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& A= ZAE(aliphatic polyketon, PK)/Zg]olrlo]= 6(polyamide, PA) BRI =] 2484 2 EAJof Tsle]
A8t PK/PA 2= A #E|E 725 Ko AR 47057 stet 7 284k bl 58
H&o 2 F4E PK-PA F5FA7E vhF8siAIer 222 ks 7] wEs] 202 WaRith PKe PASY &1
B3 o] T A& Ao Hlgl] ul§- =5 FTIR #4002 J49 Tl EAE I & sk 3
PA= PKE| 71l WhE-S X7 = AR AFA=UTE et 7 270 Axd EAEsE FA% 23 7t
aEApe] o] g wiet EREC] FANEIE 438 SIS BEEi) o] AREFE] PK/PA EHE
o] 0] &3 JlolE &2 olfi= PKS PA Afolo] wAste 318K} PA7F PKO] 7Husle E3IAT|=
T 7EA ARl & AYE & F AU

Abstract: Compatibility and physical properties of aliphatic polyketon (PK)/polyamide 6 (polyamide, PA) blend were
studied. The PK/PA blend showed high interfacial adhesion and impact strength despite the phase-separated morphology.
It was observed that PK-PA copolymer formed by the chemical reaction between the two polymers acts as a reactive com-
patibilizer. The mixing torque for the blends was very high, and the presence of the copolymer was confirmed by FTIR
analysis. PA accelerated the crosslinking reaction of PK. The PK/PA blends were prepared under various processing con-
ditions and their impact strength and amount of cross-linked polymer were measured. The impact strength of the blend
increased with the amount of the cross-linked polymer. From these results, it was concluded that the reason for the high
physical properties of the PK/PA blend is due to the chemical reaction between PK and PA, and the cross-linking reaction

of PK promoted by the presence of PA.

Keywords: aliphatic polyketone, polyamide 6, chemical reaction, reactive compatibilization, polymer blend.
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ARS ZEFEARoolE 6 BRI=M AR At 7 whes) dsprh BRI=g] S miXe IF 749

2 (P, propylene)7Ho] A 0= AE-E = THEFA ot
E®} CO9l Y ¥F53HA(alternative ECO  copolymer,
-[CH,CH,-(C=0)],-)2] &8 (melting temperature, T,)=
~260 °C BEolH 71 25w FH4A 270°C o Hofof gt
T} PK7F o] He] ol =FEW 7kl §kg-o] F1gE
o @48k aEAR} FARSE el 7T "k ol & E9] PK
2 4E AP st 237 S 3 FA AR ’A
o oAl 255 o 4=7] wiE Qhell Jld PRI 7St
o ¥=7] 23F/E IAANZ T A Ak 95 AL A
T OiFREe] FAZE AR AIRE 5<E Alof AFERL HE
E AU 7] 3Kde] Brbss A7 e EEEA|
QBRI o A& e AT o] EEo] AYite] 218
HEE Ao} 242 o] EFS dod 7s3E =0k A
4483 7+ vk 382 (semi-batch) ZZA| =M= FF
AR A7 Febebe Z97F RivsHl Wsh=H] PK=
o|& oA Alzst EAIE Yot

1970t o]l 3% PKe W2 Suf &= Q] B2 &
o] Fuff IARES Tt e Fuje] AEo=E Tk
Hhgo] R Eo] A BAagr] Es “ddgo] F2u7]
(pencil sharpener shavings)”2} fAFeH | S] =2-& AJAJ s}
Aot

Hart 5 PKOA Pd S0l 722 A A o] d4fo]
st S BTk 259, 7 Al PKe] 7k BkS-
& A7 Zufol] o8] 71&E 7R 7k 4E Z$Haldol
condensation) ¥H-g-ol] ©]gk 2102 Wl Eo=| 31 Qict® o 4
7}gt A= PKE T, FEo=4 ¢stE 4 dth PKe
FHell Z2H(P) FHFAE =dstd T8 A s=t
wrolx]7] ol Al AitEE tiF-Ee] PKe E9F CO %
2o PR FAE s T A ] THEPCO terpolymer,
-[CH,CH,-(C=0)],-[CH,CH(CH;)-(C=0)],.-).

