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BT, Yo Rir e 20% (polyethylene,
PE), K& 4% (polyvinyl chloride, PVC), XA M
(polypropylene, PP) & f MR G, W1 HAE I
FHERAG I B AR BE AR, P HERR I AR B W WA L3 54y,
WRPTER “EGSST, IR AR S A
R GG o & B B EAT AN i e, b — 2
MR, B B RIS A% Gt B T A P i 284 4 €6 A= 4 T e e
MEREIE 24 T A G R G2 f (R I Fh IR BT RS A% S s
et HH TR [T HE B2 AN e O 2 B S, BHAS T
K—ATEh R IeEY . Hk, AT S CEmimi” it
—BYR, W R A AL G T R AR [E M AR R 4R
WAy AL R AR B AT RAR T R IEER, B
RUF PRI RS 2] T T2 AR FE,  Horb i ] A= 4 B
ERLRERE A 1 58 42 00 il HAS S5 P IR BE 08 Ul AR, Rk
AR AT AR RL, RIS G n) . T AR
B i A4 kL, B R S WS (polycaprolactone, PCL) ,
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FF B (polylactic acid, PLA), E Z#EE (polyvinyl
alcohol, PVA) %524 WL &AM k. Hd, PVA
BH T~ B 200 7 1) AR A 22 A PRI AT B Ak DA S5 I )
Ak ge, AT H N AR IR A 22 ) F T
PRI, BT PVA 4 FEERYh A KSR K 1
FREIEH], 15 PVA BEAESIR IS N A 5 s b )
KR AR, dEmsma i aE, PR T PVA TE4F
EREE TR S, tesh, PVA BT H R B4 PR 4
HNERIIRE JT, TR TR E BB S RO H TR, 58 4k
AR SHE e s R ) 2 A, R B R T BRAE
MRIER . Rk, FEFF PVA S 7K P R0 2 1 e 2
TRIEF 2 B b 22561

KJF K (Lignin) & E ARG = KR FEEHSZ
—, [AIN R A 2 Re e B AR 2 2 oo iR O
FALE R AT A IR, KRR R 3 B AR ) it
FEFAE N —Mp R =1, (H RGN 3.5% #H T4~
o BRI = e DR AR R A S 2R A e (A 7 i P 82
xR R B EEA D REHARERE, K
JRFE A RERRIS, REMB R, R HMRE H
FEAT B A — 8 B RSN WCRE M, FINR T AR A
PR PR SRS, B R BRI BN, kil
BES%, W ZHANG % U204 PVA 5K R T 308 )5,
NV ORI s R N T N s S | A o
IZAGUIRRE %PV {5 A 3% 552 B (chitosan) 34T 3L
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TR, LI AP I RN LR 2 AN BE 015 B T g .
DRI, A Jo 25 FRD TR 00 R 0 W 7 4t v v A ) 1 12 B

K& BE (waterborne polyurethane, WBPU) &
— Pt A% o i 71 B SR AR 46 LA HLO AR A I A R e 4
BEH PR RANE R, EAMUAEAESREREER
SR KRR B I AOAUBR P B, 7R AR SR BT
FL A ZH 43 A 2 AR o TR Y 1 R B A L T T A
BLE BRI R, T B IR 2 A A S R A
HLAE AR R 25557 TH KRR F -

RIE, A SCR U Sl v 6 AR R AT AL, R
JRE WA L(D) 5 PVA AT IR, FRmRER R P
WBPU, fil% L(D)/WBPU/PVA FLiR I, X I8 3 4T
ARG IR TT L(D) Al WBPU S SL IR JIE 1 AE 8200 .

1 HRSTE

1.1 IR

W=EE. B4 E-600 (PEG-600) . AJiE (Bifl)
MUKVERE R (F S8 40%) ¥ hrat, ¥l L
F AR AR A R4 IREE (98% W) H
JUINAEARA $e s R AIRmE 1799 B (EEARFE 98%~
99%) H FigRTHr T AEMRIHE AR A S oK OEE
(299.7%) ML T PRl = B IR A F
1.2 {NBEH

TRIE R B AR R A TR A U, X M-
MC-1, HERHEARAR; HE2HIEN, HQ-12CL-1,
FEESBIE A R A A 75 KA, Hei-VAP Advantage,
Heidolph, #8[E; L4tk {, TENSOR27, Bruker, 1
H; X $H£AT5HX, D8 ADVANCE, Brucker, E[H,; 4
Sttt UV-3300PC, MAPADA, HE i, 73
RERPEHRIE ML, 34SC-1, INSTRON, FEH; &XiTfliH
%, ProX, PHENOM, fi%.
1.3 KREHEKL

