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Chapter 1 Introduction

111 ntroducti on

Today, plastic plays a vital role i1n t
wi dyelapplied in packagishguchuwuiohdi magt oo
manufact,ur ehgctraogniicsl, tur e and many

applications. I n 82 Opll 7a,s ttihce pwoordludc t i on

than 348 million tons, and China is th
which accounts for 23 pHlYa safi ct hper odaorclt
(Pl asticsEurope, 2018) .

The increagcihigoprand consumphaedmrdof pl
to waste plastic management becoming a
common waste plastics treatment met ho
energy recovery and |l andfill. The | and

desired optione dbengt ot etrhm consequen

environment al protecsiaomngndl|l nefounope,
counci l directive 1999/31/EC on the |
l andfgtlrli atei olnese m aivmepl ement ed for the r
landfilling of waste. rBltiyc!| winlgl aemc 0 &n
of waste and obviate wasteful wuse of |
the volumes for recycling in(6B& UK in

1210 kil ,oteonresr)gy recovery inc22hsed by
1441 kilandnlsandf il dec( 289 etdo blyl 157 %
kil ot(dPlsa)sti csEuropeonP0®80)2.01,2 t he

i mports of plastic to China increased
8.9 million tonnes (Velis, 2014). I n t
domestic production of pl astic produc

mil 't on tons to 57.8 million tons (Chi.



the poor waste management systems, the dr ama

waste plastics | ed to severe environmental p
unprecedented publ i c concerns. I n 2017, t h
counci l brnoulgehgi sl ation to strictly <control
i mported i nNoniCrhdwnsat.ri al plastic waste was b

be i mported to China.

The recycling of pl astics IS a mor e Ssus’
management option compared t® hamdfil |l . As

renewabseurceatuonl o recycled plastics wild/l

contribute t o environment al protection but
economically profitable.

Mo s t of the recycled pl asti@addade used in
applications. The |l imited applawetions of r e

hi ndered the devel opment of theThleastic recy
guestiiswhet hterese recycledmbpl| apgi ¢ 5

hi gh wvad diesd proMmomctsxampl e I S the automobil
industry, which consumes a | arge amount of a
mat er.i aTlheerage modern cab500kgi gamtdi ng 1

contains 12% to 15% of plastics (PlasticsEL

2018, China produced more than 23 million ca
| east 4.14 million tons of plastics (0Ol CA,
pl astics can béehappluit edobinl e industry, it

significantly extend the recycled plastics
waste recycling industry, and bring enor mou

and economic benefits.

Thi s t hesi s i at iammn imfvesheg potiemgt i al of ut |
recycledcepl aatt he manufwvaaltwe ea wtf o nma bgihl e

parts manufacturing thereby adding value to 1
I n order to achieve this goal, it i s essent

barriers between recycled plastics and autom



Thi s backgwiddndi ncl ude 1) pl astics

applications, 2) current plastic recyec
plastics recycling technol ogi es, 3) af
the reuse of recycled plastic in aut c

chapter al so pobyedés veshe ai ms and

strategy of this study.

1.2 Background

121 The use of plastics in automobiles

The use of plastics in adaboeéadltikl &€ opar
th@a900s (Pradeep .etl ml, 198 2p01a75)t i ¢ pr ot
car whipphi ed theaheapd cbdkilseldo pe astic
in the cawasbodgnt eHerryy Kddrech r y and
Gregorie, 1942). FrnomdOOI0s,19h@es atvver age
of plasticseiameal darom rmpmpr oxiomdtédlkyg 50
(Patil et &a&ah. 1920@®17)t.he damgywpret odn pl ast
used i n aut emashiimMmase demfablld ( Bechtol d,
2006)



Ta b -4 Amount of polymer
(Bechtold, 2006)

s used in automobile parts

Part Main Plastic Type Weight in
Average Car (Kg)
Bumpers PP,ABS,PC 10.0
Seats PUR,PP,PVC,ABS,PA 13.0
Dashboard PP,ABS,PA,PC,PE 15.0
Fuel Systems PE.POM,PA,PP 7.0
Body(Including body PP,PPE,PBT 6.0
panels)
Under the Hood PA,PP,PBT 9.0
Components
Interior Trim PP,ABS,PET,POM,PVC 20.0
Electrical Components PP,PE,PBT,POM,PVC 7.0
Exterior Trim ABS,PA,PBT,PA,PVC 4.0
Lighting PP,PC,ABS,PMMA,UP 5.0
Uphol stery PVC,PUR,PP,PE 8.0
Other Reservoirs PP,PE,PA 1.0
105.0

Tabll-d4dshows
i n most
t he
Today
but onl vy
average

IS
predicted

aut omobi |

t hat

automobil e

pl astics

wei ght
bet we e2n2 51 8k0g
t hat

es

heaviestt £oimpoaemnar

make up

of

by
wi |l

parts.

ma d

aboust VA% noef,

pl astics

ncrease t

e

approxi mately (B@®W,
i  Eu rlo5p0e0

t he

o

pol(yHno pgXteeresi vely
Dashboard,

applied

seat s q

from plastic.

oR0TEE

(Pl asticsElutr op s,
2020,

350

a moderr
wei ght

kg mod ¢

a2@8Db3) .

average

kg

pl ast
(Pl astic



The extensive use of plastics in the m
i's attributed to the demands for i mpr
meeng the | egislative and r éubdeepy r
et al., 2017). Patil et al. (2017) st at

wei ght reduct i on7 % aonf sfauveel 5c%(nPsaumpt iedn

al ., 2017) . The i ncreasing amount C
automobi lloselly ¢cel ated to fuel ef fici
2017, the fuel economy of automobil es

29% and t-bBmi €6i ons have a 23% reductio

Al t hough fuel efficiency is the- main
perf ormancei campgnl iacuattomobi | e, mamaagtics
ot her advantages including (Patil et a

of corrosion and extendi hg whé omobkl B

part s; 2Ydesai gowfreedom andtiadiviayncaddc
innovat3)hlexibilityatiimg iandmemgenent s;
recyclability.

Il n2013, there ar e 3.8 mi | | uoed tioms

automobile applicadtiionndsi,c aRiegurtehel type

pl astics used i(nPlaausttointosbBulreospe, 2013) .
35.00%
30.00%
25.00%
20.00%
15.00%
10.00% I
5.00% I
Q & \s < D @ N C g
Q<</\ (,)V Q<</\\/ Q &Q\,b
\2\0 vg;')‘ \/Q \Q/
Fi gulrleUse of plastics in the aut omo

(Pl asticsEurope, 2013)

5



Pol ypropyl ene (PP), pol yurethane (PUR) and

are the toper3fohringghnce pl astics used in autc
manufacturing. These three plastics account
tot al pl asti cs PBRascecdo uinnt sa fcoarr .t he hi ghest sha
28. 6 ®BPhas the advantages of | ow cost, good s
stiffness and chemical (acid or al kaline) r
Choi, 2015). And it i s commonly applied for |
batery boxes, container s, door panel s, cup |

ot her applications (PrRRWUReptée -akecond017).
| argest type of thermoplasticsPURsed in aut ol

i s an el ast ome hidhda smastoemei aolut st andi ng propert.

incl udueghnhess, fl exi biilbietay,i ndni gchap d miatdy,

resistance to abr asi oPnowaenrd ptleanspteiyca truercey c(l i ng
N. A. ). It I's widely applied in automoti ve
drive belts, seat foams, airbag covers, WwWini
sound and nviabsadrippti on applications (Veejay
2016PAhas | ow cost, hi gh mechanical strengt
temperature stability, | ow gas permeability,

and ageing resistant properties (Lyu and C

maj or applicati onparotfs PlAn chere tthhee engi ne hood
t he application exampl es i nclude motor cov
el bows, wheel panel s, pl ugs, mirror housing
housings (Lyu and Choi, 2015).

Ot her thermopl astics such as polyvinyl ch

pol yethyl ene c(rPyEl)ondndi e butadiene styrene
al so pl ay an i mportant rol e i n t he aut c
manufacturing. PVC has good flexibility, goo
high gloss and i s Pfolweme prl eatsari,caNntetAcy)c | i ng

't can be applied tiinngpr oftoerctundcercbooadi es and
rocker panels, instrument panels, synthetic
seals, headliners, mud flaps and fl oor cover

6



2016). PE has the features of toughnes
excell ent chemical f neprrtonceessss,i nga saen d o

coefficient of friction (Khanam and

applications of PE include gl ass fibre
el ectrical insul ations (Patil et al .,

The acrylonitrile in ABS improves the
stabylof the polymer, and butadiene in
and strengt h, styrene gt otehse apoglyommesy

(Adreco Plastic, 2018). ABS has the ad
heat and electricity conductivity, hi ¢

of pai mtdi mgggaal i ty finish (Adreco Pl as

result, ABS is commonly applied in whe
bodies, instrument panel s/ dashboards a
et al ., 2017).

Besi des, ot her pl astics such as p
thermopkasgol yol efin (TPO), pol yoxyme
pol ybutyl ene terephthal at e (PBT) , po
( PMMA) , uphol stery (UP) and other eng
devel oped and applied in automobil es.

have competitive meadhareilealt,ritchadr pr ope

al so maintain the | ightweight and | ow
met al s.

For further i nvestigation of recycl ed
applicaRRiesng,he most promising materi al

it has the higheisotn wsemognhgt aflrlactthe aut
pl astics, but al s a oncoasnt baeu taopmoltiievde p |
parts. The rRBRalt thbonng more potenti e

benefits and have more flexibility in



122 Pl astic recycling in China

SectiloBhd4s briefly introduced the various ki

for automobile applications. But it remai ns
the recycled plastics can be applied for th
virgin plastics. Tuondleawe amadibreg t ef recycl ed
pl astics, it i's essential to study the bac
recycling i n Chi na (The pur pose of t his [
foll owing two question:

Where are the recycled plastics coming fro

Wh a 't ar e t he technol ogi esplapplicsd for w

management ?

1.2.2.1 Source of the recycled plastics

Domestic source

The domestic sources are the major source of
in China, which accounts for 60% to 70% of t

amoumtro2n011 to 2016 (China pl asrtyi cs processi

association, 2017) . The amount of recycl ed
continuously increased from 13.5 million ton
mil |l ion tons i n 2016 (Chi na pl astics pr oc
association, 2017). I n 2016 andy2017, the an
9.9%, f8o0mM8 1lto 16.93 million tons (Ministry
P.R.C., 2018). However, the value of recycl ec
by 12. 9% from 95. 78 billion RMB to 108. 13
(Ministry of Commer ce P. R. C., 2018) . It
value/ quality of thies rreactyicd eablpy aismprceved.
The recycling rate of plastics in China is

30% from 2011 to 2016, the nadXx9 mudnrecycl ing

was reached I n 2013 (Chi na pl astics proce



association, 2017). The | owmoewrctycodbf ng

wast e pl astics generation |l ead to S
probl ems, demands for l andf il |l space
Chi na, which enforced the Chinese govV
stricter environment al policies.

Foreign source

| mported r ecycsl eidncprleaassteid rapi dly duri

decades. Il n 2000, 2.0 million tons of
i mported, and this value increased to
(China plastics processing industry as

the waste plasti €hi hamporetaethedot he max
val ue of 8.9 mi |l I i on tons, but
reprocessors/ manufacturetrscharequwitp méntu

and pollution practices (Velis, 2014).

China wasnajtdre desti watsit@en pdfasti cs, W
accounts for 56P@lofmatrhkeetgl oHong Kong,
Germanyw&®SA and Thailand are the top 5
for China, accounts for 36.0%, 18. 8%,

share, respectively (Vel i s, 2014) . Tt
recycled plasitgrisf ihmasntfom2@0® atse 2007,
the average increase rate is over 10%
2003 to 2004, the increase rate is 3
processing industry association, 2017)
Since 2013, this situation has changec
publ i c Ccaboagmvironment al pr ottheect i on
i ndustri al reqmi gepunaeInitt vy raw materi al

Chinese government started the Green F
which strictly stipulated the qualit.)
resources (Vel ns,202014hehsee Chover nment

establ asbwdregul ation on i mported rec)



2017, the amount of imported recycled plast:i

million tons, which is about 35% | ower than
These kinds of policies wild.l have a great i
recycling market. For exampl e, itrhe exporters
more materi al recycling facilities to i mpr o\
recycpglealstiasd more waste plastics wild/l go
recovdmheg. strict pl astic 1 mport policy of Ch
otehr countries ret hitnkgyrg oft hesiurst asitmabl e
devel opment hel futur e, It I's i mportant to i
gual ity of the recyclable and establish | oca
1.2.2.2 Pl astic waste recycling technolog
The waste recycling (WR) i i dCehrianbal ehas made
progress following the development in the | a
246 million tons of waste were recycled (Xi
Among these recyclable wastes, the recyclin

plastics ranged from 20% to 30% ( Xiao et al

Pl aswagstreecycling in China can be classifiect
groups$sndustrial recycling, agricultural r
munici pal r(eeylcilsi,ngk®ddstrial recycling i s

predominately managed by pl astic producers
compani es, usualfl yp,| atshtei ckisncdr aopp handl ed by t

companies are from stable sources and of r

Agricul tur al recycling has the | owest recy
mainly based on manual recycling of pl asti
protective pl astic fil ms.r elMues cioml recy

householders sorting plastics from the wast ¢

to private collectors.
AlSal em et al . (2009) estimated four routes
recycling: p-e X maugi o(nr)e, secondary (mechani ¢

10



tertiary (chemical) agyr ecwateBrygpar g (e
1-2shows the detailed approaches for th

the plastic solid wastes (PSW) (Singh

Closed loop process , re-

Primary l extrusion , injection moulding
(Re-extrusion ) and other mechanical recycling
technique .

L]

Cutting /shredding , contaminant

Secondary — and flakes separation
(Mechanical recycling ) palletising , extrusion , injection
moulding .

|

Tertiary — Chemical recycling and
(Chemical and thermal recycling ) thermolysis

Quaternary ——) Incineration

(Energy recovery )

Fi gulr2eVaouspproaches for r e(cSicnghmagetof
al ., 2017)

Primary recycling

5

Primary recycling i s-extsosikmmwni tas ut
pl astics scraps to tphradotawue es maitleai af sat
tahe original -aloadmcdts dIAl, v20Q9 )X .heHo\
plastics recycled from municipal waste
for-exerusion due to the contaminati or
Primary recycling hasrital ® nisrurteh & hper onmae

cl ean nglygpe mat ertihaels,e skoifndmat emrieal s a

usually carried out by manufactures of
their own premises. ( Kumar et al ., 20
recycling, the recycled materials can

11



original product, reducing the -use of virgi
Shpai and Bakhshandeh, 2011). This type of r¢

require a new market, and t he controll ed

materials ensure the quality of the final pr
Secondary recycling

Secondary recycling is also a mechanical re

i nol veswo main approaches: 1) separation of

plastics with contaminants and then segregat
into generic types before processing; 2) sej
and cont ami nanmel ttehde nwirtehou't pl astic segregeé

( Kumar &t01lall).., The steps involved in this pro

include cutting, shreddi ng, cont ai nment sepsz:
separation (Singh et al ., 2017) . Secondary
desired option onl vy when suffi-cient guanti
separated homogetiheowastpéasan be supplied (Y
al ., 2016) .

Waste plastics should be separated into diff
bef ore secondary recycling. Munici pal sour c

are not a good option for secondary recycl

i nhomogeneity ustess &ahe ¢oéparated into diff
types (-Smadjaai and Bakhshandel, y2eIr1ls) . Si ngl e
such as PP, PE and PS are preferred for sec
the complex contents of the polymer wild.| ca

recycling i-Bamermed2 @&9). .

Tertiary Recycling

Il n many cases, the recycled municiopal solid
heterogeneous, which make primary and secon
becomes di fficult (Singh et al ., 2017) . T
includes chemical recycl i md,y mem st mire proces:
converted i nto smaller mol ecul es, and it (

12



feedstocks for manufacturing new pl ast

|l i ke energy source (Kumar et al ., 20
involves various technologies includi:.|
gai fication or parti al oxidation and
2011) . The main advantages of tertiar

may apply to the me¢oetdappgonh ytmacdd onl vy

requirmitetdr paenensdbtal em et al ., 2009) .
Quaternary recycling

Quaternary recycling is classed as en

from plastic solid waste (PSW). Energy

met hod for MSW treat ment, whi 4 burns

energy facilities for energy generat.

packagingcwastgenerate al most t he s ame
energy as fuel oil (Subramanian, 2000)
PSW reduces the consumption of fossil
greenhouse gases emission of the whol e
However, during thh eo f c otmbeas s PiS WV, it Wi
generate volatile organic compounds,

di oxi ns and other undesi-Salbém etompobur
2009). I n modern facilities, the incin
enough to decompose this haprhredemnts cft

them into the ecosystem (Kumar et al .,

123 Advantages of wusing recycled plast]

Sectlofhad8s discussed the source and am
plastics in China, four types of waste
weral so introduceld 2. 2Theckei 63 no doub
the number of recycled plastics wil!/l

the i mported recycled plastics wil/ re

The performance of r ecycpleerdf epolad sythi cs

13



t herequirements for i ndustri al pl astics.

advantages of recycl ed pl astics ar e di scu:
replacing virgin plastics with recycled pl as
can be classified into two categories: envi

and coasuvi ng.

1.2.3.1 Enwvwionment al benefits

The major environment al benefits of pl asti c
from the energy saved compared to the produ

plastics and the resources saved other than

landf il | ( WRAP, 2016) . |t I's rtheported that
provinci al capital of Zhejiang, near 60% of
wastes are |l andfilled (Zhou et al ., 2018).

Due to the degradation during the manufactur

|l ifecycle, the performance of the recycled p
the speciifriecememdaocgu f or some applications, e
S 0me hv aglha e d e d uses. $lome veaut omoti ve

pl asti csdopammrots require a specialist grade ¢

( WRAP, 20R&xycled plastics have the potenti
some of the virgin plasdi esdbhesedepatt

carbon footprint of the automotive parts man

SIttineanu et al. (2017) produced a |life cyc|
on a Danish cleantech company called Pl astix
that based on their scenariaot, Ireeacsytcl5 d pl ast
times | ower carbon footprint than virgin pla
Siddique et al . (2008) al so reported ot he
benefits utilising waste/recycl ed pl asti c:¢
conservatiarencefwarbdre fossil fuel s, reducti on
consumptrie@mction in the need for | andfil!/l S

reduction of t h € Qe anibans Idf the use of

14



recycled plastics in high added value
whil e the economi c benefits ar e i ncr e

i ncrease.

1.2.3.2 Co s-$ awnig

Anot her i mportant factor is the | ow p
FRED (2019) established the producer p
materi al and recyclable plastics from
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Fi gulr3Pr oducer price index virgin

for
plastics (FRED, 2019)

As i s shroiwgnulrien t he gap of the price in
from 2011 to 2018, whi c h ansetaincss tbheec orneec

much cheaper than virgin plastics.

However, it IS necessary to note that
plastics is not always more competitiyv
price of plastics are closely correlat

of pl amsitlilcsf |l uctuate with the change o

15



2018) . Besi des, unl i ke met al s, t he propert
pl astics may degrade G eacphr ot esmmeedt.heVhe

processing of wast e pl astics recycling al s
operation costs$oré@ghi mpkéeswethbe calculation o
economic benefits of recycled plastics comp
oi |l price is | ow, the cost benefits of recy

i mited.

