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STRUCTURAL MODULATION AND PROPERTIES OF
POLYLACTIC ACID MICRO- AND NANOFIBROUS
COMPOSITE ACOUSTIC ABSORBERS

ABSTRACT

Noise pollution is one of the four major pollutants in the world, which
1s closely related to people's life and has been widely concerned. Generally
commonly used acoustic materials to solve this pollution problem from the
source, but the commonly used acoustic materials are mostly petroleum-
based non-degradable materials, so the preparation of new environmentally
friendly non-polluting composite acoustic materials has become a research
hotspot.

This thesis is based on poly(lactic acid) (PLA), which has excellent
mechanical properties, good tensile strength and ductility, as well as good
compatibility and degradability, PLA as a raw material, the use of needling
process, electrostatic spinning technology, three-dimensional network
reconstruction method and vacuum filtration method to prepare PLA
needled nonwoven materials, PLA microfiber membrane/needled
nonwoven acoustic composites and PLA fiber aerogel/needled nonwoven
acoustic composites. Needled nonwoven acoustic composites, constructed
PLA composites micro-nanopore gradient structure, and test and analyze
the microstructure and acoustic performance of acoustic composites, to
study the effect of structural changes of composites on the acoustic

performance, the main conclusions are as follows:
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(1) In this paper, PLA nonwoven materials are firstly prepared by
needle-punching process, and after testing and analysis, it is found that
under different material surface densities, the fibers in the materials with
high surface densities are tightly entangled with each other, and the
structure is compact, which effectively improves the acoustic absorption
performance; the depth of the needling affects the number of fibers driven
by the barb and the distance, and the fiber entanglement between the fibers
enhances each other with the increase in the depth of the needling and the
product strength is high, but the excessively large depth of the needling
will make the fiber break more, resulting in a decrease in strength, and thus
reduce the sound absorption coefficient. However, too large a needling
depth will make the fiber fracture increase, leading to a decrease in strength,
the gap between the fibers increases, which in turn reduces the acoustic
performance. When the surface density of the material is 300 g/m?, the
number of regulated needling channels is 8, the needling depth is 5 mm,
the sound absorption coefficient of PLA needled nonwoven material can
reach up to 0.56 at high frequencies.

(2) Based on the above study, in order to further enhance the acoustic
performance of PLA fiber acoustic materials, continuous PLA porous
ultrafine fibers were prepared by electrostatic spinning technology. It was
found that PLA ultrafine porous fibers could be prepared at a solvent ratio
of CF:DMF of 8:2 and a PLA content of 12 wt.% in a room temperature
environment with a regulated ambient humidity of 70 % RH, a spinning
voltage of 15 kV, a spinning rate of 1.0 mL/h, and a collection distance of
the fiber membrane of 15 cm, and that the porous morphology of PLA
fibers composited with the PLA needle-punched nonwoven material can
effectively enhance the composites' After composite with PLA needle-

punched nonwoven material, its porous morphology can effectively

I\
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improve the acoustic performance of the composite material, and the sound
absorption coefficient is up to 0.79 at high frequencies. At the same time,
the composite of double-layer needle-punched nonwoven fabric and
microfiber membrane can reach the acoustic performance of the three-layer
needle-punched nonwoven material under a certain stacking structure, and
the other change of the stacking structure of the composite material affects
the acoustic frequency of its acoustic sound absorption, which gives the
composite material more possibilities to be applied to different practical
scenes.

(3) Based on the three-dimensional porous structure, high porosity
and high specific surface area of the aerogel stereo, it has a large structural
advantage in the field of acoustic absorption. The three-dimensional
network reconstruction method was used, along with vacuum filtration
technology, to prepare PLA fiber aerogel/needle-punched nonwoven
acoustic composites. It is found that the solid content of microfiber is the
main factor affecting the acoustic performance of composites, and the
acoustic performance of PLA fiber aerogel/needle-punched nonwoven
acoustic composites increases and then decreases with the increase of the
solid content of microfiber under the same filtration time. PLA fiber
aerogel/non-woven acoustic composites acoustic absorption coefficient in
the middle and high sound frequencies peak can reach more than 0.8, the
highest can reach 0.98.

SUN Shaoyang(Material and Chemical)
Supervised by XING Jian

KEY WORDS: Polylactic acid fiber; Needle-punched nonwoven;

Acoustic composite; Porous structure; Acoustic performance
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Fig.1-1 Schematic diagram of sound-absorbing materials
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Fig.1-3 Schematic diagram of electrostatic spinning
FH YT L AR E A TR ABON R, T2 HEMEBEREE . lA
R, N T A A AF AE DR B g i g 7 v 200 [RII,  As F  r 27 22 3
FREMAYE, NSCL AL AR Y B AROE T 2 e R, AR 2R
YR EARFIESRR, A4 EAAN SR, AR 2 UMR LR FLER
~ A R R G (14 B S5 A R 7B R AR 2 R AR AR A
Iy 55 A5 2N 1 5 5 LT 2 K AT YRR AN AR SUE AR T 2, 32T T
BHAOW T RE . 2SI (PP) IR AR SUE M B BB N T i H. 97 22 B UM i (PAN)
ZFAENE, AORHE 800~6400 Hz YU FE A HIWR S REHAT F R & . N T XIS
A2, KSR R 26 BE(PVA) R FL 2 2 90 K 27 4 55 0 40 il JE 4

4



ZRITEKER AR

MEHE RN R A M BT TPUKEGE, S8 T REAEMEINAgER, F155E
AR 2 PR R B, o, S4B 045 um IR G KL, IR
P RBUI KA P PATR X (MK, N 500~2240 Hzo [ T 4F4EIE S5 YA 45 &
773041, Elkasaby ZFRMG AN FR YT 2 K T 4 ST S, I E
B TAEEE M RZE, 2l 12%R & OE-5%R K E (PVC12%-
CNT5%)H1 9% 2. I BE-5%Hk 49 K B (PVC12%-CNT5%) 2 IR 2 &4 B, K3
PVC12%-CNT5%JZ R B &M RHE S SR EE N Smm b, T A EH Ny 500Hz
H11000Hz AW 75 Z £ 70 ) 2 I 46% A1 10% 38K ;. PVC9%-CNT5% /=R E &
e, ERESZEEMN 0 mm BEINE 5 mm KRR, 507 S AR N 630
Hz 1 1000 Hz AEWEI £ 1 W 75 =3 50%F0 60%H 2 & 151 .
132 Z#HA LR AEMEL

HEEZNZ MBI, RBRFERNN . TFALRE A, NEALRER,
PR, TR ORI AR TR 78 7 1) 252 FCAOU 45 4 L R oK kL B AT 4 g
B, XFEREE AR RIS, plin s R A, AL RS

AR IR AL G5 R A R T 38 o P U A T e A% st o R v 5 ) R (] R PR R AN
i, TR RAF R T RE . SRR SE Bl ¥ VR TIRVE AN B 1 A0 2
il & 7 R R 2 T R R BN/ L (SAIMMT) BERE, 45 RR W BT
& AR B 2 LA, BEE SRR S, R AN 5 L R
W e R 5R,  H Y SAIMMT=3:7 i, SRR R 5 AR i o RFREVL SR B3R A
LA NaOH/JR F /KIS RIB R A 43R, SIS A S A b, d il i
R -BEIR2 R PVA 50 0y AR AP e vl . e, B AR TR, IR S
RSB HFFLT PVA &S0 AP B E A% . LR AR R,
SHTT PVA &8 R RE IR A RIS . S5 SRR, BEAE PVA HIIIAE
%, PEMPNESLEERS LIRTT HL4ERE PVA o 32 I, WS REUR &R
IBF) 0.95 LA b BEAEAE SR BRI, FE SRS R HR 1) BRI R B
2000 Hz J (W 75 2 8008 TR, ABSFIIR R854 0.6 LA L.

111 % B8 41 2 32 B (CA) F A7 7E FLIE 5 44 20 AT AS BRI AN L A7 g 1) AL, S5k A
R e H — IR, Lou SBULIVAMM RIS 4N EEM B, HRIAF4EER

5



ZRITEKER AR

IKEEME o AR Y F KB AT 8 I ¥ VR AL B, ey il £ EL A R0 4 A7 ol 1) F
MEZFLARIM) CA, $ewm TIEPERE, 1 4500 Hz B (W R &0k F) 0.88. il
#1) CA AR E(0.0554 g.om?®). LI 26(89.32%) Fl R AT #ivAa e 1

H T2 FLE SERHERE 29 il B AR, T Bl 5 AN AT 7 AR Be R Y H 28 08
/b, AEWEE R MR RL R 32 B T2 RTERL,
1.4 RELERLT4E 22 FLIR A MR
1.4.1 RELEGHLIA

RIS — FH B (R AR AR, A AT FE AR R B U (K T R
PR E R R U8, T AR A EORAE ,  3X6 TA BR A TR R b
VK RSB CRBE T o R0V M SR A 15 38050 A B, P05 3 4 W R — 5 1 T P
BEb R AL AR, SRS B A A A i — T RERARP ., RAR
MR RDEALER, BI-RIEHER. 2-BRIEEHNIR.