PKo} &3 (miscibility)e] 9= ARS8 EAl=
o] T,.0l AslEle] 71 REF WE T AT Lee 5= 96/4
] E/P H]E&<S zl= EPCO terpolymer$} poly(styrene-r-
acrylonitrile)(SAN)#e] Z3pdoll Aate] AF3sISitt 152
40 2 48 mol.%9] olAEZE YEHAN)S Zh= F T/
SANS AHESIATE 2o & 1ol 2 7|5 oA SAN40 %
SAN48ZR= 3719] S22k= SANOIA AN2] mol.%E el
T} PK/SAN Edl=+ 4 #8€ 725 Yedlen PR/
SAN480] PK/SAN40ET} T mIAIgH A2l 715 HAth &
A=A SANS] f2]% o] 2= (glass transition temperature,
T,y= W3] Utk widel PK 49| Tai= PK/SAN4S Hel
o] A4 oF 2°C A= deeHl e PK/SAN4) Edl=o]]
M Ad WA Tt FTIR 2423 Zal=o)x PKe]
7ked 93 73 POl HlE) o] sate ZloR HEEQ]
=8 73 0] PK/SAN40 S =ofA] Hr} PK/SAN48]
A Atk o] AFAE-L SANOIA AN ghaFo] Z7hstel| u}

2} PKS} SAN 7Fe] E3hgo] S71eks e

Xu 52 PCO ¥5 A (-{CH,CH(CH;)-(C=0)],-)2} poly-
methylmethacrylate(PMMA) 7+2] &3}/l #Aste] A3t3
o} PCO &53HA9F PMMAZE H 24904 dhtel 7,5

A sl 7 AL A AN 4 S3dE
HlS THSIATE” de Vos= SAN, polstyrene(PS) & poly
(styrene-co-maleic anhydride)(SMA)2} PCO ¥53=2] &3}
3 ATFGLL TE] AN AHSE SANES AN
o] 31.5,39.5 B 51.4 mol.%R! Al EF Atk AFEE SMA
= 18.5 mol.%2] maleic abhydrideZ ¥3}+3tc}. PCO 353
Al Al F7] SAN &39S B3It PCO/SAN /1=
© 88 oM 27 T shuel 1,5 vEkith pS 3
SMAE= PCO 35 ¢HA¢t E3Md& UEhiAl 239k

Marklund &2  PK/polypropylene(PP)/maleicanhydride
grafted PP(MAPP) % polyoxypropylenediamine(PPDA)®]
§-3lo] #sle] ATk PP/PK/MAPP E31== vl$- &
F(phase)t W& AT HAHE HIloL; o7l Ao
PPDAZ %5 Aol 2717k Aol m AW g2 2
A7rk A5 F7khe 2AS DAL, 15 PPDAC
A sk shte] ofvlo] MAPP®| maleic anhydride®t 2 g
30 5 vk ofulo] T A Bel PRk A 8
3} a2 Beltty A3t Kim & PK/maleican-
hydride grafted ethylene-octene rubber(mEOR) £-#lZ=0]
1,10-diaminodecane(DA)2] HH&- 783l #ated AaSd
THY DAS] F71ell whet $A7=et A H&t=e] Skl
AL el =717} Aokt ol DAS Wk 383t 83
ol