Due t o t he advantages of recy®e&l ed pl asti cs

| eading automobidrs maawd astarted to Iinvestio
the feasibility of recycled plastics in aut
(2019) evaluated secondary raw material s, W

from production residues or waste materi al
investigateldagssheMe&Er cedes fBemd amat there
are 72 comparerund. 4 ikng t otthmdd)an be

produced partial kgyualriotny trheec yhdlgehd pl asti cs. \
Car Group announced mhre tham 20@barter of

pl astics in the newdar smawmiulflactdseed ecycl e
materi al (VvVOLVO, 2018) . I n the future, recy
play a vital role in automobil es.

124 Barriers for recycled plastic applicatio
Pos-tonsumer plsasat iwal uabl e resource, however
application of recycled pl aswdrcisouasr e | i mit e.

barriers.

Mc Ki nnon et al . (d® 1t8he sfuonnmrarmaj or barriers t

hi nder the mar ket for recycled plastics:
Low mar ket demand for recycled plastics

5

The current |l ow price of crude oi |l and virg

the invest ment gloastrieccsy.cl Rengycl ed pl astics d

16



have a high enough price advantage ov
l ow demand is also related to the un
plastics quality and supply security,

the waste plastics management system.
Low mar ket information exchange

The waste recycling industry contains
the producer cannot f tunsde tbheec acupstei noafl t

Il i mited mar ket communi cati on.

Limitation of technol ogy

5

The technol ogy barriersplcasntei ¢ roenp droati
and processing to gain reliable good q
gual ity of recycled plastics may degr :

degradation mechanism of t he pl astic

technol ogies will be detaiwled in the |
, Limitation of | egislation.

The current recyclingbadsedt eyl ¢ splwas
are relatively lighter than gl ass, me t
t hat the recycling of plastics wild/

meeting the targetstoftainceesgsi hggt hat
the diverse waste policy and i mpl ement

for the cooperation of waste managemen

Besides the cost of recycled plastics,
gl obal crude pricesdeita techniabltyg p
pat hway f or extending the applicatior
Recycled plastics must have a stabl e s
Ot her wise, the i mpurities or the incon
the recycled plastic twidslt .daAlatgheo ungahr ks
of the recycled plastics can achieve

| ab, t he sour ce of t he materi al has 1

17



guarantee quality and supply consistency. As
1. 2.,2.t2he imdvptrn mary recycled plastic waste

sources and quality.

1.3 Objectives and ai ms

This reseandth admpt recycled plastics so t
suitable for auto production. To achieve t

plastics have to meet t he rradsqalreements f or

producti on. €defopmuimas shoul d be both pract
and economically availabl e.

The primary objectives include:

1) To investigate the detailed mechanical a

properties of the recycled plastics and t

the plas for -sodustpiraduction;

2) To evaluate the effects of-basétders on rec

composites, i nclude the commonly wused mi
tal cum, aluminium hydroxide and advanced
as recycled carbon fibre and holl ow gl ass
3) To set up mat hemati cal model s t o pr e

performance of the recycled plastics with

composition.

4) To evaluate the weakness of the recycled
on t he industri al reqgui rements and pr o\v

formul a, producertisnndustri al p

18



14 Research Strategy

Il n oraeachi eve the gatl oaoafofheeogyrcl|l ed ¢
in automotive applications, this resea
knowl edge gap bet ween recycl ed pl ast
industri al requirement $pr (2mptdei mgetth
specific properties; (3) the tools for

of the recycled plastics.

As is stated.i2n lbasedoon the backgroun
the use of plastics i n autiompbiin e&hiama,

the i nd®kR®HArsi aslel ected as the primary n
study. The structure of this research
foll owing chapters:

Chapter 1. I ntroduce the situation of
pl astics i n aut omgbitlhees, o bijdeecntti ves, é

research strategy of this research.

Chapter 2. This chapter provides the |
(1) t he degradati on of t he pl asti cs
deterioration mechani s m; (2) the reinf
the mat hemat t ool s fndr deexpearni nend pr ope

opt iatiison.

Chapter 3. This chapter introduces the
det ai | s of t he equi pment , material,

preparation and tests.

Chapter 4echhei omal properateshchheact

virgin and recycled plastics were per

Talcum was studied in this chapter to
fl exural properties of the composites.
were prepared for the industrial trial

19



Chapter 5. Thifocuwedhammtneri mproving t he I mp ac
properties of tRPewa mplosnd&®d& . vaintdh t he

effects of the el astomer were also investiga
Chapter 6. This chapter examines the effects
fibre and coupling agent content on t he

performance of the composites.

Chapter 7. Hol |l ow gl ass beads have been use:
achieve composites with desirable mechanical
' i ght weight . The fl ammabil ity tests wer e

Chapter 8 . Thi s chapterentonwbukesandhe pr e

provides suggestions for further study.
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Chapter 2 Literature review

21 Il ntroducti on

The increasing concern about environn
resource conservation has accelerated
waste plastics recycling teAklhtntod wgh es
various techniques have been used for
recycled plastics have very |l imited
parti al deterioration of mechani cal p
background study PiPma<haelteat dd as t he
poymer i n this study. Thi s chapter \
overview of the recycled plastics in t
situation and probl ems of recycled pl

industry are discussed.

Under st antitilmgg foll owing temiudsite Hfaorj
investigating t he feasibility o f re

automobile industry:

The polymer degradation mechani sms

5

The techniques for improving the p

pl astics based composites;

The mathematicalxpeoomentfalr d¢esi gn

performance evaluation.

The degradation of plastics occurs du
process and working periods. The mec
t her oali dati veqxipdattiove and bi ol ogical
i s di scussed as werlelspasditnlgeThed ect s
met hodol ogy for mechanical property re
plastic is introduced. These methods

21



fillers, polymer blending and the addition o

coupling agents. The cfhianpatle rs efcotciuosne so fo nt htihse
mat hemati cal tool sl fadrséeygpe aimde rotma | mi s

The mathematical tools include the Taguchi m
variance (ANOVA) and principal component ana
22 Overview of recycl ed pl astics I

aut omobiduwestirmy

I n recent y&ardomeGhiinca mar ket demands drive a
increase in plastic recycling capacities. TEF
are reported to be used in many sectors, the
of t hese pl astfiocosd agrreedeomackaging (31 wt %)
agricul tural sectors (13 wt %), textile sect

construction sec(tWRAP,( 1200bvwWty%h)i mi t ed

amount of recycl ed pl as-vat-ae desde d i n hig
applications, such as the automobile industr
It i s reported thae deOcyelaed p@plgastitds used |

automobil e sectors are (OWRAP,1 2Wt1% )i n Chi na
2017, Wt %50f recycled plastics are reported

automotive applicatioaneckgl.od®1T)lywas
believed the increased consuméfeatsepfance a
the EU |l egislature increase the use of recy

automobile Fingus®glyows &Ll aAs Me-rcedes
Benz car whi ch contai ns 118 component s par

resoucaecrservinglmatencluding recycled plasti

22



Fi gu2rlePl astic partsBeéemz Melactetdleesr, 2019

I n Ni ssan Leaf, the manufacturer wuses
the seat s, and use recyaadcrfiabriforadg
sound insul a@fohmipads ZZOYy®Y a announced
20wt % oécycl ed pluassetdi dsn art&sSRlehi 20 E6)

| n 20tlMEiIi at Chrysl er automobile group

gasoline tanks, whwthkh o6eraepupsbed@9por
certain European (&Egplica®dl®hmssce t he
policymaker tried to move the recyclin
85% to 95 %, more shredding companies
capture of plastics(MBAMPobhyYy merssd,r eabnl
Honda ceodI|lttlte bumpers with defects fro
process anfli €éedvehicles, and use the |

as raw materials f drHomava,a.tOR Opart s
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_ T \ Collection of car bumpers taken from trade-in
7 | vehicles at car dealerships and bumpers with
w defects caused in the production process.

\

Manufacture
A

" Crushed material is turned info
pellets for the manufacture of the
AgAa ;': raw materials for plastic parts.

. Collected bumpers are crushed at
/’ our affiliated manufacturer.

Figux2eUsed Bumper (Hoygd@pRahp

To I mprove compatif tfiewmemdod,s have been
devel otpedi mprove the mechanical properties
pl astics cl ose t o virgin pl astics. Common |
include fil|(&frandddakos et al ., 2011, I n8ci
2017, Wangle,, 20dmMpadati ib8oinsg et al ., 2010,
Zheng et a, .form@dl7gy Gue seitgmal ., 2016b, Gu et a
2016and procesatop®uwumets al ., 2014, Bhattachar
and Bepari, 2014, Mehat a.ndAlKamaughdtime 2011
reinforcemdmtol agi es for pl astics have beer
investigated, t he i ndustri al use of recy:
automobiles is still very |imited. I n academ
reported producing real auto parts with the

comprehensive pe@fetmahce ZO&1lbrmi)dge t he
knowl edge gap between academic study and i n¢
i s necessary t o buil d cooperation wi t h I no

i mprovement methods.

Ot her t han technical di fficulties, t he C
predomi nantRetwncltlealstpi cs are only preferred w
the price is | ower than virgin plastics, ev
samé Gal |l one aQud dbeni2019, Recycl.ing today, 2

It means that the price of recycled plastic:
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the price of virgihmnplraesftlieccst i rnagt htehre tt

reality (cost in recycling and reproc
(Gall one aGudi dobeni20A9L)a result, t he ad
the reinforcement methods wil/ be much

of the proposed technodmgymetlt moddhi may

not be realistic for the high yield au
Carbon nanotube (CNT) I's one typical
proved effective in improving the mec«
propertRRRSamize Karsli et alal] .202@814%h
Currently, the cheapest carbon nanotu

around -3000k&ci enceDai,l ywhi2l0el 8t)he aver

price eafermosmpace grade car bor Sthialmae i s
Rao et al.., A26m&a) | amount of CNT wi |l
incseathe price of the composites, S

feasi bl e-sicnralee Isabudy at the current st

tr fewmat her expensive materials, the pri
should be carefully considered.
Except for |l ow <cost and coppetpietritves

recycled plastics should also meet the
automobil e manufactures. For exampl e,
pl astics products. Connel |l from Toyot e
decide not to use recycled pplezawuwises i |
the products wild/l have a 7% increase

the mass is ag@&i pst(iREgyatlang today, 2

Now and in the future, there is no dou
materials wil/ be preferred in cthhe au
means density is an important factor

performance of composites.

Anot her problem is that the perception

unsatisfactor(yRecyypleirng etsodldgwe 2610,7)t he
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guality and the cornesciysctleendc yp loafs ttihces ar e mai n
dependent on the recycling processes and th
source wdstodepl astics adhampdretri dnedoi av_Gi d

the variation of the quality of raw materi al
the scaled amd <scpeyyiaawhi ch can assure the

gual ity and quantity of the products.

23 Degradation of ©plastics

During the manufacturing process, service |
process, both virgin and recycled plastics
vari ety of degradati on ignfnl ugheaetsi.csYUnl i ke

recycled plastics tend to suffer more degrad
and during reprocessing, which results in v
deterioration of t he mdg Krazreimd al Nagradperti es
2013) Under st amndhiengdegfradati on mechanism is |
prerequisite for polymer reprocessing and f
This section wild/l i ntroduce the major categoga
mechani sms and effects -oXi dahteirvrea,l ,p htditea mo

oxidative and biological degradati ons.

231 Ther mal degradati on

The t hedrengarladatploamstioscea result of the chemic
reactions occurring i n tahte eplod wanteerds matri

temper aitur@absence of ailBibftinghamfi @002,

Hawki ns, 1984, Samper.i et al ., 2004, La Mant
Ther mal degradathoee has$stinct mechani sms
(Billingham, 2002)

T Chain sci sstkpornopnaigtaht idoen: when the pol ymer
heated to a temperature that the chain s

and produces freausnadi cadapid cradical
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depol ymeéi os s wi t h t he producti on
Figu2-2shows the mechanism of decon

pol ymet hyl met hacayl abe ug BRIA)

WO
oo C —— CHy—— C——CHy— C above220C
COOCH; COOCH; COOCH;
W "
Mw(lj—CHz__ . + "CHi—_-C
COOCH; COOCH; COOCH;
(depropagation) (monomer)

Fi gu23Decomposition of polymethyl met h
(Hu and Chen, 2003)

At higher tempevate@60,86 tHCe mai n chain ma
further homol ysi s | eadi ng-chaion un

depol ymer (Blet and Chen, 2003)

T Random scission-prwapéagaitti ode I n ra
pol ymarisen, t he propagating free
under go -tcrhaansnf er reactions, typical

atombstracktiigugd-£shows the example o

hydrogen atom abstraction.

Fi gu2rdeHy dr ogen lgtorma @&tBiidrn i ngham, 200:
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T Ther mal reacti on wit hout c vaeinn ScCi sSsion:
temperatur e, t he reactions of substituent
before scission, or compete with it. A typ
dehydrochlorination of palsy(iwi syhlownh!| ori de
i i g uz2rbe

Cl Cl Cl Cl

Fi gu2r5eDehydrochl oringtBiidn i mfghRRYWC 200 2)

The ther mal degradation can take place in t
processes, including extrusion, injection mo

and other heat tr eatMeenndte sprectc easls.es 2011)

A | arge number of thermal degPrPaddti on i nvest
PEhave been carried out in pagpaddcsades, to
of processing parameters an@dMepwid gder composi
2010, da Costa et al ., 2007, Qian et al ., 201
Mendes et al ., 2011, Santlos mdstalheat2002)
treat ment ptbeempersatsurteheci al parameters
that i nfluence the | evel of thermal degradat
mol ecul ar wei ght of t he pol ymer s i s one e\
degradatiloastoifcsp under hi gh processing temp
(Capone et adant a®2s00eft) adt.udi2e0d0 2t)he ef fect s

of multiple extrusions on the ther mal stabil
density polyethylene (HDPE)AWhiwvghd)emperatur
wi || | ead t ohewromdlc echdbdgreadat i on. Al so, ot her
such as the shear rate may play an i mportan
degradation depending on thaaprCosdasasi ng tech
et al. f(@OWd )t hat a decrease of molecul ar we
PP matri X at a hilgehv ed hedaur i magt et he mul tipl e

extrusion process.
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Ot her than processing parameter s, pol

hasmaj or i mpacts ther mal Moeurrfaodr neatn cael..
(2009nvestigated the thermal stabiliti
the ther mal agei thepraadades i on of PE i n
the decline of the melting temperature
crystallinity content of PP. The preseil
composites may |l ead to bewWaeg ¢éeéthenmal

(20189)udi ed thefi mphaecttsal ¢ content on t
mechani cal degr aedati oddPd &l cr ecomposite
Observation suggested t hat t he rigid
because of thermal degradation, howeve
si ze caustender eyt rusi on progceastedcomipe
rigiditgandetstsi. et alnve¢stiDGé&)ed the tF

degradation performance of WMP%Il amgahi n

15wt % of |l egadaded into the PP matri x,
indicated t hat t he t her mal degradat.i
i ncr e awsietdh i ncreasing l i gnin content .
coupling agent can al so contribute t
stability of PRi mompoail teexs@2Zndt me)d f i ve

di f ner enal ei c anhydride gr@MARBRH) poawer
found that  MAP®hefdMIPIP composites showec
t her mal stabil iwtMAPtPhdn |Ill Wl rMdnepr oving
the thermal stability of RPP composite
filler, natur al fibre and coupling ag:

future study.

232 Ther moxi dat i vrea datgi on

Thermoxi dati ve degradation of pol ymers
ther malclty vated di ffusi on and reacti o
occurporedt he surface of composites unc

environmhélussei n,. 2Delg8r)adati on due t o
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reacti omx ywietnh i s the most I mportant mechani :

deterioration of po( Maxwk i npsr,o pTehdeB 4 s

maj ority of pol ymer s degr aodai datciamurse of t h
degradation during the prod&sgismgnand ser vi
2008)

I n many cases, d hoef ptrhoec epsosliynmer s i nvol ves h
temperature (uswually higher than the mel't
transition temperature), shear force, oXYy
which | eads to degradation.

During service |ife, the reaction of the p

in the air plroys,a amaj drhe oxi dation react

highly depended on the molecular structure

structure defects, impurities and the expo
The theoxmadati ve degradation wuswually <consis
steps: initiation, p rnoaptaigoant i @Keppasnd t er mi

2012hi gWwrb6es hows t he schemati-©xofdattheret her mal

degradat i on( Zperuosc,e s2s0 0 5)

X* = Free radical

Heat and/or light

Initiation I R.H —— P R'+H*
R*+0, —p R.O0.0O"
Propagation I R.O.0"+R.H —  p» R.O.OH+R*
R.O.OH —9P®» R.O.O0*+0OH*
R*+ R* —_—
Termination I R*+R.0.0O" _— Inert products

R.0.0"+R.0.0" ———

Fi guréeThree steps -ooxXfi dahteirvmeo degradati on
(ZeudH,05)
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I n t he initiation step, free radi cal
backbone chain breakdown into smal/l m ¢
creates high reactive adndea nstddidbd & po

and a hydrogen atom with an) (&Zepsired

2005) Them, the propagation step, t he
reactions |l ead t o c-chbashi nknaigt, ur mti
intramol ecul ar or i ntermol ecul ar hydr

deg
The free radical xR *g)e ny) € Ot & owint ha P er ¢
di cal ( ROO* ) . The peroxy radical (

radation of t b Eutma, n2€@ha, nGi.j sman,

r a

o
—

an her pol ymer ( RH) to form a hydrop
then regenerate the free radical (R*) .
into al koxyl radi cal (RO*) Hand why d hox
wi || continue t he reactions wi t h ot
termination step, the free radicals re

inert product s.

Al pol ymer s ar e essentially suscept
thersoxli dati ve degradati on dfocpo!l wrhe r
studying polymer degraddateildmaagand@ast3ghb
was found t hat during t he extrusion
dgradation rate aACilsesmegtlhiagni b230 and i
significant i ncrement when the temper

23ACto 2AXx0 then the degradation rate r

with increasing( Goennzps€oeazzr §r ez et .al ., 1
The mul-daxtprlwesi on process wil/|l acceler
oxidative degradati on, the mol ecul ar
with increasumlyzercyaecid et efise j atmame. 2008)

As t his studyPPf otlhue moedammermocessing
temperaturesétoewteaxnrusion and inject:i

|l ess thA@ a8@ should not beéChiQnhetrhet ha

31



ot her hand, 1 f the prechasiihg bempieglaemnu t han
258C n some speci al circumstances, the wvacuu
at mospheceardi ti on may be possible for t he r e

t her Arooxsi dati ve degradation effects.