PRI 120 °C FIHSERH TR T4 120 min.
ZJh, Bl 6g K&K, 24 g F L FE-600 (PEG-600)
A6 g =R BB, fEERM e L
S BEEEIR, PRSI 0.493 mL I BRERAS HER N TR &
TR A CABH 1k s w0 B 45 R, Ak R — e il e
K PO R 2k & AR BUSCR U S B R LS
B, AR E N 600 W, S [A] ¥ & £E 20 min,
RNRFEBEE N 160 Co REAR RIS R G H AR
AEIZE 70 °C, PR HEHHAT E SR, AR L TR Ak,
IF) B ) FH 36 B 2 RV A B S R 0 P B B R W i e s
— I EINIE A AT IR, AR R A R S 1
IR PE, K I8 58 BUPTR B AR B 2R bR L A
ZE . (RIS 4t 8 5 AR AR 60 °C LA b T g o ik
175 S &

KR Z AT H T (D 375

W, — W,

Arb, WS, % W NARBIRBACHTRI R, g

W= % 100% QP)

Wy IARRER BRI &, g.

A3 R BT E B 2 AR AR A AR A R
RIPELL, BHBES NN 031 g M 1.06 g, WL
X (D AR EBICEL N 87%, %45 BBV
(17 R4 AR BT 2 AR AL -

1.4 LD/WBPU/PVA R BEA0HI

AR S W 5%k i) £ L(D)Y/WBPU/PVA LR
B, TS UHERIFRE 20 g PVA 8] N B 1B IF i A
380 mL B FK, PR BN M A, AR E
90 C, FRTENE I LREAERE, WML 2 h EH1E
PVA Ji & 550N 5% MEERR, 25, Eibnik, £
WA A 60 C I, #IEEE 1 FIBCEL, 17 PVA
3 NN AS A 4 & L(D) KA1 WBPU,  FE7E %R FE R 1
Ji%iEE 2h, HEMLRBBRA SRS . MG, B 65mL 3t
VERVE W N 180 mmx130 mm HI IR IR b, £ =R N5
PR, MR BRI AL, A ER 4R, §HE 48h
J T4 2 58 R SL VR RAE &, R BT RE R S AL B
MHALVENE 1.

#£ 1 AFELD). WBPU RMIMELLL

Table 1 Different L (D), WBPU addition %
b A
f Bk L(D) WBPU
ilm name
PVA 0 0
5%L(D)/PVA 5 0
10%L(D)/PVA 10 0
15%L(D)/PVA 15 0
20%L(D)/PVA 20 0
25%L(D)/PVA 25 0
9:1 L(D)/WBPU/PVA 15 1.67
8:2 L(D)/WBPU/PVA 15 3.75
7:3 L(DYWBPU/PVA 15 6.43
6:4 L(D)/WBPU/PVA 15 10
5:5 L(D)/WBPU/PVA 15 15

W L(D) WA RN, PVA NERZIGEE, WBPU JKIERAN, 7
9 L(D):WBPU #tt, SZFrisiiiE Ry b HxPVA s, T,

Note: L(D) is lignin (Dealkaline) liquefaction, PVA is polyvinyl alcohol, WBPU is
waterborne polyurethane, the data is the blending ratio of L(D):WBPU, the actual
addition amount is proportion x PVA mass, same below.

1.5 HBRRAFRE
1.5.1 enghhig g

K ARG S PVA AT LR I ) FTIR-ATR
Jeith, RN 4em™, JEEIN 4 000~600 cm™, FIH
16 K.
1.5.2 #axw4ia4r (SEM)

W FES 11 2 SF T ANz o DB A T FH & DR SRS, TE
10 kV T A Phenom ProX 94 H 85 W22,
1.5.3  GBJEE AT E M

W R RO R SE, SRR A AT DL 43 o' 5 B
SEAE 200~400 nm P K78 BBl P 3R R (19 51 45 A 1k R FIAE
400~ 800 nm Y K ¥ [l P 3 VR AR 1 AN 328 BH B R G 2R
H 5e M85y 5 () LIRS, A3 FRS D 0.001 mm (14 )5 Ak
ACLE R L BE LA 5 AN AT, e LR R 1 H BT A4
FRfEZE . RHRSC () THAEREE KT (600 nm) FERHE
AN B S
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R = 2
o, Ay N 600 nm Ab IR BRI, X NIRRT
EYEE, mm.
1.5.4 FEJE XRD RAEM Z

