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1.1 FEENSHT

HDPE (50008) 4 H 1 [ 11k 4% F Ak TA
BT SRR A AR 5E T 7 iz gl i
BIRAF; FEBCER MMT, &84 0.5%~5%
(wt) E I HE = LA EERELE A 15%~35% (wt) T\
Jie, W EVE S I B LAy () SO A IRA D
K I F T 4 B4 A BRA ]
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ML, BEMRXHEDO, @, @, @, ®. ©®.
DX IRES 51k 130, 148, 155, 160, 160, 160
F1 160 °C, RURFFEAZH A 10 45, WEFFFEHE 250
r/min; B H R B2 HIEFTEY AL, M 22 AL
YERET M2 A W22 FLI LAY 1 mm, L
R 156 fL, B AR 22 2 3 IRBOKIB ZE{H
F AR K IEIRIE N 90 °C, LI HLICE S 25 220,
KA MR B 2, 3. 415, FEN
KA A A 4k 4y Bic N STR/HDPE/MMT-2, STR/
HDPE/MMT-3. STR/HDPE/MMT-4 I STR/HDPE/
MMT-5. fERXTH, 7EARE I MMT B85 T,
DIAH R 22 (T 25 46 STR/HDPE 274, 43 %lic N
STR/HDPE-2., STR/HDPE-3. STR/HDPE-4 #l STR/
HDPE-5,

1.3 E/KiERE

A LKA & 7E 400 mL 7&K T in
A 13.6 g MK A, S, T SEmZE
TS5,

ARWEKIEREY  BRATEEES 2k
fros, BTHH TR, 7850 °C F U2 1E &I
PRI (Mo)™". FREEJG & Tk, DLBEARZI Rk
IC KR, Sead A PR IR R W28 &
SR FE AR G £ B YRRk E R, B2 K
—2PHKEE . BEARETE 0 10 20 3 A4 A
IHECRE . WEVE . T EEEIFRE (M,), THEH
I H R H 2R AR Ak

R e oA (1) A THHE

RERE(%) = % x 100% (1)
0
1.4 FHIFRMESHEMNRGE

ZE R = PUY (DSC, Netzsch 204F1, f#
), 9IKE G2 4en APERE 43 R H] DSC X A%
Wk, AR, FEM 30 °C THE 150 °C,
TR R 10 °C/min, A~ 50 mL/min,
ShanEE (X,) %K (2) #FATIHHA

AH
X (%) = ( Af;;’ ) x 100% ©)

A, AHPS NSIERAE, AHP R 100% 564
LIRS YIRS . ROIBIAHL N 293
J/g[mo

INSTRON-4466 %4 J7 fig i 35 #Il (Instron 4466
A, SEE), PR, MR4E SC/T 5005—2014 (ifa
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R 22 ) 11 AR HEHA 9K & A 27 4 W7 54
558 55 FITIAT Z4 1K R (e A 500 mm, 7 A E Ry
300 mm/min).

sh & N % B i (DMA, Netzsch 242C 51,
), Hifpai=l, SRR 1 Hz, #RIEH 30
um, LA 3 °C/min YFHEH AR M -185 °C F+ £ 150 °C
D72 A0 OK 52 A5 21 4 3 S S A RE Rl I B i 28 1k

OB LR 4 BB (XSP-44X.9, [iff),
TR 10x 10 5 WL Z 8 7K B R T IS 9K 25 4R 46
EIpIZe

2 4

2.1 MARESAHERRFERE

AT RIS MMT X} 5 A £F Y22 i i Rt 72 1Y
S, WFFE T AN TR 22 A EC T £F 2k 1 $2= M RE A
J12EvEfE . R DSC XK 5 A 4T i b AT ik
REAMHT, IR E SR DSC A<k (8 1),
MR P gl 1 AU A S B9k B S girh R O
(R4 S (1), STR/HDPE 214 [ifi % 4 {h A5 5l
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Fig. 1 DSC analysis curves of nanocomposite fibers

