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Abstract : In order to resolve the insufficient of environmental adaptability which was caused by the poor waterproof and air

permeability properties and weak radiative cooling performance of traditional polylactic acid (PLA) mulch film, the samples of

PLA/polydimethylsiloxane (PDMS) microfibrous mulch films were prepared by in-situ drafting melt-blown process, using PLA and
PDMS as raw materials. The Crystallization and rheological properties, morphology and structural characteristics, waterproof and air
permeability , mechanical properties and radiation cooling properties of the samples were tested and analyzed, then the outdoor appli-
cation performance testing was conducted. The results show that the melt processability and mechanical properties of PLA/PDMS
blends were improved by increasing the mass fraction of PDMS from 0.5% to 2.5% , moreover, the fiber diameters of the mulch film
samples are reduced, and the waterproof and air permeability performances are improved, and the radiation cooling ability is also
significantly improved. In addition, the thickness and porosity, air permeability of the samples are improved by increasing the die to

collector distance (DCD) from 9 ¢cm to 21 cm. When the mass fraction of PDMS is 2.5% and the DCD is 15 cm, the hydrostatic pres-
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sure of PLA/PDMS microfibrous mulch film samples is 2 170.67 Pa,and the water contact angle reaches 145.61°, the air permeabili-

ty is 219.42 mm/s, the highest emissivity and reflectivity reach 98.12% and 90.84% respectively, and the radiation cooling effect of

7.4 °C can be achieved under the solar irradiance of 450.0 W/m’. Moreover, under the ambient temperature of 26 °C and outdoor

unshaded, the PLA/PDMS microfibrous mulch film has an obvious radiation cooling effects for ground temperature compared with

the cotton woven fabric and PLA mulch film, which was reduced by 2.3 °C, that can be helpful for maintaining soil moisture,

showing good environmental adaptability.

Keywords : polylactic acid ; melt-blown process ; environmental adaptability ; waterproof and air permeability ; mulch film

M AT AR/ K 28 & FK A SR e
TR BT, SR AR M AR 7 7 S A PR e R
BT R, AL MR LA TR 20 R NI (PP) 35 A1 i
FEREY N E HELL HIRBEfR S, 238 iU 7 A5k
BT 12 o 3 A 235 A5 PR 85 5 Y ], Sk ] £ B
Plb TRk KRG EEIRIZ — . KL, FF & %
fife b S 2 BT 1 3 AR AR Ml B £ A5 S 1) S
PEIS

RILIR (PLA) & —Fi 5y T2 W Rk 10 15 50 T 44
RE, ATFE B g o SRR FIK AR
SR EAT T I B A SR, PLAE
F—FRAE RS Y, A I AR
M T 50 PLA B by M JBE A L ) 25 5 i i, i
Hh AL 55 PLA i FLBR /NI i Sk 22, AR TR
102 1717 7 s J AR 0 8 20, B —2H 43 1% PLA 4 %}
2T NGRS DX WMORT & B 68 55, ME LK A
Bk o FERARAT, MBS P 3R o, 3
KAy ZE K R K . I, i3 PLA 224
PE 37 S0 AR S BRI, DA T 4 T R A
M, B2 M B85 PLA IR A b0 FH &R A G5

U BFIE DR 2 R iR-C R T
Mg (PBAT). % 2 B (PEG) MW T R T Ml
(PBS)E R G5 PLA A TWHIIGR il 51 A
PEA> T R AR PLA RO ME 1k, $2 s HL -k . fil
Aversa % 7E PLA HIlTA PBAT, LLHI| 55 PLA #4 %}
Wil B v L2230k . Shi ZE09 3 o g il L IR
PEG- 3 — H L5k % ¢ (PDMS) 2L IR & i A 3] PLA
oS T R AU EIROR . 1 S PLA 5 PBS
AT IR, WF5E T PBS XF PLA 3G I RR , & B
PLA/PBS IR Ji~#eRe A M A2 Tt LkaksE
FEH, T Wy PR SO A ) R LT 1 )
FE A A] LA PLA RG Y0 0IE ik AT LR
PLA K47 A8 M FIERES e M, BT 8 PLA S
TF R BEESRA . TR, X PLA BEAT R0l PLA #
Y27 Ak () ) 55 A A AL PR T 0T e . AN AT 4t

FLAR/IN AT IR B0 3 INFLIR 38 REH2 =
PLA M 2T /M R 353 % B I F MRS 27 S8
BIAMEON T, AT DL PLA iR SME 4R 5 PR
PERERIZ T M . A ik AR L R R S il 45 68 20
LR Yl —Fh i, B T2 M RE (A B £ i n]
= HLFURHE R (AR # . 1 PDMS fE by — Ff i
TR AL R A A AR 2 I H G0
F (AR T R A, B R A A IR PR RN
TR REN, 13 BE R Ad 15 PDMS B3 i 4 s T2
SEPLS PLA SEAT RO A BEAE A R

