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Abstract: The effects of chain extender on the anisotropy and chain orientation behaviors of nylon 6/polyketone (PA 6/
PK) blends were studied. FTIR absorption results show that the hydrogen bonding between C=0 in PK and NH in PA
6 was developed in PA 6/PK blends. It was found that the hydrogen bonding was promoted by adding the chain extender
causing the chain branch to PA 6 chain. The hydrogen bonding in the PA 6/PK blends prevented the crystallization and,
at the same time, increased the anisotropic character in the PA 6 chain. As a result, the optical light leakage was observed
with the crossed polarized plats and the interference pattern was found. Orientation behaviors of PA 6/PK blends were
improved by blending with PK having relatively better orientation characteristic compare with PA 6 and the further

improvement was made by hydrogen bonding which occurred between PA 6 and PK by using the chain extender.

Keywords: nylon 6, polyketone, anisotropy, chain extender, birefringence, orientation.
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octene rubber B = Ao B PA 62 A-&3A 2 AHE-3)
o] rubber®] maleic anhydride”] ¢} PA 62] ©}F17]19] W&}
PA6 ohe17)s) PK Fhid7]e) 5 age] olste] 4gAo]
Z7beka Slalgint. olele ludsleh ofnlvle] v
L Ioshs Wyo R A=l FTIR ~HEHA 711
719} ofl7] FA o] RIS o] & e R &
d=e] d2 54 9 AAst S 22 B4 Wl o)s
Edl=eo] Agdo] gzt o3t Aoz st o
o} 37 PKe] 7HE 719t PA 69 o}R17] 7o) shahykgo e
gk A= $ XE vk Uk PKEF PA 69 A Hol
ofgt B4 Wis} Aol A 1718 PA 62] &-§7FaollA] B sl
A Aster M 7HAas) e SAWSEE HAske)]
slo] Aks A7l €]gk 7E18t REgo] 7Fs3t anhydride 7
571 ZI+= styrene maleic anhydride copolymer(ADR)S A}
&3ITE "2 PA 69] 73S frEstal 71AISkE PA 69 oF
21717} PKE] 7hRE 719} 4 Ajtete] FE 7t s g
w} o] SRS FHETE AA 8] Frtete] ol wWE
7hs B2d0] MAE T HAE? §F vl Ut AREAgA ol
o3k PA 6 7FAISle} PKEFO] Aol PA 6 AR 1914
< W73 2 A7 PAG/PK BAE A 3o IE 7}
& Al 2R3} Wele 7Rl S0l o v Wsls
Y Zlo7 oSHr

2 AellM= PKS PA 6] AT AEAEAl 9
alo] 7EAISHE PA 691 PKO| 49k HlaLste] Bttt
2%l €J3k PA 6 MIAIE RSP} o]E E-lE oAl
A= e E2EE SRlslal old wWE Aks widkst 4
Astel 2 AXTFE WSS FHA R A Rgitt
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Al & YF. B Aol Taekwangrik(Korea)o] 88 &
T 221 °C, H]5 1.12 g/em’Q] PA 65 ARME-31912H PA 69}
FRATS FEsl7] flste 7tRE 7S 23 9= PKE
HyosungAH(Korea)ZF-E] ¥ro} ARSI ARS8 PKE ¢
Zsheta, o, T2 A A M630AR &
§L% 218 °C, MI 6 ¢/10 min, Z2ZA 3 5.64 wt%, H)
Zo] 124 glem’3At}. PA 6¢] 7HA 32 9lsle] th7)%s AE
dl-ol= 28] 7H(Joncryl, ADR 4370, Germany)S BASF
N FhstA AEAEA R ARSI &8 7HellA A
Uzl GRS FHaslkelr] $lsked ARPEAIAIR] ZIKA-1010
< ZIKO*HKorea)Z5-H st 37 ARg-siaitt.

ME ZFd|. 8§ &5 doll PA6E 8 o8 dREE
FHaslslz] flste] 80 °CollA] 24717F Bt X Bl 2
Zalod ARgsITE 7432E PA 6, PK, ADR 18] Akshi=]
A ZIKA-10105 M2 tf2 v]&E &31817] $1519] internal
mixer(Haake, Rheomix 600p, Germany)S A3} T}. A+s}
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WAAE 0.2%= 3786t ARSSIe™ ADRE 1, 3, 5 phr
2 PKE 190 wi%s 217} 52 53}slslo] PA6 40 gof 7t
zte] z/gulo meh F7kate] 260 °Colx BH &= 30
pmO=E 157 U ST Ao AlE+= compression
molding machine(QMESYS, QM900A, Korea)ol] 2]3}e] 20
mmx20 mm 7] BFOF 220 °CollX Hohgk go] A&
of 7HIAIA] RFEF A3 Es¢ &8 Y=t 4 °CE
wedste] A7 O AlES ALt 259 A= A
FAr7d8 0.1 mm, FTIR 487 A2 4E580= 035 mm
2 AZ3IAT Q1A A 7)(LLOYD, LR30K, UK)S ©|-&3}
o] 25 °CollA A2l 100-200% AXE BES AZ3IT