The blending of different kindsaof thermopl a
changie t he stability o f t he composites. T
composition signifditdaentdleygriamfaltuercdehavi our
of pol ymer dbd ethlde i nter act idinfsf eamartg
constitomenhe pLanMdantia et Ror ,e28@mhgl) e,

t he initial cdenprea ddatuiren off PP increased w h
bl ending with 6Géeorge eub&leawy,nax0o®a) al
(201st)udi ed the thermal and fl ambfability per:
containing-asnenpindo uimt eool yphosphate combinatio
the i ncorporvatt% oMA PH Is§l iignhctr eased the onset
decomposi tpieorna ttuerre, but the | i (MLOIl hphg oxygen i

value decreased from BaskR# eb alF.8%2011)
simul at ed t h-e x i tdhad ri ma degr 28att e of

increasing peak of <carbonyl i nBPcated the o
the stabilizers (antioxidants) are effectiwv
t heryoxli dati ve degradation.-oxBdai de&eg, t her m

degradati on may gr eattleyr nafsfteacdPiPltihtey loofn g

233 Photomxi dative degradati on

Gi ven a certain amount Vo f r aedxi paot si uor ne, t o U

photodegradati on may occur in the polymers \
pol ymer chains, reduce the molecular weight
radical s, meanwhi |l e, t he mechani cal prope

composite may d¥doesiiforameée Haddad, 2013b)

Under noomadilticons, most of the polymers expo

wi tahwavel ength higher than 290 to 300 nm dur
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ti me. Light with a wavelmemgd¢dbulod breessk
t he-CC -HC an@l CbonhFMesl dman,. 2T0h0e2 )pol ymer s
with intrinsic scuherho maosp hcoarrebsoony | group (
sensitive to photoreaction, at an ab
bet ween 200 nam{(Bi300 ngham, 2002)

Tabl2el showed t he wavel ength of Uv r ¢
pol ymers have maxitnmukmetiseen, . 1983)

T a b -4 Wavelength of UV radiation when polymers have the
maximum sensitivity

Pol ymer Wavel ength
Styreaearcaylonitrile copol|{290, 325

Pol ycarbonat e 295, 345

Pol yeteéayl en 300

Polystyrene 318

Poly(vinyl chloride) 320

Pol yester 325

Vinyl cwlioyildacetate co0/327, 364

Pol ypropyl ene 370

Three conditions doe ebsenocalrrence

photoinitiated cheéeBikthlingkamti 2662)
The regwmcmalnecul e or i mpurity absorhb
' i ght ;

The absorbed photons have enough en
mol ecul ar bonds;

The energy |l eads to the molecule rea

5

The degradation occurring in an outd:
involve complex reacti Oncenet heniremct i
initiated by I ight, the subsequent r e:
oxygen, moisture (afhal domdd,ut2AG@Z)ecycl ec
plastics may contain a <certain amouni
i mpurities may al soxildeaatdi vtea apeligotho The
Photoxxi dati on wil |l form embrittl ement

pol ymer, whi ch | eads to the surface
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pol ymeFsel dman,. F2@027%ks howed the gener al and

photooxidadaot omrred in polymers.

| | o) | FO9

. .

HOO O
| l hv N :

| / |
Fi gu2-eProcesghboooxidation (iPhol gyoneymer s
Properties Datcabase, n. d.
Fillers may have an iqdegaotadan PBPheophoto
based compoRxaibtedd o and White, &98686, Soccalin
al ., 2015, Wal dman andRalbeel|l Pao laind 2V0hoi8t)e

(19963 peri mented on the photfoidlelged dRRR,i on of
after exposure to wultraviol-éil (&¥) PPadi ati o
mai nt ai ned tphreopteerntsiidse whil e the unfilled PP
significant d®dcecadloirmgdme .etasalesse@d015)

the effects of UV radiati on on the PP/ wood

the compobst iat @edobetter stabilityweat higher ¢
wood. The possible reason is that the I ignin
st abilizati eonx iadnadtfitadmg id ntransparent feature
the materi al l'imit the UV |l ight scattering.
A coupling agent may al seoxréeducen t he p hc

degradat PPonomgdosiAdehsi.kary et Bobund 20009)
MAPP si gnidaeccraenatsdhaa tvea apbtsioorn o f the PP

composites and hentbad/ncedi st ancwatodr PP at | i gh
spray weather. After weat hering, the compos
MAPP showed | ess col our change as compar ec
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compos{(Adbi kary et. al ., 20009)

Wal dman anaolDie (PR008) edPPamaeSbl ends,

due to t he ionfft eeaet it wo constituent s,

show fast erde gprhaodtaot i o n compar ed wi t
components. stabilizers can be used to
a role of (1) || i ghtbsscrrbeeernse,r s(;8 )(a2e)r cUVt e
guencher s, (4) peroxi de decomposer s,

scavenf@¥ossif and Haddad, 2013b)

It can be found that there are a seri e:
t he pfoxtiaati ve resistance of pl astic
selectfiobhhe additives shoul d be base

performance of technical requirements.

234 Bi ol ogical degradati on

According t o5 4BTAMIASD andar d Termi nol og
Environment al Labeling of Packafdyi ng M
bi odegradati on ie dleecfampeads iatsi oanh of t he
i nt o2, Ci,H2O, i norganic compoundmajoar bi om
mechanism i s the enzymadrigamicigm®oin arfd n
can be measured byg 6téesSndnagrhdiasnd Shar m
2008)

The bi odegradati on praxceisfsi edani nbe {
categoriaesobic and anaer ob(ilcej he gamadd at

Lewandowicz, 2010)
T Aerobic biodegradati on:

Pol ymedxAt©OQ+ O+ bi omass+resi due( s)
1T Anaerobic biodegradati on:

Pol ymeCQ+CH+ HO+bi omass+residue( s)
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Fi gu2k8I s a schematic diagram ohathe biodegr a

occurred in polymers.

CO,, H,0, CH,

other metabolic products

cells

Vs ST

micr

excretion of intermediates are
extracellular enzymes \ / assimilated into the

enzymes attach to the °°rgarii Sm short degradation
surface and f:leave intermediates are
polymer chains ‘ / dissolved into the
o medium
. CHz\
(extraceluiar enzymes) [ water soluble intermediates ]

Fi gu2x8Mechani sm of enzym@aydrolcyttiad ysed
pol ymer deg(fRyYa&az ietn al ., 2015)

The bi odegradatpomgrosf nctlhuddesr maj or
procestska@attachment of micropoggmesm to the
surface, sathieorutaofl itheapalt pmersasrce, then
the primary degradation an@Awmuutcecmalkwei degr ad:
et al ., Z0@8 pri mary mechamidamifoor isi ¢ dheag

t he oxi dati on or hydr -onoy icawleadry htt he hi gh
pol ymers by enzymes, resulting in the degrad
chain i Aamml elcoumedrg h't g(r Dhugpls et al ., 2008)
Hydrolysis can occur only if ttpe pol ymer has
which can react with water and the polymer
during the ¢8iVvilcaeaglhiameSi 21Gk23)CHhe mai n
groufthaatonseidsth PP, the surface of PP is hydr
the initial degradation starts from the 1ins
groups on the (RPusaohtbee et Tale.n, t2h0e0 8)

mi croorganism attached traea thhe uPP |l ®asrface st:
the carbon source, the primary degradati on

| oomol ecunledrg ht fragment s, di mers or monomer ¢
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t he ul tdiengartaedat i on pax, ocBluaes 6GOomass.

The DbiodegradBandPikl @edds to the reduct
mol ecul ar weight, tensil e( Asrtutecnhgetlhv ia nec
al ., 291089 mber g and Karsltsusdone d( 20n0e9 )e f f ¢
of biodegradatiamd obmulskurpraccpeer ti es chai

recycled PP and polylactide biocompos

although PP is inert to biodegradatio
mi xture of mi croorganisms in an extra
gel was stil/l f or medi, g mainfdi ciatn ti nepfofseecdt s

surface properties As the tcamgpetsi appl i
of RPP i n t his study i s automobil e
bi odegradati on on the properties of t

negligihble.

235 Concl usi on

Thi s section tihretrrmraduyc etk edatl ve-, phot
oxidative and biological degradations
of this seohdlom tis 1) understand the
mechaniosfmspl asti csPPe8pegi aél gauvaiadhce t
degradation in thicesstuaoady,temperptare
not be higtCeand hiphmeef erred temperature
than €30

Thermal degradation may occur RBBPing t
composites under an -taeimp eersast uared choingdh t
Temperature and precedhei khgyt f metars 1in
degradatischnoualndd be car ef.ullhley poaoensternaclel e
the fillers sukhgmrisntale mragorted t o I
t her mal stability ofBasved PPncoolmpoki ter
review and the pr ocoefs sdogwgi pcnoenndti tu soend i

study, t he prefered processing t empe
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composites should not e Rogh&PPt hahi €b0

may
proc

seve

contain a <certain amount of ot her pl as
essing temperature shoul d ebveenfturt her con

re properties degradati on.

Theryoxi dati ve degradati on may occur during t

and servofmeshti boé the polymers. The high temp
shear force, oxygen and wateexi daatyi vieead t o t
degradati on. It wasprowgeeesdtngd ttehmper at ur e
shoul d be set | o°@er Anndhann 2868r vi ce i f e, t
degradation is highlyywotdepaehdedsbonuthere of
t he pol ymer, structure defect s, i mpuritie
environménis suggested to bl ends,PP with ot he
rubbers or antioxidants to i mprove thermal s
During service time, when the polymer expose
initiate a compl ex reacti o-oxiwhatcihvel eads tocC
degradation. It will break the polymer chain
wei ght aynddemaeri orate the mechanical propert
reported to able to maintain certain mecha
Some stabilizers may be added t o t he pol
depending on the service condition of the co
Bi odegradati on may al sorvhagpehbhheen of he se
composites. | tercmmisa shtisoddgraadati on and anaer
bi odegradati on. The biodegradation may al so
effects on the surface properties of the PP
is usually regarded as i ndretgrtaa abii @ochegr adat i
wi || not be considered as the major cause
deterioration in this study.
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24 Modi fication and i mprovement

241 Fill ers

2411 Mi ner al fillers

Mi ner al fillers ar e commonly used i
reducing t he overal/l coest agnea@amaniicapr

proper(tdtersi cker et dbl cumm99¢pmrl cium car

kaol i n, titanium dioxide and many oth
proved asffcostti ve materials for I ndus
(Leong et al., 2004, Weon andl&ue, 200
Talc i s one of the most commonly wused
properotfPR(sGu et al ., 2016b, Wang et al
al ., 2014)

Fi gu2k%ePhot o of talc mineral sSeanida t al c 1
trading) N.A

Talc is effective in improving the ten
of the PP basedlLeomgosittab., 2004, Weo
2006) However, at high filler | oading,

particles may reduce t he ssrehnhgtthhear

compos(Leeng et aWang 20t04al st @i0aad@)t he
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t h

er mal and mechanical wtr% paenrdwit2866s of O, 10

tadfecl |l ed PP compeesxittreuss iaofnt.e rT hree addi ti on of

|l @ds to higher ther mat ermsdialbe | madngdu | lhs gher

yi
cl
t h
fl
et
h u
e X
mo
i n
po
pr
re
be
20

t e

27.

(2
bl
t h
al
a
t h
fu
ma

t h

To
me

mi

el d sThessignificant increase of tensil e
osely related to the improved stiffness by
e performance was highly affected by the

ow alignment o(fWeocan camnpdarSu €yl eehsad @)

al . d@a®@&ned the mechanical performance o
sk powder and PP/ tal c-fadrmhpds ictoenp,0 stilte st al ¢
hi bited better yield strength, tensil e mo
dul us. However, t he i mpact strength redu
creasefofl ehecontent . At high talc conten:
or interfacial adhesion between talc and
opagate mor(ePr emal AW et . aMAPP 2 Ww@a3)

ported to be effective in improving the i
t ween t al(cAsahaetin BR as e mi et al ., 2016, Gu ef
16lM)shenai Ghasemi @ht ailned 2t0Heé& )maxi mum
nsile strength, tensil e modul us and i mp a
01 wt % t awtc% amfd MAPP. FuGu hetr mak e,
0Ol6added talc in RPP baslkedMaABmpobytes wi
ending with a small amount of VPP, the opt
e technical requirements oMortnigiente cover a

(40620) st-gt eynkeene/ bsuttyyrleenrnee ( SEBS) and
PbPased ol efin block copol ymerroveOBS) signi f

e Iimpact strength of RPP composites. It 0 s
rther addwt®oowfotal@ in the RPP/SEBS or RP
trix was effective in compensating the sti
e addition of( MbCEBtS oet CBIS., 2020)

applcy itnalo t he RPP composites and i mpr
chani cal properties, it i s al so i mport a

crostructur e of t he tal c and PP matri Xx.
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performance of the composites was il
correlated to the sigiegnsdhfaptealacdi mitslpe

r

(McGenity et al ., 1992, Weon and Sue, :

Anot her commonly wused inorganic fille
(Ca@O (Chan et aAlt. ,f i2r0s0t2,) .cal ci um carb
only used to reduce theompes@lésncgst
et al . ,. 2l0a&t4er , vari ous studi es I NV es
content, particle size and dispersion,
the calcium carbonat e ufiidlelredauicno nepto sail t. e
studied t he effects of-l . a)rtantetbeéeze
cont ent of cal ci udn2 cawtronanet (O tensi
i mpact proper B/ikrB odmEaLidt es. The resu
the contentsiosf thheeCOdomi nant factor I n-
tensile modulus while particle $ize he
strength of t he cAGpmocsridase awi t2h0 i ncr
CaCQcontent, andm tfhiel | d/PEEa€COmposites
obtained the highest{Zumgacdushrengah.,

Ot her researchers focused on particle
the nanmed calcium &Earlaenatned. Pessan (:
studi et %30f -slaned cal cium carbonate at
of -80 nm can |l ead to a rapid increase
yield stress. ThesoamoacredsCa@G® nucl
sites faorPRRaddi®mpt es and i mprove the mo
toughnledeson and Sue, 2006)

The di spersizam @afno@ah@0 i mptomdathhe cftact o
t he mechanical performanceZhaf ethealco
(201s4t)udi ed the di smpens P8 h:CeolmMpCoasCCt e s

andhowed small :piazéei CAESO may aggl omer
size smaller than 15 Om p acrotniccelnetsr antaeyd |

points and | ead to i mpact strength det
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of particles could be a dominant factor inf
propertaad it is difficult tohkeivehd the aggr.
content-tofrfateds(ZawuGQ@ er duin et al., 2003)

Al uminium hydroxide is an effective filler

flame retardancy of( Ltilaengc empoaoasi.t,es2010, Su e

al ., 2005,i Ramaahn, 2008, Li.ang ewasal ., 201"
reported that the | imiting oxygen index (LC
increased linearly withzittherPRddatnion of Al (C

(Su et al.. The200®)duction of LOI may be attrib

factors: t vat erysnaglAlt(h@H)rel eased steam gas
dilutes the combustislforgasies;, parod ehlt i ve
| ayer to prevent f u(rRanmeaz acnoimbeutstalo.n, 2008)

However, the introductibe wmat Ai xOmMay | ead to
the deterioratidn pafopmeechansi.caWi th the addit.i
5wt % HOwt % of Ali(nOH) PP, it was found that
tensile and flexural strength of the compos
i ncreasing l ey8hamfetii &l e On2 0 Ppdb)ssi bl e
explanation is that &Guent detthweemodrheadhd | er
and PP matrix, the aggtaoaerad i benf e@dt Al g o)

stress r(asSius eets al . ,yB 2t000lbggheni ng wi th zinc
neutreadl i ssul fat adl-gpmepy tde reen e monomer

(EPDMi onomer, t he tensil e properties of t h
composites significantly i mproved, which is
di spersion and adhgzisn oRP ofmaSAarli(eGH)al . ,
2005Mai et al al 62a00bund the reduction of i
strengt h, fl exural strength and tensil e ¢

PP/ Al g @H}&hddi ng Al (tOMHg i ncorporation of acr

acid grafted polypropylene improved the inte
bet ween filler and matri x, which overcome a:t
mechani cal properties.
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24.1.2 Gl ass fibre

Gl ass fibre is widely applibeduitommadéi ¢ ¢
construction and sports industries bec
relatively good mec hawvaindaila pertopader.t,i e2s0
The gl ass fibre reinforced pl astics
applications and in some cases @&are bet
fibre reinforced pl astics (CFRPs) b
manufacturi(®mg msoaind Br ought®MRP s2 0h0alv)e
the foll owi ng dHarmsctaenrdi sBtriocusght on, 20 (

Good cCorrosi on resi stance extend

application for GFRPs.

Lightwei GIFRPs can replace some of

automotive components with much | e:

Good toughness, suitable for high

applications.

Good el ectrical i nsul ation propert
, High specific strength values, me

requirements.
Ease of processing, provides manuf .
Ease of shaping, provides design f|

Val ente et ahdi é201he mechaniatailonchar
of recycled glass fibre/wood fl our t h
The presence of moéass tthedrfel ¢ xmpr al mo d
reduces the ability to absorb wta%er. |t
gl ass fibpel yfliddtei(kRLAz©oimpogi t es achi ev
between a 32% and 21% increase in teé¢
strengVéar savas and KayBnag khac @1 8¢t al
(201litTpnvestigated the duOGwalBo loift gl a st i e |
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filled HDPE, LDPE and PP. With the addition
composites showed reduced surface degradat:.i
radiation and had better tensinltda osnt rength an
than unfil |l ed tphHieansctriecass.i nWj tchont ent of gl ass f
PP/ gl ass fibre composites achieved hi gher

(Thomason and VIug, 1997 ExTlepmadom, th@02)

weight ftaetiabherfacial adhesion between gl a
the base matrix is a key factor i nfl uencin
performance of ((Beclpewelurcy sand Bar bosa, 201
Lin et al., WOH58ahe incorporation of coupli

MAPP, the GFRP composites showed superior t

and i mpacttipe®wpewhile the cowgMAIi ng agent SE
provides the deterioration of tensile and f|
i mprovement of i mp(alcitn perto paelr.t,i e2s0 15 a)

2.4.1.3 Recycled Carbon fibre

Today carbon fibre reinforced polymers (CFRP
used.autnomobiles, a 30% reduction in |ife cy
can be achieved by replacing conventional ma
( Das, 20DLuYing the past decade, t he demand

fibre (CF) has wundergone a rapid increase

annual growtwenmr aX*®%og. @a. The overall demand f
worl dwi de i s expected to reachKr2a9us, 000 tonne
et al ., 2014,. Mraz, 2018)

The rapid increase in production and consump!
to the continuous concern for the disposal
Pol ymerare generally difficult to recycl e,
common waste treatment met hod especially whi
i's cheaper than other (Predemeng, o006NS

However, for t he consideration of environ
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|l egi sl ation, prtoduc ttisomr ceo managemen
economic opportunity, C F R(PP isnmeonutl ad abned |
Pinho, .Mebg)et alasqde@9Dsded8d the financi al
of recygadldlkadn fforlhmet omot ndestriry showed
t hat t hreelcaotseadet o ecdv erFy i abodtulte 15 %
cost of producing virgin CF. The pri ce
(r CF) is typically 20% to 40% | ess tF
making the rCF reinforced cofmpasobges n
2019, Gardi nerHdowxOl4) ducer tt of itbhree slheng

and deterioration of mechani cal prope
fibiresual |l y usedriftoircanlonappPér mat ebnal
2018) The structur al applications req

interfaces a dhae snioo amd f or m mesostru

(annadakis et al ., 2011)

Recycled carbon fibre (rCF) might be

reinforcement of recycled plastics. Tk
CFRP waste recycling process are the
applicati oaWiotfi kr Cet aWong 268t1 3 nl . (201
exploited tehde Dbfeldui désycl i ng process

recycled carlFomgudz-Ebsheswed the recycl i

carbon fibre from aerospace waste to r
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Automotive
Component

Carbon Fibre
Composite
Waste

Fluidised Bed
Recycling Process

Composite
Manufacture

Fi gu2rleOCar bon fibre recycled from the fluid
recycling process frmorbitlhee (pMedagoét aat o,
2017)