Kl 1-4 IR 7 T30

Fig.1-4 Polylactic acid molecular formula

PLA AA HOYENERE . AR AN R AP v] Befd i, {38 = fe
W ER A e e M, A T A ERAIK, A5 QIR Y [R] I AT DL 3
R RIER, AN AR5, JF B AR RIFM AT LA, X
KAEFFSEBR N FH AT RERC, T A TSR E TIPSR LR, AR EY
BRI 5 E A TE R AN, ARl S SR A B VAR AR SR B e AL,
R B A AHEAN S, TR AR R AR L R, AR
TR B REN AT LT s i R, A Sk O FR ORBIE ST T ) AT SR
FOR FH 2 4T,



ZRITEKER AR

1.4.2 PLA 4R A BRI

PLA £F4E & — R B A W B & R AT 4, 5 R AT 4 A AR UL P s
M, BfEma RS @Emr: AT e md bR s e g, RALIRA 4k
FA e A A s R B8-S0, [liN) PLA 2R 45040 745 A B RT3 <
RO, A5 3 e Ry VA A0 R0 4% Pl &7 S8 (¥ B AE A BL . Desmond %5151 A
PLA Mk, DUERFLFR4ERERE, Hil& A E G MILBREE, B 5T R A [F B
TEFYEAN R LR 2E s LU A9 ) AR M) 26 B 5 FLAR A BB A LE FL BT 4 254, ou
SERIC X ) S5 T MRS PERE ARl . Mehtap 5152V RS 54T 4k 1] B 1) JE 4
AR NGB BRI UR A 2K PLA FF 3K T2, & 3 1 B 2 FXUZ A E A
MEL TR IXUE E SR RS R8s, T 0.99, 152 MRS &
LN 034, H AT TURE 7T+ PLA ZAE Nsgsadt kUi N & &0k it
PIFEEBE, PLA ZF4EWR S MR 5T

bt & R R BRI o 1Y SRR AT RF R R R R SR I AN i =, AT AR B AR &
A AETT I RR SR . TR LAE A, PLA ZF4E AR P BOARKE A ks,
AN BE— B AR, R SRR, IeAh, BEE R X PLA 214k
VERERTIR AT FURIRAL, FHAS PLA ZF4EAE AR SR 2 R H 58 H A PERER I, LA
AWK T 2K
L5 IREARENEAE
L5.1IREMRENX

g 75 5 e O SO R T2 SRR TS Yo 38 = KI5 B3, Rk AT s &2
RESTAFEMW BN Z . s 1012 1R0R Y, Ry R e 5 Yt
A SRR AR, A 1 B o e T T A R R R 0 VR AL, B
RO IMFIE BT TF R ANBINAL IR A RE 58 i B 75 22 3R, DS e 7 A
oAt . (R ZERAR e L 4% PR OR AT [ WSS AR OGBS, A AR ORBLADRL, i3
HIEMSRE TG L,

LRI A AT B AR 45T Tr) BB AL HE 5 T 00 27 4E X S5 0 B AR R, A4
21 Ak () AFAEAH @ A FLRR, XM = 4E IR P9 S0 45 44 & T ML AL 1K) 22 7L R £ 4
gipssl, JRGUEA 2 FLME . R, SRS 2 AR HE S RS MR, IF
H, dRZUEMA " T2RER. MEZ, HBARMK. ik, =253%15 )

7



ZRITEKER AR

RE MR AF (Y SRADRLOL, 525 RS AR I SR RIS AT RL e FE R, B
2 BT R R A5

RAMAE I L ) =Rt el, B RAFR AR a] B, )5 Ref
HAR T AE Y 58 e T, FESERRRIT TN, SR L IRE B 8 AE AR W B2 7 4
I, FEMR ARSI R PR BB R, G 22 ) A S B AN AT 4R 1
EAETTE, WG TSR IRE A EAT I ) HE S A 4T 4EDS00,
i 25 GF W AN LT YR e 1L BT L ¥ VR MG AR B s RV AT 15 31 R FLIR 2 AL B
U, ZHMETERREMEEERER, WRIARKER S, EHEED,
5P S IR AR R IR BT IO

& G0 22 P WS B R SR AL AT S50 BHE Bk SIS 1R H IR, SERRfd A AT
FI A AE AR R o R, LRI A, A0 s s, vl 5 LR
FELUEAT & E AW AEARL, D EEM S B A TR MR ) 2K
X T A PR 75 WP AR ) IR UOR FH X A, B BRI IR AN A e e
152 REBMRAS

KRBT F LN =TT, T

(1)PLA Il AE 23 W 4 R ) 46 B 1 BRI 75

LRI T2 25 R BaRE ISR . BHRIRE Robdt & . 5 R st RE,
T Ve R AR R, T B & T2 S 54 PLA SIS . il
DB SR L AR, KA R R S 1 e AR AR AT R T2

(2) PLA 2 FL 4 2 4 5/t ) 208 A0 54 T M4 R ) 46 Rk R 7

K E YT 2B & PLA M4, s AFSG 2 TESH g4 H
JE BB Sk BRI B I EE AR X PLA BN 4L i 5
TESRREI, 43 b7 i BRAT AR TS 22 5 I N LE AT A ME DR 36 B L3

AT PLA AR 4R E PLA 414G L, o088 1E e 7 il il 5 2 B A iRk
MM A PERE, SRR ACE B )R PLA SR 5 PLA £F4ERENIA 0t 2 /2 2 S A RL 4
FED R IR, 75 2 R PR S0

(3) PLA T 2RI /BT AR 243 A 525 W A RHI 1l 46 S At BE T 7

BT Bk PLA LYW TT, R =4 EAIE, RN 45a B2
JERR, % PLA 24 SRR /A RIAEGUEM E &S MRL. 8t i PLA 4F

8



ZRITEKER AR

2 [5] 2 B AR R IT T) 34 A 52 6 ek A 8 8 A o S A e R S )
1.5.3 IRREABIHFT < &

(DMPRHG IR . ARTE o i) £ 00 SR LR ZF eI . BRI AR 2 AT f ke
A FLAR R ANAS— I FLIR AR AN [F) AR () P i o [ B DL SR LR A S e
BRI R, B RIFMAEY rT R AE YA Y, DUSHIBE . BHAE
A AR DA R AR AS o AR URER 1 2 )2 25 S IR S AR I 2, St
5, SCHL T SR EIR ORI S AR A R, A e AR S (B A AL 2 A
fE.

)FEFINLHIOIHT . = G0 RN P AR 8 0] i A7 I HEAT IR, AR VR R T bl
W B FLIR MR G s S A MR, RS R SE B R AL Ry 2 LR
FLERGVK LT 4, LR AT YRR SR h 4T 4k S 27 4 R AL, R =4k T
TR Z SR ERRE, AT X AN RIS 7 e, SIS R S AR, NAE
UG AR RS 5 A DR ER ] % SR At 1 R
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52 3 PLA $HRIdELUEIR A ATRIBOH) & R M AT 5T

2,158

FH BT 25 R 21 4 22 FLIRAS A R T R L AR T RS 223
SR S, BTV R TR A AT I AU 1 e o (92681, i AL
FERDRHERL Y BT AR, TR AN T AR REUR G H 250D, AR AT
SRR B 7 52 3132 e B9,

IR — R BLAF . FIR T2 IR Al B AR, BRI, AR ZELL PLA
RN FRDG T A R, RS R ARG T EHI% PLA JEZidE kL, FFs
FEMOR LSRRI 5 Ve B, BR AT IR SUE T2 MR R PLA R4
BHE R REEEN, JyIESUE R S ARHE f] & 4Rk — e IR S % .

2.2 LG AR

2.2.1 SEEG R K SELG (L 28
2 2-1 IR JEUR) F S 98

Tab 2-1 Experimental raw materials and experimental instruments

JERHA ) 2 PR M) R
PLA £] 4k KB 38 mm, ZR#F 2.0dtex  LRIFEIR CAMRHE A IRA
BT R WTB5003 WU TR A PR 2 )

s CCD Ml & 2 it GP-300C B L SR B A A A PR A )
N 7 HR A A R 5t VA-Lab HREE (T3 MR TR A F
TFRARL / T SR E N BR A 7
NN FN288 T PR TTRHA TR A 7
AN SEEG L 7S7C01-220 Py Tii 2 _ENURAT PR 2 7]

2.2.2 HEmmBYH & S5 EEIR
(1)PLA £FfIHESUE AR ) %

FRE PLA £F4E AT =R FAARRER, 05 41 E . &1 MU &1 2 B
9600 Mt/m, FHAISA 52 Hl/min, ZFMHNHUEE 0.2 m/min, FFRIEEE 249.6 H
fem?® o DAAFERILFAERRN G BHRE BOM B IR BE ) % PLA BFRIAEZLUE M KL

10
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Horf, T 60 g/m?, AFHER 2 8. EFHIEARE 5 mm itA PLAg2s, ALK
i
Q)T RIAEZUE M BB S EALE

¥ PLA £ HESUE M EHEL BT N K/ 20 mmxS mm ¥ 306, R A =iE CCD Il
HRMBI(GP-300C, ELlE g B AR Aw]), WS B 2T 498 4515 L .
()BT T AR S A s} T 2% PR P 0k