4. dojzl Zhzte] 55} A4l BEe] FAad el ¢
g 2HE WHIE gRIsH7] 98k breck compensator
(Olympus U-CTB, Japan)7} “¢2t¥l 3H3& v] 7 (Olympus
BX51, Japan)E AF&3l T A5 E wx} HF Fh(crossed
polarizer)el] 45°= &gt & o] 59] AP AKE glstar
retardation V) =7 3lo] ofgf2)ol 2]5le] B4 (birefrin-
gence; An=n-m,)S AAFSIATE

An=2ld (M

7N d= ZE°] FAE YT n machine *3t
ny= transverse 'Wake] FAES 27t e

AlEe] ARslEE FR1sh| fl8le] ARIFAREEA]7](DSC,
TA, Q20, USA)E ©]&3stom =W 9= -50 °CH-H
260°C, 718 £EE 10 °C/ming 2431 th. DSCE oA
thermogram® 2 &-§ &3|(J/g)yS Ao o|& A ZA3}
T2 ARSI

PA 6, PKS} 9o]7 PA 6/PK Bal= AJHQ] Z o)A ~dE
42 FTIR(Thermo Scientific, Nicolet iS10, USA)S- A3}
o] ATR mode® 73ttt 7} 2HEH SAH 9= 500-
4000 cm’”, == 4 em'ZE 1689 2o E =453}

Zn ¥ =2

Figure 1= PA 6/PK S =9} AREAAQ] ARDS Sphr
A7k o]5 BRl=0] HgdAnA ARlolth. AREAAI7E A
L5A] 2 Figure 1(a)2] PA 6/PK E&=2] 739 50/50 %
ZJulol| M Tt analyzer T3-S B33+ o] A|8EE At T,
2} (crossed)Z BIXIE polarizersS: 23 Y A dXdo] &
Ao] F7bel= W, Figure 1(b)e] AFEA7A7F 71 A
8o A, 50/50 olate] EHE X Aol W AF F o]
g s & 5 o Iy ez S (isotropic) AlE2] 73
-, 33} F(optical axis)dol| W& FHES] 2} &, E=4
(birefringence)2] W37} §lo] cross polarized ¥ HgTol| Al
BEE 45 42 o W A Aldo] glo] dark phases

g},
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Figure 1. Polarized optical micrographs for PA 6/PK blends: (a)
without ADR; (b) with ADR (5phr).
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Aol A ARESE PA 69} PK2 W Al &X4fo] YeRd 4
_._4 intrinsicgt o3-S 7HAAL AUA] Fot. ok &84
Blol A 22 2o g MA3] el 2lste] machine W
3} transverse *&Fol 7Fl A= §8 o] ZEF compression
molding® & YF501Xl Alg= 30 g 5= Ajolrt &
A A o7 o SHrt WA Figure 19149 B Al 33
interference fringe pattern®] W& =, 574 A9} AEA
AA7Y F7Feol w9 A o] EEixitke Al B Y
I AREAA H7t fJste] PA6 AVE 2 2 A A
o Wbt s ofrl gt
PA 6/PK Al 59| HAFTt AtolofAle] Bl Al &2 PA 69
PKe Aol Z12F NH, C=09} 22 S4471¢] F5 48 )
02 A7HETh PA6/PK ERE AT Ape]? o5t o
E T S471Y BEAE &, 3HA, A Al o5t
FeAe] FrtEE AR ?—lﬁxﬂ ATk PKE] §Hego] A2
PA 6/PK ERIE= 7F87d°] 3lo]%= domain?] PA 6%} co-
domain PKZ PA 6/PK B:= Fejsta 1271 EAlslH &
Alell S471 7ke] oA o] dojd US4
UTtZ ol thgk JH=FEE Figure 2] VERAITH. 867 EH
oA PKe} PA 6= ZH7+e] AEE©] entangle® random coil
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Figure 2. Schematics of chain extension: (a) PA 6/PK blends; (b) PA 6 with ADR; (c) PA 6/PK blends with ADR.?
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2 ZAe wEbA] Z}zke] NHeF C=0 715717t 74 2%
< 317] Yaide 2] random coil?] EHl| SAsoF it}
=, NHe} C=0 4% 23A ol SAlslor 448 e] 75
aA Eth(Figure 2(a)). ©] 7% PKSF PA67} FFHI =
domain@} co-domain® 2 &A= 50/50 ZA3Hol 7 &
2A%e] & dojd F g A o= wdE oles A
7} Figure 1(a) 50/50 PA 6/PK Edl=ojlA B 4 &ifo] F
t7F o] interference fringe patterng H.Q1 o]f-o|t}.

