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2 A E R A (118.04 MPa), H IR T (020°C) B FER oy h¥EE; HEX KRN
75 POK ¥ 22 W 4 1 % 72 9% A 4, T4 M B K 2 8 fl £ POK # 2 ¥ & t£ T UHM-
WPE % 22 f0 PA 222, 4% AT, POK 2 2 th 4% % 4 & F (3.96 daN). 3% (4.02
daN) R A T# & TR % H4A K UHMWPE #.22f0 PA 822 74, POK ¥ 2 Wit B M G &
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11 4] Pk, S SRR LB I T 2219

SR i B, ol SR IS 5 40 MR A R i T
T PRI RR R RS, FE T T A A R Y SR fig
% 5¢ YRR/ INV T CO. CO,. TR & HAT
EEE, RSB RGN, EEAEFET
kT AR O . PR IE A AT DLAE i Ak A o T A5
B P AE AL B B POK £F 4k 5 2f 45 fh 45
fifi POK F2z HA RAF i fb4#PERE" . 73 4h POK
LA S AR . P O A IR Mt R R
G Feprah ik B, POK Wi i TR A4 —
R T —EEfg (PBT) F1 PA66™", R i ¥E —40 °C
e b R ATk 50 I/m™Y

M BHEM RN | B M, 5
B IR L v v L A e 5L R B RN T4 1 rh
BA T asmeny iy o L R ELA Rkl
AN U DR B B2 Y T i TSl N 7/ B L G Y
SR, AHFIEE X NI (PP) FRLLZ 1 Tiif 15
. PA 4RI EALTT I UHMWPE £ 481
I AR S VR REEAT T REHEST, HEsh T A et
Y o RHE I L T, {3 H R SEF POK
2T Y e ol 400y T N s R D, R LA
POK HL22 14 A (TR B P B . B A0 P BB AR A g
“EPERR A OGS . AN, UL T RESHE . T
R AT Rt BB AR BT L R i BRI 2
VDT R, KT POK 22 iR BT ST T &
oy BT, 7R SR I I il 2 22 7 il £ POK
Mgy fEsTHEAERE . PUSRARYERE . TRANRS
T RE . TSRS, IS Ho A T 4T 4
PEAT HE X 20 Br LAASE Ay ¥ FH 2T 24 208 I 1) 1 DR AL B A
g8, AR D BE M A AR R W L T & S
RS HAE

1 MRS

1.1 R IEH R

POK kifl. WiEMEE, A5 . PKM330; PA
Mgy, T, B2 AN 031 mm, KFBE N 106
tex; UHMWPE Hizz. 2%kl A, sz E
20 0.31 mm, ZRBE N 77 texo
1.2 POK B Zpy#&

¥ POK KR, HiME L BUR A, 2513
A A B TP AE 500~550 r/min 195 T 1T 5
B A 28~50 min, 24 E R A TR A RHEE T
% 60 °C Binl kL, #5445 POK & &k, POK B4
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B BB FTBT AL B A X 58 T X B4
XX (RAEJEE R 70~95 °C, 130~145°C. 135~
145 °C. 170~185 °C. 210~225 °C. 220~230 °C.
220~230°C. 240~260°C. 250~270°C. 270~290°C)
TR BT, RUER AT B AL AL Sk TR A
258~283 °C, Hf ¥4 WURFT s L2 b 2
TI 5 B 22 LI RhEs i, 15 3] POK )4 21 4t
WA T 4 28— IR OK IR 22 A KR 22 5
il % POK 2z, KRR N 93~99 °C, ZEff
POXFE TR E R 120~130 °C, SRR AR5 HN 5,
il 5 B9 POK BA 22 B 420 031 mm, 2% E N
127 texo
1.3 UK FNIRAE

POK #-# . PA ¥ %42 UHMWPE 3 22 ¢4 #
MRESHT  RAZEARERRE L (DSC) LU Netz-
sch 204F1 22/ 45 L (DSC, Netzsch, &)
M 22 (W E AR EE . FAAAY, POK il PA 1)
F+ ¥ 5 Bl 30~240 °C, UHMWPE 9 7} & 75 [
30~180 °C, FhHEHFABEE N 10 °C/min; E I
AP 50 mL/min, %2320 (1) 1158 822 (1 45 &
JEP 3 FhAPRHE 100% 45 5S40k . POK #
22, 2261/g; PAB22. 230J/g; UHMWPE #i4%.
293 J/g.