12 GB/T 24218.1—2009140 & £+ RIAT IR TH 25 B2 o K EHRIADRIBTEL 5
R/ 160 mm x 320 mm (RIRFE, ARG FE TR 2% B, SRHESFIME.

T8 GB/T 24218.2—20091511 52 PLA £ AR4UE AR E, RPN
7R L5 em WA, SEREHINR S P, THETFIE.
(A RIAEZUE M BB R 5

H& RS AR 1.5 om BYBITAREE b =B, ARAB LB R TR A 2R ILPI5ME .
FLERZE P TR A

P(%) = (1 —p1/pp) X 100% 2.1)

H: P(%)PLA S RIARSUEM BHLEEA ;. p1 oy PLA STHRIARSUSE M BHAR =
AN g/em®s pp A PLA £ HIAEZUE M BHE 2L 2%, H pp=1.25 g/lem’.
(5) ~FHAm R v REI X

KA AESUER R 53 3 ) 5 ORS00 5 em R 1.5 om BRI TAREE &, @
i M PR BN R Gi(VA-Lab, TEBEMR R R AR X & AR RIS
REHEATIIGE, =422 1.5 om MUK (RRE L A2 9 1600~6300 Hz, 124
5 cm MRS FORE S IIARATZR A 63~1600 Hz, AR IR G2 BT 3 B, 55
FHL

AN TSR R S SR A — MR AR ], AR IR 75 2R 0 S VS R e 1/3 A5 50
7EM 100~5000 Hz, FL 18 My, MRS T &M TS REOTEH RS
(B 1T LAAS B0 M RSP S50 R SFI R EORT LA IR P AR S 1 11
W TERE, A NS REGCN aiv aas o on s JPFIIRS RECH

(86]

.
.

a=(a;+a,++a,)/n (2.2)
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23 EBEREWIR
2.3.1 StRIEET IR A= 14 sE RV 2

FEEFRIRES 5 mm T, PHIEEHRITERON PLA 24N E & 17 AN %
FEFIALBRZE AR SUE AR, IR FT A T T8 HonT JE S8 A k25 R RIS 4 R PR 520

020
e
—=—PLA_,. 020} —
015 PLAGOVAVS
' PLAG 65 0.15+
ﬁ PLAG o5 v =
& 0.10 :&0.10 = PLA,s
= =X * PLAuo-a-s
[ — A
0.05 005} PLA 065
pLAlZOrErS
0 1000 2000 3000 4000 5000 6000 7000 0 1000 2000 3000 4000 5000 6000 7000
e i IHz
(a) 60 g/m? (b) 120 g/m?
04 05
. —v
03} 04r
" P -, 03}
W% 0.2 e PLA,,. W&
& —e—PLA, .. if% 0.2} = PLA s
—a—PLA. e PLA, s
0.1 180-6-5 PLA
——PL. Alau—srs 0.1+ '240-6-5
PLA2A0-8-5
0 1000 2000 3000 4000 5000 6000 7000 0 1000 2000 3000 4000 5000 6000 7000
Az IHz SR Hz
(c) 180 g/m? (d) 240 g/m?
06
05
204
&
i, -
= 03 PLAaoo-z-s
02 PLA300—475
PLAQOO—E—S
0.1 v PLA

300-8-5

0 1000 2000 3000 4000 5000 6000 7000
B Hz

(e) 300 g/m?
B 2-1 %1% B2 PLA BHRIEESUE M RIS R RITE 200 A PR REXS B
Fig.2-1 Comparison of sound absorption performance of PLA needle-punched nonwovens with

different surface density

HH &l 2-1 A1, 60 g/m® & 2 T8I TE 2LE 4000 Hz I 5 2R 80w =ik 3 0.11,
BEAE S RE R N2 438, 618, R REON N AR £ 5000 Hz DAL,
BIFE 0.15 VAL, 4Rgamamet il sy, 8 e HE S s /KPR 0.12; H
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SR FE R REE T RITE R0, PLA BRI ZUSEMRIE ST H B Ui,
ISR N AORHR S R BRI E R R, TR 2-2 FRa) U LRl 55 Bl 8 H ) 1
I, AR TR LR B RARSUE R R FLB R AE AW o £F A A [ R A
i g AV EE R (AT RIPL BN, RS EHRE B g i, i
UAFR TR L, PLA ZF4E[RI EEEIE S, [RIIN A0 41 4 5 2R 2 21 et N AR SiE 4

BEAER, TYEmA R, SBMEHER D, s RERE 2 FER.
R 2-2 PLA A RIHEGUE MBI S RFAE 5 IR 2R KL

Tab.2-2 Structural characteristics and sound absorption coefficients of PLA needled nonwoven

materials
PLA & IELE MRl 1% /g m™ J& i /mm FLER /% SRR R
PLAG60-2-5 4.8 98.93 0.05
PLAG60-4-5 43 98.39 0.06
60
PLAG¢o-6.5 3.8 98.28 0.05
PLAGgo-8-5 2.8 98.40 0.04
PLA 2025 6.6 98.83 0.07
PLA20.4-5 6.1 98.53 0.07
120
PLA 2065 5.1 08.48 0.06
PLA 2085 4.8 98.22 0.07
PLA 5025 8.4 98.11 0.10
PLA80-4-5 7.6 97.91 0.10
180
PLA80-6-5 6.3 98.06 0.07
PLA 5085 5.6 97.74 0.07
PLA24025 9.6 98.09 0.13
PLA240-4-5 5.3 96.46 0.09
240
PLA240-6-5 4.8 96.18 0.08
PLA240-8.5 5.6 95.56 0.11
PLA300-2-5 10.4 97.26 0.18
PLA300-4-5 8.9 97.25 0.13
300
PLA300-6-5 6.9 95.86 0.13

PLA300-8-5 5.5 95.08 0.13

13



ZRITEKER AR

BEEFTRIE R ARSI N, LR 4R A A R, ARSI R AR
K, BALHEARA R 4ERR B %2, 2R 4R RIS B/l LR R BRAG, 1 A
et id R b 5 AL T R IR HE 2 R LT 4R B NI, PR RE IR S e AL
NREROHAE, WA VERETTARIR T, RIS, T4 23 B 8 S BCIE SUE AR
JE FEARA BT ol )S 8 B M G ) 2T 24 DL 22 I ER T RS 28 A 2 2 R A S R 21
Y838 SN IT [m] 5E1001, ROk S P2 Bt o 3 B g i e s e T AR E AT
WS 1k RE A ERL R B AR AL 32 B RO o B LA AR S A RE 2 AR T AR A P g
[t 2 R 5 1 o e el i 1K
2.3.2 ARk A R o W S A e s il

FEEHRTE RN 8 TEANEH ALY 5 mm &, IRIT 1 APRL I O AR UE A b
I A PERERISEM . AR 2-2 s, il 1 ki o EEAS R R B AR SR KL

77N PLAGoss ~ PLA 12085+ PLA180-8-5« PLA240-85 F1 PLA300-3-5 .

06r o pLA

60-8-5 S

05+¢ PLA120-8»5 —
PLAlao-s»s

0.4+ ——PLA

—+—PLA

240-8-5

'300-8-5

0 1000 2000 3000 4000 5000 6000 7000
SR Hz

el 2-2 AN[AJTH % 2 F PLA £FfIAEZUE M RIS R 5L
Fig.2-2 Comparison of sound absorption coefficients of PLA needle-punched nonwoven materials

under different areal densities.

B 2-2 FFal s, B T LRI R, MRS SR R R 2 9K, [F
ISR 7P 2R 0 T 2 P R b SR A O o TR R Y K A UL L PN S 4T A 4 45
%, WK 2-3(a-e)ffin, AR AT YERCR IS 22, MORHES ARt T A
KM BV, AL PR R A A 3 I 2= g 2T 2 B AR il o B A A 2%,
FEREFA N IAREROH A, AR TS PEREFIHRTHO,
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TR OCERFM L AR

(a) PLAgo-s-5 (b) PLA 120-8-5

500pm

(c) PLA130-8-5 (d) PLA240-3-5

(e) PLA300-8-5
2-3 &I HE G PR I G2 B

Fig.2-3 The optical microscope observation diagram of the cross section of the needle-punched

nonwoven material

FR2-2HRR, BEAETH IO, EHRIARSUE M BHE B OO TR E, AL
BR AW, IF ELBEE FLIR AR IR FE R R, APRHIR S R BB 2 20
MR TH 2 5 [m) 34 I0E, 40 60 g/m? 38 % 180 g/m? I FEH, APRIFLBRR T FEiR
BN, DRE IR A R BOHRE — 52, 180 g/m? A 240 g/m? i, FRMLER R TR
2.18%, 6300 Hz KI5 R 0.26 BEKF 0.44, 11 A 240 g/m? % 300 g/m?,
FLIR 50 S RECR AN Bk, BT RIR, MR N, &)
FERBCE W R, B FLBR R A A, RN S R B AR B
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ZRIERFEMLEMWIL