PCO ¥% A= SAN 2 PMMAS®}e] E3Md-& BAA Rt
PCO 539l & Aite] o] FojA|A] &37] wlie] 4k
AAA SHA 7HX7F =X @&t} ¥l PK/polyamide
(PA) BRI EE £ F8AS Uehie 2 o2 Ry
Sémeril 52 ECO 5 HH/PA EAN=o] -84 Hate]
skt 25 Bl 1, 2 AR 93 =Tyt
T ] A vlaLste] 28 A dEEI ECO/
PAG9] FTIR = E&dA C=0 ¥ NH =9 o]FS I
SR T4 T8l 571 PAS] ofrfo] =9} PKE 71 E7]
Atole] Faets 8 AFEA STl Z1Q1sE Aolgtar A
Bt ECOPAL2 /= B3t T, 8 71°] 715 B9
¥k PAI2S] NH 25¢] o] PAGS] Mol 3 52:4% v&
o] ] #7] W&l ECO /PA6e] W3l F7F F& ATt
Asano 52 PK/PA6 £ =9] Sharpy T4t 248 B+t
#ETH E=re AS AT F24 22904 30 wid

=
==t o] S48 v|A & (amorphous)?] PA7} =& 5
AZE] T893 4TS st Ryt BEEA] 2 d &
A 53 252 PK/PA6 ERl=r} FE2<Q1 &8 (partial
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miscibilityye 2Tt F3)

Kim 5& mEORS A3 PKo| 15 7}3}ol] thste] o
T3 TH!S 25 PA6S PK/mEOR EH =] 483} A=
AHE-3FA T mEOR2] maleic anhydride®} PA62] oyl ok
7] Arole] wWkE-3} PA6SF PK Alole = Aozg
(interaction)oll ¢J3l 4837t @A E vkl 45T PK/
mEORS] & “Fe] A7]9} kst A {22 PAGE 71l
oall A A A= RAFUT A 2= PK/mEOR?] <1
42 PA6l 93l AA A F7FstAth Lim 52 PK/
graphene oxide(GO) W= E3A|ol| gt A3} PK vl
Eg2oX] GOOJ A4S A1) el 152 PA6 grafted
GOE At 0.01 wt%2] PA6-g-GOE PKoll 3715}
7IAH EAE A FINATE 152 GO2 FgE BA
& PKO| 7hEE 3 PA6S] ofwfol= Aoleo] 4 PK
o] 7k} GO 4ka gt 2487 7k Fgk s 2hg)
uiFolgl 435It Li 52 PK/PAL2 EA=] #Asle] o
TR 258 PK/PAI2 BAIE0] 2 84S wHEs)
Atk PK/PAL2 EH=9] 2 F7]= 70-170 nm =2 TR
H| &35d (immiscible) 2AAF S E(1-10 mm)el] HI&) =5
2okt BAlEd e F e T/t HEEAL B =04
T T oo 45 10 visl A2 9 7HA olsskd
T}, PK/PAI2 BRIE9] SAZE = 24 Wvtol Hlsf A5
=3t 7S #2olE Zhou 5°] PK/PA6 ERI=S] BEZ
A, B3 2 7A1A EAS ATSIATEY 152 EUEe]
Fe] =717} v]=ZE (micron) ©|3IE 1% A= A3} Ao]
A (coalescence)ol] thall w5~ QP A olet= A& B3
th. PK/PA6 ERI== o Aol vlal =2 547
AT} PRV A7 Ik ERl=00A] w9 2
AZFEE HSI PAGL A4S o|FE 2dME
S HAEE B 258 PK} PAG Alole] AHEA
PA6 Ato]e] Fadeto = Arelitt. FAd el gk SA
2A Sh Ay AFAFET o] E-IECA] PR ] FHE
g 139 o] 52 AASAUTE

olte] FRAZRANIA & Aol WS PKEF PAE L
AHA R J8Ao] ok lEe] AFollA] T AR A
Aoz Qs FiAl T3S HAthal Tt vt
™ Kim 52 PKe] 7k297]2} PAS] o}F17](-NH,) 7+2] 3}
g 0k 7 A S A SIS B Aol A E PK/PAG &l
To] A8 Aste] ASIGith SEM #HES Fate] £l
e A e 72E Ueiide AS 4 5 i =E
FTIR #2423} olujo] =9} 7hHd Ato]] =A%t digh
et SAE 2R 3l 2ol = E38l2L PK/PAG £
A= T AR 24 Hand E4 58 5o FAYUEE
Ho3Ql) theFst 2AKE F3ll PKeF PA6 Aol )8t vt
5ol dojutar vkE-S B3l A E PK-PA6 a5 HAI7F vhe-
AAEoA 7re 3hS k= 1S WAFT S PAGY

