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Tab.1 Mixing ratio of PP and lignin

Sample PP-0 PP-1 PP-2 PP-3 PP-4
PP 100 100 100 100 100
Lignin 0 0.3 0.5 0.7 0.9
w(CaSt)/% 0.1 0.1 0.1 0.1 0.1

T 9 B v BE S5 B, % I8 PP BV RE U &% X H AR
0 AR B RN S RS g, 08 B % e S, 1H IR RE 4R 20
min. FEHFMER AL A AN, FR1TRZE
(T, B ESESN 1R, EEHAERT. AR
A E124 h, DL I A
1.4 ik 534

1.4.1 FT-IR % 47 : il £ 5 KBr #% 1:100 1) Jii & L0 IR
G He B R, SR A AR B e AR e 21 A1 S 1 A (EQUI-
NOX-55, 1% [ Bruker) Xf il A 3 47 9K . 3 #va
400~4000 cm™, 73 #E % 4 cm™ .

Tab.2 Molding parameters of injection standard spline

Injection Coolin Dissolution ~ Holding
T/'C  T/JC  pressure/ t(i)r(;le y sg pressure/  pressure/
MPa MPa MPa
220 200 9.5 16 8 7

142 TG 7 #7: AT 1 )5, FH STA449 255 #or fr
O 52 43 fif W FE R 2R B R . AR %N 100 mL/
min, JH % % 9 10 °C/min, ¥7 E ¥ N 25~700 C .
1.4.3 SEM % #7 : ¥ &b B 47 (1) K K W BE B T H2600
RV R B8, I B R N 20 kV, MR RIZ S .
1.4.4 XRD % #7 : 3B 1k X 5 28 ¥y K A7 5 1% (Bruker
D8 advance, 1 [E Bruker) 5¢ fi% » 943 % 7 10(°)/
min, 2478 [ £ 10°~60°, f# A} Cu-Ka 4& 5 A1 p-Ni id )&
2 (U=40 kV, A= 40 mA) it 3¢,

1.4.5 DSC % #7 : F % 7~ 3 $ & # (Q2000, 3% [H
TA) , & € 8 20~200 C . & < i & 4 50 mL/min . Jt
I #2204 10 °C/min, W 5E 4l PP A 2 M PP I FF (1 )6
R P CT) FHVA 45 SR FE (T .

1.4.6 OIT: H Z 7x 1 4 & #1X (Q2000, 3% [H TA),
e THiR 3 %4 20 °C/min &S0 & 9 50 ml/min.
AN B i & 1 2k PP AR AE 4 ) & R T N AU
W R 200 CJE S KR TE N, AR IE TR 10
min. Bl J5 57 BPEE N, V)45 4 O, ¥t & 24 50 mL/min,
gk fE i, B2 R E A

147 HERSARTMNK 6 g FEE T XIEM
T 7Y VB A I A8 A (MiniLabii , 4% [ HAAKE) ¥} 4 o,
FERL & i FE 200 °C L IR AT %% 30 t/min BLJZ R 10
min 5 T, SRBCEFE YY) H - 1 1R] 5% &R 508 .
1.4.8 F) 5t el : F 7 Be il 58 AL CETM104B , IR
P55 £ 20 °C, Fi A3 22 4 100 mm/min, 3% f [E
F& GB/T1040.3-2006 Ml 7 8 FF 1) hr Ad 1% e 5 FH 8] 32
b w86 ML (PITSOLT, BRI 5D, & FE N 7.5 T,
ToH 26 4E R, 4% B8 E bR GB/T1043.2—2018 Wl 52 1
g .
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Fig.1 Single factor test results
(a): extraction time; (b): ethylene glycol solution concentration; (c): extraction temperature; (d): material liquid ratio
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Tab.3 Results and analysis of orthogonal experiment

