) PLA 4Nk & Y47
YN EA RAFIYDO TR R AERT, 38 U R Y
B B R LA KIS T fiff 2 25 R R - 3 B 2 A O
M PPAR 43 B AR, HLAGAME 20 W5 o b 5w
5 AR AR ALK T 18.6%, I PLA 4fCK 4T
A s 2k R R AT BAT AP 5O R ThRe , 78
TH7K 7315 R o (0 R AT e g 1) g FH T 5 o

SE K

[1] 205, ikmel, SRE A, 4. Wi 27 75 s R R A K 2

i S FW P BELT]. BHRLRE 2 5 TR 240, 2018, 36(2):
268-271.
LI F, ZHANG R K, GUO R D, et al. Fabrication of PLA
nanofibers by electrospinning for oil absorption[J]. Journal of
Materials Science and Engineering, 2018, 36(2). 268-271
(in Chinese).

[2] XINY P, QI B, WU X, et al. Different types of membrane
materials for oil—water separation: Status and challenges[J].
Colloid and Interface Science Communications, 2024, 59.
100772.

[3] BAIG U, FAIZAN M, WAHEED A. A review on super—wet-
table porous membranes and materials based on bio—polymeric
chitosan for oil-water separation[J]. Advances in Colloid and
Interface Science, 2022, 303. 102635.

[4] WANG Z, ZHAO C C, PAN Z ]J. Porous bead—on-string poly
(lactic acid) fibrous membranes for air filtration[J]. Journal of
Colloid and Interface Science, 2015, 441. 121-129.

[S] KONG F Y, XIN B J. Three—dimensional and flexible carbon
nanofiber mat by one—step electrospinning for efficient oil/wa-
ter separation[J]. Colloids and Surfaces A : Physicochemical
and Engineering Aspects, 2022,652; 129824.

[6] SUNXC, BAILZ, L1]J, et al. Robust preparation of flexibly
super—hydrophobic carbon fiber membrane by electrospinning
for efficient oil-water separation in harsh environments[J]. Car-
bon, 2021, 182: 11-22.

[7] JINY T, HUANG L W, ZHENG K, et al. Blending electro-
static spinning fabrication of superhydrophilic/underwater su-
peroleophobic polysulfonamide/polyvinylpyrrolidone nanofibro -
us membranes for efficient oil —water emulsion separation|[J].
Langmuir, 2022, 38(27): 8241-8251.

[8] HASANOGLU Z, SIVRI N, ALANALP M B, et al. Prepara-
tion of polylactic acid (PLA) films plasticized with a renewable
and natural Liquidambar Orientalis oil[J]. International Journal
of Biological Macromolecules, 2024, 257 128631.

(9] XUscik, thode, Bedfh, &5 S FLMRBCME 5 M T B 50 2%
R[] mdesEd, 2021, 13(2): 3-13, 19.

LIUWT, XU G H, DUAN R X, et al. Review on modification
and application of polylactic acid|[J]. Packaging Journal, 2021,
13(2): 3-13, 19(in Chinese)

[10] SEOHJ, SEO Y H, PARK S U, et al. Glycerolderived organic

carbonates: Environmentally friendly plasticizers for PLA []].

RSC Advances, 2024, 14(7): 4702-4716.

MOLINARI G, PARLANTI P, ALIOTTA L, et al. TEM mor-

phological analysis of biopolymers: The case of poly (lactic

acid) (PLA)[J]. Materials Today Communications, 2024, 38

107868.

[12] ODERA R S, IDUMAH C L. Novel advancements in additive
manufacturing of PLA: A review[]]. Polymer Engineering &
Science, 2023, 63(10): 3189-3208.

[13] LIZ Q, LIU L, CHEN B S, et al. Structure and antimicrobial

properties of long—chain branched poly (lactic acid)[J]. Jour-

nal of Biomedical Materials Research Part A, 2019, 107(11):

2458-2467.

RIDENOUR J A, CARTER K P, BUTCHER R J, et al. RE-

p-halobenzoic acid—terpyridine complexes, Part II: Structural

[1

—_—

ﬁ
—
~

=

diversity, supramolecular assembly, and luminescence prop-
erties in a series of p —bromobenzoic acid rare —earth hybrid
materials[J]. CrystEngComm, 2017, 19(8): 1172-1189.

[15] SUY, FANTT, CUIW Y, etal. Advanced electrospun nanofi-
brous materials for efficient oil/water separation[J]. Advanced
Fiber Materials, 2022, 4(5): 938-958.

[16] ZAKUWAN S Z, AHMAD I, ABU TAHRIM N, et al. Func-
tional hydrophilic membrane for oil-water separation based on
modified bio—based chitosan—gelatin[J]. Polymers, 2021, 13
(7): 1176.

[17] ZHANG J Q, XUE Q Z, PAN X L, et al. Graphene oxide/

polyacrylonitrile fiber hierarchical —structured membrane for

ultra—fast microfiltration of oil —water emulsion[J]. Chemical

Engineering Journal, 2017, 307 : 643-649.

GASANOV V M. Measurement of the equilibrium contact angle

—
—
o]

—_

of wetting as a method of studying the state of the surface ener-
gy at the solid-liquid—gas interface[J]. Journal of Engineering
Physics and Thermophysics, 2014, 87(3): 618-623.

[19] WANG J C, LOU HH, CUIZ H, et al. Fabrication of porous
polyacrylamide/polystyrene fibrous membranes for efficient oil—
water separation|]J]. Separation and Purification Technology,

2019, 222 278-283.

A5 1E
VOIS, AP AR. SR LR AN IRIOR RO 2T 4 B8 B 3l oK oy 88 1
RE[J]. R ol K% 2441k, 2025, 44(5): 1-7.
XI P, NIU Z Q. Oil-water separation performance of polylactic
acid nano—micron luminescent fiber membrane|[J]. Journal of
Tiangong University, 2025, 44(5): 1-7(in Chinese).
(LS4 A2k )