PA 6/PK E31=2] PA 69} PK 54 23S Z7H717] §
A= entangle® PA 6 random coil FHOZE NH7} Bo] &
Ak Zart k. PA 60l A=Al ADRS A7l ADR
9] o|ZA] 153 PA 69 -COOH®} -NH, 2&7]9] A&
ZH(Figure 2(b))oll 2l3ted PA 6ol 71A8}7F BA3E 4= Qlth
1 A3}, Figure 2(cpPiXe} o] 4%ke] PKE H7Islod= PK
o] C=0717} 7FA|skE PA 6] NHS} A SRt
& Afe] 7k 7EXsHE PA 6 AFEH PRKAKES] 35
3 A4l ¢Jate] Ea]# <l 7hal(physical crosslinking)7}
dodth(Figure 2(c)). ol -4 Hsll €]t anisotropic
sk 5739 o]&te] Figure 1(b)2F 2= W Al 7=} ohofst
interference fringe pattern®] THEX]A| Et},
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Figure 3] PA 62} PA 6/PK(90/10)E-A1 =0l A=A =A)] 3
7} 2%-2] 7} bonding®] FTIR 2 E# o] WS RS
t}. o] 2-E] Figure 4°] Z} bonding2] W3}E AlEAA|
ADR F7}Fo] whe} oha] YERN QAT Figure 4(a)9} 4(b)=
PA 62] o}7] EA712 YERNE 3294 cm'] N-H stretching
3} 1540 cm™'9] N-H bending %15l w2 FTIR 5% ¥
3= Figure 4(c)l PA 69} PA 6/PK B0l 23 1630 cm
©] NHC=0 A%°] FTIR &% W3} 2|3 Figure 4(d)°l
1699 cm'eA] PK2] C=0 #&°l w2 FTIR 5% W=
HERH AT

e Hi= niel o] PKE] §Heo] F71gel ulel PA6
of 7]Q1=]l= NH, NHC=09] S5 3= 24T PKoll 7]
AEE C=0719] & FaEe TS & 5 Uk AR
A ADRe| 71" PA 62] NH bonding} PA 69} PK2]
248 218 NHC=0 bonding®] FTIR S| 743t
S & & itk o) e A= PA 6ol PKe] @l 23}
o] 4%l 2]3F NHC=0 bonding®] FA =™ FAIn|7}
50/50014 WP} 44 Fo] & ASR Hol 4 Age] 7t
& 8ol dojde & & Atk AT Figure 4(d)ellA 22l
H nje} 7o) PKe| C=07]= AREAA 7t 2)ste] 2
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Figure 3. FTIR spectra of PA 6 and PA 6/PK blends: (a) without ADR; (b) with ADR (N-H stretching (3294 cm™), C=0 (1699 cm™), NHC=0

stretching (1630 ¢cm™), N-H bending (1540 cm™)).
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Figure 4. Amino and carboxyl end group of PA 6 and PA 6/PK blends with and without ADR: (a) N-H stretching (3294 cm™); (b) N-H bend-
ing (1538 cm™); (¢) NHC=O stretching (1634 ¢cm™); (d) C=0 (1699 cm™).
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bonding®]|

DS T4 29> PA6°] NH

+m l—c PA 6 Akl -2 Hste] 719l
g oow T Atk 5, AREAGAE PA 6] 718t
g fFEsks w2l 7}7<]§}F4 PA 601 EA|5h= NH7]&= PK
o] C=0 Fg719ke] 74 A& Y S3I5}] PA 62] NH A
Zol| 24 Aol 28 NHC=0°1 2|5} PA 6 A& 729

W3} dojuar 98-S & 5= U}, SX|9, Figure 4(d)olA
B ule}l o] ADRE] FH 7ol 2]k PK2] C=0 bonding

o= W37} gle A0RE Hol Al
Zoll= W37t gl & 5 ok
Figure 5% PA 69} PA 6/PK £-91=(97/3-80/20)2] Jd 2
;(4;;]_1:0]1;]_ PA 69 PKS EalgslH A&Alo] 943 Ao
2 WA UM 84 Aol wet Fejsr 21719 Aol
= A9 PA 69} PKE domain? co-domain®. 2 z}z} 3
gtk PKE 10 wt%7kA] H7Fsha PA 69 A7t A4
Sh= ALo.2 Hol B9 co-domain®Z EA]5k= PKOl
o3t PA 6 A3t WS WS & 4 Tt ol A
Aslze] e Eds AEAIAE Hrel met 4
Zo] Am AlEdAgAe] 3hF Sl wet o v AARss
= 7RIS & Ak ol Il Ake Al 7= Figure