18 FHEC % 45 kV F1 200 mA CuKo 58 50 X SHER6T5
XU XRD Jit, FEAE 8°~80°Yu [ P L 10(°)/min 4]
AT
1.5.5 GBI fbbE g 2

AT AN 1o R ok VIR R LN E VAR G O Y
A3 =20 R ST 75 mmx4 mm (R 440K 6 DLk AT
For Ao B I K, 904K e 2R (A BE 50 mm, B RN
0.05 m/min, TFEAEAFE S P IAE FFRHER 2 .
1.5.6 FRPEagaKbmR

MEESK R EEIH 2 AN RSN 50 mmx50 mm (1) 5
TEHE . 75 60 C MEZSHAEFH TR 24 h J5, XFESM
HEFTHE (W), REKHEAN 100 mL 51K
i, R 2405, MRHIEKERERREZRIK, K
BEERBEE (W) . ZJE, BN 60C HHLAH T &
24 h J5, FFUO M P EIRER S (). AR S IR K
R (W) FUKEE (W) fii BT 2 200z,
_W-W,
- 0
_W-W,

0

% 100% 2

W, x 100% (3

W, x 100% €))

2 GR5SH

2.1 HERELOINIE FTIR) o4

L(D). WBPU. PVA fe75 UME & LHNR A 2R =
FHHA RIFMEAERA SRS L, SHImAAFEH 75
EL AL P &1 L(D)Y/PVA JLIREFB 2 T A F H 4 ey
& WBPU K L(D)/WBPU/PVA 3L I8 JIE %5 73 51 33 47 FTIR
MR, 5 /WK 1aPrs, E4 PVAEF, 3275cm™
F12 939 em™ [ W 4y 5 A -OH 1 -CH, [ UK 455 3% 50
1 654 cm™" &b K IE K-C=0 MW 4iiR5h, 7E 1420 cm™' &b
flg A -C-H I FIEIYRSh, 1087 em ™' AbFIUE I -C-O
Wik sh. 78 L(D)/PVA LR, Fra R A
R R WA PVA RHEE g W lscis, B4 E R
T RN ERAT — SE RS . 7E 1420 em ' P R0 S TR
L R e, IR (D) MDA AR AE 58, S BEAH
YIRS, X B L(D) Ml PVA E A %5 9 i S 4 F Y,
[, B L(D) S EAWIEIM, 3275 cm™ A IEIE
SR E R S BT RS, TR 20% BN ERCOR, X R
L(D) 5 PVA Z kA4 THEAEA

1b AR WBPU i@/ ERE R, 3368 cm™
BT 98 06 A SRR B 45 F H  N-H AT L(D) 5 PVA 454
LR IS AR AR . 1731 em ! ISR B L(D) WAk
5 WBPU £i#y-C=0 [ 4i#ks)), HBE%E WBPU & &
3K, HISS T PVA 2 FHRIMABIER, ElRT
PVA ¥2 3L 082 W i #2124, A i T [ 2 & & PVA

BB EANE, k5 WBPU Hhok & Bk T i A,
BT REH TR B R R £, 6 B
1IE U 3 B 3% 1 3R =), B S WBPU AW, 7F
1087 cm™' [T )& T PVA -C-O 45 RSN 78 B 52 30 HY A
RO E 592k, 45 FEHRE 2 55, ML 4
F KW, WBPU 5 L(D)/PVA BB B NAE M 2.

T PVA w
N /V S%L(D)/PW

15%L(D)/PVA

20%L(D)/PW
\/U 25%L(D)/PVA UM\ ﬁw\/
V
4000 3500 3000 2500 2000 1500 1000 500
%4 Wavenumber/cm ™!
a. PVAFIL(D)/PVA I IR it
a. PVA and L(D)/PVA blend membranes
were prepared

% i K Transmittance/%

9:1L(D)/WBPU/
PVA

8:2L(D)/WBPU/
PVA

7:3L(D)/WBPU/
PVA

K Transmittance/%

6:4L(D)/WBPU/
PVA

pal 5:5L(D)/WBPU/
SNV

4000 3500 3000 2500 2000 1500 1000 500
P 5 Wavenumber/cm ™!
b. WBPU/L(D)/PVA LRI
b. WBPU/L(D)/PVA blend membrane