2.3.3 SRR E XSRS M BERIFZ AR
R 2-3 ANFEHRIZREL T PLA BHRIARSUE AR S5 RFIE S W P 28 5
Tab.2-3 Structural characteristics and sound absorption coefficients of PLA needled nonwoven

materials with different needling depths

PLA AR ZHIE A KL JE )& /mm FLERE/% I R
PLA300-3-3 6.8 96.50 0.12
PLA300-8-5 5.5 95.06 0.13
PLA300-3-8 4.1 94.75 0.08
PLA300-8-10 4.2 93.93 0.08

TEEMRITERCN 8 18, AFSEHITREE, H44 7 300 g/m? 1] PLA £ fi|9EZR
ERRE, AR TR A AR RS 1 BE A R

o

06F —=—PpLA

300-8-3

05F PLA .5

PLA 066
:ﬁ%o'ﬂ' - —v— PLA

300-8-10

0 1000 2000 3000 4000 5000 6000 7000
B [Hz

B 2-4 ANFIEFRIBREE T PLA SR ZUE AR - R 00 H
Fig.2-4 Comparison of sound absorption coefficients of PLA needle-punched nonwoven materials

under different needle depths

HI& 2-4 BATED, BEEETRIVREE RO N, PLA BTRIARZUE A RIE A P RS
BRI 2R 2-3 RATRIGREEIE N, ARUEMBHE S FLER R AR N . 24
EERORURS — €W, BHRIREER, PRI Sherde2, mpnRals s 47 4E 4% 3 (1 B

o INSRETYEZ IR ZELSS, L YER BESIE 235 K8, MORE RN

K 2-5(a) WAl HEFRITREDN 3 mm B, JEZUEMRHEEY 6.8 mm,
BEARIERE A £F X Py B 0 T AR GEEH A, LF R A 2E A 2K, B AR
LRYEIRTCYESS, AT RIVREE 5 mm N A] DA O MR RN, B AR S5H X
DR AP B 2 R P I 5 PR W 7 R e v o (ELET IR BE LR, 4P
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ZRITEKER AR

W%, ARGUGEARI RS R R, R R RS FLBR RN, W 1k RERE 2 BRI
F L ETRITRIEE, S mm BHRIZRIE T 6] PLA ARGUS IR MR RCR B -

(A T

(a) PLA300-8-3 (b) PLA300-8-5

500pm

: AT R I"'?‘f. i
(d) PLA300-8-8 (e) PLA300-8-10

2-5 BRI AT 2 B i P
Fig.2-5 The optical microscope observation diagram of the cross section of the needle-punched

nonwoven material

2.3.4 HEBRHR A MERERIFNT
K PLA300-s-5 4l B AN F] = BN 70 A bA Ak J5E JEE S R 7 1k BE S

1.0+

o
oo
T

o
N
T

0 1000 2000 3000 4000 5000 6000 7000
B Hz

] 2-6 PLA £ RIARZUE AR} HE B J2 H00s W 7S 1 RE RS T
Fig.2-6 Effect of stacking layers of PLA needle-punched nonwovens on sound absorption

performance
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ML 2-6 Hha] UK SR P 2R B0 R AR [T A% 3l — Mg, X2
I PLA SHRIAESUEMRIMES:, BORUEEEINRS, 17 2 FLE AR IR 5
B RIBAK, AR EER N, AICAR S R A AR PR . BEE R RS,
ORI S R EOG R, FERAE PLA SHRIATEL AL RREE B RE AR 5 A AR K, PR URAE
CRYE 5 LA (R R FLIR P B R R A B 22, P AR I RE B, B PERE A R T
2.4 REING

AR BERAFE R T2 AR EMES Z R PLA SR HEZUE R RHRMOW 45 14 F1
WS PEREBEAT ST, A AR

(DPLA EFRIHEZUE RO 75 22 5 32 B2 2F AN R AN ERIR BER2 I, B3
EH S ZE AR B S FLRR A, R BRI A] DL AR AR P 1 e . 3
Hh, RN 8 T A 4 v T2 AR SUGE AR, AR 4 S R LR I 45 R T I
A LA RICAAD K P YR A R PRV R 4t s AT R 5 g e ) R o 50 (90 2T 24 450 i R
B, TR BB OR LT AEAH FLE LS Y BR, 7 RE ,  E R o O A R R B e
AR RIE 2, PR N R, R RIS R AL

(Q)TETH % A 300 g/m?, SHHEHCH 8 18, £HRIVREN Smm B, PLA £ H|
AR AW A R BERCT, 6300 Hz IR 5 R ATIA 0.56.
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58 3 & PLA BT HIE/ A RIFFAEME S WA RIBIH &
R IERER ST

3.15|5
B — [RR RS R AR B ] 1 FEAE 7S RE RS PIEAE T T Y, e E T
FEVERE, BFFCHT AW bR ) R R . SR ER R 2 BRI %
PLA HMA4E R A mALRE. ZALEBEEN, 7EWE WU A KR T .
AZEAE PLA S RIAESUE AR (LA ) 4 SR FLIERAN LT 4E /B LR 80E A 2 &
WP A RE, LSRN AT S O TS, R AT WAL Sy R i e T8 B 5on
PLA JBHLF YL AI R0 o X A APREAT R A PERE A, 404t PLA 214572
S5 e S A R = A 2 g P 1 i 1 B
3.2 LIS ER

3.2.1 SCEG R K SEIG (N 28
7 3-1 IR JEUR) F S 98

Tab 3-1 Experimental raw materials and experimental instruments

JEORHA #%) 4 () C
PLA 6060D AR RCA PR A F
=S H%E(CF) sy bral PR 2445 ] 2k A R 8
N, N- - Fi 3 FI Bt i (DMF) vasie BT T AR A PR A
BT R WTB5003 WU T3 R A BR 2 ) d )
AL RS B4-1A bR R A BR A 7
HA T A DZG-6050D RS LI AX AR A PR A
Rt DV-79 bt JE U RERL A PR F]
éﬁﬂwﬁﬁﬁﬁﬁ%ﬁﬁ“- ASAP2460 5 [H 2 77 (Micromeritics) A 7 o
L34 B 385 (SEM) S-4800 H A H A
K LG R AR YG141LA TGS
g P AR BN &R 5t VA-Lab HREE I R R AT PR 7
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3.2.2 #@BHI& SR
(1)PLA 40 4L i) 2%

¥ — e i & PLA ¥ fi#7E CF Al DMF AW, WIEMFE 12 h, BLER
BEECN 7~18 wt.% Wi 227, K HI1S KA A 4N LS AR T 30°C R

T 12h. BAR T ZZH 0% 3-2 Fion.
2 32 HHLYT PLA BAAT 4 T 235

Tab.3-2 Process parameters of electrospinning PLA nanofiber membrane

gi22 K (kV) IR (%R H) 97 223K % (mL/h) WCEERE S (cm)
10 60 0.6 10
15 70 0.8 15
20 80 1.0 20
25 90 12 30

(2) PLA B4R EF 4/t AR 208 A 52 S AR ] %

FIREMT, A LAE CF:DMF & FIELFI(7:3+ 8:2)5 PLA & &(7 wt.%-
12 wt.%)iill % PLA 7223, $idk 12 hjG, KA # Y7L AR5 5l & A R 274
TS PLA BANLT4ERE, HE AT PLA FRIAESUEA — M5 2] PLA @BAN4T4/&
RIAEIEAT G AR, FREEARNE LN 60-70 %RH, Z722FH 5 15cm, Ji4#K
N 1 mLh, G2, $& AR EA YRS Sk
(3)PLA JEAN L2 50 KA

K R T R BB SR R Y122 T2 TN Yt 43 . &
SEM T W% PLA BBANA 4R MILA . EMEEZ AT, 75 15kV [ TAEHE THi4
10 £, fEH 10kV BN iR BORM SR IR . [N, KA Imagel MHAANF]
FATIIHIAgENERS. FLE A = E A0, FEFLINE 100 4R .
(4)PLA ZT 2 5 J5 & ik

¥ 18 GB/T 24218.2—2009101 % Ff] YG141LA W) JE FEAL (‘T IR 45 X 23T )
MEAE S G AR R R BT 1K) PLA BN AF4EMR S E . RITAR A 2500 mm?, JEE
59 100 N, HLFL4ERBEBTE 3 He /Ny 100 mm x100 mm FIRFE, ARZHFE M
BEHLIZI 5 AN, SRECPFIME.
(5)PLA 5 22 30 B ik
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A8 LR FETHINAS [RI MR L R 97 220K B2, AR IR Lk, B3
fE.
(6) FLR AR L ALAR I

4 BN LR LA A T 2 ALY S AL LR K LR
AR LA B BT I PR 100
(7) " 75 4 e

PLA MR YE A o5 (AT R AR LG MRERE &, 25 B S e BT P 0t
JilAl, AR A YRS P B PR R S SR AT REAETE — B RS, DRk
RAFBCENE, B 3-1FR, KR S E J7 25 S a0 T TS E A T s E
MR PR . HES 2 24 PLA BHRIAEZUE M BLS PLA BIANZF 4E R I 0L HE
Sait, HA¥ PLA #HRIAEZUE M BN 9“2 PLA AR A 4L C A M, tnE 3-
1 7RG B O PLAMzM, W53 AT 526 IR 7S A ek = 24 235 0 o WS 1 e PR s
FERIR 3 ORI