% 45 sk B AHPS ,
$4mmmxua_AHoxmms (1)
F

X, AHES S aks J/g); AHRN 100%
SEAGE TR G G S Vg

POK ¥# % . PA ¥ % F= UHMWPE # £ #)3)
AN F MRS (DMA) KM Netzsch242C &l
shA& 1220 H1 i (DMA, Netzsch, fE[EH), JeilE
FrufERE, POK FHil i FFl—-50~250 °C, PA: —50~
220 °C, UHMWPE: —50~150 °C, T} 3 R H#E %
EH 3 K/min, PEIEHN 45 um, SFEA 10 Hz, #
BN 0.05 Ny R UL B AR, 7050 I E 3
Fib B 22 B4 BLAE 0 °C F1 20 °C R AR F7 . AR 22 [A]
1% R AE A

POK ¥ # . PA ¥ % F= UHMWPE ¥ £ 955
TGN K RH INSTRON-5581 5 GEIX 56
HL (INSTRON, & [H) pyIE AR s K B 500
mm, TN e R 22 Wi 8T 1Y) 25%, 817
BFE] A 50 min.

POK ¥ # .
2P A8 ) K

PA 3# % fo UHMWPE £ 2 44 5
% i INSTRON-4466 % 77 g i 3o
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2220 KopE OE R 46 45

HL (INSTRON, ZEHE) FhifdtE=; BEESR 500 mm .,
P B R 200 mm/min, 43 I7E TS FE S OF
KR 24 h) T TR, B—Fhipsz 43k
S AN [R) RIS U E AT DU, O3 {E T
.22 W 240 ) 50% W RLsR )T BT AU AR
POK # 4. PA ¥ % %= UHMWPE % £ ¢ @it
g RIS FEAS GEK TR
24 h) WA T A AEHEATIE PEREM, g —Fh a2z
KRB S A AR TR A 9 IXRE , JEF Taber 25 1 5%
FEAL, TR AE 60 r/min, i H 350 g [HHL T A JEE
P 100 Ik, WREREFAEWT 245 00 5 A BT R4 £F 4t R
FH INSTRON-4466 #1 J7 fig i 46 B 43 591 %F 40 385 1
PRI, SRR R Ty RE IR, A
Q) TR 2L SRR
BLMEARIF() = 72 x 100% @

b, p A2 I RFE AR Fy N2 S
AT 2R T 5 F, 22 WG BB 868 )

2 iR

2.1 POK B Zzpy#f 4 g

R 4 o il 06 T AR A B B 22 R 4 A
POK .24 [/ 45 54 By 38.44%, 4T UHMWPE
27 (65.53%) Fl PA Hi#2 (31.50%) 2 [A] ; POK Fizz
() 4% il L SR 200.8 °C™, L4 F UHMWEPE
#4.(149.3°C) FIPA ¥1#£ (224.8°C) ZJu] (¥ 1), POK
L2z 150 °C ZE AT FF IR I i, e AH [R) 0% Y- 1sf [
MSCEAE T, HA— Rl (& 1),

2.2 POK BZMzhiST1FMaE

Wil 7 8 T v, P22 i B B S B A AL A R
JEMRAS M, 3 R e RO A 3 2 TR
H 5 PA 22 F1 UHMWPE B 22 fH I, [m) 46 8
T POK HL2z [y it e K (4] 2).

WEZ tan o~T MLk Afb ] L& BE, 76K
JF-50~200 °C, UHMWPE .22 A7 1 4~ o §5751%
IRBEETE 57 °C /245 i POK H42 55 PA Hizs—FE,
H 24 o AR,

AR S S BB P B 0 T 5 AR 2 HE B G
PR, ARRH AR R R AR T AR R AR T A
fES . 5 EoR, 78 0°C F POK M2z B 5
B RE R, 35 118.04 MPa, [ T1£55 PA (54.19
MPa) Fl UHMWPE (101.83 MPa) £] 4 %) 3t 4 45 £
(K 3), IR TEZ 20 °C i, POK BA2Z iy s A
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Fig. 1 DSC analysis curves of POK, PA and UHMWPE
monofilament

&1 POK §%t, PA 5251 UHMWPE $ 21
ISRlRE RS R E
Tab.1 Melting temperature and crystallinity of
POK , PA and UHMWPE monofilament

M JEAIR I/ °C S I%
material melting temperature crystallinity

POK 200.80 38.44
PA 224.80 31.50
UHMWPE 149.30 65.53

5 96.28 MPa, J8/NT 18.43%, i PA Bi2% (44.30
MPa) Fll UHMWPE .22 (93.21 MPa) i P4 45 5 /3
BN T 18.25% il 8.50% (&1 4).