A1 RE BRI ER
Fig.1 FTIR spectra of different films

2.2 HBEPEFIEEBIE (SEM) 447

HH P 2a AT %0, 5% 21 PVA )R8, T
BRI, HP W EoN B B A8 . 54 PVA
JEAH L, L(D)YPVA RV 1 2 30 A LR RRAE, 1508
L(D) #1214y BUfE PVA B, Tk T 3 834 20 MY,
[, BEE AT, 5z (e W 8 = A 4
HHBFLRFEK, UHWHEEE RGN EMAANE, B
MECE L. (HEMERTRESTENE 20% 2 )5, MK
PR WA R AT L T — e FE R B EL, Ui
B RO LD) s th Il e RIEHHIRIR, XnT e
S FEIA B R AR PERE o

5 2a B W IREAI L, BEZE WBPU & & i LL
AWrdEE, B 2b §1 L(D)Y/WBPU/PVA ik 5 11 i 28 T A
Ao R R AR R RER, /£ WBPU Ji & 73 30 =6.43%
BN, HAPImH Il T ROV B A B REEME
HHIERZH, RXAE—E WG T 2R 286 TR .
[Rlt, WBPU FI# I A7) B % 4% 7 6.43% LA, #ffR
HAEUS 51 17 BUE L(D)/PVA 14 5 20,
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Sect1on

8:2

10 pm 10 ym
7:3

0 pm 10 pm
6:4

10 pm 10 pm
5:5

10 pm 10 pm

Surface

Surface Sectlon

PVA
10 pm 10 pm

5%
0 pm 10 um

10%
10 um 10 pm

15%
10 pm 10 pm

20%
10 pm 10 pm

25%
10 pm 10 pm

a. ZUPVARLRIAN ] 5
LD@VA%?EH%%E%D&E
a. Surface and section of pure

PVA film and different LD/
PVA blend films

b. A {5 ELD/WBPU/PVA
LR AR it A
b. Surface and section of LD/WBPU/
PVA blend membranes with
different content

e a EREUE S LD) B S b B He o LD):WBPU 5L, TH.
Note: The figure in Fig. a is the L(D) mass fraction, and the figure in Fig. b is
L (D) : WBPU blending ratio, same below.

B2 #EEegasesn

Fig.2 Scanning electron microscopy of the film

2.3 HBRAVEFMEREDT

YR58 W A B A O NS T LR R A —
TG MERE, R VP B R B A IR R RFERY . A
2 2 vhR] DL UL 52 B LR IE Y R EERE R L(D) |t
MM TE T2 T, R L(D) 55 PVA REWS 2 B E 1Y
A, XSRS A &, HAE ROLXH
B RS -

®2 TEERMERERANERE
Table 2 Thickness and opacity of different films

TR JERE WP Absorbance  ANiE

Film name Thickness/mm (600 nm) Ay Opaqueness/%
PVA 0.11540.007 0.073 6 0.64+0.04
5%L(D)/PVA 0.117+0.007 0.1344 1.15£0.07
10%L(D)/PVA 0.127+0.019 02124 1.67+0.25
15%L(D)/PVA 0.13540.020 0.2421 1.79+0.27
20%L(D)/PVA 0.142+0.014 0.2771 1.95+0.19
25%L(D)/PVA 0.157+0.018 0.3010 1.92+0.22
9:1 L(D)WBPU/PVA  0.149+0.011 0.5392 3.61+0.28
8:2 L(D)/WBPU/PVA  0.160+0.011 0.6493 4.06+£0.27
7:3 L(D)WBPU/PVA  0.191+0.014 1.0047 5.26+0.38
6:4 L(D)/WBPU/PVA  0.223+0.016 1.3836 6.21£0.46
5:5L(D)/WBPU/PVA  0.245+0.014 1.8714 7.63£0.45

SRIM, WBPU HIANA BT BRI RN 5 A . 1
WBPU (e il /N T+ 3.75% I, JE IR IR 1) J5 B

WBPU & & 138 I iz e 7+, (HrEf I 3.75% 5 HE
FE RS I B AR, IX Bk VR RE i — 2B AE S E WBPU Jii &
Iy HF =6.43% If, WBPU 5 L(D)/PVA K% —
SEMIAH S 25 BT R RS AN IE /N T 8, AT LA
NSRRI B I, QSRS A A 2 T D G 9
XA R A