Factors
Level Extraction Ethylene glycol S olution Extraction Material liquid ratio / Lignin extraction rate/%
time/h co/lzrc:;t .rit,l,()m temperature/‘C (g'mL™")

1 0.5 0.7 150 1:50 64.21
2 0.5 0.8 160 1:60 77.95
3 0.5 0.9 170 1:70 62.25
4 1 0.7 160 1:70 74.62
5 1 0.8 170 1:50 69.91
6 1 0.9 150 1:60 81.79
7 2 0.7 170 1:60 71.73
8 2 0.8 150 1:70 84.35
9 2 0.9 160 1:50 79.63

K1 204.41 210.56 230.35 213.75

K2 226.32 232.21 2322 231.47

K3 235.71 223.67 203.89 221.22

k1 68.14 70.19 76.78 71.25

k2 75.44 77.40 77.4 77.16

k3 78.57 74.56 67.96 73.74

R 10.43 7.22 9.44 591

LU 2 2R 3, LUK T 36 42 36 Ol 2% 52 A A 4% 22 1R
R E S N N E S S Wl S s o G s s
DRl 22 0F 312 B 26 119 5% Wi 2 8F , R L4 B, 8 > 20 I
W > I SIS () >k BL o B R A B R 10 2 i B
JEE RN 20 R B, B ER [R) RRE R EE 5 e AN K B
o & TP HUE AR OB A A TE 150 'C R A
W 0.8mol/L £ - BE 5 WA R AT AR #E 2 h, BEHE L
N 1700 JEIE 9 H SIS R PR IR 84.35%, 2
J R FH AR AR J5 0 R 2% R K B B UM AT AR i 2%, H
T &L A .
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Fig.3 Thermogravimetric curve of lignin
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Fig.4 Scanning electron microscope of cotton stalk lignin
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Fig.5 XRD patterns of different PP samples
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Fig.6 DSC curves of different PP samples
(a)melting curves; (b): crystallization curves
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Fig.8 Effect of lignin addition on rheological properties of PP
samples
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Tab.4 Mechanical properties of different PP specimens

Sample
Mechanical property
PP-0 PP-1 PP-2 PP-3 PP-4
Tensile strength / MPa (+0.5) 34.4 37.1 36.2 36.6 342
Elongation at break /% (+0.5) 676.3 649.5 645.8 635.61 613.1
Impact strength /(kJ- m”) (+0.5) 252 26.0 252 249 233
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Extraction of Lignin from Cotton Straw by Ethylene Glycol Method and Its
Effect on Antioxidant Properties of Polypropylene

Huitong Xu, Lei Wu, Gvlmira Hasan, Lijie Ding, Yu Tan, Mamatjan Yimit, Dezhi Kong
(Ministry of Education and Autonomous Region Key Laboratory of Petroleum and Natural Gas Fine Chemicals ,
School of Chemical Engineering , Xinjiang University , Urumgqi 830046,China)

ABSTRACT: To alleviate the environmental pressure caused by waste cotton straw and improve the utilization of
cotton straw by-products, ethylene glycol solvent was used to separate lignin from cotton straw, the effects of various
factors on its separation effect were studied, and the properties of the extract and its effect on the antioxidant capacity
of polypropylene (PP) were analyzed. The results show that the highest yield of 84.58% could be achieved by treating
cotton straw with 0.8 mol/L ethylene glycol solution for 1 h at 160 ‘C. The lignin modification has little effect on the
crystallization properties, and melting and crystallization temperatures of PP, but has an effect on its oxidation
induction time, rheological properties, and mechanical properties. When 0.5% of lignin was added to PP, the
oxidation induction time is increased by 38.3% compared with that of pure PP, the shear torque is 25.58% higher in
micro mixing rheological test, the elongation at break is 9.34% lower, and the impact strength has no change,
indicating that the lignin extracted by ethylene glycol method can effectively exert an antioxidant effect in PP.

Keywords: lignin; polypropylene; antioxidant; oxidation induction time