LI =4
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rk

SA7F PKe] 7hast whES EXINA Z1AY 24E
ks 21 #Fsto] oo B3k S5 Aehal B2 st

At}

Al
=

i}

Mz, Ao AHe" 2EA= AWE Z2]A = (aliphatic
polyketone, PK), ZzZ]o}rulo]= 6(polyamide 6, PA6)<}
poly(styrene-r-acrylonitrile) (SAN)e|th. PKE & (e
ol J43 2do]= W M330AR E/P2] Bl & HIZ
96/4°|t}. PA6E EEA (HEHI=)olA d4e agol= o
1011BRT®|t}. o] AollA= PA62t PKAROlof 18 Hk-g-o]
dojy= Aoz #AFEA = PA6S] T T syl
primary amine(-NH,)7| & 7H5-4 AFS. 2 X8+t end-capped
PAE AHE-sto] Hh-g-o] dojul= 57| (functional group)S
54 313{tt. End-capped PAx= PA6 /39| mpA|2} 37 ol A
o}t) 322K adipic acid, HOOC(CH,),COOH)S £3151e] 312
2] NH,E -COOHE Hhi- A o]t} End-capped PAE
A SR )N JFshaTt.

PK/PA EHIE 2 AJHF|Z: 80 °CollA] 24417k o] A=
3l PK9 PAS $HeF 2 dry-blend $ w] %] = A(batch
mixer)°| Al 10i7F &8 EdsEAth AR WX A=
Haake(7]=T) AlollA A8 29 PolyLab QC-30002-2.
e 310 em’ATE £ 25 240°C, EH 3 £
T 50 rppmel Tt EHE AE5E W7 & 238k o lab.
press (Qmesys QM900L)E ©|-&3te] 17 A 2 F4 A
Ho 2 AZ3IST. 240 °CollX] 137F pre-heating - 10 MPa
o] 4= R A|HS AT

PKS} PA Ate]9] WS- o -5 Ete}7] $l6te] 260 °C, 50
pmOE T3] 40-60%-7F EH E(mixing torque)s =
Al B3 24 A48 260 °ColA HaPsld = o=
AR AlZE 2591 240 °CHUF Tk 52 2=0lt) Hhe2 &
ZNZ17] 18 HHO0R AR T 2EHT T B2 2%
oM B A4S st

SHEN: PKPA B =] QI AP TR EAE 7]
(QM100T, Qmesys, THERI=)= Fa)al3itt. ASTM D638
7S w150 mmx12.5 mmx3 mme| dog-bone HENL] A]
HE AME3FA T 20 kKN 22418 AMS-319 21 crosshead
speed= 10 mm/min, gage length= 100 mmZ A7 3} T}
Izod T47 == Qmesys(TeH1=) AF2] QM700A pendulum
impact testers ©|-8-5t] S SIATHASTM D256).

T4 ABE HA daolA sl s H S g 5
B 5lo] FAPAAFE ] 7 (scanning electron microscopy, SEM,
Tescan Mira3, Czech Republic) o4 Edl=9] REZZX]E &
Zhstdeh. AR FAF G 4 7I(differential  scanning
calorimetry, DSC, TA Instruments Q20, F|=H)E A}8-5lo] &
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deo] dF BE445 AT 8-10 mgé] AEE E4 7]
F 3tellA 250 ‘C7HA] =S SE3 587 A & ol
S AAT F 20 °CAES £ER -50 C7HA] YZHAITTHA]
7t 48 ATt 50 °ColM SEAE FAARD F B 20
CARES] HER 250 °C7HA] S2AI7IHA S$2541e A3l
ot 318t 72 A4S flete] 294871 (PerkinElmer FTIR
Spectrum Two, F]=)E ©]&3}%d 400-4000 cm™ <= H 2ol
A 270 1622 AT