AN[F L(D) A1 WBPU & & 1)LV IR 5 Wi 3 B,
ATLLEAE H L(D) MmN LR IE 20 A, LR
2 bE%E LD) & &8 nimingE, H WBPU [fin
AR L(D) W # .

a. AEPVABLFIRF] £ LD/P VAR P i R T
a. Surface and section of pure PVA film and different
LD/PVA blend films

b. N[ £ i LD/WBPU/PVA LR I 4 TR A T
b. Surface and section of LD/WBPU/PVA blendmembranes
with different content

B3 A R R s iE R L
Fig.3 Light transmission of different blended film samples

e LA IDONE RISV R 7/ IV Sy SRS ) Aie
FERSMR, DR AR 7= H B A8 B KRR P AR K A X IR IS 5 4
el B R R TR i 4 IR - a)
WGBSR &N, 4 PVA BRAEE AN X IR /N, Bl andE
400 nm AL HEEERIER] 81.44%, TMHIA 5%L(D) G iLE
JEEHIE YR BRI R 34.53%, X2 T PVA BRRRI 9> 145
IR RAFAEAR AR, T8 I I8 T 05 & IR B Y AR R
F, o BRI DL R AN R e A X S B F
BN AT A RO, R AR & s B AR
BRI, (LA TE R R A SR s P R, 3
TR SR A B 122 B4 L(D) IR I3 58, 24
L(D) &% &4 25% i, FIRBEAE 400 nm 4b 13 R AU A
1.64%, IXHERS UL L(D) GE65 B i oo AL VR I 1) P 48 4
PERE. WBPU [N [FI R 45 JLVR B 1 4048 71 B8 143 31
TSR, 7E 400 nm &b, 15%L(D)/PVA FLIREIEEE A
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7.69%, TN T 3.75%WBPU J&, HIGETRMEE 1.57%,
XHRE A RN WBPU 5 L(D) & T 3 A& A e Fa g 14
%, JEBE%E WBPU &&= IABIEIN, 400nm 4 1iEHF
15T 0. L(D) A1 WBPU FII ST T ILIR AR K1 Ht 5L 41
PERE LA, X R AT LU T BEAS £R A 2R 1 3
VBRI M YRS, L A BRI N B B R R B 1 B
BT XA WOC RS 2R, IR S ST 7T AT O

100

PVA

0
=}
T

(=}
(=]
T

10%L(D)/PVA

% i % Transmittance/%

40 |

15%L(D)/PVA

20 20%L(D)/PVA
25%L(D)/PVA

(=)

200 300 400 500 600 700 800
%K Wavelength/nm
a. PVAFIL(D)/PVA LR 5
a. PVA and L(D)/PVA blend membranes
were prepared

9:1L(D)/WBPU/PVA
8:2L(D)/WBPU/PVA
7:3L(D)/WBPU/PVA
6:4L(D)/WBPU/PVA
20| 5:5L(D)/WBPU/PVA

% i F Transmittance/%
B
[=)

1 1 1
200 300 400 500 600 700 800
%K Wavelength/nm

b. WBPU/L(D)/PVA L[
b. WBPU/L(D)/PVA blend membrane

B4 KRR EE 6 EIEE R
Fig.4 Transmittance test of different films
FRIR X BHLR 0T8T (XRD) 434

M 5a AT LE HI4E PVA KA 90 HRFAE AT 59 04 1)
3 BLAE 260=19.2°F1 26.3°,

N L(D) B, L(D)/PVA iR BEAT 5 Bk R 5
4 PVA IR TC K KRZ S, W] L(D) ¥I51 73 HUfE PVA 1A
A, BT E safyodr, B 5bH+ L(DYWBPU/PVA L
JRIE) XRD EHE 2 H T —A 20=22.6° AT %, A
Mg ix JE T WBPU T B 1 45 & BT 3 S R AE AT 5115 5
B0, 2 LAl % WBPU AT, J8 T WBPU
MIATHHE 5 A g s, XTI REE Y WBPU & & HUIK
W, B & L(D) 2 A5 WBPU f5 7 Al Bt (8] A1 H.1E
H, 2B % WBPU & & & = i), [l 2 & & 1 L(D)
KR 75 WBPU SEE A B AH BAE R, (R A5 R ) 4k
B o d ik, A R B et [FE R 20=26.3°
FIT JE I RE AR A5 5 W P 5 P A b 2 IR AR 55, SR RIFE T
WBPU 1\ Bt — & F2 FZ 1) H 55 L(D)/PVA 4 F[A] [
SEAHEAER 77, MM la 4 S8 7 IR R 25 G R FRAR.
2.5 HEBERBMERED