QAT PR A T

Z2H, Al46d A6%, 20221

2] WAYZ] 2J5le] PA 6 71X 2] AEEFE X151 o]
WE PA 69 AAZE A4S Helth 7|37 Yol PA6
o PKE A7t 78} AE2] NH7|9F PKe] C=09] +
A Aol o5l Blzo] Jgado] 7k wEkA PA6
o] A4 F4& o oJ@A gt} PKe] ol 10 wt% o
W AlE AFAY] shge BAIRle] F7HA A AA s

0

ADR conetnts(phr)
—— 0
—— ]
— 3

Melting enthalpy (J/g)

40
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Figure 5. Relative crystallinity of PA 6/PK blends with and without
chain extender.
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Figure 6. Birefringence change in PA 6/PK blends with and without
chain extender.

ARG Holx] gow FTkE = AS HR o] W =
gulol| A co-domain© 2 FEA|E= PKEF =2 /g H]of| A
domain® & EA3k= PKe| AAste] ofgt A= sjAed +
ATt

Figure 691 PA 69} PK/PA 6 EHl= IEo] B4 WHsls
EdE ARl et JepSlth. 28l KB upe} 7o)
RBE Hgox H5=4S Hlol W Figure 19] ¥ A &%
o W} interference fringe pattern®] $le YEE o= A=
9] anisotropicgt 54 Hole AE & F Utk ol 4
9] intrinsic 3+ 541} A HE AZol AREH compression
moldingel|A gt 7R = $8o] s Z55 AxI
O A 7 Al WRRe 9] 8 x|} o= B 9
Ao 2 A 5 Sl

ADR contents (phr) 0 1

AlFe] o HAEE Ul 5282 PA 69F PKeF 2+
< semi-crystallined] JEA XM= AHGS A& v1AA
P AR BT Rl ofg "I AEE B oE g
Wt 2golA B uie} ZFo] PKO] H7tol| ofste] E4
o] Z7HHe Bt 22 &§ 7k Z7elA compression
molding®]] ¢J3te] BE0 2 A|ZH PA 6= PKel H|sto] £
240 5S4 T Aot ol Y 2594 PA6S] HE
7} S¥o} compression molding®l] ©J3t] 71slAl= S8 ¢] PK
R} vrol A7 AN HFNH S 2 anisotropic AJEIZ
o] Wslr} A7) wjiZoltl. PKIF H7Hdel wet 524 S7t
7} A o= WsA] el FAsHA Wate] 50/50 Z2/gH]o
A Hoizk gE & 5 Sdoh ol PK7F PA 69 co-domain®
2 EAJsle] olof] ©E FHE WSlE <Qlale] W 2Adue
A FAsH HshES Btk ok2#] C=071¢F NH7] &<
7He] FAAPE ol g B Wl dRlo] ¥& &
AUTH

PA 6/PK Edl =0 AREAAE H7ske 45, PA6 7HA]
3o} Gl wet PA 6] H=-do] POl Blste] @A 3] 5
71 o ¢ dom Edl=9] PK 2/gH|7t S7HE el whet
olF Aszte Fa AY FUIEA 2 A, Fa24e] Ut
o] 90/10 2ARlelM Ezdo] A7} = o] 2Aagks
B3It} Figure 504 SR1E ule} o] Az A7dAle PK7F
7= PA 69 AA o] AA3F] 7HAaTHE BRIt A
Figure 6°] A&A7dA9] 7k} PK H7tol|l e B4 5
7l= PA 6°] ARG AEe] TR ¥IAY 99 A
< A o 7RIk AS & AUt olHg ARES
B AEATA Nl oSk PA 69] 7HA|S| e Aol
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Elongation (%)
100

200

Figure 7. Effect of chain extender content on stretched PA 6/PK blend films.
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Figure 70l AF&9] T3S vepll= Eado] izt =
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th 2ol He uie} o] AledigAle] shge] S7HE
= 9 A Aol T7HES ERIF 5 Uk 2R-eA B up
9} 7do] Al AAA7} H71ERA] &2 PA 6/PK B IE
& 25 °CollA Axlel] ofste] Hlo] Alge) e FErt
S7tete] W et 7S Btk o= PAGS] AF Al
S} HAA AlEe] Aalel] oJste] 71|zl el o]t A}
< ujjgko] WA = A3}, machine W n)e FHE =
7toll Wk transverse Wk (n,) 22 EF 2o]7| 77 W&
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