PK % PK/PA E9= 0.1 g& formic acid 10 cm®]] -3}
A7tk Figure 76l UFERA Hle} 7o) Ui =52] b= 4
AR=Y 2= o] EZS PKUT 7haste Aol 4
o}, 89S filter paper(Whatman, pore size: 25 mm, @
TN F Az 2] FAE S5 A FHE =%

sk

o

mN

4l
o, i r_?i',

dn o =2

PKS} PAS] E3dE H718l7] 91eiA PK/PA EHl=9] B
Z22 5 #2310} Figure 19 31t W SEM ARKIS Uk
Wk dwkd o vEs wRAt BUsE sdwe] SEM

> etched by
formic aicd

Figure 1. SEM micrograph of PK/PA6 and PK/end-capped PA6
blends.
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Figure 2. Schematics explaining effect of the phase-adhesion
strength on the location of fracture surface in polymer blends.

AR T o] WealA HEE REEAE HLlth ¢ A
Fo| o] AL A 3 (sea-island) 725 HolH A=
ojuf Aol HolA Wb skt 2 FEjEe] Bl Bl
t}. Figure 2] ©]& AW3}7] 918t schematics YERATE. 3f
o] S YA oz A ASHA] 22 73-F-(non-etched) PK/
PA$} PK/end-capped PA 8= 2% ki Azl = 7k
271 Esdo] e A o] HRlth vlEsd Ak E3
ZoX AFHORE & F Ue PR B3 A2 PxE
Aol ##E 4= gloh. WA formic acidZ PAS AEixo =z
A A A 7oA = PATE AIAE AFEo] AatA Bl
T 28R A BEE FERE YERIAT F de] A
ufe} spcte] dojit Al o2} F FES Fele] vitte] ¢
ot o] AFE A& Zloltt. tto] F FES FIsl
Jojyith= 22 PKe} PAS] A F&Ho] Erhe e ©
1] 3t} non-etched PK/end-capped PA L&l =2] 7
Z YA "olA vt E3ht 22 FEjEo] HLIth(Figure
1] R B, 2efu thRe] Ze A9 YAE
< do] Y5 FHate] 1 H o] oAsh7] Hell= end-
capped PAZYe] Holx] =t 0|28 & ¢ Sl= AR
PK$} PARTR= W7|= 3FA|TF PK9} end-capped PA AFo]<]
A H2E = vl Erhe etk

el st PAZF AIAE AlFolA #EE o] A=
H A& o|stE UREAQ] H-8A EdEoA AFE=
n =g =70l Hlste] #AS] 2k A7]olnt, wtA] o]
T-9] tiide] E PK/PA E-I== AgsiAe] 9 glolx A
8740l Bl mrhe 21s & ok A8sAlY B glol &
o] A77}F wAE olel] AT A= g =&

Figure 30 PK/PA ¥ PK/end-capped PA E&l=2] o}o]x
E FAREE et 2= SAREE 7 AR =
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Figure 3. 1zod impact strength of PK/PA blends as a function of PK
content in the blends. Graph (a) and (b) are plotted with the same
data but (b) is enlarged version of (a) (Scale of Y-axis is different.).

A H PR =2 positive deviation2 ERNTE PKe| g

2 50 wi%<] PK/PA@/6) 2 PK/PA(S/S)= 1) =
off Aigk ARl YR o] T4 AlgdllA] AlHe] $hHst
Al —‘:}Eﬁz]x] kS A g AN} =9t} o] T AL

AlFe Alzko] 7Ykl wet SA7E Fhel Stk
o] SIE-E A3 E«]Uhjr) PK/PA E4= ®
T WA T PK/end-capped PA @ =9 47 T3
positive deviations WEFI L U= ?l H -8 iz &