With the addition of 30 wt% rCF in the compo

and fl exur al modul us can 8hxhhease 768% an
compared to(Wemag eP alTo, faCith)er i mprove

the rCF reinforced PP composites, many resea
to i mprove the interfacriGGAnd®®RCeasi et bet ween
al ., 2019, Unt erweger et al ., 2015, Wong et
al ., 2015)was observed t hat t he MAPP sign
i mproved t he i mpact strengt h. And mol ecul a
anhydride groups in the coupling agent pl aye
the compatibility of fi(MWoeg andat he BOLZMer s
The i ncr &metnhte carbon fibre content and
compatibilizer | evels can enhance the tensil
and tensile modulus ~alrbdsnboke trkeenshhorctd
composites, and the fibre I oading plays an i

perf ormance of teher eciarmrfboornc efdi baKcampsdsii t e s
and Aytac.,l nz0Irif)aci al adhesion of carbon fibr

material i s one of the key factors that infl
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performance of tlié&ntemwpwegetesetLial ., 2 (

et al . (29d®) et hnyeltehnyeh cr y tgaltyeci dy |
met hacryl ate terpolymer to treat t he
i ncorporation of MAPP i n PP matri x,
i mpact energy and tensile strength ach
and 126.1% i mprovement. Anot her resea
fi bre ali dhomadta, et aland&Xi2abl 2e)t al . (20

use the <carding process to obtain hi
satisfying mechaniPcdanenpm@o paenrdt i Risnho (

predicted the potential structCFrRaPlI app

i ncluditnogmoa uve, construction, aircr af
turbine structures, | eisure and sports
Based on the present study, very few s
using rCF filled composites to I mprove
base matrix. The per ftercrmann qas ecsf utsed i 1

plastics may be affected by the compl

hi story of recylch e de fpfl eacstts c g f rCF on

plastics are not fAhbyhdeamvpsbobbamed s
recycled plastics based eado mpoo shiet ecsh eaarpe
Recycled plastics with a high amount
devel oped recycled carbon fibre market
final pAbduaudt. currewbubtabe, i mpracti c:.
| arge scale production. Sodethusisgudy
smal | amount of short recycled carbon
regarded as a | ow valuedRPRterial, to

24.1.4 Hol |l ow gl ass beads

Hol Il ow gl ass beads have recei ved a
researchers as a potenti al feii Iglhea r f

composites without comprising the mec
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(Li ang, 2005, Kumar . e tonsalderi 2 17t)he
environment al effects and energy efficiency,
devel op l i ght wei ght material s for di ffer e
(Huf enbach 1) &o.d,] ooaw0 gl ass beads (HGBs) cons
arigid spherical gl ass shell and the holl ow
inert gas (argon). The average size range of
by 3M is 16 to 65 microns, and the density r
to 0.60. g/ cm

3M™ Glass Bubbles Talc Glass Fiber
0.46-0.6 g/cc

2.5¢lcc

30-50:1

Aspect Ratio

Fi geu2zr1 13 M HGB and othzMmM, f201 ) s

Due to the structure of HGBs, they have | ow

relatively | ow theftlmadangoandcLi vi 2907, Liani

and Li,. 2DWWe&énef ore, tthdrodddoiwtigdmses beads to
di fferent pol ymer s can potentially i mprove
properties while maintaining(ltih&and,i ghtwei ghi

2006, Liang, 2005,Ku@maetetl als.ti@a @G)7)

the effect of the additifabref rieGBsS ooocedatur
composites. They reported that it was possib
high strength and | ighter weight with the ad
and bamboo fibres tdq Kumar PEBt matrj x 2017)
Hol |l ow gl ass beads also haveitebBeramal i nsul at

it has been reported that the addition of
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reduce the effective ther mal conduct i

around (20i%ang and Li, 2007, .LiH&GMBg camd |
al so dramatically reduce the formati ol
transsion of TPWdweri ng combusti on, whi
eventually reduce the potenti al risk
(Jiao et al ., 2017)

When PP burns, it can form molten dro
fl ame more easily which accelerates th

flme retardants have to be added to i
retardant pr opPPBPrased owdmposites for

applicqtbimamg and ZhanA,c o2ndniodn) ipracti ce
add hallmagseend compounds, this is an ecor
achieving bot me goed arfdlaancy and me c h
properties. However, the combustion of
the production of toxic dioxins and fu
effects on human health gmKdlthei nan
Papaspyrides,To2laYyO0 )afarleoeg efnleatnraer dant s ar «

e

preferred due to envift®oaomemp adand odw,er

Therefore, HGBs have t he potenti al

mechani cal properties of t he pl ast.i
mai ntaining a |ightweight. As HGBs <can
mat elri adevel oped and applied I n rece

performance ofVPHP&BARP ®mas not been fu
investigated. This study wil/ eval uat
performance of HU©UB® alddassag RPPPatho reduce
the varit abhaey affecltammaeoi fity results
study wi || both characterize the mech
density of HGBs filled VPP and RPP con
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242 Pol ymer bl ending

Pol ymer bl ¢éme&i mg xit wg of more macromol ecul ar

substances, pol ymers or copobémwimer s with t he
than 2 wtf%,raxt mew materi al with different p
proper(tUtersacki , R®OWYMer bl ending is an 1 mpor
technique for overcoming t he hi gh separ a

commi ngl ed pl as(tHocr 8Wwa settesal .And20i0t5) i s

usual l ps-&af feecti ve way t o devel op the mat er
specific requirements in the composite manuf
(Hor 8k et al One2®m@5) he main drawbacks of PP
| ow 1 mpact (sLtirnenegtt hal . . Th215hdh)Judy focuses on
PP/ PE bl endi ngubhed PIPé Rdi ng t o achieve go
mechani cal properties, especially t he rei

strength of the RPP composites.

There i s extensive research concerning the b
| oensity pol yethyl ene (L-DBEBRPjty |l i near

pol yethyl enean(dL LIbiPeEmMsi ty polyethyl ene (HDPE)
(Tai et al ., 2000, Strapasson. effhal ., 2005,
bl ending ratio is the key factor influenci

properties of thet P®PpPEsbdbheamtdsdaudi g 005)

the tensile propéeLDPEsbbEeEntdbhe Phe content r &
of the PP/ LDPE was controlled at 0/ 100, 25/
and 100/0 by weight fraction. The results
strain tensile curves are very dependent on
of PP and LDPE, the inemnéméetadsf tbDPENsoOhE
strength r(eSdturcatpiaosns on et Aals.i,mi2l0a0r5 )t endency
was observed i n PPMa®DPE ( Pibled@ndss t he
recycled HDPE wiwth% ugpf twi r33gd n PP, the tensi
strength of the blends increamsedf |IRPhearly wi

cont eotuur ad (2010ngly recommended the PE cont
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of PP/ PE blend shoul d widt blicaplhere tolarn

dramati cal deterioration of tensi |l
mor phol ogi cal effects include spherul |
l inks ée@retlwaemel | ae, the interaction bet
phases, were regarded as the main rea:
tensil e per(fLoorvmanngceer and Wi.l IHoawesv,erl 9 8

when hi gher PP content added t o t he
corresponding i mpact eastedengtilygni decat
(Strapasson et Madi , (201089 found that

i mpact strength of the blends decrease
PPcontent. I n other words, the existen:i
has a positive effect onTatiheeti napac t( 2p0r
observed that the PP/ LDPE Dbl ends with
exhibits a similar I mpact strength

Further Mang, et alf.oun2d0 Ot3h)at t he sharp ¢

of i mpact strength occurred whefi PP co
wt %. The fracture surface of 1 mpact sp
smal | voids were formed at | ow conten
poor interfacial adhesi(omnbgeteweeand .RE 2
Ay az et al .stygyaobeé) the mechani cal pr

PP/ LLDPH/STEIBG nanocomposites, and find
LLDPE is the most significant factor t
properties. The above studies indicat e
may be an effective way to i mprove me

when the PP/ PEabiendsngarefully contrc

of the materials used in the Iliteratu
essenti al to establish the correlatiorl
composition and mechanical penfhemmance
in any automobiolnes .applicat

Anot her i mportant factor of t he pol vy
behaviour, because of the incompatibil
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interfacial adhesion may | ead to severe mect
deterior(aRoboenson, . 2 ®b®me researchers used
di fferentofkiomadmpepati biol i mprove the dispersion
adhesion of PPCREublénas ., 2010, Gao et al
Fang et alFan@oOoOdt3)alhlnfd2d1®P/ PE with two
compatebsnailei c anhydride grafMARE)pol yet hyl er
and et hptelpgnrdei emenomd EPDM)h,e presence

of the compat dleiclhriessse the tensile strength s

The possible asxpglhanatalotnhoiugh ®he compati bil

enhanced the miscibility of PP and PE, t he
composite can paode@hibe etm al .Qn 20hle0)

ot her hand, due to the improved interfacial
PP and PE i nteraction |l ayer s, t he I mpact
dramatically i ncreased witenf thlee i ncorpor
compatebgFasg et al ., 2013)

PP/ Rubbers balreendcommercially i mportant pol yme

(Hor 8k et al . Manzg00s)udi es have proved t hat

el ast SlEeBrEs ef fective i n improving the i mpact
of the PP c(oPhpaowskiyt eet al ., 1996, Abreu et al
Tjong et al ., 20000y, LiOsnlr)awndetTjal . (2005)
use SEBS as an i mplaicssh madfifcently i mproved
the i mpact properties of the PP composites a
a nucl eatdmtg vahgi ¢ h reduced atihen crystalld]i

t emper atDerne.c et al st URiIODB ) t m@ai anelc h
performan®® ToEEBS or PP/ Tal c/ Mal ei c anhydr
grafted SEBHEMA)EBEBMPOSites. When the |l oading
SEBS/ SHBMS increaseat P ¢ mwi2%, t he tensile
modul us and tensile strength of the composi't
the decregaosenpwasated by the addition of tal
ot her hand, t he el ongation at br eak and n
strength was significaamhilgh impnoeretd ofi th
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SEBS/ SHBMSA Li u et alobs(e2r0adgdmi | ar notche
i mpact strength tr enh8B&MAP R/oMp(0oBH )t es .

|t i s expl ai ne-g-MA h an h aSnEcBeSd t he i nte
interaction between PP and the mineral
the energy absorption abilitlyi whetnh alhe,
2009)

243 Compatibersiand Coupling agents

Compdt bt son can be defined as the mo
interface of i mmi sci bl e or partially
forming physical o r( Hoolr e8rki ceatl abloTides2 00 5
compatebsl ase commonly wused as additi\

the compati bféeregwtopoldymers.

| nuwa et ali.nv(estl g)ated the feeampatafbi |
SEB-§-MAon tRET/ PP blends, -BMApPhit | SEBS
bl ends achieved a 300% increase of
Papadopoul ou and Kal dlogdoust {@20&®®@) t h
compatebkslL DBEEMA, -&MA and -HEBRAS on t he

PET/ PP bl ends, the r esguMA shaisn dihceathea i hS
compatibilityanedf ftlte eetwnst omerdarcs comp

absorbed more stress devel opFadngonetPET/

al . (200 exn)dadtw PP RE with cernplaRE bi | i ¢
and EPDM, t he erompatnili lpilsays a major
i mproving i mpact propertiesa banderEPDN
compatibility MAARBERIicCa theanmor phol ogi cal

the microsurface.

Coupling agents areimpraoavg ubedi hber f
adhesion between polymers and ¢henmine
et al., 201-8Marg&raneb al ., 2011,. Leong
Mal ei ¢ anhydride grafted polypropyl ene

53



coupling agent used i man@Pi mpsedi matt hea

interaction between the t4IGau &nd aPP/ RPP ma

2016b, Gu et al., 2016a, AsheWamg Ghasemi et
et al. &dl2hree MARPWierlendi fferent mol ecul ar
weight and maleic anhydride PBht€Rts to rei.
composites, it was found MAPP i mproves tr
adhesion, result in higher tensile, flexural

The incorporation of MAPP in PP/ HGB composi't
good reKumas.et alc.onb2Onled MAPP with PP at a
weighratio of 1: 9, in the SEM i mages o f t
PP/ HGB/ Bamboo fibre sampl es, good dispersio
sufficient interfacial adhesion between HGB

observed.

Except for t he amount of MAPP filled i n t
mol ecul ar WwWRAIPPh tmagf al so cause a wide differ
the macro performance BfabnM@®r gompostites.

al . ( 2e0x1ple)r i ment ed to estimate the influence
the mechanical properties of the PP compos
concentrated on the neocliedc udnuambemeiagrhd of t he
MAPP. The |l ower mol ecul ar wei ght of t he c
contributed t o hi gher ul ti mate tensil e st
strength and notched( Fmpdad get seergt dl .,
2011) The dispersion of hi gh mol ecul ar wei gt
matr i x was at a l ow | evel during mi xi ng,
mi crodomai ns t hat hel p t o reduce crack pr
contribute to the higher unnotched Charpy I
(FraitMao qu s et al ., 2011)

Some coupling agents may causeltethe deterior
and flexural Sengergt hal .compated t he

mechani cal performance of the plastic bl ends
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wi tShE B-§-MA Mal ei ¢ anhydride (MA) and d
(xP), the resul gsMAshgwi $EB&nt |l y i mpro
i mpact str edrogvtetv e r the fl exural and t
reducdte similar ef f-eMAs owmf t IBEB$S mpac

performance of PP/talc compoBenasc atre

al ., 2MABR i s ef fi enptriowa nign t he tensil e,
and i mpact propersthioe ¢ gffi agshefibre f
composites, wh-MAe OoBEBS i mproves t he

stren(gtihn et al . ,Th20khHp) i cation of <cou
in some natur al fibre filled composit
help to achieve desired (n&dpd h&Kmainmaln g nto
al ., 2014-MaFgansoet al ., 2011, . Kumar e

244 Concl usi on

Thi s section i ntroduced t he modi fica
met hods include the addi thloendoifn gf ianlde
use of compast iamidl icsoupl i ng agent.

The troduction of fillers starts with
fillers talc, calcium carbonate and al
three miner al fillers have shown stron
the mechanical properties of PP compos
fillersriits cal cfactor and wil|l be fur
recycled PP based composites. Other in
the filler size, shape, dispersion, an
pol ymer matri x. |t i's worth mentionin
have oppdesicttes @fn t he tensile and i mpac
composites, so the composite formula n
for the specific requirements. This se
fibre and recycled carbon fibre. Both
potential r dwe |itmpe mechani cal proper
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composites. The fi bre -pcoonytmeenrt naantdr i Xi br e

interfacial i nteractiont haartef t henceutchal fact
macroscale properties of the PP composites.
exists between shortibeeyaheédt carpemf or mance
of PP or RPP composites, where short recycl e

be a -ebsectivefandndtyg way to significantly i

the recycled PP performance. HGB was introd:i
novel materi al, it seemg edoacibeg edéesitiye i
i mproving fl ame retardancy and mai ntaini
mechani cal properties.

Pol ymer bl endi-enfgf @ st iavecowday t o devel op a mat
with specific requirements. As the wuse of n
cause t he deterioratomertofes,i mpdcats prt udy

investigates PP/ PE and PP/ Rubber Dbl ends ai me

mechani cal properties of the RPP composites
i mpact properties. I n PP/PE blends, the cont
PE should be carefully cohnhenseiledand bal anc
i mpact behaviour ser sCoarpat irkeicloimemended t o
i mprove the interfacial adhesion of PP and |
i mpact strengt h. RPMASEBBI| enSdEsB Swer e al so
reported effective in improving the i mpact

base ¢ oinpeoss, the effects of -RMA)and SEBS (S

require further investigation.

As mentioned in the stluydnyerofblIfeinidienrgs, atnhde p o
compatabibns of pol ymer s and t he interfaci a
bet ween fillers and polymer matnea&adare the ¢

to be consi deg-MA, -RAOAP&End -HEBAS have

shown great i mprovement i n speci fic pr op:¢
composites. However, due to the complex pr oc¢
hi story and recycling techniques, the recyc
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S 0me unexceputreidt i esip or constituents.
wheeh the selectedrsxompdticbiulpl $ng age

achieve the desired performance.

25 Mat hematitcabl s for predictior

opti @aits on

Since the selected reinforcement t ecl
di versesebhedtfferent properties of t
study has t o i nvestigate t he corre
performance and influencithgiparcamet ail
find an effective method to decipher
(Mehat and KamarudHEiexampilé) for 1 mpro
manufacturing process, Taguchi met h
component analysis (PCA) method can be
processing parameters. I't has been r1 ej

met hod and PCA camwebtulvetygolpso used i

optiatiison of the injection moulding c
pl as(tGuc et al ., 2014, Oktem et al ., 200
Ayaz et alMeh&t0lddnd Kamar uuslée ch Ta&PuUcLh i
met hod with the controlling factors in
padkng pressur e, i njecti one ttiomeo patnidmipsa
t he mechani cal properties of recycl e
indicated that the flexural modul us of

recycled plasticedcady ladjoapgti mgsthe o
parameteish w8 more economical t han wu
Parida et aels.t i(maklexd) t he machining par
GFRP compodagechi and responswese@erf ace
applied te optei musface roughness. The
the feed rate hastHessurnfmpaetr anghness

composite, and mtahphwd can be eshhed t o o
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drilling condiei bhet eumf ac e(iPsaorui gdhan eests
al ., 203 guchi met hoef filesctaveosmet hod for

estimate an optimum settiersg,f dras&@dprowmduct / pi

the experiment al design f Blteeosrpsonasned t heir | e
surface method will develop a quadratic func:
performance of a product/ process, and wuse th
the optimum condition. To sthmod ias saudy, Ta (
good tool for reducing the 1ist- of potenti a

effecti ve -afnfde cttiinree way and find the key fac

infl eeme performance of a product/ process.

As the Taguchi met hod has been proved high
processicregdupreo devel opment , it may be also p
i mprove the formula, especially for the depe
Taguchi design only wuses a | imited amount o
interactions between selected factors while
design is khatdesvgmnytset of every factor app:¢

every set of even(WNI 8ThekOfAaal)tchri s st age,
botthheéul |l Badcdersgn and Taguapiplmetdhod wer e
in the experi ment design. However, in the f
amounts of addisiaed i hermase dependent fact .
are introduced, It i's cruci al to use a higt
such asompéettiives al gore tthhme ftor mpl a miand

both save cost and ti me.

251 Taguchi method

Taguchi method is a statistieali cmethod deve
Taguchi , It is widely applied in quality <c
manufactur( hagg wedtlci. et. aAnd 2000i79 an i mportant
tool wused for robust design and produces the

time and rel ati ¢(KElumarl owt calstl hRerl5)
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wor ds, it I's an expetheean rdedugean ttloe
variation of the product without el i mi
variation, and contr ol bot h t(iKma ia&nd ¢
and Scott., KundalrO ) et al foyrkdlbhat Taguc
optianiioon met hod sucedss fowpleliynhselde si gn
parameter #Pocfortnhef i bre composites to ob
flexur al and i mpact properties. Some

proved the eafsf eodt iTaagmue hi me tihrogd tfhoa o

compositionpr analssi ng paraméebhased in
composites pr&®RpaiatKKiuomar et al ., 2017,
2018, Ozcelik, 2011, Ayaz et .al., 2016

Yang and Tarsgmmhe9®98he steps for the p

design based on Taguchi met hod:
l)idegytithe parameters that need to be

2)choose the | evels for the design pa

i nteraction between these parameter

3) sel ect appropriate of OAY @aonatt hearr
designed parameter s,

4) process the experi ment eldaded nud at; h e
5) analyse the results using S/ N ratic
6) select the opti mal parameter s;
NHYverify the opti mal parameter by the

2511 Ort hogonal arrays

An orthogonal array is a matrix that t
ar e bal anced aald, owhhohomeans every
col umns, al | factor combi nati on OoCCuUl

(Minitab.com, ABdl19a) the Taguchi met ho

59



contain any repeated rows. Orthogonal arrays
be used to check the exiasntde nichee orfe aisnotnesr act i o
for -nepr oduc(iTmigluicthy et. aThe e@WPF7e¢ssion of
the Taguchi orthogonal arrays i s usually I
formglTaguchi et:al ., 2007)

, @
I n whdic® the numbei sfthansumber of levels

anddis the number of factors.