‘ a1
| 1
= I 1
I
: i _:'ﬁ’gé
=
e I |
| I
HE % 451) =] : I
[
l_ A
s H A
@ D @

B 31 o R P s T 1

Fig.3-1 Sample sound absorption test diagram

33ERSTHL

3.3.1 REMEIRME R A ER SRR
% 3-3 RFRLLLT G2 i

Tab.3-3 Viscosity of spinning solution under different ratios

CF:-DMF 7:3 8:2 9:1 10:0

ZhZ (mPa-s) 628 696 714 743

ettt R g 2R T B RS —, XTI RS, B
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TH BN, YL TN 12 wt%Fi2KEE . 15 kV gi22#H)E. 1.0 mL/h %
Y23EE 15 cm PTLPEES . 70 %RH i 21BN, A5 4 38 TRIC EL 2T 4
N2 =R p=AlTR

v P 1.65pm

g . Mean: 4.183pm
\ bRAEXE: 0.62 pm N

40,
SEEf: 0.78 pm T 137 pm 30
’j SD: 3.906um

:] BRAEXE: 013 pm 30 N\ brAE2E: 0.30 pm

% ;un

m r(r

| A 7
NN 7R %) 7 -
=63 10 I3 20 23 30 3% 4c 2 4 6.8 10 12 14 16
FL{%/um FLAT/pm

(c)9:1 (d)10:0

K 3-2 ANFIECEE T PLA B AT 2447 10 v 45 LR S B 20 A1 1B
Fig.3-2 SEM images and diameter distribution of PLA nanofiber with different proportions

(a)7:3

ML 3-2 i U ER B 5 =S e & BTG N, R 4R 73 EAR AN kY
Ko M 7305 0.78 pm F 10:0 B 1) 4.18 pm, A LI 2 R RIBE S =& Tk
SR, YiLMFEEZ R, S T R L AR, SEerYE

BRI K ELAR AR g K 1091, NN 35 FR A 1 i N BT A 2 B A &7
CRERTE, fEY R R G T, AT AT DU AR 3] PLA EBYILT
Y, MM =S HF LS BEURE, M 6:4 WU, BEAIHEEE 12h 5, YT4EA
MRS, SR TS BRI, PLA WASHUR A GE S IR AR, it
M TCHE AT H Y 22

K 3-2(a) 7RI L 7:3 BT LAWLEZ ) PLA £F 4 EAF(EMR D FLIR, 4R 4RIt
W BE =S RESENANE S, 2ASGWERE, FURSMHERELR, 82 K4
LI Z RIREDR: 9:1 FUIR U EIFL, 10:0 FHABFLIFA 24 3EH, X
FEM T CF & &M ISR 795 2 vl Z v, JEEZE T CF i S
ST DMF, ARVEFIZER Z R 22 5 3B 2 FLR RSB R T X T2 il
ORI F Y 2 LB A4, A FE IR R4 SO R AN R X 41 4 2 LG
TR AR B I - £56 2 4 BAR 50 A % 1% 4% CF:DMF N 8:2 e LU #EAT 5

By
2
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L

T 137 pm
bfEXE: 030pm -
\ 0

o FH: 0.86 pm -

| ’-‘ HAEE: 0.3 pum HAEE: 023pum .
_i -y I 2
i ; - %l D\ | N :
T g B’ L b 0
(a)7 wt.% (b)10 wt.% (©)12 wt.% (d)15 wt.% (e)18 wt.%

K 3-3 AEREE T PLA AR 4E 1 i B R S B AR AT
Fig 3-3 Scanning electron microscope images and diameter distribution of PLA microfiber at

different concentrations

VAR FEE o U 5 LG 22 AT AR RS RIS E AR . AR TR EEXTF
UL BRI, (RN 82, S22 LN 15 kV. HIFRIE N
70 %RH. Zi#23# %7 1.0 mL/h WERFEES 15 cm, W 2 A1, Bf#E PLA WKEE
AW &, 2R 4 B E AR ARKL . IR IEETE, 47 LR imisk Ik,
KBRS T gieeid R rp AT e 2, AR A 4E B AW K. £ 7 wt.%IKE
A4 AR, (RAFTESi R, X2 T 97 2 R BRI, e id B
IR T K FECR A MEER A WE, S 7 wtO%i BRI =4 78
10 wt.% 1 12 wt.%M, £F4EX SR ZE TG L 15 wt.% 5 18 wt.% TR H I L VR4
HRI AP 4, B Y72 ORERIIG N, 974 lBh MR a2 K, BEA
GyRif, IEE R S A BN B AR Y, IR R T S g a2 xR U

PLA JRFEX AR 4ER) 2 FLA5 M F BRI AE T L% B R LI TEAR IR FE AR
I, i2e R G T A AT 3 5 B AR B A LB A 4E, £ 7 wt%M
10 wt.%JC B R AL S A FLIR,  ELIRFERGE: WREERG R, &7 B R Bk
g, PG [ERE AT FLIA % FE RIS, B 3-3(a),(b) AT WL, 12 wt.% T4 PLA 14k
WA R 2 FLE ), LR A% B R B2 MDY, FLIR LR, AT
7 wt.% 5 10 wt.% SR 4k EFLIRTEASTELF, Xl THE R &, KB
K, ‘T2 RS M, gigdfEhamiae, BT RRL L% H
bEE R BE I =, BRI 3-3(d)RT L, FLIR 43 A0 2% BEROM L, FLIRJRAR H 3
FIFE/ANFL, YIRS R 18 wt.% 0, PLA B> T4k s BERG 45, R B3 K2
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PRAG A=A, JF HIERIER A, J7 2l B R AR UM 7y B AN R 2, v
7 e AR AR R T SRR, R P LR AL AR N2, s B S H
% RE A & UM PLA 2 fLAT4ERR B GG LT4EIR I, Al 12 wt.%

B G AR — 2, LRI R U1 2 L AH £ 4
# 3-4 PLA BT 4EE ) BET
Tab.3-4 BET of PLA micro-nano fiber membrane

L7 (cm¥/g)
oS FLERTHIAR (m¥/g) - R
WALFLE MFLILE SALLE
PLAg» 24.01 0.000929 0.107295 0.108224
PLA73 2.45 0.000869 0.005265 0.006134

% 3-4 N PLA HANA4EE 1K) BET 455 . PLAs2 5 PLA73 N 12 wt%Fi 22Kk
BEL ISKVYiZHEE. 15em P48, 1.0mL/h 2522 %, 70%RH 452215 T

AN TR b R R A1 2T 4
80 -
70 PL/A\S/2 ?

-3

6o —+ PLA,,

LY
RN

0.0 0.2 0.4 0.6 0.8 1.0

RSP P
3-4 Z4L PLA 245 5T04L PLA £F2E 1) No W Bt B0 B it 2
Fig.3-4 N adsorption-desorption curves of porous PLA fibers and non-porous PLA fibers

MR, WRBCEE 7:3. 2R 4ETCALIR L T EERTIAIUN 2.45 m¥g;
FCEE 8:2 T/ Z LA 4L R TN 24.01 m¥g, HESILAERZEM, 5
SEM K25 R & . PLAs2 MHET PLA7: f2fm | =& Pl &8, HRLmS
BAZKEO N =AM R B2, FHEMEILail. K 3-4 N AFBCE
PLA ZFYENRIK) No WP B ith 2, e U R T AR 22 FLATZEIBE N MR B B A Te FLAT 4
BRI IR, PLAg WRPH LY i 2R BTV R SEIR 2R, W] PLAs. AT 4E R
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S A DR LA s VR B ot 2 v TR i i [ B, 0 B R E L A A 38 5T HL
FLALAHE, BA RGFAILRIA, GE8 T A [F) 3R LU X 2F 4 53R T AR A0 L 45
AR 3 A8

332 it T Z B YT AHERSLEIRFINN

(WFizzH &

Gier g SR YIHBAA 4L E EHEN A L2, SIERRCEE N 82, 1
VKRN 12 wt.% FEIRE N 70 %RH. 22238 % y 1.0mL/h. UEEFR S 15 cm
i, B EAS A ER UL, BEE RGN, PEEAREN . R R
Wi 5 45 42 S R P AT e 7 0, RN, S 22 e DA iR B R Tk 1, B
PP PLA ZF4EARECT m U IN BRI R FE BT R 1S 9 22 R, A
HEEIMEY, 25KV giLLhf, BEEHREMEKR, BERMEELRERNEER, F4H
Bo AR A 5,

vy T 157 pm
7 7 Wiz 032 pm

FEIff: 1.28 pm

s 177 pm 20 A2 037 o

FH)fli: 137 pm
brifE2E: 0.46 pm

FbrAEJE: 030 pm

ELARIM A1 1%,
3
FIARS i1 %
FLROMN%

; ¥ 1)411:39.56 nm
s0| bAHfEZE:0.56 nm

“FI41:39.42 nm
bt 220,75 nm

30 A/M{i:36.37 nm
= | BAfiE41890m

.