Fo7 AP B L A 2 1T 5 i e Bk R 70 R W SRR
HESERRME, R F RIS ERIR R . Bl 6

2.4

JER T PRI J) 22 R P RE -

$i7 i Tensile strength/MPa

37 #13 J& Tensile strength/MPa

_ S%L(D)PVA
10%L.(D)/I;VA
15%L(D)/PVA
20%L(D)/PVA

3 % Intensity

10 20 30 40 50 60 70 80
{144} M1 Diffraction angle 26/(°)
a. PVAFIL(D)/PVA LIRS
a. PVA and L(D)/PVA blend membranes

were prepared
W 9:1L(D)/WBPU/PVA
8:2L(D)/WBPU/PVA
w

i [ Intensity

6:4L(D)/WBPU/PVA

s 35 L(D)/ WBPU/PVA
10 20 30 40 50 60 70 80
{14} ffi Diffraction angle 26/(°)
b. WBPU/L(D)/PVA Ll
b. WBPU/L(D)/PVA blend membrane

B S TR #Bey XRD H#
Fig.5 XRD patterns of different films
50

[~ firfif3 5 Tensile strength
—v— W% % Breaking elongation

'
[

o
=)

©
[V
T
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Preparing lignin-based membrane with waterborne polyurethane/
polyvinyl alcohol blend

CHEN Liangyu , XU Shuying™ , LI Yingjiao , LIN Chang , PAN Lisha
(1. College of Chemistry and Chemical Engineering, Hainan University, Haikou 570228; 2. Haikou Key Laboratory of Solid Waste

Resource Utilization and Environmental Protection, Haikou 570228, Hainan University)

Abstract: Environmentally friendly materials have attracted much more attention in agricultural plastic film, instead of
traditional petroleum-based materials. Among them, some challenges also remain in the traditional polyvinyl alcohol (PVA) in
the field of film, such as low mechanical strength, water resistance, and UV isolation. The film performance and properties can
be improved for the better use value of biomass resources. In this study, the raw materials were selected as PVA, Lignin, and
WBPU (waterborne polyurethane). Among them, the WBPU was used as the filler to liquefy the lignin, in order to prepare the
lignin-liquefied substance L(D). The lignin-based WBPU/PVA blend film was successfully prepared by solution pouring. The
single-factor experiment was carried out to compare the addition amount of L(D) and WBPU. A systematic investigation was
then implemented to explore the effects of the types and the content of additives on the properties of the blend film, such as
tensile strength, elongation at break, light transmittance, opacity, thickness, water absorption, and water solubility. FTIR
(Fourier transform infrared spectroscopy) and SEM (scanning electron microscopy) were used to analyze the microstructure
and chemical composition of the films. The transmittance and absorbance of the films were identified by UV-VIS
spectrophotometer. The size and shape of the grain were characterized by XRD (phase analysis of X-ray diffraction). The
mechanical properties of the film were evaluated by a universal material testing machine. The thickness of the film was
measured to calculate the opacity using a thickness-measuring instrument. The results show that both L(D) and WBPU were
fully mixed with the PVA, where the addition of L(D) improved the tensile strength and elongation at the break of the film. The
composite film with 15%L(D) shared the best mechanical properties, while the addition of WBPU only exhibited low
mechanical properties. However, the addition enhanced the UV resistance of the film. Furthermore, 8:2L(D)/WBPU/PVA blend
film behaved with a transmittance of 1.57% at the UV region of 400 mm, indicating a stronger performance to prevent the
ultraviolet light, compared with the pure PVA film in the transmittance of 81.44% under the UV region. The water absorption
and solubility of the blended film with L(D) were improved, compared with the pure PVA film. Specifically, the water
absorption was reduced from 532% to 362%, and the water solubility was also reduced from 42% to 35%, indicating better
waterproof. The water absorption and water solubility of the blended film were further improved after adding WBPU. The
water absorption of 5:5L(D)/WBPU/PVA blend film was even reduced to 170% with the increase of WBPU content, and the
water solubility was also reduced to 18%. Therefore, the water resistance and UV resistance of the blended film can be further
improved under different L(D)/WBPU mass ratios. The blended film can be prepared with a high application potential in the
plastic film. The findings can provide a strong reference in the food and pharmaceutical packaging fields.

Keywords: lignin; water resistance; waterborne polyurethane; polyvinyl alcohol; blending film
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