For exampBe,stbands for 9 runs, 4 factors at
design.
AndTabPk@2shows an example of L9 orthogonal arr

Ta b R-2 L9 Orthogonal array example

Run actlor 1 2 3 4
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1

25.1.2 S/ N ratio

S/'N ratio is short for tdhe whigolal i $ oanoi se
l ogaritbhmctci on mai nly aei mehde tdoe sopgtni noifs t he

product, rovei mhe promess@i Ahd noi se

60



(variability) dur(i fogs at heet parlo.cFeosr50 0 B &
Taguchi method design, the S/ Nrfsuncti o
Minitab.comp(@0il®@béd3 thrkg oeseddsmi gnal

noi se ratios:

1. S/I'N -rharger i s better (for examp

production)

- p Tt (2.1)
2. S/ N -rnaotmim al I s-tlaegtet ,omi ni mum var.i
(for example, the bodyweight)
- pml ik (2.2)
3. S/ N-sméaiber is better (for exampl e,
- pm I T T (2.3)

Wherdoi s the experi ment res sl tt hat ttoh el

number of experjmenthersabeadard devi at
2.5.1.3 Analysis of variance (ANOVA)

Analysis of variance of a technique us
of sampHess and He.ssl,n 2t0n8agmbubtri model ,
it has a respodsmernwdaentapbla&nd one or mo
variabl es (i nd\dpSelnd rotl)2b)i s ai med to t
equality of S 0me means and find sta
parameters. ANOVA has been widely usec
pol ymaras Costa et uasled (ABNOOAMg )a t ool to s
and determine the best conditaonc20bd0)
applied the ANOVA methods for investig
temperatur e, i njection pressur e, pack
time on the shrinkage of (AP tamd. R® 10O
And ANOVA has been proved by other r esc
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technique for determining the dominant fact
di fferent properties( Zohfengheetpoalymerz017,
Ashenai Ghasemi et al., 2016, . Daneshpayeh et

T le anal ysi s of vari ance consi sts of s e

(Minitab.caom, 2021)

Sum of squares (SS)

SSothiS thoe¢ al variation in the dat a

33 B®Q w oy (2.4)

SSactios t he estimated factor | evel mean ar ou
me an

33 B W Oy (2.5)

SSrrod S t he deviati on of t he observation
corresponding factor | evel

33 B®Qw w (2.6)

Wherw i s the value of jth observation at the
ki s the mean of the observation at the ith f

wis the meamseorfvatlilons.

Degree of freedom (DF)

DF indicated the number of | mdenqperdident el eme

squar es.

DR acEdrl (2.7)
DR rsnr-r (2.8)
DFotzmr-1 (2.9)
Whereia the total numer of observations;
r - is the number of factor | evels.
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Means of squares (MS)

The calcul ati oar e ff onre atnhVESgfuiacc t or

- 3 . (2.1 Q

The calcul ation arfe tfher mefamors qMS

-3 A (2.1 )

F-val ue
‘O the ratio between the mean of squar

of squar es error.

&

(2.1 9
F-t est IS used to see the significan:

interaction) on the resptoam®é seariaalloe

P:p i s the probtatbagti vey whleedef confi der
at which the factor (or inteoneetien) i

to check the F distribution tabl e, i n

252 Principal component analysis (PCA)

The ©princiopal component anal ysis was
Pearson iand90lbgemn instantiatiean was
by Hotelling, wh o al so devel oped t h
componghéarson, 1901, Hotelling, 1933,
2010)

PCA is one of t he mo s t i mportant anoc
technique for eandtmofsitc ad{IBsocphnde $mi | de

2014, Abdi and WillbamsmuROLlOpari ate st
met hod use orthogonal transformati on

vari abl e whi ch may have potenti al r
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uncorrelated variabl es foi acaeo uof tbe the
original r(eFsupnogn s & n d Kang,P CAO0 0vka s al so
extensively used for evaluating the perform
(Song et al ., 2014, Gu et al., 2016b, Gu et
2014, Zheng etAladi ,ard1W)l |l i amsheed2®10)

goal s of PCA,

l) extract the most Il mportant i nformation f

tabl e;

2) compress the size of the data via only

i mportant information;

3y si mplify the description of the data set,;

4) anal yze t he structure of t he observat.i

vari abl es

The procedure for PCA is shown bel ow:
1. Set upgthalomultiple response array:
@ E W
8 e E @ (2.1 3
@ E w

wherdei s the numberdofstrhal sumber of t he

response.

2. Norenatthe response
W E w
8 é E é (2.1 9
W E
3. Cal cul ate the correlation coefficient arr
i E i
2 e E @ (2.1 9
i E i
Il n whi ch,
O ° S (2.1 6
B [ B r



Andiditi are the mean jaalduas of X

4. Determine the eigenvalues and eigen

The eigenvalues and eigenvectors are
correl ateifdn ce ent array,

2 _w T (2.1
WherleeigenvaBuegsg,j=1¢,8;, N ja jaé,

aj)’are the eigenvectors corresponding

5. aCcul ate explained variations (EV)

W g (2.1 9

6. Calculate accumul ative explained va
“ B
W 3 (2.1 9

in what,presents the explBY nefdj'Viaei at i
eigenval uereandsents the accumul ati ve

vari atAmBY so f( pitdhiegenval ue. Eaehhasganval

associated eigenvector.

7. Calculate the final data

9 B o "w (2.2 0
i n whYimdt f'hei nal data formulated from
Viof pri ncmppanlenct s i n the analysis.

253 Concl usi on

Thi s section i ntroduced t he mat hema
experimental wudetsiagnnal yrseiss and at oomul a
Taguchi method is used to simplify the
design, and t o anal yse behweecnronsektéechb
factors and properPtriiens iwilae ANOMWA.Nnent a

i s a multivariate stheivssedafl omethedf @
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optianiison. These tools are used to serve th
probl ems. Especially in somei @lasdesi gme f ul

met hod becomes ex-toememyngi me I mpossi bl e.

26 Summar y

I n order totbeeteomaical biamrg ireecsy olfedit i | i s
plastics in the automotive industry, this ¢
t he degradati on mechani sm el pstheéoplastics
understand the weakness of recycled plasti ¢

background knowledge for reducing properties

The degradation of plastics can be roughly
categori es: degradation during plastic proc
t he seev ti me. The t her malxi deatd vet her mo

degradati on mai nl vy occur s during t he proce

extrusi on, I njection moul di ng, high proces
may deteri or apreodthet epmrdoperties. During the ¢
ti me, mhkotdat i ve depglraaydsat aoni mportant rol e.

When the composite exposes to UV radiation
mol ecul ar structure of the composites and

i mpurities may accelerate the photodegradat.

the degradation will help togawdi dheiatappropr
temperature and processing time in further |
it al so provides the background information
design of the composite in the aspect of r ec
during service |ife.

Thi s chapter al so revifeowe di mphreovimegh a chse

properties of pl astics. The modification s
foll owing sections:

, Fillers. Mineral fillers, include talc, <ca
and aluminium hydroxi de etc., ar e common
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re

co

inforcing plasticfsi.l IThhreseatte apln dV ec

setf f ecti ve and efficient. Gl ass fi

( GFRP) and carbon fibre reinforced

an
p e
ar

i n

Po
de
pa
to
ru
me
t h

Co
cCo
ad
ad

other two types of composites with

rformance. The high cost of CFRP |
ea, the recycled carbon fibres sho\
polymer manufacturing. Hol Il ow gl a
e advantage of l' i ght weight, and i
hi eve good fl ame retardancy and me

t his studyd tatgamedancar bon fib
|l ected mainly aimed to i mprove t he

operties of t he compds iHGBss. welr(eOl

|l ected to increase the flame retar
(QHMNd HGBs filled composites were
rms of mechani cal properties, de
operties.

l y mer bl endi ng-ef Fectiisvea waoystt o (¢
sired properties, however, for S
rtimalsicyi bl e pol ymeresr,s croanp abtei brielqgiusi |

i mprove tahdckheplraaxe . PP Dblend wit
bber ar e mai nly di scussed ai med
chani cal properties, especially th
e PP composites.

mpat iebialnids coupling agendrs Camgpat.i
upling agent are ¢bfeohiawnweeaddict pth
herence o f t he pol ymer s and i mp |
hesion between pl as-giMAs i and efpiolrlt er

efficient I n I mproving t he tensil e

pr
be

operties of the PP basyeMlA cnoingphots i t ¢

a goon ofpthiogh I mpact perfor mance
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this study, the effects of the selected ¢
compatebibnsthe tensile, flexural and i mpa

of RPP based composites was investigated.

There are variett bdatndfl ukedireiepb loggerti es of

the final product, and the product shoul d
requirements to achieve the real i ndustri al
mat hemati cal method Taguchi method is proved
t ool to si nepxlpiefryi meme al desi gn ea&and opti mis
performance Pdbasteldle composites. The princi
component analysis is @ltbeupedf odtomawvad uat
of t he egt ifnoirsmul a. Thi s study wi || i nvest
effectiveness of t hese mat hemati cal tool s

experi ment densit-gar wallhes.
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27 Outl ook

Chapter 1 introduced the reason why
rarely wused in automotive application:
of t he aut omoti ve pl astics and pl as
situation in ChinaRPPitdhesetndasgtartihalt

pol ymer for further research.

Chapter 2 focus on the degradation mec
and the reinforcement met hodPPmnalimdy f
pol ymer bl endi ng, f i lhleeri nxddiptoirar i am

compatebsl asd coupl iyng eagemtsind e ways.

For different parts of the automotive

chall enge to assess the feasibility of
automotive applications. The i mproved
reliabl e mechanical, t hdr nalammahbhebl b
properties. There @hatavyevdroalbestdoms:
1. Char acdteiroms of recycled plastics. Th
t he gaps bet ween recycl ed pl astic
requirements, and also the weakness

2. Assessmdntt he performance of di ffer

addi ti vesf f eTcht s of fillers and addi t
properties will be evaluated.
3. Il ndustri al trial . Provide a suitabl e

and assess the performance.
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Thi s page i s ienfttenbtliaonnka.l | y |
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Chapter 3 Experimental fundamentals

311l ntroducti on

The experimental parts can be divided
terms of the reinforcement of recycl e

di fferent properties.

Section 1: Thelr gwWPRatasmrdi RPP) eds cha
and compar ed t o t he i ndustri al requi

automobile parts. RPP/talc/ MAPP/ VPP co

to achieve high tensile and flexural p
compared to the industrial requirement
was persosced to make automobile armrest |

Section 2: Pol yih®&PPbLEeDEENg ROPWA LLDPE
and el ast omeg-BAH)SEB&Sr e empl oyed to con
for thet ignpraengt h | os-g-MARFPPPP, L LIRIPFPE SEBS
g-MAH/ t al c and -gRNPAH /SAIBESOH)S dgit ead t o

satisfy the requirements of automobile
Section 3: Short recycl ed car bon fib
regarded as a waste material, and it
filler for enhancing the comprehensiyv
empl oyed to imptevéeathal adhesion betw

PP matri x.

Section 4: Hol Il ow gl ass bead (HGB) !
l i ght weight filler for achieving | ight
properties and fl ame swattarskedrecy.e dAla(sOt

fl ame retarddntl Ilmirndroal compari son wit/

The charatcitenmi sests include the physi
t her mal and morphol ogi cal properties.
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brief description of the selpaactaead omateri al s,

process and ahiaoactesti s

32 Materi al s

321 Pl astics

Virgin polypropylene (VPP):

VPP1 An injection grade of PP block copolym
Dushanzi Sinopec, Rdev&PadhBBSa0density of O.
gkmMand a melt xfI(dMFli)ndd 1. thiln At 230

under a | oakdgf @ofl | 2wl g -1:SODQA1N1.3

VPP2 An injection grade of PP homopol ymer wi
of H1500, produced by LG Chem Co., Ltd., Re |
The density and MFIgtontawdPR0Oa®?2 @/, B0 min,

respectivel y.

VPP3ANn injection BradpoPdimeht cac t rademar Kk
of PNW@®B2 D, was produced by Sinopec Maoming C
Guangdong, TReEidaensity and eMFandar2e. Q0 9

g/ 10 min, respectively.

LLDPE An i njection gifdedes i t ynegaorl yeblwvyl ene
(LDPE) wi t h a trRMA2ZMO%k, owasD produced by
Sinopec Guangzhou Co., Ltd., Guangdong, Chir
and MFI agém®nNd2 2. 00 g/ 10 min, respectively.

RPP( RPP) :

RPP1The RPP pellets witJC-PB5AtUsaedde mam k of
this study were purchasedl ifrrgpnCol.i,anlgtida.n,g Re
Shanghai, Chi na. I t wa sc ursetcoyncelre ds tforroang ep o st
bays. The density odknmMRPPdnd st hOe v@rbe | t flo
index ig/1@. Min ACt uhAer a | okagd ionf 2. 16
accordance wi tlh 2/108A1133
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RPP2The RPP pelletademdrmklaG3 PPsed i n
this study were purchased from Tiangqi @
Shanghai, China. 't was industrial rec
of RPP2 gbknip. &80d t he melxt ifslgdwl@Onndi n

at AXOunder a | kmdamtoRdaBce with | SO
1:2011.

RPP3The RPP pellets with -833raeéemar Kk
purchased from Tiangiang Recycling Co.
and have a dengthntniyanaf a0 .ntelithndfelxow MFI ,
at AXOunder a |l oad of 2] B®1K@®3260dd)di n
of 2.47 g/ 10 min. It was recycled fro

scraps.

RPP4 The RPP pellets with-1247 twade mar
obtained from Tiangiang Recycling Co.,
The density of gRRE3 aind G.h&Wwimabexfle

45.0/ 10 min ALt udhdI@r a | kagydiwof aZ.cbé danc
with | SQAl 2303Tth.e source of RPP4 is wunsp

RPP5 The RPP pellets withl@oOo6eraweeenar |
obtained from Tiangiang Recycling Co.,
The demdi tRPP5 ig&nmp. a0d thewmiehdex | ios
7.9%6/ 10 minALt und@r a | kagdiwnf azZcbé danc

with | SAl 2303 1. It was recycled from be
322 Fillers

Tal:c Talc used in this study was purcha
a | ocalersuphpalsi an average particle siz

density g&Em2. 75

Al (OH)The Alzwak) supplied by Tongl ai Ch
Ltd., Guangzhou, China. | g £t M@asnda adens
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medi an si 2mm. of 13

Holl ow gl ass bealdvo ( kGB)HsGBef wi th the
trademark of S60HS and i MS30OK ™"WEéoe, purchased
Ltd., USA. S60HS hasghtani,deanmsd tayn odv elr. abg e
size oifm. 30 M30K has a degrtsi aiyd odn 0. 6

average silazne of 18

Recycled carbon fTheer CRChARaer kahdly

provided by Professor Steve J Pickering at
Nottingham, UK. The short carbon fibre was
fluidised bed process. olffhe7tOF has a density

323 Coupling agent anceérsompabilis

Mal ei ¢ anhydri de grraagyleednepo(lMARPREP

used in this study S bought from Nanjing
Co.,Ltd, has a gknmaintdy amf MF.I9 of 88.67 g/ 10
min atA@3@Onder a | &@md of 2.16

Mal ei ¢ anhydride graferdgdi ity npalry ¢toohvyldene
(LLDPgEMA): ThleDRARE-MAwi th a trademark of 18350P
was purchased from Arkema Co., Ltd., Pari s,
density of 6. 93nld g/hcemmel t fgbwOi mdex is 3.8
at 28B® under a | kgd of 2. 16

Mal ei c anhydride grafteadnestlyuteynlee net hyl
Styr emEB&MA): SEGBAwi th a trademark of 1901
was purchased from Kraton Co., Ltd., UusS. It
0.91 4§/ camd the melt flgow0i miaxl@s 2308
under a | oakkg.of 2. 16
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324 Ot her s

SurfactantPo(l F)x:yet hyl ene (RW3grodretydeadt h
reagent gr ade] was purReragerdt fCO®.m xLtyc
China, with a deghsiity of 1.07

33 Fabrication of composites

331 Pl astic c hartd other iasnd-f iTdled RPP

composites

3.3.11 RPP and VPP chatriacnheri s

The VPP and RPP weerdandharoanptaegreids t o t
i ndustrial requirements of dabB-érent a

|l i sted the pl asead cisn cthhairsa cstesatiison.

T a b B-4 List of the plastics used in this sec tion

Plastic Source Trade code
VPP1 Dushanzi Petrochemical Co., Ltd. EPS30R
VPP2 LG Chem Co., Ltd. H1500
rPP1 Post-customer storage bags JC-PP-5A
rPP2 Industrial recycled plastics TQ-1003
rPP3 Industrial production scarps PP-535

Af ter dr yni nogveinn Aa@f o512 h and manual |
mi xed, al | materials were ca2fhpewnded
rotatingctewnextruder (Faisg uBrde s hwiwas e n

screw diameter i S 20 mm and L/ D=44,
temperatures wasofsielt -180L 85179001 9401 90

18%. The screw rotating speed was set
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contr

Pel | et pare

uni t

Mai n
| motor

Fi gu3kleKRSH2Z0 ¢co@tati ngctewnextruder

The pellets werAcCf dri 88 hbbEBQréenjection
moul ded i nto | SO speci mens using a Haitian
injection moulding machFngu32Zs iins ashown in

temper apruafei | e- 10 01 OR 0AC

Safetyl|.
door

Fi gu3k2eHai ti an MA1200/370 injection moulding

3.3.1.2 RPP/ Tal c/ MAPP/ VPP composites

Talc, MAPP, VPP2 and RPP1PW®eomp asietded .o produc
MAPP was empl oyed t o i mprove t he interfac
bet ween t aPP maatnrdi x to enhance alt he mechani

performance of t heTheomnmpewdltses .of sel ected
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components

ar dgabkeBe2wn i n

Table 3-2 Selected components (VPP, talc and MAPP) and

their levels
Components Level 1 Level 2 Level 3
VPP2 (wt %) 20 40 60
talc (wt %) 5 10 20
MAPP (wt %) 0 2.5 5
The composition design employed the Tz¢
i s shoWwWabB@& | f using the full factori
33=27 serfi eesxpoeri ment s, while it only r
Taguchi3 LOAS3
Table 3-3 Designed compositions based upon Taguchi L9 (33
OA
Trial No VPP2 Talc (wt %) MAPP (wt %)
(Wt %)

1 20 5 0

2 20 10 2.5

3 20 20 5

4 40 5 2.5

5 40 10 5

6 40 20 0

7 60 5 5

8 60 10 0

9 60 20 2.5
The sample preparation procedure is
3.3..1.1
3.3.13 I ndustrial trial ( Ar mrest box)
Two formulas were selected for making
box:

1. 52wt RPP3 wtvd WP P2wt%bal c
77
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2. ®%® RPP3 wt%® OVPP2wt%bal ¢ awmtbhMAPP.

The sample preparation procedure and par ame
same iamse &t i3oon3..1.TMhe triadt ewas pmeppl i ed

by our indust$®hwdnglairt ngmo uFp gcud-3, LTD.

shows the photo of the injection moulding

Shuanglin group co., LTD.