S\

i/ MH:37.41 nm
%50 BKAiE:40.65 nm

S\

LN

A o 2220 ) A prd A v,
38 70 375 380 385,390 305 400 405 410 380 385 300 , 305 400 405 410
ALz 4L4#/nm fL4¢/nm

()10 kV (b)15kV ()20 kV (d)25kV

Kl 3-5 AFGTL2 5T PLA AL 4R 1 45 BR L BAR 5 AR A 1
Fig.3-5 SEM images and diameter and pore size distribution of PLA micro-nano fiber at different

spinning voltages

KT AL KU, 10 kV. 15 kV BT alifLR 2 2N ETFEFLIE, 20 kV. 25
KV ZHHEREE RUNEFL, FERAME BRI TS AER, WU E
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FLH B[R 58 2 T R FLAEFLI, 10 kV B LR KR ZHEH T 39-40 nm 2 [4],
b B R T m LA A T 39.5-40nm X (8], LB HAA G, 15kV SiZ ik
LE UL IR
()R BRI
PRI B0 AR YR AL A L, FES AR R o, KA K

AASME SRR RE, B BRARE, BRE S REWE A
EREEFIHIPIA X, BEE 7 LR P AW &, 5 S R AR

R X3 B0 22 FLAGHE 1374,

FE: 158 pm
BRAEDE: 0.48 pm

, SEE: 1.67 pm
v BRAEXE: 0.43 pm

i 137m 30 N T 1.37 pm
bRk 0.46pm B bRAEE: 0.30 pm

ELAR5ME %
EL12 5 /%

INENN\ W 7/ |
3 ) 3
R 20 24

30 X F1111:39.39 nm w0 _ FH94i:39.380m 50
i’;’ni”ﬁéii‘..:.“' i Ok 20.480m T . bifEJE:0.51 nm F1i:39.48 nm

Jit/MH:38.12 nm . PR AMiG38 1 nm o] PRAEDE:0.68 nm

I /M:38.36 nm [T ) |8 sitis088 nm | hifs36a1 am

<20tk K Afi:40.62 nm /|1

] 7
'\ < S ‘ %o IAA:41.11 nm
f £ 0 /
b / § 1 &0 / N & " \‘i
S a1l ’i\ j P\ o 7 \ oo
N 11 3 S N v
SJ SS 3911 J“Qn? 400 404 JOE 38 385 190{[‘?(),‘32“5 400 405 g‘!D Sva 393[“(3/l9n;] 400 405 410 036 37 = ’”.( / 40
(a)60%RH (b)70%RH (¢)80%RH (d)90%RH

3-6 ANFERE T PLA BT 4E47 0 LB R & AR S AL A
Fig.3-6 SEM images and diameter distribution of PLA nanofiber under different humidity

PEHIVARBCEL N 8:2 TR N 12 wt.% S22 HJE 15KV Ji22 5N 1.0
mL/h. WUEREEES 15 em @i B BN LIRS, &/MBE T4 ER R
BT, AR, B 70 %RH 4b, HLAMXHEE T PLA £F4EH 511
B ERMERI 60 %RH B AL EAHEGI, RREN =S IR
TG, AN R4 S B T R L S A8 R R, T S B SR, 4
ANES:, H 60 %RH WA A HARLF4E LIRS O 2 AR K, & 5% 1& 24
SEM T Wi 4 K A sEI, I 72 T8 i BE I 00 T AR RIZ IR, IX 72 A iR
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JEIy, ARG, AAERIRE /N T ER, K% ME AR,
FLIFTE By 7™, AR 3ok e (IR FE S 5 AR Y S R IR B R BROIR 27 4, Wik
H1 70 %RH ¥ 4T 5L .
(3)Yj L2 H

VR R SR T SEBRFE Y PLA SF4ER0REE, F RiUEER, P .
MIEWEC N 82 WK E N 12 wt% FiZZ KN 15 kV. IR E N
70 %RH. WEEHEES 15 ecm B, @ ERSAME, SRE N RS I4EERNT
1.2-1.6 pm [X[8], 0.6 mL/h fFE/D% 3 um BRI EEF4E, X R s a2 it
B LA TR B HEAN KR E 3 BT i R A T tH DA SRR SR AL, AT A AR £ 4
(R34 5) M dge 200,

ZILAEEARF i 2 TR T E AR, FLRTIRZ AT, 245G %8y

R LR KNG 1.0 mL/h iR IEHEAT B S5 PLA 274k

Spm
L 1.82p 50
e FHYffi: 1.60 pm N FH: 137 pm P 129um
bRAEXE: 0.42pm 25 s 0.36:‘.“ 30 N bdE%E: 030 pm a0 _\ b&?ﬂi‘f‘.,: ;.zzi:m
=20 20 \ A N 2 \
g ‘ 0 LR £
< o b = (| S
10 o ~ /N N A o
7 = N
/N i 1 . wiw ‘ “
N’} | Nt o 2 AN i NN .
1 2 3 03 3 08 12 40y 16 20 20
*/um L/
(a)0.6 mL/h (b)0.8 mL/h (c)1.0 mL/h (d)1.2mL/h

K 3-7 AT 23T PLA ARAT 4R i B R S BAR 0 A 14
Fig.3-7 SEM images and diameter distribution of PLA nanofiber at different spinning rates

ELE SEr

FEHITERECLL N 8:2 TWIRIRIEN 12 wt.% Ji22HE N 15kV. HIRIRE N
70 %RH. Zi#2# %4 1.0 mL/h.

VST (1 L 25 = T R0 R 3 P A ALV P, S S5 RO 20 B O s e
I, 0 ) L7 08 P A 15 5 FR G I AR B s 2T, RS A R 4, ml3am
2 Y 2 AV O, B B0 BT 78 23 W HE R I 18] B F LR oy A A B . T
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TR PRI SR AN, — 5 TR P TR TS 5 SRR 5Kk Ay, S Eer
YR SIS, AN 3-8(c) ™ 20 cm BEEE UL N LT 4E EARHIARHEZE DY 0.54, HHEL
T 10 cm 5 15 cm BRERAA FriEE; 51— 07 RS R B B A AR IR AR A
K, WEZFEHIE 15 cm NERAFWERE.

Spm
T 1.52 pm 30 FH: 1.37 pm FHH: 1.46 pm _ be”"_l:: 145 pm
BRAEXE: 0.54 pm N b2 0.24 pm

| WfEE: 034pm baffEZE: 0.30 pm

EAR (%
]
_._
AW\
i

A
A
§
|
A
R
|z R a2 R h/a. obEs ANEX\|
08 12 16 20 24 08 12 ., 16
¥ 4% /im FLi%/un

HSee  JELDL nfd
(a)10 cm (b)15cm (¢)20 cm (d)25 cm

K 3-8 ANAIYSCEREE BN PLA ERAHET 4494t 85 B R e ELAR 0 A1 ]
Fig.3-8 SEM images and diameter distribution of PLA nanofiber at different collecting distances

3.3.4 PLA BBHRA4E/STRIFFLER E SRR A 1 EE
(1)PLA A T4 2 35000 W 75 1 RE ) 52

RGBT PLA ARJESIA4ERE IR, B 2 T2 N=m%&1FT,
WEGRSE N 70 %RH Zi22 W% 15 kV, Zi223E% K 1.0 mL/h DL RWEREEES M 15
em. RSB ILGIE PLA WREE 4 50 25 42 HE ROR R SRR, & A
[FIJES PLA 474k, 24 CF:DMF 4 8:2, PLA KA 7 wt. %I #i 4 PLA Hf BRET4E;
1 CF:DMF 4 7:3, PLA RN 12 wt.%H il % PLA JTofL4F4E; CF:DMF A 8:2,
PLA WKJEN 12 wt.%I il % PLA £ FLEF4E.

K 3-9(a) FT LA R I 22 FL AT 48 RE5300 75 T JBCE I, R RS RICSR ELAR T R BR A TEFLET
YEfE, 7E 6300 Hz WIIHE REGR =ivIE 0.79, FERENZ FLAYE BRI 4F
Y 25 5 R I e LR T AR i LIRS o 7R AR IR B R A R R N, 345 75 i
BB, e 42 7 938 S 3R NAARL P 3 o 4R 4 2 T 2 SR AR FL LA & PLA 4N £
FLEF4E EFLIE, MORLA S ST ARIE S, BT SRR A RE ) N S A 4
JeALBEMBESE, 000 75 e S L R BE AT BT R B, 45 381 2 35 (1 R 7 e R 70,
3-9(b) 4 75 HIHE BT & T A AR 4R 5 M e 5 A AR AR — 3, BLEAY
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ZRITEKER AR

FALE N YERE IR AT B S AR, XSGR ROV R SR FL B R HE A
J73. PLA EANZFYEIQ R [ BCE R, = fLB R K 2 SLEF YRR AL 1S 7 i 5 it
AR BRI, 1T R T RCE S R AR SR RS2 T S R, RO R
IRU2)s PRI, WRSCE 2 PR REBE AP RE A AR, K PLA A 2T 4 iR 300 7 T i
BEREAT I

0.6
0.8 —=—&HildELlEAT R o
—e— HERAYEE SR 0.57
e RSO
06 —~v— zAggEaME Lod
ﬁ V :/
i rA = osf
g 0.4 =
= 02 T SR
0.2 —— RERA M IR
0.1 —— LA S AR
7 C o BAGGEEEMR
0 1000 2000 3000 4000 5000 6000 7000 0 1000 2000 3000 4000 5000 6000 7000
HiIHz $I% IHz
(a) WA (b) AT

3-9 LR YEREA RN 1) T 21 YR30 IR S 1 BE PR 2 (a) U275 THTTACEL; (b) 79 7 T,
Fig.3-9 Influence of fiber morphology on the acoustic performance of fiber membranes with

different orientations (a) placed on the sound-facing side; (b) placed on the sound-facing side.