2.3 POK B2 tEaT 14 A

POK H122 | PA FRZZERAE 5y 2 AN BB, RI)
LRI AR RN B IS, MR AR IR (R A5 AR 1Y 2
SANBYBE) 1Y A N B 4 R[] TR KA S n
N A1 (E 5). POK B 22 [y 855 48 [ A8 7 9% 2247,
I PA B2z M B3k 16%. AR Rk, IhASHrE
., EMFESME T, UHMWPE 22 1 [R5E i A]
PR IR B8 H IR AR B B, (H AR W AR AT R B 11%
fifi, T POK H#Z

2.4 POK B2y 15148

AT POK Eey ke T, 8BS
T, POK .22 F1 UHMWPE Ff 22 [ 25 fif fif1 K il 2%
VNI GE BN R i N Nl S S e < kI ]
PA Mgzt S RUMZk, HABH Y e AR5 5 (181 6).
5 PA FLZZ[A], POK 22N MEgfidEp kL, i
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Fig.2 Analysis curves of dynamic mechanical
properties of POK, PA and UHMWPE monofilament
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2 30t
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Rz 1-R 2 h2k
Fig. 3 Stress-strain curves of POK, PA and
UHMWPE monofilament

140 . 11804
W 0°C 20°C  101.83
| 96.28
. 120 9321
& Ig 100 f ‘ ‘
= = 80| 54.19
il 443
WO 60 L :
#H =2
L B
:Béié 40 t [
20
0
POK PA UHMWPE
M
material

El4 POK £, PA 8251 UHMWPE B 280384158
Fig. 4 Elastic modulus of POK, PA and UHMWPE

monofilament
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Fig.5 Creep analysis curves of POK, PA and UHM-
WPE monofilament
TA  dry WA wet
-m- POK —o— POK (wet)
—e— PA —O— PA (wet)
7 —A— UHMWPE —:— UHMWPE (wet)
6 A ﬂ
51 ' /
Z # A all
SZA4f 1
iz 9 4 | 4
) 3¢ . T
2|
1k
0

0 5 10 15 20 25
PR REAE /%
tensile strain
6 POK 822, PA 22251 UHMWPE $22(
BT Ric s
Fig. 6 Load elongation curves of POK, PA and
UHMWPE monofilament

) 0 5458 ) 22 W -0 AR O R A M, W
AW S 1 Je IR A RT e IR B B, 3R] POK H.22 5 fifs
PebkE, ZETAF, POK H22fWiZdas /1 fl UHM-
WPE HLZ A AR, LT PA L, TEIRET,
POKH 22 1Y) i 2458 ) - FE fe 4F (96.6%), =5 T PA
P27 (90.7%) 1 UHMWPE #1.22 (92.5%), T&F,
5 PA B 22 1l UHMWPE .22/ [t , POK H.22 11
R ALY, h 4.16%; RIMAEMA T POK H
AR FIEINT 35%, XEH] POK LR IF
B R R (3R 2),
LHRETHEN A FHE HHRIR,
5 PA P22l UHMWPE $224HH, T2 (3.96 daN)
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2222 KopE OE R 46 45

*2 FRAET POK B4, PA B2 51 UHMWPE
BLNERRBEAFEKE (BD)
Tab.2 Breaking strength and elongation of POK, PA and
UHMWPE monofilament in dry and wet state (normal state)

W55 7y K /%
breaking strength elongation
(ki T s
material dry wet TA s
dry wet
daN SD daN SD

POK 676  0.17 6.53 0.11 4.16 5.62
PA 567 0.10 514 021 9.86 11.94
UHMWPE 679 0.17 628 033 7.60 5.28

B (4.02 daN) T 1 POK B2 1945 25 55 s B 45715
W7o BEET IR ARRREAL, T TN 58.58%,
TBATR N 61.56 % (% 3).

