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Abstract

The microstructural, thermomechanical, and quasistatic mechanical properties of biobased
polyamide 410 (PA410)/poly(octane-co-ethylene)-g-maleic anhydride (POE-g-MA) blends
with the impact toughener in the composition range of 0-20 wt. % have been investigated, with
an aim to overcome the poor notch and strain sensitivity of PA410. A remarkably substantial
increase, i.e., ~15-fold enhancement, in the impact strength of the PA410/POE-g-MA blends
leading to ultra-toughening of PA410 accompanied by a significant increase in tensile strain at
breaking is achieved though the elastic modulus (E) and yield strength (o) decreased with
impact modifier content. The interdependence of impact toughness, ductility ratio, and domain
size of the dispersed rubber phase in the PA 410/POE-g-MA blends could successfully be
established vis-a-vis the mechanistic role of interparticle distance. Scanning electron
microscopy showing domain coalescence of the soft elastomeric POE phase thus reiterated the
pivotal role of interdomain distance and domain size in influencing the toughening mechanism
of PA 410/POE-g-MA blends.

The sol-gel or viscous-elastic transitions of the toughened blends have been
systematically discussed in the framework of melt rheology as assessed on a parallel plate
rheometer set-up in small amplitude oscillatory shear mode and solid state dynamic mechanical
relaxation measurements. A direct correlation between the gel point (estimated from the cross-
over of frequency-independent loss tangent curves) and the ultra-toughness could be
established vis-a-vis its corroboration from the morphology of the impact-failed surfaces. The
study establishes a qualitative correlation between ultra-toughening of polyamide 410 to that
parameter based on relaxation dynamics measurements using melt rheology and solid-state

dynamic responses conforming to the principles of gelation rheology.



The influence of elastomeric poly (octene-co-ethylene) on the crystallization of
polyamide 410 in PA-410/POE-g-MA blends was systematically analysed using a non-
isothermal crystallization Kinetics approach. A novel power-law criterion was employed to
characterize the crystallization regimes (primary and secondary) as a function of cooling rate
to understand the nature of crystal arrangement vis-a-vis various Kinetic models proposed by
Avrami, Jeziorny (modified Avrami method), Ozawa and Liu-Mo. The POE phase acted as a
weak nucleating agent for PA 410. The effect of elastomer on crystallization rate constant
remained almost unchanged regardless of the blend composition. This insensitivity is attributed
to (1) the nucleating effect of POE-g-MA (because of resemblance in the molecular scheme)
and (2) the hindrance effect through the formation of an interfacial network; these two effects
nearly offset one another.

The equivalence in strain-rate dependent fracture toughness of toughened
biobased polyamide 410 blends under high-strain conditions as in 1zod impact toughness and
low strain conditions as in essential work of fracture (EWF) assessment is discussed in this
work. An escalation of ~57% in resistance to crack initiation (we) (EWF parameter) and an
increase of ~356% lzod impact strength confirms the semi-ductile to ductile transition in the
range of 10-15 wt.% of elastomer loading. The isotropic responses, i.e., strain-rate independent
fracture-toughness of the blends, have indicated three factors (a) toughness originating from
shear yielding/banding or craze bridging of dispersed elastomer domain, (b) gradual reduction
in matrix stiffness and strength with greater extent of plastic deformation and (c) crack tip-
blunting based fracture work to be responsible behind toughening of the blends.

The blends with 15 wt.% POE-g-MA loading showed optimized toughness-to-stiffness
ratio. To address the challenges like embrittlement (reduction in ductility) in conducting
polymer nanocomposite, polypropylene-multi wall carbon nanotube (PP-MWCNT)

masterbatch was reinforced to the toughened blend system while keeping constant elastomeric



content. The polymer nanocomposites fabricated by the masterbatch dilution technique were
characterized for their structural, thermal, morphological, rheological, dynamic mechanical,
mechanical and electrical conductivity behaviours. The localization and migration of MWCNT
induced rheological percolated network and its influence on solid state relaxation dynamics,
electrical conductivity and EMI shielding performances was established.

This work conceptually demonstrates the interdependence of morphological,
rheological and fracture behaviour of toughened bio-based polyamide 410 that would not only
ensure reduction in the strain rate and notch sensitivity but also pave the way to design a
fracture-resistant and durable class of polyamide compounds with much less dependency on
fossil fuels. The outcomes of developed interfacial compatibilized flexible conducting
nanocomposite may be potentially a promising material for functional EMI shielding

applications where flexibility and light weigh aspects are critically sought.
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AR

SIS UIeraTAIg S 410 (dTT410)/GTeR (3Hide-HI-TREH)-oil-Afde TeRsres (defis-
S1-THT) & ATZhIREaaRd, YHH PGS 3R HIRRCTed HPB - d 70T 0-20 P TDT ¥l
T glae TH-R & 1Y Ffd 81d 8 | ST PA410 P WRIE UG SR d-1d Tag-I=iTerd]
DI R B D ST Y % B 5I1d B T8 ¢ | I@IGH19 0 I 9afe i, I, PA410 / POE-
g-MA TRreor &t guTa wifad & 15-TF1 i, PA410 & 31fd-TRed 1 SR & Il 7, 1Y &t

e IR -1 a-1d B S@IG- 14 gi IT 81t &, BTelioh drgR HIYieh WK gl 6 (3) 3R

JUS Wfad (0) THTT GRNEH AT & 1Y U< 5 | YT 410/013N5-51-THT fHgon § gH1g

DI HARAT, TAATI AT, 3R B §U IR TR & S AHR DI AT DI
ZRUICHA gt B! gad YIS &1 Ja1 H Thaargad RAfUd T off JobdT g | iue
SARCIARS Wafis aRU1 & S Hgudio fG@Td gU b= Saac - A DUl = Uiy
410/d13N3-Sit-THT 807 & T o B THIfAd B H SIS IHA g3t 3R S SHR Bl
He@qut YyfHeT P e