(2)PLA FEYHZT 2k J5 5 R WS 4 BE R i

0.8} —=— £lHIFELUEM k) ~
—e—0.052 mm e
—4—0.112 mm 7
—v—0.215 mm g

M AL

0 1000 2000 3000 4000 5000 6000 7000
i IHz

3-10 £F 245 5 5 2 W 5 4 RE B

Fig 3-10 Effect of fiber film thickness on acoustic performance

CASVTURR S TR AN [5] JE JE PLA 2 LA 4F 4EHE 5 PLAooss M B &, HRA
e R EEXT PLA BBANAF4E S A MR S PERER R2 i . RS UTRI TR hy S h
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PLA 10 h), #1457 B2 5004 0.052 mm. 0.112 mm. 0.215 mm ) PLA £ L&
HHAFAENE . K AR E B PLA FEANAT4E M 55l R S0 k)5 4 i 10 7 i
Irm s rERe . & 3-10 R, BEEVIRAR A H 3 h 8= 10 h, 2654
KHE 6300 Hz B BT HIW S R0k 0.58 #I02E 0.79. X2 HFIUAR I [a] 5 4F
YERSI SR FE IR L, BEE JEREISG N, 75 I 7E 27 i 4 24 M 17 dc 2 v fo T AR Y
K, BEEMZ, B2MPRAACNAREEFRE, AP RIS tERETS 25Tt B0,
(3)/HE 25 2 WA R VR 75 1 B g 5

WA EH PLA HRIAEZUEMELS PLA BANLF4ENR I R HE B 454,
PLA G W AEMEIN ML fbE 2 o, kil i 5t & A AN R 5%
WAL S It e o E SRR AR VE RN, A IR A R SRR S R AR,
PLA AN ZFAE R LASEAD SR L AN AR IR 00 S B v 280 R s R (81,
AT T b 2 TR A R R R S R S = R AR AT, AITE 15
mm /A B 3-11 FORUZ SRR DN Z LI ) 205 77 X PLAMzmz £E 0-1200 Hz H
A I8 B = BRI ROR, A8 SEhrfd F A5 48 25 (e SE R (a3 ). 2R 4R
FENT AR UEAREL T RAE PLA FEZUEM B, Wi H PLAMzzzm 5 PLAzvzvz H G4
Fob 7 Y R A P VAR 1) R AU TR RS B, R AN 4 S ) 4K /N FLAT DA 7o RO A
AR, CUARHES G AT DL XS AN R R 40T, DAREREAN [F] B4 SE BR S FH 7 400 o

10}
0.8

\?ﬁ 06}

N\

5 —e PLA,_

g 0 4 PLAMZMZ
0 2 IDL'AZMZMZ

IDL'AMZZZM

0 1000 2000 3000 4000 5000 6000 7000
SR Hz

3-11 ANFIHEB S5 N 2 APRIR S PERE
Fig.3-11 Acoustic absorption properties of composites with different stacking structures

3.4 KE /G
(1)7E CF:DMF & 5IELB1N 8:2, PLA & &84 12 wt.%M] i & PLA #B41% fL4F
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din] LA R L S MBI TERE . B YT PLA BANLT B I B S ARH T
MR Ik BEAT BORRE, 22 SLEFERR IR LR IR 0 22 FLAGH, SR 2T 4E B 9K AL
T 5 AR & AR Yk 18] ) SLIRE il = 4E S0 A 2 LIRS 454, 7 e LI e B
flfE R, R LA RO R T R SRR R PERE; [N 850 5= AR A 2T 2 15 )5
B, FRA BT 2R RIS PERE RIS &

(2) AN 2T Y J S BE AL TR AR SUE AR AT LIS AT, PLAMzMz XUZ
RUAR S AT N A 2T 4E R 2544 R n] LA B = 24T R AR ZUE MR A PR RE s 24
W EMBIHEB LN, W IR A, AT R 5 2 1 SRR 5K
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% 45 PLA AHSAR/ATRIFFAERESWAMRIBH &
R IERER ST

415|185

$= AL TR, PLA RRANEF-4 i A 5 A ki W 75 o A
BRI, SRR LT AR B M B 5 h A EL T 4 1) AL 2 AR 5 T S 2%
W, LR bk LA 5 R T 4 () M B T 9, b TG S0 52 & MO 75 1
R B XA R AT 2k 254, TR Wt s LIS, A 4 2 T T S £ 22 AL 4T 4
PHELEA BRI o MR T A MR, = 4 45 W AUt I Py ) 4%
9 PLA 15 7 ATUS R (17 1 LB 21,

PLA SR EA TR, milEE. @R LR i St N
= A 22 0 AL M T DA R R B, T I U i A R REOR
% AL AR, MR Y2 AR AL M, R SRR A S b
ef1 s ELA BB I 9 8 S0,

b A L) PLA % FLEIANATF 4 A5k 205 A BUR B2 % PLA 1345
i, SR PVA KV ARG S 7N 38 SRS K, SR UR- TR AR
% = U2 UMUK ILEE R PLA R4 SRR AR AR SUE A AR S MR, 3R 5T
AR[F] PLA AT 24 B 5 B A AN 1) o1 4% £ 52 A MR A5 1 B A8 1
4.2 KYERSY

4.2.1 SERUJRA K SEAR X BF
R 4-1 IR R SEIR AN A

Tab 4-1 Experimental raw materials and experimental instruments

JEORHA #8) A (B 5) E
PLA 6060D R B PR A
CF ST At ] 24 B AL 2 30 PR A )
DMF srrat EERTRL T AR AR B A PR A
R L)FEE(PVA) 1750+50 ] 24 4 A1k 2570 TR A ]
B RF WTB5003 B T3 R T A B 2 ) )
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R A-1(BE3R) 5200 BB K 9 A 28

Tab 4-1(continued) Experimental raw materials and experimental instruments

JERHA AR ) 44 B MR S) PR
= B U8 R LA HR-25 i S A BR A
TR P T KS-7200DE LS S A A IR A F
HL AN G XUHE AR DHG-9075A Fifg AR A A IR A A
AR B 7 B b2 DF-101S i RIBFGAR R R A A
HLF 454 LU (SEM) S-4800 HAHILAH
7 NG W E A YG141LA TR RS
fEAKZ RS R SHZ-D III L JRFIBPALAS B TR A 7]
FHUKFE BCD-218STPS B REF B IR A
AR AL SCIENTZ-10N TWOHT Z AR AR H IR A 7

M PRSI R S

VA-Lab

R IL CRMDRHA PR

4.2.2 ¥ A& SRR
(1)PLA Z fLiEBANLF 4 ) &%

RIEH =5 rh PLA @A 4ERIB 745 8, Bk CF:DMF & 8:2, PLA iK%
N 12 wt%Giee i, EERFATT, WMIBTiLlE 15 kv, HERELRERE 70-
80 %RH, Zi22i#% 4 1.0 mL/h, #FEUEEEH 15 em, FHAEE S TEA + 30°CKHE
T 12 h ffil| & PLA Z fLHE4HA 4L
(2)PLA £F4E SR /T R HE 28 AT B A 04 R ) 4

D% PLA 2 LA A 4L M5 BT BT B, 0 20 min JRUELF 245 72
SRR, ARG SRR LA Y 9000 rpm T i 445 30 min i) 4% 27 4 [l & &
1.0 wt.% PLA BANLFYE 0 HOR, RIEMBE 6% 0.1. 0.3, 0.5 0.7 wt.%Zf4E
[ 200 mL PLA 43 B -

WEARE 14 cm @mEZ) 5.5 mm PLA3o-ss £ I AELUE A RHON 150 mm A FGR
Shef, R AhIERTIE] 0 20 40, 60+ 90 min, 4HIEE IE S EHRONUKAE
R 12h, JEREEMENA R TR 48h Hil & AN I PLA 214 BER /AT Rl AR 24idE
MEEWFEME. Hd, PLA 2L 4E0 &5 0.1 wt.%, HUER A 20 min ic
PLAo.120, VAHZEHES
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@¥F PVA TN LB TR A, JEAE 95°CRI R 1L /1t +E 1h il & 0.02
wt.% PVA JKIE . 254 PVA KGN AN (1) PLA 274k RER /B
ELUEM R AWM RIS — BN, BEEERSE MR TFHFET, &
NP IE DR 100 WL 40 Hz T 1 h, KRRiE S S &R RN UKAE
FI8 R 120, BEEE GBS R TR 72 hifi £ PVA N J5 ) PLA 2045 kE
/BRI AE ZUE A AR AR L

