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Preparation and Properties of Carrageenan/ Straw Lignin Composite Film

LIU Wenhua, LIU Ruoting, HOU Chunyu, WANG Lijuan "
(Key Laboratory of Bio—based Materials Science and Technology of Ministry of Education,
Northeast Forestry University, Harbin 150040, China)

Abstract ; In order to improve the utilization value of straw, a series of carrageenan/straw lignin composite films ( C/L composite
films) with different SL. contents were prepared by exiracting lignin from straw (SL) mixed with carrageenan and sorbitol. The effects
of lignin amount within the film on the structure and performance were studied through structure characterizing and performance testing
of the film. The results showed that SL can effectively enhance the mechanical properties of the film, improve its hydrophobicity, in-
crease its haze, and endow the film with antioxidant and UV shielding properties, but it had little effect on the thermal stability of the
film. The film exhibited a uniform and dense structure at the SL addition above 8% , proving a better compatibility between them. And
FTIR results indicated the hydrogen bond was the main combining force. The film blocked almost all UV light when the addition amount
of SL was 10%. When the addition amount of SL was 12%, the mechanical properties of the film were the best, with a tensile strength
of 22.97 MPa and elongation at break of 30. 40%. When the addition amount of SI. was 14% , hydrophobicity of the film was the best,
with a minimum water vapor permeability value of 6. 78X10™"" ¢ m™' s™' Pa™', contact angle of water increased from 28° to 79°. The
antioxidant capacity of the film increased with the increase of SL addition amount. The DPPH( 1-1-Diphenyl—2—-Picrylhydrazyl radi-
cal) radical scavenging rate of the prepared films enhanced from 0 to 23.39% as the SL addition was 16%.

Keywords: Carrageenan; straw lignin; composite film; UV-shielding; moisture resistance
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AE K i E AW E AL RE " £F 18 min, Espinosa
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AR BRA T, 1AL (Sorbitol, B & 2 ) I
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IRV W R LW T, CBE (o #ral) 1 A R
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K B KRB AR X R KA1l T, Tk 55
(Jrhral) W B T IE A 2R s A R A W
1.2 Fi&

12,1 FSFFARBRER A HE
SN REFT AT R AL, BT K B 2~3 em

B /INBEIE g, E T 5 R ik 0, £ B 60 ~ 100
H, H12.0 g FFH, #RHE LE 12 30 g/mL A
it 5348 4% 1 NaOH ¥, 76 70 °C K i
6 h, i ik 5 FHZE R ACK I E 25 2 500 mL, ic W FG
FEA 2 (Straw lignin, SL), AR 3 W 50 R 44 15
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4% 6% 8% . 10% 12% 14% . 16% ( VAL Jist [ £
JpHEUE) 19 SL HmZE /K 2 350 mL, 3 1 mol/L
BRERATT pH 2 5~6, 7E 60 CARKBEHFEM KT
JIA 7.00 g RRIRFN 3. 15 g 1HFLEE, 30 min J5H5 K
IR EERE R 50 °C, R ZLFE 30 min, 55, ¥ BRI
Je B RS W B A A 26 em AOBLELH 7 50 C
HEAR T4 24 b AR SL BN R TR B 2 AR
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WA SRR DL 4 em ™! AR 32 Wk,
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1.3.3 X H4Ai75F (X-Ray Diffraction ,XRD)
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Fig. 1 SEM images of cross sections of C/L composite film with different SL additions
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Fig. 2 FTIR spectra and XRD patterns of C/L composite films with different SL additions
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Fig. 3 TG and DTG curves of C/L composite films with different SL additions

® 1 SLEMEN C/LEGENZFMREM DPPH
BHEBRENZI
Tab. 1 Effect of SL addition on mechanical properties and

DPPH free radical clearance rate of C/L composite film

-~ e TR oo g )
Sample film ( 7?5 )/MPa Elongation DPPH clearance
Tensile strength at break rate
C/L0 16.52+0. 50 20. 04+0. 42 0
C/L2 16.64+1.13 20.65+1. 68 1.38+0. 36
C/14 17.81+1.40 20.72+0. 86 2.87+0.71
C/L6 18.58+1.37 22.52+1.96 6.10+0.77
C/L8 20. 09+0. 56 26.00+1. 67 8.71£1.51
C/L10 20.96+0. 74 28.72+1. 67 10. 05+0. 44
C/L12 22.97+1.55 30.40+1.90 14.72+2.02
C/L14 14.58+0. 95 27.88+1.46 21.45+2.13
C/L16 14.00x1. 16 25.28+1.97 23.39+0. 41

W23 T AE SL WS H 4% 38N E) 129 (1) o 7
rh R B R R A OR B R R, o, C/L12
SRR T2 YRR AT, LA 5 BE 2 22,97 MPa,
WP R Ry 30. 40% , X2 P AE T R b R
JRR SR A B RPN LA 2 B rp I BRI
M2 FL G5 M 25 B 5 R P A 1L B B R A A
™ kS A SL AR I S T SRR AR E &
FEEA 124 RE , R DRyt 22 B R 0T 28 45 SR A, i LA
SRR B9 A, BRI A A S i
2.2.2 HrEfetES T