®3 FIBHKET POK £4, PA $£51 UHMWPE
BLNETBAMBARTFR GTHRD)
Tab.3 Kbnot breaking load and rate of retention of
strength POK, PA and UHMWPE monofilament in
dry and wet state (knotted state)

GEHRT) GENTHRIIIREF /%
knot breaking load rate of retention of strength

ML Fi A

. Allefix
material dry wet T W
dry wet
daN SD daN SD
POK 396 0.10 4.02 0.42 58.58 61.56
PA 3.64 0.40 3.33 045 64.20 64.79
UHMWPE 3.88 0.48 3.52 0.28 57.14 68.95

2.5 POK 2219 B4 B

SRR, TEMFESEBB AT, TAT
POK H221f5i SR F e aem, o 58.38%, =T PA
44 (28.66%) Fl UHMWPE .42 (38.81%), % H]
POK HLezfif EMAR S . 5 TAME, @&
T POK F22 i S R0 =, o 60.90% (141 7).

3 i

MHHERE T T Z0HT . POK BA2Z [y 45 i 5 Fds
AR EE 44 F UHMWPE P22 Fil PA B2z 27 [6], i
] POK P22 [l e Mt T Z 18], H POK
TR R A BRI R S 4, POK L2z T
150 °C 247 FF IR I R, p ] LAHEIT POK BR22 4
68 FH BRI v 11 55 v WL TT 3K 150 °C, (R4 Y
ol LS 22 % POK £ 2 iy M R i s i ™5 A
DSC {4k b & B, 7 AH [F) A T A 1] 1 552 56 PR 45
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Fig.7 Fiber tenacity rate of retention strength of
POK, PA and UHMWPE

monofilament after abrasion

T, POK Huzz AT — AW, 1f PA HL22 0 &
PUBIEZEHY , 7E 100 °C ZE 47 B B — A5, X
JE W T PA SRR, B 5 Wl s AP K 4y,
W B A A o3 I B 8 T S B, X R I 5 A [R) B AR
T PA BR2ZAH L, POK BA.22 Mg i 5 A2

MBS 1 2E R Dy H AT . BHIRETHE, 3
T £ 2 A4 R I 14 2 R B, X i T AEAR
BT, mEYS 2RISR, S Fisshieh
TR, MRV EE Y, Frf, POK MLz fkist
AR K, UL POK #A22 Jy 24 e A
Bt fm, HAEMKET (0~20 °C) 5 UHMWPE #i
PA L2 M L A B SF J12F e . 7 AMER 4
T, POK HL2zifm e K, # W POK B2 1
Ay FHEWIEBR ; 7F tan 6—T H1Z748 4k I, UHM-
WPE P22 1F 57 °C Zidq R ME— 1 4> o FE A5 0%
XiF o7 A 235 i DX o3 Az BR&E B )iz 8, fif POK P22
5 PA Moz —#E, TEARIR AN IR AL 2 B B 1A
o BEARIE , TEARIRFE (50 °C 25 47) Hi 3R AY e 7 it
N T ANAZ 532 45 b 2SR AR X T is Bl
TE i I B A X N7 Ry 23 & DX 37 FR B B 1) iz
1", POK Hi2z I o F 24005, W g2 m T
IR 5 F 55 IR L A A, TR U Tl &,
e X FHEZ S Z B A

A EETTIRS X PERE R R I . T2
HHHKE, TEHAT, POK HAL2A4 % RIFH T2
PEREFISR S ORI, LHEHFERESHET, A58
A2 e 1) W7 245 AR R R AP, 2B POK 22
[t UHMWPE B2 | PA B2 HH 35 B AE K N FREf
M, XJ&H T POK 45 I C=0 #X /KT HE
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Xk, S B2 AR v S B 2223

WERCEE. PR LB, 4IRS T, POK
22 TR I TR T ¥ TR S AW
PA .22 Fl UHMWPE H.22, 1fi] POK #1422 45715 5ik
RS TAMARKR, Hik S RARRRILT PA S
22 F1 UHMWPE P22, XA S i+ POK Hi22°h
Wtk ArRE, Hitkge 2. Hik, F POK HLzz4m4l
B AL, PR T i — 25T