PVA BAE N YERIRL G5, SR 5T IRACTR S PVA RS 45 S B N
A e E YRR, W 4-1(a. bFR, RIETERESIIMAME PLA Z&
W R A4 BHRIEAE 0.02 wt.%PVA JKIERH, SIS AR PVA ZKIEBNE &R
BN, G PVA 5 5 B T 41 25 R SOR FLBE T s R 75 PR RE . 1] 4-1(cs
d)H PLA £F4ERTHAIKFLARZ 2] PVA IERIKISEI, AWM ERGIK LB 451

100um

B 4-1 PLA B /ARGUE AT Z SR A A RER TH SEM

Fig. 4-1 SEM image of PLA aerogel/nonwoven acoustic composite surface

(3)PLA 7 HUR AT 4K B 5

B 1.0 wt.%KEE PLA EANLT4E 0 B wiil e ma a4t L, TN B EX
AT 40 °CFJ 4 h, RAY RS 7R EAE RO 4E, EU%
AT, AE 15 kV B TAE R TImEE 10 7, A 10 kV B B S BOK 150 540
5 SEM El% . [AJI, K Imaged Ml 5AR PLA £F4EHIHCE, BEALIIA 100 4R
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(4 E A B L SRAL

K FG) R BT R R R S ARV R R T S 2 A AR,
WIRAFF L
(5)E A MBI 7S P REII

M7V A 28 =2 2.2.2(5).
43 HER5R
43.1 FlELZWNEEMRESEBRIRIG

B HOSAEF, 20 min J5 0 EOR A4 BIERVTEIL S, 30 min 55
HoRA s, WK 42 FR, FBAYEKE S5FE KN, 30 min 355 43 #Lb (]
T PLA £F4ERT 2805 i AL LU AR AT SRR FLIF B2 o A v 47 4 ] 57 3 AL
i, PLA RSB S PLA SIS M RHR AR 4EgELs, (RIE T — @ MR Lh
5 1ERE, 25 BT BN A K BN i & R SR T e R, R i
30 min 1E A5 23 HUR ]

25l SFEIE: 101,12 pm SN FE{E: 100.28 pm
< 20! BORMH: 423.75um 30) RAE: 43256 pm
= B/ME: 5.27 pm %25, F/ME: 10,90 pm
@ 20} R20

10+ 10¢

5- 5L
NN SN = -
0 100 200 300 400 0 100 200 300 400
2R K /um P /um

(a)¥J51 5 #% 30 min (b)#41J51 73 HX 45 min

40;
% SFEE: 92,75 um P 5466 un
= AfH: 130.23 um
30! i KAH: 403.70 um 30/ ML 17,50 1
= &/ME: 9.42 um ° N : 1754
25 é
iﬁzo— = 20}
p R
%15— ng
10} ) = 10/
5t <
N\
0 NN —
50 100 150 200 250 300 350 400 450 0 25 50 75 100 125 150
LK /um FLA2/um
(0)¥)5 1 B 60 min (DAEGUER KL

4-2 5353 BOAN RIS [A) PLA AR ET 4R AC B2 K AR Sl pp B LA
Figure 4-2 Homogeneous dispersion of different time PLA ultrafine fiber length and non-woven

material pore size
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Wk 4-3 iz, BEE PLA EANLFYER & ENRT, EEME TR 5
BHTIG . ShUERT 4 0 min B, 0.1 wt.%& & &8 ~, PLA #4440 2 ik
TERI N B BEANARGUGE AR LE R SL A, AN 2T 4k 5 AR LS RHLT 4R B a4,
NEEMBHRAR — 2 Y BEEE ), BRI LT 4R & 8 T R E BAR 41 73
B BEE AL YRR S B IR T, AL 4E SARGUE R BT 4E ) g 45 3 BUE S
AR IR LT ARG /N, A2 AR PVA JRUNS A 1R 0 T B 4 2T 24 HE
BU, TERCEEIR-ARGUEM RHTTARE - BEAG g TR R I, &R RHITAR
JRJEPOBHIER, PURAE A ARG X, 2 AR I SLIFR D

\ \

;;;;;

00pm

1111111111

0.5, 0.7+ 1wt%: FARET 1-5 7R AR H A hIERS (] 0. 20, 40, 60+ 90 min.
Fig.4-3 Cross-section SEM images of PLA acoustic composites, letters a-e¢ denote different PLA
fiber solid contents of 0.1, 0.3, 0.5, 0.7 and 1 wt.%, respectively; subscripted numbers 1-5 denote

different vacuum filtration times of 0, 20, 40, 60 and 90 min, respectively.

4.3.2 PLA S4B S EXNE SRR E ERER

PLA JHEANZF4EH & B R 2 SIS MR SRR R TR IR, ASKH]
HAEpE 720, PLA AL 4E HARTIRTE NARGUGE AT BLET R R SLY . RI g
A28 0 MIfEOL T, REWFFRHRRIE S EREREE PLA AT 4ERH & = K52 T
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SetG RGN, WS B 2R ) A A B, X R A A A A R R T
WK T HEMERBRENIEE, BEEREANZEMEE, SRR Z R B 11N
s 75 U ST I I S AR A R, PR R SRR B R Z S AR R (R, £
YL [B) JH 5 T 11 L5 21 4k b R 2K FL AT DUSE 22 1R 75 R S AL R FA BRI AR, )
IR AN A 4 [ 2 TR Z RS, 0.1 we.% [l &% & N B 4-3(a) B,
BARH AL 4L &5 BB E ML TFRETIRE, TR 4Egmss K%,
AL LA & B BRET, PIRUE 4R 4 B ALIA FT AR IS FE A e, BRI AR %
50.1 wt.% [HE & 0.3 wt.% & & T AR RS S ZEON 0.73 4271 &
0.98; 1M UUAZ HIAS W e 2 52 M A AR £ 4k (B LIS AR T R, HLATF4E gkl
FEHE S it P4 ZE BRI S L, B 55 5 PR 3G 0 A 7 4 S ) DR 2 L B e i
BEAG, AR TMRE R R, BRI AR 2 R B s 2 8N G R R P e
AN R BE R TR & 1 i A R A PERE, A1 4-4(a)1.0 wt.%[E &
I 52 A Rk AT 7R PR RE LA T AL AN 4T 4E & &, 1000 Hz B IR 5 RECH 0.32,
0.7 wt.%[E & 2K, 1000 Hz WS 280y 0.22. BRI AEMERELE, AKH]
HATIERIE DL T, 0.7 wt. %ol 40 2T 2L [ 7% & I & & MR S PR Re St 4000
Hz I W 75 R e, 1451 0.96.

S A IR TR R AMELE 5 M ITRE, AL 4 AE B S R
TIER N AW R R SUE M RILA, BT ARH B HE T T, 44
)RS5 T AR, DURUZ BRI, B2 BN . AEAR R IE T (] R
G PRI P 2R 506 7 o 20 2 4 ] 2 B (R BT R RE SR IS 1 K S RN I AR
HWR S KRB R AR LS AR ESMIEEmE &R, —#KX
B EBEAETURZERE, WK 4-3()F 0.1 wt.%E & &R, &&MEEE
JE IR, AR T A BB, FLIRE SRS DUBUIR, [N ss 1 2F 4E )
(Rgigh, 2F4EE 2= MRS LI S Re, D LBE & [ & B, 0.3
wit. %] B 5 75 P R 5 AR ZERE AR T RSB AL B R, ZR G S IR [A] 5
EARIR S M RE LA, (R AR S RN 0.7 wt%, B A RRIR S 1 A 5
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R 4-2 PLA ZH 2B R AR S0 AT 525 WA OB S5 MR AE S B AR
Tab 4-2 Structural characteristics and sound absorption coefficients of PLA fiber acrogel/needle-

punched nonwoven acoustic composites

PLA £F 4T R/t R LG

SR i 1 /mm TLBE/% T R H
PLAo.1-0 7.0 99.48% 0.18
PLAg.1-20 7.6 99.26% 0.21
PLA.1.40 7.0 99.55% 0.21
PLAy.1-60 7.5 99.36% 0.21
PLAg.1-90 73 99.53% 0.22
PLA3.0 6.7 99.55% 0.20
PLA3-20 6.7 99.44% 0.26
PLAo3-40 8.0 99.50% 0.28
PLAO 3-60 6.7 99.54% 0.23
PLA3-90 6.0 99.39% 0.22
PLAs.0 7.6 99.46% 0.22
PLA 520 7.6 99.46% 0.28
PLAos.40 6.1 99.45% 0.26
PLAg 560 6.1 99.60% 0.27
PLAo:5-90 73 99.41% 0.27
PLAg70 9.4 99.39% 0.32
PLAg.7-20 92 99.47% 0.32
PLAo.740 8.4 99.55% 0.31
PLA.7-60 9.0 99.39% 0.33
PLA.7-90 73 99.24% 0.30

PLA 8.5 99.46% 0.32
PLA |20 6.9 99.10% 0.30
PLA .40 6.9 99.38% 0.29
PLA.60 7.7 99.33% 0.30
PLA 90 7.4 99.33% 0.31
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Fig.4-4 Absorption coefficients of acoustic composites with different solid content of PLA

microfibers at different filtration time
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