Fi gu3k3l njection moulding machine in Shuangl:
LTD

332 RPP/ PE and RPP/El astomer blended composi:

3.3.21 RPP/ LLDPER/ IRPDRREMA and RPP/SEBS
g-MAbl endi ng

LLDPE, L4-MRE and EBBA\Swer e selected for

i mproving the i mpact pro@rapds ietse so.f Tthhee RPP
RPRIsed here is RPP3. The PEQ mpLagbiPtEi ons of LL
MA and -gBMASvere contr owtl ®2dowa T8 b1l e

3-4shows the composition of the samples in th
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Tab B-d RPP/(LLDPE, or LLDPE -g-MA, or SEBS -g-MA)
formulations

NO. | RPP3(wt %) | LLDPE | LLDPE-g-MA | SEBS-g-MA
(Wt%) (Wt %) (Wt %)

1 100 - - -
2 95 5 - -
3 90 10 - -
4 80 20 - -
5 95 - 5 -
6 90 - 10 -
7 80 - 20 -
8 95 - - 5
9 90 - - 10
10 80 - - 20

After prepared by the designed composi
mi xed and bl ended aly ngctewnextruder.

t wiksncr ew extruder used in t-A0sfwsomdy

Kangrun machinery co. LTdD2 0 Chhmnagr evwai c
di ameter ahd44/ DThe processing tempera
set atl8EISROROROAIKE, frtoamirst heatin
barr el beneath the feeding hopper to t
used in this processramdstaeecoobedqs

pel leedt.i sThen ltehes prvelr-ér ov@n€t f 806 10 h

before the further injection moul ding.
An MA1200/ 370 injection moulding equip
Hai ti an Precision Machinery Co. , Ltd
prepare the test specimen following th
flexural and i mpact properties tests. 1
heating barrells9 BvE®E 0 X D A0 The injecti
pressur e, injection speed, packing pr

was controll ed ag, 4¥®aMPaan,d ,5100 egdpecti vel
Theser agnmeters are controlled as the sar

preparation and each test, at | east 5
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for testing.

3.3.2.2 RPP/ LLD®MA/ VPR OmMposites

Based on the resgdl 83s 2wt %S®d¢t ikghDAP E

was setcanstant. ThveP Pc3o mtaesntseadf as 10 wt % to
40 WtTabB-&shows tmpeoscioti on of thge RPP/LLDPE
MA VPP sampl es.

Ta b B-& RPP/LLDPE-g-MA/VPP formulations

NO. RPP3 (Wt %) | LLDPE-g-MA (wt %) VPP3 (wt %)

11 80 10 10

12 70 10 20

13 60 10 30

14 50 10 40

The sample preparation process i s consistent

i n Sedti3amr

3323 RPP/ SEBSMAH/ Al ( ®H) RPP/ S§BS

MA/ Talcomposites

Al (QHmd Talc was selected to balance the r
tensil e amd fplreoxpwerti es-g-MAcRPPOSEBSS.

The formulation and the sample designations
i Mab B-&.
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Table 3-6 RPP, Al(OH) 3, Talc and S EBS-g-MA blending ratio

NO. RPP3 Al(OH) 3 Talc SEBS-g-MA
(Wt%) (Wt%) (Wt%) (Wt%)
1 95 5 - -
2 90 10 - -
3 80 20 - -
4 95 - 5 -
5 90 - 10 -
6 80 - 20 -
7 85 10 - 5
8 80 10 - 10
9 70 10 - 20
10 85 - 10 5
11 80 - 10 10
12 70 - 10 20
13 75 20 - 5
14 70 20 - 10
15 60 20 - 20
16 75 - 20 5
17 70 - 20 10
18 60 - 20 20
The sample preparation process IS cons

in Sed@t.i3amr

333 Recycled shordarnbdn efdi bre filled P

composites.

3.3.3.1 VPP/ r SMCF/ MAPP composites

VPP/ r SMCF/ MAPP composites use VPPl as
short recycled carbon fibre, which is
materi al, was used her e t o study t
VPP/ r SMCF sadmmso MAPP was employed to
interfacial adhtelsPR nmatertiweeaand r SMCF s

The composition of the ToalbeBidds was s how
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T a b B-& Weight fraction of the PP, RSMCF, SF and MAPP

blends

Sample PP RCF | Surfactant MAPP
1-1 PP 100 - - -
1-2 SFos/PP 99.5 - 0.5 -
1-3 SF./PP 99 - 1 -
1-4 SF,5/PP 97.5 - 2.5 -
1-5 SFos5/PP/r'SMCF 1 98.5 1 0.5 -
1-6 SF./PP/r'SMCF , 97 2 1 -
1-7 SF,5/PP/r SMCFs 92.5 5 2.5 -
1-8 SFos5/PP/MAPP ; 98.5 - 0.5 1
1-9 SF./PP/MAPP, 97 - 1 2
1-10 | SF,5/PP/MAPP 5 92.5 - 2.5 5
1-11 | SFos/PP/f'SMCF 1/MAPP, 97.5 1 0.5 1
1-12 | SF./PP/r'SMCF »/MAPP> 95 2 1 2
1-13 | SF.,5/PP/F'SMCF s/MAPP5 87.5 5 2.5 5
1-14 | SF.5/PP/rSMCF 5/MAPP 5 90 5 25 25
1-15 | SF,5/PP/F'SMCF s/IMAPP 1 82.5 5 2.5 10
1-16 | SF,5/PP/r'SMCF 5s/MAPP 5 72.5 5 2.5 20

To ensure the dispersion performance of the

fibre, the weight ratio of recycled carbon

was controll edcarst €ntl .ofThreecycl ed carbon fi

control | wtd¥aswil%, the content of maleic anhy

was controlwiteéd taoowt2%. The sample preparation

process consi sts o f the dispersion of r SMC

PP/ r SMCF and injection moulding process.

Di spersion of r SMCF

Il n this study, a combined process of the di

the water and hot pr ediss ptead selt aiecy wk et
carbon fibre reinforced plastics (rCFRPs)

process used in this study wdsiddapted

procgsShhah and J. Sc.humierl st 12y0,15t)he r SMCF and

surfactant were mixed in the water with the

Then it was placed in an ul howmstoni c water

82



room temperature and constantly stirre
poudeinto a glass tray, whi©m Rhsficbmer
The glass tray was tr PGfdori n24 nh cowresn wait
constant airflow to evaporate al/l t he
| ayer odi swedrlsed r SMCF was pdltyaii miedle or
(P)filFm gu3rdeshows the di spersion proces:

rSMCF Surfactant

N 2.
- - -
Beaker Water

. Ultrasonic treatment
Mixing

Step 1 Step 2

PI film Riiim

‘ v
- rSMCF

Drying Glass way Well-dispersed rSMCF
Step 3 Step 4

Fi gu3r4eProcess of r SMCF dispersi o

Compounding PP and r SMCF

The di spersed r SMCF was then covered w
PPfellets (and MAPP pell ets where appl

to obtainc aslpdeatsthhy usingimag fimad¢ hivud c
frohongguan ZheNaoghingery Co. , Ltd, Chi
ZG201 (as is FIhyaldv®m® iat °80d 88& MPor 3

mi n .
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Fi gud¢beZhenggd@®gO0X |l at vuhgamashine

Then the sheets were shredded by wusing a R
cutting mill (Risgurbe sd@winp pad0 nmm-t h

byl0O mm square aperture sieve to get the shr

=l
<)
e,

Fi gu3¥eRet sch SM2000 cutting mil!/

Fi gudr7eshowed the exampl e eoeft tbheef orrGeF RaPn ds h
after shredding
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Figud7(a) rCFRP sheet before shredding
after shredding

After the shredding, the pellets were
screw extrusion process. The waecaes®s$ir
asl65658090940 940 940 8%, from the first I
barrel to the die. The screw rotation

The extrudedepeéamddlcesd wand tedn pell et

|l njection moulding process

The PP/ rCF pellets mwemeultdhedn tonjebtaiol
speci mens accordi-2g2@Db2;I SIOSQY78: 2010
| SO180: 2000. The temper adarmrreelofwashel W@

1902 0@ 0T The i njection prMBas,ur e W
injection spegeled, waasc biOng pr e dvPwur ¢ owa s
10s, cooling temandas hé@dOmould temper al
5 0C.

3.3.3.2 RPP/ r SMCF/ MAPP composites

This part uses RPP5 as the base matr.i
studi ed i n  3s &c t3l e composition of
RPP/ r SMCF/ MAPP c o mspoovwsn tlhenb B8a s
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T a b B-8 Weight fraction of the RPP, RCF, SF and MAPP
blends (wt%)

Sample RPP5 | RCF | Surfactant | MAPP
2-1 RPP 100 - - -
2-2 SFos/RPP 99.5 - 0.5 -
2-3 SF./RPP 99 - 1 -
2-4 SF.5/RPP 97.5 - 2.5 -
2-5 SFo5/RPP/I'SMCF 98.5 1 0.5 -
2-6 SF1/RPP/rfSMCEF , 97 2 1 -
2-7 SF25/RPP/ISMCEF s 92.5 5 2.5 -
2-8 SFos/RPP/MAPP 1 98.5 - 0.5 1
2-9 SF1/RPP/MAPP 97 - 1 2
2-10 SF,5/RPP/MAPP 92.5 - 2.5 5
2-11 SFo.5s/RPP/r'SMCF 1/MAPP 1 97.5 1 0.5 1
2-12 SF1/RPP/rfSMCF 2/MAPP 3 95 2 1 2
2-13 SF,5/RPP/F'SMCF 5s/MAPP5s 87.5 5 2.5 5
2-14 SF25/RPP/rfSMCF s/MAPP 5 90 5 2.5 2.5
2-15 SF25/RPP/F'SMCF 5s/MAPP 10 82.5 5 2.5 10
2-16 SF25/RPP/rSMCF 5s/MAPP 2 72.5 5 2.5 20
The sampple@paration process is the same

preparing

334 H

3.34.1

VPP/ HGB and

matr i

process.

ol l ow gl ass

VPP/ HGB and

VPP/ RCF/ MAPP

beads

f

cBmBos8i tes

i n

ed PP/ RPP

VPP{AdOHyi t es

VPP Ap § ®) use

X and-skty etvwiext rusi on

8 6

The for mul

VPP3

and

a tTakden3s9. wer e

as

as t hi

section

composi

t he

base

i njection mo

gi

ven
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Table 3-9 VPP based composite fo rmulation (wt%)

Sample code VPP3 HGB(iIM30K) HGB(S60HS) | Al(OH) s

PP 100 - - -

PP-2.5iIM30K 97.5 2.5 - -

PP-5iM30K 95 5 - -

PP-10iM30K 90 10 - -

PP-2.5S60HS 97.5 - 2.5 -

PP-5S60HS 95 - 5 -

PP-10S60HS 90 - 10 -

PP-2.5AI(0OH) 3 97.5 - - 2.5

PP-5AI(OH) 3 95 - - 5

PP-10AI(OH) 3 90 - - 10

Af ter miPPperg)] ets and fillers were bI
rotatingctewnextrud-20, (ICREH&A), which

screw diameter of 20 mm and L/ D of
temperature-1va&Es9RIPO0R0A 9%, fntdma
first heating barrel beneath the f eec
Bl ended strands of the compositres wer
bath and subsequeednt |Tyh ep eplellelteitss wer e t

in an oveéd fadr 8100 h before sampling.

The pell ets wwerneo uil djeactiinot o | SO standa
fl exur al and | zod i mpact specimens by
machine (Haitian MA1200/370, China). T
of heati ng barr-apPb® 0@®a0sR2 0®W 90 For each

composition, 5 speci menst hweernee cfhraenp arad
tests.
For fl ammabil ity st ensetrse, psr aenppal ree d us i

vul cangs machinealbedsbot compressor) 1

20T (ZhenYgdmgpgguan, Guangdong Provi nc

an inner pressing space naf a30pr elssdobe
capagi of 20 waen used. The temperature
process was set and M i.nt Bhewed ampg! el
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preparation procedure consisted of the follo
(1). 70 MPa, kept for 200 s; (2). 75 MPa, K ¢
80 MPa, kept foec®&®mprsess2i osn was used bet wee:
any two phases to release the air within thi
hot press, the plates were applied to the <c
temperature which consisted of the same thre

MP a , kept for 200 st ¢(2)y. 10D BPa,3Rep 80 MPa,

kept for 60 s. 2 s decompression was wused b
phases to release the air within the pell et s
the specimen used for the flammability test
12.5 1T 3 mm,.

3.34.2 RPP/ HGB/ MAPP composites

RPP/ HGBAPP use RPP3 and RPP4 as the base mat.
composites wer e ptrwe-pna r e W Byxytrusion and
injection moulding process. The formul ati on
TabB-40

T a b B-4 0The designed formula for glass bubble filled RPP

Sample code RPP wt% | iM30K wt% MAPP wt%
RPP3 100 - -
RPP3-2.5i M30K 97.5 2.5 -
RPP3-5iM30K 95 5 -
RPP3-10i M30K 90 10

RPP3-10i M30K -5MAPP 85 10 5
RPP4 100 - -
RPP4-2.5i M30K 97.5 25 -
RPP4-5iM30K 95 5 -
RPP4-10i M30K 90 10

RPP4-10i M30K -5MAPP 85 10 5

The pr oocfe spsr e pRARAR/NHHGB/ MAPP composites was th
same as the process d&8s8r dbleids i marste cd nmloy

studied t hecamechramperti es of t he RPP/ HGB/ I
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composites.

34 Char actadgriiosn met hods

341 Tensile properties
The test of tensile properties -foll ow
2:2012. The di mension of the 1injecti

foll ows tTyhpee tleBh.si | e t es tesd wenr ea pGeortfeocrh
TC000ONE wuniversal t esti ngscnaalcehilnea dwi
range of 20 kN at a fixed croksshéehaed sp
tensile modulus was obtained by an e

Technol ogy Co.Ltd) at a tensile elonga

Fi gu3-2shows a photo of the wuniversal
Fi gu3-2 shows an example of the standa

specimen used in this study.

Fi gu38Photo of the universal test
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s e Y

I

Fi gu3¥%Photo of a tensile test speci men
342 Fl exur al properties
The test of flexural properties-followed t he

201 C.l exurawerestper formed on-2®d0BGdNtEech TCS

uni versal testing neaccahlienel ovad hr Bangeuldf 20 Kk
The crosshead spedd ,wasnds tnnme/ span was 64 mm.
The photo of the wuniversal t&esgumachi ne was
3-8.Fi gwrleOs hows an example of the standard fl e

specimen in this study.

T
i

Fi gu3kleOPhot o of a flexural test speci men

90



343 | mpact properties

Theestt of i mpact properties followed t
2001. The equi pment used for testing
machine (Go7@4HHRKT shown gudkl The

i mpact test speci-methclieod thdesetsamse tas
the flexural t est sFpiegcuBrde@ n Tshheo wino ticrh e d
specimen i sFsha3wle2 i n

Fi gu3rlelPhot o of i mmpaacchti ntee st

Fi gu3rle2Phot o of notched specimen for
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344 Rheol ogi cal properties

The test of i mpact properties followed the s
The equi pment used for testingters the melt
(GoteciH 2GM1BH) sho®wing u3nk3 The nominal

|l oad used in this study is 2.16kg and the m
2 3 0C.

Fi gu3rle3Phot o of mekk tkewernd
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345 Ther mal properties

The thermal properties were carried ou
(Sei ko, Japan) . The photo of the TG/ D
Fi gu3-®4 I n this study,arsampl 68s mgi twie r e

heated fr om5400MCC wia h5 a heatAiChgartate o]
the nitrogen ng,aswadtdhodvi triad e afi n200 mL/

e

Fi gu3rledPhot o of TG/ DTA 6300

346 Fl ammability properties

The fl ammability propertiseasngwetrhee cFalrTr
horizont al /[ vertical fl aFmeg ug-e&lmp e r s h
foll owing UL94 standard. The di mensi ol
12%%m*13mm*3mm,t he speci mens were mar ked
and 100 nm is $Fhgwdled nThese speci mens
be conditioned at 23AC for more than -
of the methane gas mlasi nsetWhaesn lth: te
started, the speci mens were placed on
30 Bt the fthed tka 25 mm mark on the
within 30 s, the ignition device was r

for the flame to arrive 25 mm (denot e
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100 mm (denoted by end tiomepdmaraks waee rec

burning r anien)( nbre/t weerk st lwasmawmeasur ed.

Fi gu3rle5Phot o of fl ame chamber

M T

1

A3114_1‘5'

Fi gu3kle6Phot o of UL94 test speci men
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347 Fourier transform infrar(eRTIRpectr

anal ysi s

Fowi er transform infréagF@dRsypkeyctobsctbop:
pl astics wer euspeargfVolrRiTeEdX 70 ( Bruker, Ge
at attenuated total reflectanaand( ATR)
wavenumber resalmbfi gmsrle’s s4thdet fphot o
of FTIR.

Fi gu3rle7Phot o of Fourier transform infr

348 Morphol ogy study

The mor phodtogdyadf the composites was
scanning el ectron mi crosc@mpa atsi g a
acceleration voltage of 3F0Qu%*W¥8 as wa:
Before SEM observation, al-d o astaenth | veist hw e

a thin | ayer of gold to avoid electric
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Fi gu3rle8Phot o of scanning electron microscoc

349 Outsourced tests:

3.4.9.1 Di fferenti al Scanning Calorimetry

DSC was conducted t o anal yse t he possi bl e

crystallinity of the PP/ rSMCF and RPP/r SMCF
a Perkin Eilgne7, t Rgr mal anal yser. Al | DSC te
carried out atticroqpsdmdahtc helai AQmirmtes of 10
under oaamtnmMbsphere. nSpaweirme i nitially heated
208C for 4 min before cooling to room temp

second nigeactyicl es wer et opelAT®OFf med 20 mi n.
Mel ting t empTay atanrde c(r yst alR) c ometreen't (
obtained from the second heating cycle to el
of previous therfmdh Cobpeadmenflaswas 2007)

determined at the maxi mum peakveof the endot
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and®was calculated according to Equat.i
the crystallisation en{AMdaopdgeadcddetPPalc.
2014)

5 (3.1)

wherg#Hnii s the enthal gmiofs fthei em,it hal py
fusion of 100% crystahichmesesomact2i0®
accordicg Costa et ,alahid62@mhe) effectiv

weight fraction in the composite.