5 PA .22 Fl UHMWPE 22 ki 1t,, POK
22 AR YU AS  F BE  RE Y R IR 4f . POK Hi2%
HLA PRI A 1 R e i AR PR B, B8 T
POK H227F 4 W 500 F R34, SE SR 2L A2
TEAH R BE SRR 25 F T, POK P22 B i i i g
PREFR, RHEEREST, SOREL, XS
POK W FF K 4> F 45104 3¢, i POK U Im] B 5
PRUE T POK B 22 1) & if JB5 % o 5 4 ] B A% 1Y
UHMWPE H.22 1 PA $L22 M Eb, POK HL2Z [ 4
Gp . Wb R IR AR SRy,
ZEGVERE S FOME AT o B 5 T Vg I 4 75 AR DL
KAV SR, R AR S 3 A 4 A £ ] 1) ¥
b BB 1 &, AT i FH 2T e g B
Bitsohife . FEfbERE . USRS A RE R B
KBk R, FFRBEAPIGYIRE . FEARDIRE L
o MR RE RO POK S22 3T bR}, KA 1 - 2
AR il 1) e o o 2 SRl

(1 7 9 A U 5K I 25 v A B A 35 o )
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Study on the suitability of polyketone monofilament material for fishing

SUNBin'?, YU Wenwen®, SHI Jiangao >, WANG Meng*, XU Junjie

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China,
3. School of Materials Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
4. School of Materials and Chemistry, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Polyketone (POK) material is an engineering plastic copolymerized by carbon monoxide and olefins
(ethylene, propylene). It has good tensile properties and excellent impact resistance, and is expected to become a
new fishery material. In order to explore the suitability of POK monofilament materials for fishing, the thermal
properties, dynamic mechanical properties, creep properties, mechanical properties and wear resistance of POK
monofilament were comprehensively tested and analyzed by differential scanning calorimeter, dynamic mechan-
ical properties analyzer, universal tensile testing machine, abrasion tester and other equipment. The results showed
that: the crystallinity of POK monofilament is 38. 44%,the melting temperature is 200. 8 °C, and the use environ-
ment temperature can reach 150 °C. Compared with the UHMWPE monofilament and polyamide (PA) monofila-
ment of the same diameter,the modulus of POK monofilament is the largest (118. 04 MPa) at the same temperat-
ure, and it also has a better mechanical modulus at low temperature (0-20 °C). The creep test shows that the tensile
strain of POK monofilament is about 9%. The advantage of POK monofilament in the long effect of rope net is
obviously higher than that of UHMWPE monofilament and PA monofilament. In the knotting state, the knot break-
ing load of POK monofilament is higher than UHMWPE monofilament and PA monofilament of the same dia-
meter in both dry (3. 96 daN) and wet (4. 02 daN) conditions. In addition, the wear resistance of POK monofila-
ment is excellent. Under the same friction conditions, the rate of retention strength of POK monofilament in the
dry (wet) state is 58. 38% (60. 90%), which is also higher than that of UHMWPE monofilament and PA monofila-
ment with the same diameter. Research shows that compared with UHMWPE monofilament and PA monofila-
ment of the same diameter, POK monofilament has abrasion resistance, high temperature resistance, high modulus,
low creep, high nodular strength, and its comprehensive performance and adaptability are good,which provides
theoretical and technical support for the development and industrial application of POK monofilament rope netting
for fishing. With the far-reaching sea cage aquaculture, large fence aquaculture, Antarctic krill fishery and tuna
seine fishery development of modern fishery, fishing fiber should possess wear resistance, anti-pollution function,
degradation performance, creep resistance. In order to meet the high-quality development needs of modern fisher-
ies, through further technical research and development, it is expected to develop new modified POK monofila-
ment materials with antifouling function,degradation function and high strength performance in the future. There-
fore, POK monofilament has a broad application prospect in fisheries, and can be used as fiber materials in fields
such as deep sea cage, breeding fence, and ocean fishing gear. However, there is a long way to go and further

research is needed.

Key words: polyketone monofilament; mechanical properties; wear resistance; fishing adaptability; deep-sea cage;
breeding enclosure; pelagic fishing gear
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