K, S FHEMBUEET R, RO T, W I = TR
J 15 ; 1 STRAHDPE/MMT 44K & & 21 4 42
MR T SR, X2 T MMT 43 0fE 5
ke, BHAS T AN T R rp o Fakr EHE, 7
4525 M BCR . 51 A MMT B40K 8 & 474 T,

R1 WRESALNEMNLERZSH

Tab.1 Melting and crystalizing data of nanocomposite fibers

P i G STRAERLIRLIE/C HDPEfiltiff i/°C HDPE& & /%
sample drawing ratio STR melting temperature HDPE melting temperature HDPE crystallinity
HDPE 8 — 139.2 70.1
STR/HDPE-2 2 94.3 128.0 7.2
STR/HDPE-3 3 922 1294 7.9
STR/HDPE-4 4 94.5 129.5 6.4
STR/HDPE-5 5 96.6 130.1 6.6
STR/HDPE/MMT-2 2 — 127.3 10.2
STR/HDPE/MMT-3 3 — 127.3 9.8
STR/HDPE/MMT-4 4 — 1279 13.1
STR/HDPE/MMT-5 5 — 127.3 11.5

W — R HUISTRIGANE.
Notes: —. no STR melting peak.

il

IR, 45l As vE, 45 R,
22 MAKREEFHENNFIEEE

AL 2 B fr-R AR e mT LR, MMT B95]
AN E W E ALY 12 PERE . BEE 2 AT AL
RUHEK, STR/HDPE £F4E 4l STR/HDPE/MMT %K
A4 YR W S B B i R, Wi SRR Yy
Bk /N, 5 STR/HDPE #H L, 40K A 4T 4Ef)
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Wiy 2455 8 T S84 1 R3S B 3 R R (/1 3), H 3 A%
Z2 i}, STR/HDPE/MMT 44K &2 4 £ 4k 1) W7 24 i
JETFET 56%, WigdfHKETHET 63%.
23 MAKREEAUNDIESHFITH

FIFH DMA W58 T 9K A - 4e W sh 35 12
PERE, 53] T9KE G447 -185~150 °C UG RE
Kt (B AR T (tan o) 281kt 2k (K 4), g0k
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12 ¢ e STRHDPLS ALY E'S HDPE £F 4 A H 8 5 R A% . DIZE

10 | ——STR/HDPE/MMT-5 A5k S B STR/HDPE M G0KE G 4 48 0

i, 467K 30 °C I}, HDPE ¥ E™} 1.22 GPa,

- 81 STR/HDPE 47 4 ) E'Jg 0.18 GPa, STR/HDPE/
EE 6 MMT GRS LR N 0.07 GPa, WIVE TR
=0 % (H 4a). TERHGWIRIREEN Y, STRIHDPE
F STR/HDPE/MMT 4Kk & & £F e ¥R 2]y, B

o il o =AW (8] 4-b), KRt SCRieIA TR T

0 P (1) p FG AR NGE Nk 3 205 () B B ARG AR P01 5

0 102030 405060 A MMT J5 BB AL 75 R 1 B RS B o 578
Pl W 5 58 200 I 2 IR B i A 6,

3 N A AR TR —jﬁ%‘:ﬁ@%iﬁk%ﬁfi, B MMT J5 3 55

Fig. 2 Stress-strain curves of nanocomposite fibers AL, a WEERILTIRES). 56 HDPE AL § U,
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Fig. 3 Breaking strength (a) and elongation at break (b) of nanocomposite fibers with different drawing ratios
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Fig. 4 E '(a) and tan o (b) vs. temperature for nanocomposite fibers
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ARSHERY 73§ 5E G SRR AN 3, tan 6 VA
T X L P A AL JBE AN AT o

24 RESTHRGIKIEMRIERE

TEWE KA 1, 2. 34 AJ5, STR/HDPE
AR NN 13%, 14%., 16% F119%; STR/
HDPE/MMT 44 K & & 4F 4 28 R 50 3 0 10%.,
16% . 22% 1 24%., £F 4k 1) 2% 5 2R Bl 45 ¥ /K 12 0
BB R B IR RE R (B 5) Horpr, 9KE G 2Fdite
B2 N H MR, e 8T 2%,

XoF e fife i ANAE K e 4 D H IR AR
G LT AR R EE B AT MO g, R
STR/HDPE £F 4} [ fiff 1 2% OG-, R fifk e 3%
AR, EARI/N T 18.6%; STR/HDPE/MMT
PRGBSy RIZC L HNE, B
I/ T 29.4% ( 6).