Il n this study,RRRvassebeaepokeduREdt bg
ratio of PP in PP/ PE bl(ehdismawhzsu ;me2a0s1utr )

&
&
&

0 7

y

(3.2)

e

y
Wher Hm2 i s thei sipe heat of mel ting of
crystal IgHne sPE,29 3Bgs( Aumnat e 20t1)% I .,

3.49.2 Cone calori meter t est

The cone cal o IC@Gavaesr pteesftor med for t he
composites by t he cone cal ori meter

Technol ogpcct®Kyding to the | SO 5660 st
di mension of the sample was controll ed

speci mens were exposed to thé&Wéxternal
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35l ndustri al reqguirement
The industrialofr eqairiireegneanut omoti ve appli S8hunogbi wegeodpbB#dedLDD.
indicates the details of the mechanical parameters, test standar
T a b B-4 1Mechanical properties requirements for the automobile parts (Part1)
Material categories
PP-01# | PP-02# | PP-03# | PP-04# | PP-05# PP-06# | PP-07# PP-08# PP-09#
Standard test
NO. Parameters conditions, Units
1 Tensile 013 015 620 620 620 622 618 630 627
strength
ISO 527 -1/2:2012, MPa
2 Elongation at / 650 | 630 | 620 | 025 015 620 / /
break
ISO 527 -1/2:2012, %
3 Flexural ISO 178:2010, / 620 035 030 027 030 026 040 038
strength MPa
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Ta b | -4 1Mechanical properties requirements for the

automobile parts (Part 2)

Material categories

Standard test

conditions, PP-01# PP-02# PP-03# PP-04# PP PP-06# PP-07# PP-08# PP-09#
. 05#
NO. Parameters Units
Flexural ISO 1300 -
4 178:2010, a 1100 a 2000 G 1800 G 1500 G 2000 G 1500 / /
modulus 1700
MPa
Unnotched ISO
5 impact 180:2000;k  J/ NB/PB? / / / / / / G 20 G 20
strength m?
Notched ISO
6 impact 180:2000,k J/ G 35 g 15 g 15 g 10 ¢ 10 g 10 08 G 25 G 23
strength m?2
Notched
impact ISO o o o o o o o
7 strength at 180:2000 . kJ/ us u 3.5 u4 u28 u3 u3 u28 / /
-30AC m?2
Dashboar Door Column Door sheII' c.)f ar she_ll_ of air
. 2 Bumper Bumper Dashboard conditioner conditioner/a
Applicable products d panel board panel
(HE) (ME) (ME) (LE) (ME) (ME) (LE) /armrest rmrest box
box (ME) (LE)

Remark

1: NB/PB means no broken/partial br

2: HE means high

-end, ME means middle

oken. 2. Only for reference, not a strict requirement

-end, LE means lower

-end
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Chapter 4 Plastics characteris ation and

talc -filled RPP composites

41 Il ntroducti on

As previously indicatbgdal ecycyl garadpt iatst
consistency ar e t he cruci al fact o

manufactuReecycl ing todbhg, r2@¥c¢)ed pl as

used in this study were provided by a
Tiangiang Recycling Co., Ltd., Shanghe
recyclaesdt ipclsviarngd n pl asti cs emerat cthhaeg a
start of this study, it allows the <col
pl astics and potenti al automobil e ar
objective of this chapter is 4o ldsedess

RPP compodiotre speci fic auto parts.

As mentioned previously in chapter 2,

influence the perffod manc & PdRPPalcomposi
cont ent o f tal c; 2) interfacial adhes
mat  r(iileon and Sue, 2006e,miAsehtemdi. ,GlRa&Osl 6
et al ., . 20S1o6 b n t he experiment al de s
concentration oMt %,aWo0%f ivt0%®)r wadbs added
to the RPP matri x. The composition of
than wt® for the ease of exghaesi ®MRAI X re
and avoid severe |Iimpaceéeormeteri atat i ®r
The compounding was per f-oagmew astimugsiao
process to effectiveh®P mmat(MNibXx ht abai ir
et al ., 2015, Weon. ahhr Sarel, e 2#00%, ( 0, 2

5wt %) of coupling agent MAPP was al so
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interfaci al adhesion between ¢fallcd eadnd RPP ma

RPP composites are expected to have i mprove
flexur al properties, but the deterioration
may orc(cRr emal al et al ., 2002, ™MWameage et al .,

l evel swt (% 0 wvit0%, wWt0%) of VPP was incorporated
bal ance the tensile and fl exufrialll egcer f or manc

RPP composites.

An i ndustrial trial was <conducted aimed to
aut olmol e part. The use of the raw materials

trial was prepared in our | ab, and the indust
technical support and instructions during
i ndustri al trial was proceSbkedngdglini nt he wor k:

Group Cd.TheLtperformance and <cost savings

product were assessed.

So, there are three sections in this chapt
Fi g udrle
- Virgin PP with different MF
Characterization
of plastics Recycled PP from differer
source
Taguchi method for
Talc filled experimental design
composite study PCA for performance
evaluation
Industrial trial Armrest box

Fi gurleThe f | ow c tharptt eaf 3C

Section 1. @Ghaoacoéripsastics.
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The mechanical properties of -tRhPeP obt ai
and VPP pellets wed.e TchheasreacRRP i pel | et

mechanically recycled without any furt
VPRPell ets were pure PP. The results we
industri al requirements of speci fic a
and weaknesses of RPP and VPP were ide

Section 2. Talc filled RPP composite
This investigation aims te ¢s$egsifecant
fl exur al pafopesei astomobile parts witdt
and flexural requirements. The content
PP was selected as the control par ame

ANOVA and PCAetsewlknieq appl i ed aftoorn t he

and evaluation of the formul a.

., Section 3. | ndustrial trial

This section is an industrial trial b a
industrial partner. Due to the | imitat
amount for trial and the propmultases re
for making automobile armrest box we
industri al trial. An economic anal ysi

sectiFdm.uirZshows the photo of the inject

machine and the manufactured ar mrest b

Fi gur2ea) I nternal view of the injectio

b) top view of the manufactured al
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42 Pl astic <c¢ch

421 Material s

Thr ee

source and trade

artda otner i s

code of

ki REEBandfot ki nds wdr e/ PPeldec The
t heaslelB-. 1 asti cs

Ta b KU-4 List of the plastics used in the experiments

Virgin miSource Trade
VPP1 Dushanzi hPemi cat Co.| EPS30R
VPP2 LG Chem Co., Ltd. H1500
RPP1 Recycled f-camtpmet JEPPS A
storage blagsngbhyang R
Co. , Ltd.
RPP2 Recycled from indus/ TQ1003
pl astiTisarbgyi ang Rec\y
Ltd.
RPP3 Recycl ed dfursamiian priPP535
scrapdibywgi ang Recy
Lt d.

VPPl i s designed

and paint

The applications

filels depending

selected RPPs

whi ch i s& Clhii :ntae d

guantity stabil:i

from ediefnft

bucket s.

on the

sour ces, t he

for the us
VPP2 i s

of t hese

company,

ty of the

e of

designed
pl astics
speci fic
aréi amoivang@gdRdyycl ing
to ensure
pl astics.

meesh a wi

detailed cohdratctteme sbegi nning of

422 Char actaeriiosn

The RPP and VPP

extrusion and injection

par amet eas

ment i

Resul ts

speci mens

oned i n
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application
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qu.

sel e
beropert
study.

wesrce ewrepared by

moul di ng
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properties of the selected V&PH-E8nd RPP

TabW-2Experi msmit tseof the plastoba char

Properties VPP VPP2 [ RPP1|RPP2|RPP3

Tensile modu|1206 1625 (1239(1456[1430

Tensile stre|27 35 25 26 25

El ongation a|92 20 25 50 55

Fl exur al mod{ 1233|1506 (116214651293

( MPa)

FIl exur al Str|31 41 30 35 33

(MPa)

Notched i mpal46 3 4 8 12

stnegt hl /(1R

Unnotched i m97 6 6 50 81 109

strenfgd/hip (

-3 0°C, Not ched|8 2 2 3 3

i mpact stren

(B/

It is sHaw#itrhat t he mechanical prope

with a different t r adseindaerrka bd ayn Vvi@r yh ac

better understanding, RPP1, RPP2 and

with VPP1 and VPP2, which set the valu

standard 100% value. The comparison r

Tab#h-8.

TabW-&8The compari son of the mechanical
with VPP

Plastic Sampl|RPPIRPPIRPP3/RPPIRPPIRPP3

Properties Set VPP1 as |Set VPP2 as

Tensile modayl|[1039%9121%9119%76%|76%|88%

Tensile stRagnN93% |96% |91 % |73 |73%|72%

El ongation atj27%|55%|60% |[127%127%276¢9

FIl exur al Mmody94% |1199Y105%77% |77 % |86 %

FIl exur al Strg97% |115%9107%73%|73%|81%

(MPa)

Notched i mpad9% 18% (25% |137%91379387%9

str endfgdt/hip (

Unnotched img51%|{83%|112%75%|75%/[166F9

strengd/hth (k

-3 0C, Notched [30%|36% (41% ([115%91159%1587¢9

strengdt/hitph (k
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The results indicated that RPP1, RPP2 and |
tensile modulus, tensile strength, fl exural
strength to ndtPdhedl hiempact strength and not
i mpact strdrogCtahr eatt he key hécbocutlodr sl i mi t

the RPPs being applied in the same field of

due to the | ow base value, RPPs especially R
results in notchnegdt hi. mpHhocwe vetrr e VPP2 has the
hi ghest tensile modulus, tensile strength, f
fl exural strength among aPP Thhdset hese sel e
mechanical properties were compared with the

Tabl3ell By comparing th&€allée wintdsh ei n
requirememabB-4dilr-Fi gur3eshowed the potential of
the raw materials for the |.i sAletdhowglustri al

these recycled plastics may have the potent.i

applications, t he connekitgeudt-2aveplei cati ons i n
more | ikely achieved at the early stage. As
have Frnetleart i on s, t he r eiondf omayy mérratv e met h

opposite effects on different applications.
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Bumper

Dashboard

Door Panel

Column board

Shell of air
conditioner/
armrest box

The material can be applied to the target application withou

further modification
Two or less mechanical factors need to be improved for the

target application

Fi gudr3ePot endpmlli cati ons of RPP and

The features of these selected plastic

n theé ofwbng sections:

4221 VPP1

Feature: Hi gh i mpact properties, |l ow f

VPP1 was f ountdh g ot enmtviea | for making ma
automobil e TahdBHESIwWi nh modi fication. As
Fi guwr3e VPPl meets all the mechanical r
mi ddémrd bumper. |t may al so bendused
bumper foll owing modification of t he
ot her applications | ike a deashhbmard,
board, the main weakness of VPPl is
Mi ddéed dasshdbaae quires a f logx RroéH@E ,modul

which iis the highest among these app
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strength and fl exural strength of VPP1 is 10

t han mihdkedémd s hel | of an air conditioner.

4.2.2.2 VPP2

Feat uHegh tensil e strengt h, hi gh flexur al

strengow, notched i mpact strength.

VPP2 can be directly used as the raw materi.

an air conditionetrhaiAs tbedsbédel heefls hi gh
tensile and flexural strength but l ow requi
strength. The | ow notched i mpact of VPP2 is

for extending to the other applications.

4223 RPP1

Feature: l ow tensile strengt h, l ow flexur

strenbgow, i mpact properties.

Fi gukrl3eshowed that RPP1 i st caohuel ds hbeel |a popfl i ed
an air conditioner. Toemaohise wae et miee deidmpr ov
to the tensile sMPangohat rMiPeaa &ath d2 7t he

fl exural fsntommMP@dh t oMP3a8 The notched i mpact
strenlgash to be kept hibhmr Theamo2cBed

i mpact strength is one of t he major weaknes

would be difficult for RPP1 to be applied i

mi ddé rd and-ehdghbumpéehres, nott ched i mpact
strength has t o be i mproved by 275% and
respectivel y. Eveeand ododrhepdmever the notchec
i mpact strength has to achieve 100% i mprove
the minimum requirement. Fl exur al modul us i ¢
t hat hsi ndlee application of RPP1. RPP1 has
fl exur al modul usf iapoagt itdhese
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4224 RPP2

Feat uHiegh fl exur al modul us arnedl aftlievxeulrya |
| ow I mpact properties.
Compared to VPP1l, the flexural modul us

aré8. 8wWdabh5. 2% higher. The notched i mp
room temperat «B3r0€CodnRPaPt2 i s 82% and 64Y%
than VPP1. RPP2 may not be able to be
for mo s t of the other automotive app

competitive as VPP1.

4225 RPP3

FaturRel atively high i mpact stLroengt h ¢

tensile strength.

RPP3asssomeroperties thati tmoué dusnakel

compared to VPP1. RPP3 has a relativel
which meets the requi-eamendiashbioaride Ida
pa@l , column board and shell of an air
a challenge for RPP3 to be applied for
of the applications, the effort shoul

tensile strength, flexural modulus and

43 Tal ci mfeorced RPP composites

Based on the study i n pr eivdtoiuosn, pltahset i
mechani cal properties of VPP1 meet th
bumper, and VPP2 can be applied to

conditioner or armrest box. RPRZaland F
for most of the provided automobile pa
RPP3 maintained better flexural strenq

strength. So RPP3 was selected for thi
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Il n this section, talc was incorporated to i m
fl exural apeef ooofm t he RPP composites. The T
met hod was employed for the formulation desi

compositions weTracb Usdhown i n

Ta b K-& Designed compositi  ons based upon Taguchi L9  (33)

OA.
Tri al VPP2| Tal ¢ %j MAP P wo)
(_won)

1 20 5 0

2 20 10 2.5

3 20 20 5

4 40 5 2.5

5 40 10 5

6 40 20 0

7 60 5 5

8 60 10 0

9 60 20 2.5
RPP3 was selected as the base material, t he
talc, anwadMASPeLl ected as the parameters to be
Formul as wi || be optimised to obtain the coc
best tensil e and fl exural properties. Tagu
principal component pamnaldy $ios wéree depi gn and

optiatiison of thencbmpmsi &ai

|t was reported that thfe MARKRR I amount
composites i s( oMk hwte¥w et al 4, w200l 4)
(Ashenai Ghasemi. eS§o0 ailn ,t lRi0OSL69t udy, t he maxi
content of MAPP was set as 5 wt %, which is s
4 wt %. The maxi mum amount of Talc was set a:
the stable procecsrsewgextfrasvion of the equi pme
Themaxi mum content of VPP was set as 60 wt

industri al partner prefer high content of VP
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431 Results and di scussions

43.1.1 Analysis of S/ N ratios

As menti oned in Chapter 2, Section 2

l ogaritbmcci on mainly aei meesidgnopt i mhe

product, rovei mhe processe ahd mo h & ei
(variability) dur(iRbg at rede mrl B g e 320 00N)
2.1, 2. 2 and 2. 3 i n Section 2.5.1 ar

cal cuhghe S/ N ratio.

Il n thisadtaurdgy,r mec h aenritcicael p rperfoepr r ed, t h
S/'N ratio rati os of the tested me c h ¢
calcul at edd airsgenrg ide qhat § Bqquat i oamns 2. 1)

shown bel ow:

37. pm |l GB — (2.1)
I n which n is the totials nihmben hofextpreira
at the test.
The results of the tensile modulus (TN

fl exural modulus (FM) S)f laemxdut dlei st 1ISé Ng
are shoWwab #4-&.
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T a b B-& Mechanical results and the corresponding S/N ratio
based upon Taguchi L9 (33) OA

Tri gTM S/ N|TS S/ N|FM S/ N|FS S/ N
No of of 1 of F of F
1 146(063. 326. 428. 3157963. 936. 431. 4
2 172064.426.128. 3170464.637.431. 4
3 199165. 925. 428.0204166.138.8531. 7
4 158363.928.6¢29. 1164464 . 338. §31. 1
5 165864.328.429.0180865.140.032.C
6 188365. 9425.528.1200066.(038. §31. 1
7 160%464. 130. 929. §169464. 341. 132. 4
8 165364. 329.(029. 2178365.(040. 332.1
9 216166.628.629.1213(066. 542. 932. €
Not e: ulhh & or TM, TS, aFM and FS i s
The edrmati on of the weight fraction
the S/ N ratio of TM, TS, FMg®ndd oF S
Fi g udr7e
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VPP talc MAPP
66.5
o
% 66.0 /
c
: /
5 4, 65.5 /
g3
=3 P /SN
s 38 65.0 \/ / / ~
> =
5 610 /
c 4.
é /7
63.5
20 40 60 5 10 20 0 2.5 5
wt.% of components
Fi gurdePl ot of S/ N ratios against
for TM
VPP talc MAPP
29.5
< /
@ 29.2
(¢b]
= / \
S _ 28.9 —
0 =
29 / \ /
T O
@ S 286
z® / N\
n
5 283 /
c
i
s 28.0

20 40
wt.% of components

Fi gudreP 1| o't

60 5 10 20 0 25 5
of S/ N ratios against
for TS
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VPP talc MAPP

66.5

66.0 /

/
65.0 // / /
/

64.0

FlexuralModulus

Mean of S/N Ratios of

20 40 60 5 10 20 0 25 5
wt.% of components

Fi gureePl ot of S/ N ratios against the selecte

for FM
VPP talc MAPP
32,5

B
S 322 //
(V)
T

[@)]
% § 31.6 /
D: 4
=7 /
%)
5 313
C
]
(]
= 310

20 40 60 5 10 20 0 25 5
wt.% of components

Fi gudr7ePl ot of S/ N ratios against the selecte

for FS

Based on the S/ N calculation e&dWation, the

ratio requires both high mechanical properti
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and | ow deviations of the tested value

Fi gudrdet i gudr7ei ndi cated tdhapgoiPtPi \nea ef f ¢
on TM, TS, FM and FBab®8, iWBPREBXHhomens ibnet t
performance of TM, TS, FM and FS than
of VPP content is expected to i mprove
TS, FM,FSSnglebpes of the composites. T
results showed that the content of VPI

factor in i mproving TS and FS.

Fi gu4-Landigud-&shows talc iIs the most

fator in controll Fingu4dds haoors RNi.e t al c
well dispersed in theFMRMR rneaatsreidx .b yT A 9a
and 25.57% when the talc cowttd%ntto i2n0cr e
wt %. This finding is in scooasdamnmaei wg
(Gu et al .., AXO01féar) t he <coupling agent

content (Wt %) towa®m al so have a high con
TS and FS.wt 2t MAPP, t he tensil e mo d u

composi tdemayi.orat e

2 um EHT = 3.00 kV Signal A = SE2 Date :15 Aug 2016
I—{ WD = 5.6 mm Mag= 200KX Time :17:09:05

Fi gulrk8SEM i madgdeemnsi

|l e fracture surf a
speci men wit QVPPOWt1% t al

c wheth 8f 5MAPP
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An nteraction pl ot I S a graphiheal t ool t h
interactions or dependendiLesvilet ReleDrb)vari abl
Thetienaction pl MAP®f VBPclI MAPP, and VPP 1T t
for tensile moduFiuguwrmas pl ot in

(a) talc VPP (b)

5 10 20 20 40 60
67.0

66.0 —(0 Wt.%

MAPF;S_O // \ —2.5wt.%
o / —5 wt.%

63-0 T 4 T
\// 5 wt.%
talc —10 Wt.%
¥
—20 Wt.%
/ .
Fi gur%l nteraction plots of (a) talc I MAPP,
MAPP, (c) VPBrlI TiMal c,
To draw the intérgaa-®6a) pwas, used as an
example, the following |ine was plotted:
Blue |ine (WWAPP ast/ D ratio of TM of trial No.
MAPP,wtb5% al c) , No. 8 (0 witt% tMaAIPcP), drmMd No. 6

(0 wt % MARPXY 2I10c) .

Purple I'ine (WAHP &t/ 2.rmatio of TM of trial N
wt % MAPWt %5al c), No. 2 (216wtwa |l MAPRN
No.(©92.5 wt % 2MAP P, al c) .

Red |ine (MAPRPWFH :atS/™N rati oNof 7TM50fwt Qor i al
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MAPP,wtb5% al c) , No. 5 ( 3O0Owtt% aMMAPP,and No. .
(5 wt % MAORPY al c) .

These interaction plot represaerct atnlde
MAPP orPP and, MARPAPP and talc compositi

controlHedaverage S/ Nmeatiaoms cafl tpoheper

are shown in the vertical axis in the
of the components is shown in the hori
I n the interaction plots, the parallel
occurs, while the nonpar arlacetli olni noecsc unte
(hp, 201IFMN)g wWr9%( a), the three | ines are

whi ch means when the contentwib% tal c i
20wt %, whatever t he val ube wto%) , MAtPHPe i ¢
tendency ofrespendiomg S/ N ratio is si
i nteraction of talc and MAPP on t he

insignificant in this study.