FET I, 2% UL PLA FI PDMS Jy J5RE, SR FH %
W A A2 T2, il £ — i PLA/PDMS A8 40 £T 4 b
JIE, FE X M BRE S5 2548 | 7 K G MR RE L 12 RE A
R R ERE AT RAE 5 04T, U I & B ]
Rof it L L5 IR 5238 O 1 9 PLA M58 2 (1L 2 s
Jiti 2
1 SKIEER4S
1.1 EZRAMA

PLA U] F: 6252D, ¥4 1. 176 °C, MiXT 73+ i i
H1.0x10°, %5 FE Ry 1.24 glem’®, ¥ 1K i s Rl
21.3 g/10 min (210 °C, 2.16 kg), % [ Nature Work
/NI

PDMS: QL-200 DM 50, % 5.l —41 °C, B &N
0.96 g/em’, Z BE IR BE R AR 0.59, 8 L5 4k T
HRRAH,
1.2 EBMNEREEL

AT SEIG R 45 - MB-300, 73 2 B8 bR R
A BRI

ZRFIE(DSC)L . DSC25, FE[H TA A F

WL TR AR : MCR302 , B 1) 22 5 A A 7 5

o T B B (SEM) : ISM-1T200, H ASH, 1
B St

BT B SBC-12, At 5t R BHMYU A A FR
N

ERE B L P RO . BK-303G, Z A8 a L A TR



16 AR

2024 4F 45 52 45 45 12 )

Nl
ZUYNEREAL : YG141, F M T XA A AL L R
A BRAF]

4 [ 83 SR YGA16E- T, 77 ik 45 414X
w7

IKZER 3 MR AL - W3-031, 3 g 22 6HLHE
FHEA R AW

HEARATRHRE fil A UYL - SDC-350, AR5 /3%
SR AL A BRA FIFET 18wl 5

2 A K RIS : YG825G, T I K ARAX
WA PR

EHNA] DL RN : Color 15, 22 [ X-rite /A 7l 5

18 B A 2T AN G RE(FTIR )Y : Nicolet6700, 35
[# Thermo Fisher Scientific 2\ fl

KIHAELN#R 2 . TES1333R, HH[E A 15 -1 1
TV B A BRA 7 5

R IR LI : NBH-S, 7 JUBREHE AT R A 7 5

L) 1R LR A A AL : YG026MD , M 7

S A FR 2S5
TH 3% F3HL . YG026MD-250, 15 M 77 R #e 4
FRNT]

1.3 PLA/PDMS #2 %0 4F 4 W 4] &~

P& 1> PLA/PDMS 8 20 4T 4k sl JIF s s 1) 45 1.2
/~iL . PLA 5 PDMS 43l 4% 18 99.5/0.5,99.0/1.0,
98.5/1.5,98.0/2.0,97.5/2.5 f) it & LR A ¥ 2 5 1%
ABESL  FESSFTBF 1 HL A Ak T il ohy TR s 14
HLVRAE R B 5 FE T 5 SR T 2o A Sk DAJA AR
S IS SR T, IR AE PN AR A A A E R
YA LT | SR I DTRRAE BRI M 45 E ¥ 1% PLA/PDMS
ABANZT A W . 20 2T 4 ) e F2 0 135 5 e MO T
Z 0] 32 ZE A gk I AF R M8 A — 2 2 [ 2544 1)
PLA/PDMS MEANLF A M . J5 BT T2 EE S8
WF A2 IEE(DCD) A 9, 12,15, 18,21 em; ki

DCD /" V=18 t/min

V=10 r/min
PLA/PDMS microﬁb@b
mulch film

S 1 T My s

Fig. 1 Schematic diagram of melt-blown process of mulch films
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Fig. 2 DSC curves of PLA/PDMS blends
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Tab.1 DSC thermodynamic data of PLA/PDMS blends

Mass fraction of PDMS/% T /°C T /°C T/°C
0.5 58.90 157.14 65.01
1.0 56.81 157.09 63.03
1.5 54.72 156.23 63.02
2.0 52.62 155.36 62.99
2.5 50.51 155.12 61.01

Notes: T, is cold crystallization temperature; 7, is melting tempera-

ture; 7, is glass transition temperature.
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Tab.2 Specification of samples for radiation cooling performance test

Samples Thickness/mm Area density/(g+m )
PLA/PDMS 0.49 54.97
Cotton 0.33 151.60
PP 0.54 52.52
PLA 0.56 56.84

Note: Mass fraction of PDMS in PLA/PDMS sample is 1.5%.
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