SR T REMAILINR T A [R] 65 7K % figt Bisf 1]
YUK E ALY 12 BE A KR LT R] Y

[ STR/HDPE-5
| I STR/HDPE/MMT-5

EYINES TN

weight loss rate of seawater degradation
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B A 1e0/

degradation time
5 ATENEKEMEENMARESTFHENEER
Fig. 5 Weight loss rates of nanocomposite fibers after

different seawater degradation time

D) | B SRS AR LY SO T SRS
(B 7)o DR 5 21 i 1) Wy 22408 1 7 T /K R IR 2
MHANZE T, a8 TR, KR 4 1

©

(d)
El6 BKEM4NMABIENARESALREMRRA

(a) HDPE-STR-5 [#f# i, (b) HDPE-STR-5 [#f#)5, (c) HDPE-STR-MMT-5 [&f# 7, (d) HDPE-STR-MMT-5 &5 o

Fig. 6 Microscopic photos of nanocomposite fibers before and after 4 months of seawater degradation

(a) HDPE-STR-5-before, (b) HDPE-STR-5-after, (¢) HDPE-STR-MMT-5-before, (d) HDPE-STR-MMT-5-after.
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Fig. 7 Breaking strength of nanocomposite fibers after
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Degradation studies of MMT modified starch-based
nanocomposite fibers in seawater

SHU Aiyan '?, SHI Jiangao ", YU Wenwen®, WANG Yue '?, ZHANG Min*

(1. East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China;
2. College of Marine Science, Shanghai Ocean University, Shanghai 201306, China;
3. College of Materials Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: With the development of fishery economy, fishing gear materials, such as cotton, which are generally
biodegradable, have been replaced by synthetic materials, such as polyethylene, polypropylene, and polyamide,
which are difficult to be degraded. Moreover, fishing nets made from synthetic fibers, are not able to degrade in
marine environment for decades. When they are lost or abandoned at sea, they will continue to trap fish and other
animals, becoming "ghost fishing" gears. In face of the threats of "white pollution" and "ghost fishing" resulting
from the use of non-degradable fishing equipment, the development of biodegradable fishing materials has become
one of an effective path towards the sustainable development of the fisheries. Starch is widely present in nature,
renewable, and can be used as a biodegradable material. However, due to poor processing and mechanical proper-
ties, they are often blended with other polymer materials. It is noted that the purpose of accelerating or slowing
down the degradation of composite materials can be achieved by adding nanomaterials to modify biodegradable
materials. Based on this, the starch (STR)/high-density polyethylene (HDPE)/montmorillonite (MMT) nanocom-
posite fibers were prepared by melt-spinning method, and the effect of nano-MMT on the thermal properties,
mechanical properties, dynamic mechanical properties and degradation behavior under seawater of nanocomposite
fibers was studied. The results showed that the melting temperature (7,,) of the nanocomposite fibers was
reduced, the crystallinity of the nanocomposite fibers increased, and their breaking strength decreased as well.
What’s more, the addition of MMT significantly reduced the glassy storage modulus and internal loss of poly-
ethylene, but it had little effect on the starch. After 4 months of seawater degradation, compared with that of
STR/HDPE fibers, the weight loss rates of STR/HDPE/MMT nanocomposite fibers increased by about 5%,
and the loss of fiber diameter increased by about 11%. This indicated that MMT accelerated the degradation
process of STR/HDPE fibers. This paper systematically studies the seawater degradation properties of the
MMT modified starch-based nanocomposite fibers, which can provide reference for the development and
application of biodegradable materials for marine industries such as fisheries.
Key words: starch-based nanocomposite fibers; nano-montmorillonite modification; seawater degradation; struc-
ture and properties; fishing gear materials; degradable material; fishing gear; biodegradable
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