A=) FAYERTR: E34T
REZA ) FAYE 2402 & 5 Ade AR PK
o} PAZ} vl &2 AW %3% < 7™ FgsiA o] AR
glol= Whg- g S Foleh A BRE=9) fAKS A
o] A7) ¥ #L FAUE #E vEtE Zelth 7 2E
o] & A8 AUEg Fetalr] Sl T S
Al A= PKe| 7R 719k PAS] ofule]= 7] Ale]
«l FA% ) o3k AFARgolth PK/PA Bdl=o] A3 B
S AT FAATE BIASIHIL FTIRESE 11 SAZ
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Figure 4. FTIR spectrum of PK (top), PA (bottom) and their blends.
Spectra just below that of PK (top) is for PK/PA(9/1). The next one
is for PK/PA(8/2) and so on.

ZﬂAl*S}‘iiE} FHAE PKSH PA 719 318} Wk of Holt},
FaARe] F7E Aer] flete] U= FTIR 2
EM T L AHE Figure 49 JERITE FAATE

ofpfo]=o] 42428} PKO| THRH S| Ak 7] A 2Hgol7]
el aid Tl AAE W 7 A7l s v
FE2] o]g(shift)& Ao|t} 3300 cm'e] | F+= PA 4] 4
23to] = N-H9 stretching ¥ Z0|3L 1543 cm™e] =
= oAl e N-H| bending ¥ =o|t}h* 1643 cm™¢]
J 3= 243 0] = C=09] stretching I o]t} PAQ]

Fagte] PA A 71| AaetolA PASE PK 7H]
Ao v AFE Al F]=9] o]Fo] M Zlow ’%‘
Z}E|A]RE o] AtollA= ofH :45-34:— o]FsA] gk}, Bt
PKe] 7hadollA 71913 9352 PATE EtEH A
o] Sl=(Ers PKYF EAl8HE 75‘-?‘) el A A el
U=(PA7E B =¥ el e = vpr A 329 o]Fo]
Je AR o =H 1697 em'e] H = 7F PKE C=0
stretching ] A0 BE 24| B =ofA ojugh 579]
ol s TEEA] AUt PK/PA ERI=0f st W Ao
2] PKe] C=O0 stretching 3=, PAS] C=0 stretching 3= %
PA2] N-H bending %27} o]5ale AL Bsls]

Figure 49] FTIR spectrumeiA] W7k o 2 UelPd curves
PKE PK/PA /=9 Ao} 8312 7k A8 7131 &
Bojzl A=A Ag st F3k AP EHe|t A
7hRE ko] U= 53 vkl oJal AdE Aol7] wiel
iR 93 1697 em'e] ¥A7} Ao e A HolA]
%3 o =& J(wave numbenE ©]5% AL B 4 9
e o AFelA] PK/PA6 EZIE0A C=0 stretching —L]
Ae] o]F2 FaAgel ogk Zlo)7] Hrlke PAY) ol &
ZE PKe 7k ¥kE yjEo w2 AT = Jiw wreog
AGE Aol oJate] o] =& vR A7t o]Eg A 2ol
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50 1
PK/PA(3/T)

PK

Mixing torque (Nm)

PK/end-capped PAG/T). ,,5—
L,———/_

e PA

10 20 30 40
Time (min)
Figure 5. Mixing torque as a function of time during compounding

of PK/PA and PK/end-capped PA blends in Haake batch mixer at
260 °C and 50 rpm.

ol Relet.
PR/PA BR=0] FAJE7L S B o148 7] 91s)
A F2AYE] 7S FAstel FTIR 29 E8L B33

RO} oju gk =19] o]FE IR Xttt FHA 7t
573> PKS} PA 7be] 318} whgol] ©]3k PK-PA F59A9
A 2 AGE FSEATL in-siu WS FESAIR TS
sk Zlolth. ¥k 75 #Azelr] fleia Ed= Az Al
< E3E Figure 59| UERAT}. PA%} end-capped PAS
=08 2] HAoN Thgehs 75 Al e E= St
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Figure 11. Izod impact strength of PK/PA(4/6) and PK/PA(5/5) as
a function of gel content.
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