RIS —Fh R SR B Ak 571, R BL a8 i SL
A EBEA AR S, kR 1 LA TE
ABFFEIEE N, JE ) DPPH [ 3575 B % SL %
T B3GR HE K, 2 SL IR A 16% B 3k 3] i
KA, B DPPH H B335 BR300 23.39%, 1 C/L0

RATERIN 0, X UL R PR 1L AL B A& LA
fkiig )1, C/L B EBERPUA LR 1582k H SL, X
JERh SL i AL RS 5 DPPH A i 5L L ¥
B x> ATk 23 Bk R SRR RCR
2.2.3 2] WO Bt

HE 4 (a) ATAE Y, C/1L0 IEEA N EE
R TE 550 nm AL BB CER R 88, 31% , X Ui R i i
SIAEEAR AT, BRUS Y 10T b 375 I A A, Y
SL AR DR 38 K B 4% i, 52 & BAE 40 X /Y35
RAGEE TR (H AT L XS R AR AR K, C/ 14 i
£ 550 nm ALY IECFAT) Rk 86. 13% X UL A
FEA S5 MCR , IF B 2 i AR 5
BN X DG 8 B0 IO 245 5 ) 7 A KR ) X
P RE RIS 45 AR R, Y SL VSN i 4k 24
KEN 10915, A BEILT- 0] LABHES 5 21 BERL N 4%
b2k (ultraviolet radiation B, UVB) (280 ~320 nm) [X.
N P K B 48 Ah 28 (ultraviolet radiation C, UVC)
(200~280 nm) X 4= #0ELk, HEETEAE 550 nm &b
B CHRIRAR H 54.39% , C/L A TN & 441 5
SR i T AT 3R T A S0 AN L AT, 4n 5 30
A W R SR At A € e A0 A ] AL X
BRI FEREAL, ol BEJ2 P A 2 Ko 1
el S 4 T 24 85y v M B R R R/ NFL B, S O 1
S HASE | M FFAR T IR B R DT
2.2.4 FZENMT

F R GG 2. 5B SR 5 R
BT CHRE 2 B B EE RS SRR AR M R Y
—NEEAEAR, K 4(b) nT LA i, SL A3 %
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Fig. 4 UV spectra (a) and haze (b) of C/L composite film with different SL addition

2.2.5 BHRYERES BT
30 25 00 3 %) 7K 2% i i R (water vapor per-

meability, WVP ) FI7K 3% fil f 55 SL s 5t & &
FEERHIRPERE RO SZ IR . FR% 2 AT, BE A SL S iy
HK, B WVP (BB 0/N G K, C/L0 (1) WVP
AR, 7 10.04 x 107" ¢/ (m + s« Pa) ;24 SL N
N 14%0F, R WVP fE /N, R 6.78 x 107" ¢/
(m s - Pa), {HULEF4RZEHE K SL OGN &t, B
WVP {E 2334 K i Al e K o i 219 SL 23
%) IO 24 235 P AR AR, B — S A K (4 L
Kz HE A 5y 7 e

®2 C/LEAEKN WVP ERKEMA

Tab. 2 WVP value and water contact angle

of C/L composite film

T FERR WVP/ K ffs(°)
Sample film (107" g+ m™ + s7" «Pa')  Water contact angle
C/10 10. 04£2. 27 28

C/12 9.74+2.63 43

C/14 9.31+2.86 62

C/L6 8.70+2.31 68

C/18 8.34+2.49 73
C/110 7.92+2. 46 77
C/L12 7.20+1.75 78
C/L14 6.78+1.73 79
C/L16 7.15+1.29 75

BEE SL AS N By 3E K, 5245 1R A K 42 fnk £ 56
SERJE /N o AT SL A4 I K 15 fik £ 1Ry 282, 24
SL N3G K E 1490 | A K32 i ot i 22 38 K
1 79° 3 U WA K REAS AT BOSGE IR I B K P
SRIMARSEIE K SL BRI 2 16% , % 19 K 12 fik £
Mgzl X AT RE R K O i 22 R i R 2 R AR F
—if A R A g B R R T KSR
B BN SL BB A R b i A IR A BRI RE

3 458

ARBFFER & T RAR SR AR R A5, IF
BT T SL S A A PR BE AR M, IR 4
R AT AR 38 U R R R L B e 5 %
PR U O S5, DT B I 14 g < BE AR
MEPERE, S 5 BB A 55 B2, JF ELAS AP A 0 38 ks 1 45
TR T3 RS0 S AR AL 5 B DT SR AN R BICR . %
EATERA R W BIRAE PR T, L
LA 15 SR RE T, 184 2 b BHIU EAT HR
BRI

(& % X W]
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