D Mo o Wd-ord a1 Faufeur-diaer Hoaul & fUud gu Raidrs! & o 8§ oafyd
Y Y g9l B 15 §, ST b BIC SHTTH URUFIAT Bzl HIS 3R 31 A7 TaRie
e fasm A9 & TeMiaR we Raiie Je-310 R geid- fear mr g | Sid g (3mafa-
WA g1 TRRT ahl & HI-3MeaR I A 3R HeTT-FRal & ard Uab HieT ey
JUTE-Amd Tael & MBS I 3Pt YfY & W1y W forar o T g1 3ieqg o
TIHTZS 410 & S(eTT-CHIT & aie 37 RTHIER & & OIS Tgdas R faar mar
2, o faud fiarsh oiR difte-Re srRfie Redi-g &1 IuaT ava RaaRH
STHARIRT A9 IR S1eTRa 7, St e Raar & Rigial & a3l

vii



PA-410/POE-g-MA fHoT T UiferamIg § 410 o fohecciianRul IR SARSIARS drel! (3HiadH-
D-UAA) F UG BT IR-IoCHA fhealimRul haciad eDHI0 &1 IUINT b
IRy TU Y fazaryor fosar mman ot | srermt, SfTaT (Fifaa srarmdt fafd gry wxarfad
faftrst ot Afeal &1 garT H fohved awT &1 Uepld &1 T o ot =fide &R & U&
B & U | fohtedtioru st mnufie 3R Arefie) & fifgd #37 & forw e
JUIN G- AFCS B Ao fasar mar u11 3ieimar ok forg-mt | feiis wror 3 dig
410 & U U HHGR FFAfT Toic & 0 ¥ &1 a1 fhediart R} RR W
SARCIR &1 UHTd g Wa1 &1 warg fbu fomr @ suRafda @11 39
3 dGRNTd &l (1) POE-g-MA (3MTUTTdeh i1 & FHHAT & HRUT) o GaadfcdT THIE
3R (2) T ZeBRA Tead P T34 P AHH J 14T UHTE $ g iR g s
2; 3 3 JUTT AT TP GR &1 SfThc HRd ¢ |

29 B I TR (3S&YUHh) Hih & TP B & & A 3ol THIE HdT 3R HH

a1d &1 fRUFT & ¥0 H I a-1d UG & d8d HoR dias UIaarHgs 410 a0l &t

dE-aR FHR ThaeR HoRal # IHAA R a1 B T8 g1 sheb dlal (8H) (SSyul®
RTHeR) & UfeRIY H 579 B gieg 3R 356% FoilS THTT Wi B! 3fg, SRR QST &
10-15 wt.% 1 T & 31ef-H1g ¥ 7-1g TehHur o1 gy et | | STeareifue ufafean,
T, 9ot &1 919-aR WA ThaaR-%RdT, A dH SRDI &1 Tohd 31 7 (T) HaAT JuST/
Sf$T a1 foRaR U SAREIER SHF & ool fAfSiT I IUF g1 aTet ®oRdl, (@) Afca
Ho IR 3R dThd § Hiie HH & Y @ikes faegur ot 31fde Jar iR @ fyyon &
T g1 & U FTHIER 811 & fore shep feu-scifd smutd thaer &rd |
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15 wt.% POE-g-MA TIfST & A1y fAgull 9 % feid HaRal-A-waRar siurd fe@mr|
OiferR A-is e & Sdre § Ufisedde (@ean | &) St gHIfaal & S
A P g, giviuseH-Aec! aid BT A e (Ud-THesgdiTc]) AReIad &
R SAREARS It Yad §U we o yumett o fore vaferd fovam w o1| AneRed

qIERUT A1 gRT FiHd Igad Aduiioiey ®I 39d IR, i, TUTHD,
faratoea, Tfaiia e, e ik faggd drd@ar sadaer & fou fadivar <
MWCNT URd RaAdTorbd )Replcics Aeddh o1 RIMIH SR A3 $R 9ifis ©T
Rtz ST, Soifdcea defaciadt iR STHSNS URREUN YERM TR $Hb] UHd
Tt febam

Ig B SHAYRUTHD FU J HSR Wid-3MYRd UIRIMHAIRS 410 & FUTeD, Ratdiobe
3R TheeR SaeR 1 UMY Bl USRI HRT & St 7 dael a1 &R 3R URIEH
Hae-Teiadr § HH g &3 afcd UldiAgs it & haar-ufarieh 3R fewrs, aif
DI TS HA BT AN URRA B SIaRA 3¢9 W §gd HA HRar & a1y fasRa

AN

SRBRYA HUfcfIdgs Fifdaad Heiaet] AHibHiNe & uRumg Juifdd =g 3
BRATED STHSNS IRRETT SN & T T SMRITSTes Al g1 Fobd § ol aaieiod
3R §eb ao & Ugqsl &1 TR =0 A &t o1l 2 |
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PA 66
CNT

PS
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