The interactions bet ween VPP and MAP
signifitaowedfody VPP and PPallc.MAPP t h
interactiorrs goad®TM) )(, the S/ N PfPati os
MAPP is initially increased with 1incr
finally detnéaesdeadhe S/ N r &t MAPPoBEhaw5s
an opposite pattern, decr ecarseeads e dniwtiitahl
VPP content. ThefSYbGbNWAtRAR Becr easing wi't
VPP contentVPPIl h théc interBicguded®s of
(c)), the S/ N atalosc arfd 51wtwt % t al c s
change WPt toWt ewhtihe S/ N rati%st alfc 20
ar e initially decreased and eventual

content .

The interaction plot of teFnisgiulirédeQstreng
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(a) talc VPP (b)
5 10 20 20 40 60
30.0
29.5 \ / —0 Wt.%
MAPPzgo \ X y /7‘ —2.5wt.%
/ —5 Wt.%
28-5_ N
28.0 T T T T 1
/ 5 wt.%
—_ / =10 wt.%
/ —20 Wt.%
Fi gudrleOl ntaction plots of (a) talc I MAPP, (
MAPP, (c) VPP I talc, for TS
For the t9/oN roff TS, the VPP 1 ®MAPE and V
interactions are insignificanRi gumee parall e

4-1@ b) and (c), e%deAPtP fiomr VP Pwtl MAPP whi ch
i s i nidteicalelaggredd t hen e viennctrueaavslaydh VPP
content. The interactions betPwegeunr et al ¢ and M

4-1q a) ) are most significant.
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The i nteraction plot of oftl| Rixgpguwrkdl modul

(a) talc VPP (b)
5 10 20 20 40 60
67.0
66.0 — ] Wt.%
MAPP o
650 2.5 wt.%
— 5 Wt.%
64.0 & /
63.0 T T T 1

— / 5 wt.%

— =10 wt.%

talc =

/ —20 Wt.%

—

(c)

Fi gudrlell nt eraction plots of (a) talc |
MAPP, (c) VPP I talc, for FM

The MPRMMAPP interactitohnres scafmeF Misartenat o
whichmase signi fi carFti gad9¢shh)o wahn g inr e

4-14b). In the vPP I talFEi guodlefakc)t, ons
the S/ N ratiwgadbft @rwtincreasimtg, with
and the S/ N rat% otsalocf alrOe wtni tially in
eventually decreased whthevRPPec ®hiNem a:
20 Wwttalc have shown the opposite beha\
their interactions are most insignific

ioareased with talc content.
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The interaction plot of flFRixgpgwdd2 modul us was
(a) talc \/PP (b)
5 10 20 20 40 60
33.0
32.5 / /  —0wt%
MAPP / _ .
32.0 - / P 2.5 wt.%
/ 5 wt.%
31-0 T 1 T T 1
’#f 5 wt.%
talc —10 wt.%
7§ —20 Wt.%
(c)
Fi gudrle2l nt eraction plots of (a) talc I MAPP,
MAPP, (c) VPP FStalc, fo
The generic pattern of i nteractions bet we e
components of FS is similar to the interact:.i
I talc and vPP I MAPP interactions were qui-t
shownFii qurle2( b) and (c)l. MMRP tiantcer acti ons
(Fi gudrled a) ) are the most significant.
Analysis of variance of a technique used to
of sampHess and He.ssl,n 2t0MiBANOVA dwas
applied to estimate the eomponemtrdi'ance of
effects and to obtain their contributions. T
for the S/ N ratios of tested mechanical pr or
TabW-& The ANOVA results confirm the previou
talc is the mosatctionrf liue nctoinatlr ol l i ng TM and F
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contributions of 88.43% and 92.51% res
t he mo st influenti al factor I n contr
contributions of 67.63% and 78. 50%
i nfl uenamresr roofr on al l t @adt epd ompeach areisc

negligible since their contributions a

Ta b B-& Contributions for S/N ratios of tested mechanical
properties obtained by ANOVA

Sour |DFfContrib/ContribContribContrib

(%) of |(%) of 1(%) of |(%) of
VP P 2 3.5 67. € 4. 8 78.
talc| 2 8 8. 4 23.1 92. 8§ 8.5
MAPP| 2 7.9 8.5 2.1 10. ¢
Erro| 2 0.0 0.7 0. 4 2.0
Tot a| 8
4.3.1.2 Reduction of Dimensionality
PCA can reduce the dimensionality of a
number of interrelated variables whil
possible of the variation present in t
2003) . Principak ¢®@Gpoma e selected ar
according to their explained variation
al ., 2016a). I n this study, PCA was ¢
correlation manner based on the method
(Gu et al ., 2016a4) .GuCemp aarle. 4 g wE0ylh
rel ati onalmeanhaoldy suissed i n previous | ite
al ., 2016) , empl oyi ng PCA for reduci
preserve most of the information when
related indicator s. Thel edtresd stiwoc eP Cish

accumul ated explained variation (AEV)
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compl ete descending ranking oTfabPlICcA scores i
4-7.

Ta b B-& PCA scores for the S/N ratios of the RPP/talc

composites
Ra k Scor e Trial N
1 1. 2538 9
2 0.8232 7
3 0.7361 8
4 0.6888 5
5 0.6243 3
6 0.6006 6
7 0. 484 4
8 0.3129 2
9 0.0588 1

Fr omab k-, the main effects of the selected c
on the PCA scoresFiagudrle@l otted i n

VPP talc MAPP

1.0

0.8 / /

(7)) .
(]
o
ﬁ . / / //
S / / /
o
s 0.4
c /
®
()
= 0.2
0.0

20 40 60 5 10 20 0 25 5
wt.% of components

Fi gurle3Pl ot of S/ N ratios against the selc¢

components for PCA scores
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Since a larger PCA score indicates a better overall mechanical
performanc e, the optimal conditions for th e selected
controllable fact ors were hereby obtained: 60 wt% VPP, 20 wt%
talcand 5wt % MAPP. This is compatible with previous research,

as the content of RPP should be limited for yielding a better
mechanical performance (Gu et al, 2014, Mehat and
Kamaru ddin, 2011) . Table 4-8 showed the ANOVA results for
PCA scores. When P<0.05, it shows the results have statistical

signi ficance, so the composition of V PP and Talc is proven to

affect the results of PCA scores stati stically.

Tab B-8 ANOVA results for PCA scores

Sour| DF SS MS F p Contrib
( %)

VP P 2 0.530.2¢46.9|/<0.0 62.31

tal | 2 0.270.1718.1/<0.0 24. 06

MAPRHR 2 0.1170.0%y 9.271>0.0 12. 3

Errag 2 0.010.1 1. 33

Tot g 8

4.3.1.3 Confirmation tests

A set of confirmation tests was carried out to verify the
obtained optimal conditions. The RPP based composite with 60
wt% VPP, 20 wt% talc and 5 wt % MAPP was processed and
tested in the same manner as previous composites. An average
of 10 specimens was tested for each property, and the
experimental results and their S/N ratios were shown in Table

4-9.
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Table 4-9 Experimental results and S/N ratios of the optimal

composite
Proper Exper i mg g* of | S/I' N Ra g* of
Exper i mg S/ N
™M 24814 42. 24 67.9 4 .81
TS 28.89 4. 33 29.21] 1.35
F M 2171 19.28 66. 73 2.41
FS 43.78 11. 14 32.83 2.91
*gis the wvariation expressed in %
values presenhailide 4
As shown in Table 4 -9, tensile and flexural properties were
enhanced at the optimal conditions when compared to the
average performance of the initially designed composites. ™

was the property with the most significant improvement of
42.2 4%, followed by 19.28% of FM and 11.14% of FS. Thus,
all tested properties show an observable improvement, and the
overall mechanical performance was optimised by the proposed
approach. Although the opti %

RPP, the blend ratio

mal formula only contains 15 wt
is higher than the current usage of recycled
materials in the manufacturing sector (e.g. less than 1% in the

automobile industry) (WRAP, 2010) .
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432 Concl usi on

In this study, Taguchi method coupled wi th ANOVA was
employed to optimis e the formula of RPP/tal ¢ composites for
improving mechanical performance. Three components, VPP,

talc and MAPP were selected as the controllable factors, and a
Taguchi L9 (3 3) OA was used for experimental design as the
number of initial trials was minimised . From the S/N ratio
analysis, it was found that talc is the most influential factor in
controling TM and FM, while VPP has the most significant
impact on TS and FS. The interactions between components

were also investigated, as VPP x MAPP has the most observable
influences on TM and FM, while talc x MAPP is the most
influential interaction for TS and FS. The impacts of the three
components were verified by ANOVA results. The multi -
dimensional data was reduced to a single array of scores via

PCA, and the optimal composition was hence obtained by
analysing the PCA scores. The effectiveness of the Taguchi -
ANOVA optimising approach has been successfully proven by
confirmation tests on the composite of the optimal formula.
Compared with current industrial practice, this approach

ext ends the use of recycled plastics, and hence improves the

sustainability of  the plastic manufacturing sector.
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44 1 ndustri al tri al

The industri al trial was based on the previ
reinforced RPP composites, to find the for mt
prdouct s wi t h hi gh tensil e andThfel exur al regq
i ndustrial ctarriraledwast with our industri al
Shuanglin Group Co., Ltd. And the process of

was shoWwngienli

Application Sample Industrial

selection preparation Production

Fi gel-14t he process for industrial trial

441 Application selection

Properties requirements

I n the studfyildfedt &RIPP composites, the tens
fl exural properties of PP basededomposites h
via Taguchi AantdecANMOWuUes. eThef oapnuil mi s

showed the best tensile and flexural propert
formulas in this section. Unfortunately, due
oft he i mpact strengtdh f otrhmaul aptciaminoot meet t he
reqgrueiment s on i mpactAfpropecdamear.i ng t he

mechanical results of the samples in Section
requi r enfeanbtldsek Oshowed the experi ment al resul t

the selected f or muhme guhii chmenreteth g lolr t he

of the air conditioner. As compared with t
provi ded by Shuangl in cCo. Ltd., t wo f or mu
manufacturing standard, formula 1 and for mul
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consi

stwtos RPP3 wt?d OVPP

(H15nt )t al5c

and

2. ovt%o MAPP. Floa may c o n itV tRsP P330O,wt% OV P P
(H1500WwW%% Bal ¢ awmth BAPKR.r mul a 1 is desig
for the | ower end shell of an air cond
20wt% more VPP than formula 1, t he ter
flexur al strength oded hepdoirmansa e eta
requirements feeand hsehenildddfe an air con
Ta b KU-4 0The comparison of the shell of air conditioner
formula results and industrial requirements

Propert|FormullFor mul|Lownd Mi dddred {Uni t

1 2 shell oof shell

condi t/lijfcondi t/i (
armrestjiarmrest

Tensil e|1583 1607 / / M Ra
modul us
Tensile|29 31 027 030 M Pa
strengt
El ongat |31 34 / / %
at brea
Fl exura|l1644 16914 / / MPRa
modul us
FIl exural|39 41 038 040 M Pa
Strengt
Notched|3. 2 3.1 02.3 02.5 k J/?n
i mpact
strengt
Unnotch|[39 37 020 020 kJ/%n
i mpact
strengt
Not ched|/ / / / kJ/?n
i mpact
strengt
30C
Not e: For mulvat RPP32wit® H1500wt® Tal ¢ wa% 5
MAPP
Formul a wt% RP®P3 wt@ H150Wts Tal ovtth MAPP
Availability of moul d
An i ndustri al partner (Shuanglin groucg
moul d for the industunaakeltyritahe Wabtbd
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of an air conditioner i s not avail abl e at t h
suggesusididie moultdhe&romr est box, which has

al most the same mechani cal properties requir

Sampl e preparation

Unl i kescladbe prm,duwhi oh only needs to make t
speci mens for testing vari ous properties,
application usual ly requires a mu c h | arger
amount i s dependant on the target applicatio
The armrest box was selected forf the i ndust:H

the prepared PP f or multah pweadu ateigaun rterdi & lo.r
Theaerial ®@omedst whether the smal.l scale tes

bl end can be used for industrial out put.

442 Products and evaluati on

Formul(8&302% RPP3 wt% OVPP ( H15WtTal & and

5 wite MAPPRyas selected for t his i ndustri al
processing par ansecdreavs exft rtuwwsinon was foll owed
the parameters in sectdmmew.e@Xtfntwesi ome ¢ lweé n

sample pellets were dri@fdr24hoursthhe oven at 80

remove sturd ace moi kguoé&e. s@8mhpl e pellets were
prepared in the | ab. The industrial trial w
moul d manufacturing workshop in Shuanglin gr
These pellets wer esiatgea i a@ fod& Gowsdto o n

ensure the rermoavcad mdi sstuure. Then the pell et
fed into the injectionrrigoa#kdisasphemachi ne.

photo of the Haitian MA1600/540 injection m

in the mould workshop of Shuanglin.
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Fi gudrleS5l njection moulding machine for

fro$rhuanglin group co., LTD.
The industrial trial was pso@¢esosuerd b
i ndustri alThparmtimesrt.ic pell ets were inje
t he opemgat parameters provided i n s e

temperature profile of thle9d D@ Oheatin
20@2 0ACThe injection prvPsasul enj wsaxdeidod

was 6§0s, packing presBBaef wasl@s, 66000l
ti me wasnd Otshee moudrdatternegp M sA50ontr ol

group use VPP based pellets to produce
the same processing parameters. The fo
pell ets was unavailable due to commerc
Fi gurleban i guwdrle7i | latséed t he top and bott

of the armrest box based on VPP and RP
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Fi gurle6Front views of the VPP based armrest b

RPP based armrest box

VPP based armrest box

Fi gurle’7Bottom views of the armrest box

Based on the observation of the appearance o

box made by the plastics provided by Shuangl

the armrest box has no smagjnoirf idciafnfte rdeenfceect . T
bet ween these two armrest boxes in the appea
RPP based one has a reflective surface, whi
one has a matt surface. This may be attribut

the VPP based for mwk & o & n thailcahsf exeOt s
the surfaceDieniehthe dispersion of the tal

some Vvisible col our di fference in the RPP b
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Thi s problem is -doaipwBg ptkekeairtatbi oins st ¢
di fficult to ensure the composiftion o

consi stent .

Except for t he mechani cal properti es
additional guality requirements, whi c

materi al

One point worth pointing out is that t|
value for the quality contraoabkiahdnegsu
of the VPP based pellets purchased by
Some parameters may not be suitabl e

formula in this study.

1. Melt flow index (MFI), foll ow the
1: 201laltat emper at ur ACaonfd 2300ad kg. 2. 16
Therag eao specific requirements for
Sshould be as high as possible when
ar e satisfied, it W&S 0 U e c o nmndeunsct erdi
partner for the ease of processing.

pell ets are 9.7 g/ 10 min.

2. Ash contsagt t he standar d-1o020080 845!
a temperaturAeC offhe60a0sh content of
based pel |l et s i s controll ed at 2
di fference in the formula, the ash
pellets is 8.9%. This is duwet %o the
of talc added into the RPP based c
partner discloses that the VPP bas

wt % t al c.

3. Density, eussitnagndtahr d of1:129Q@ 21 18nt hod
A. The suggested density value for
1. 05KN0g0&m The density of RPP base
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0. 96/ cm The difference also comes from th

4. Fusion temperature, using the standard o
1: 20009 | SO-312Q@57. The suggested val ue
higher tA&€n 1658 value for the RPP based p
160. 3AC.

5. Ther mal ageing resistance, using the sta

714-2008. After 700 hours of ACher mal agein
it should have nongurfThee pobbabk of t he

samples before and after the ther mal age
shownFi o udrle8

Fi gud4rle8t he photo of sample a) before, b) aft
thermalgagesh at 150 AC

It is shown that after the ther mal ageing t
t he RPP based ar mrest box becomes more <coar
VPP based one has little difference. Limite

was oObserved in the specimen after the test.
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1. Heartesi st ance, foll ow the standard ¢
After 24 hoAC§Fi gus-89%showed photos o

the samples after the heat resistan

Fi gudrle9heat resistance test after a) 11
hour s, hdour2s7

From the phot o, the differences bet we
insignificant. And there is no embrit:
surface change observed in both of the
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2. Lovwempature resistance. -AAtCer i24 hours a
shouhave no cracks or Bi gnudzal defect s.
showed phheet os of t he s d mel ews after

temperatur e resistance test.

Fi gudr2eOLow emperature resistancoeurt,est after a
b) hours9 kour s,haoduyr s27

After the temperature rose to room temperat
di fference of t he VPP and RPP based ar mr
insignificantar edodackherebserved in any part
both of the armhestrbhokihseesmaged by the

shrinkage of plastics during the cooling, [
part shrink wpagqualmyydetflor m and change shape

form cracks.

Economic analysi s
The | uaitd on of RPP i n t he automobil e parts
considerable economic benefits to the aut omo
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detailed economic assessment may requ
the cost of the whole | ife cycle of th
economi c awaasl yrsats the focus of this r ¢
study, the econcmic analysis only con:

in the raw materi al

The calculation was based on the price
August TZab@¥el 1showed thematndbo on the r

materi al prices.

TabWd4d1lThe average price of the raw mat
obtained during 2018

Materi al Price (RN
VPP 10000
RPP 3500
Tal c 1050
MAPP 13500
Partner' sed&Ppelf12000

According to @QGlowt %oRMPMR3WA %9 OVPP (H1500) ,
5wt %Tal ¢ wn® MAPP, the calcul ated mat e
RPP based compositesg.Osherr. 780 SRIMB/ &uc h
storage, transportation, and manufact
considered. Compared to VRWBblkgerd toheas
RPP based formula shd®&8d2% ©cfavi hg r a

materi al cost .

The wei ght o f an armrestg, bax niog mabo

automobile has 4 ar mrest box. | f t hi s
300, 000, ctalriss formula could | ead to a
RMB. Al t houghsatvhemngcast very | imited fo
part, the reason-siasvitnhgati st hcel ocsoeslty r el
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the cost gap between VPP and RPP based pell e
of the sadtecarmheli | e parts, 3)the quantity of t
RPP based parts.

The ar mrest baosxmailsl ocnonyponent of the interior
When the recycled PP can be used for replaci
economic benefits willfibanmucBAssmome ®hgni
formula canddéet exXxtgd®no f ot her i nterior trim
applied to 300, 008avamyg. wihe cesatch 12.6 mill
RMB. For & d aey composmueerht as bumper and
dashboar d, the replacing of V&&ntby RPP will

economic benefits.

45 Summar y

By comparing to VPP and the requirements for
t he i ndRPtPt RBEP2 & RPP3) was found to have
potenti al for specific automobile parts. As
RPPs have <c¢close tensile strength, tensil e
St rgetnh and fl exural modul us. The i mpact
especially t he not ched i mpact strengt h, P>

weaknddhsdti mited these RPPs to be applied in

properties required applications, such as tF&
ot her hand, s o memagt hoenrl yparetqui re a | ow val ue
i mpact strength, such as the shell of air ¢
box.

The shell of air conditioner/ armrest Dbox r

strength and fl ekagwdhistmetnlgdach .was applied f
the experi ment arle dwelsti g nalmaldyr sissu.l t s of t he
VPP/ RPP/ Talco/impdARBhew t he content of VPP is t

mo st influenti al factor forTalmls damd tHhS, t he
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mo st influenti al fact 8y fusit hgKA and F
technj qudepet ied sf orfmaalcahi evi ng t he best
and flexural opr ¢ her tcioenmpaoss i d ketsaTi hnee d

effectiveness of the PCA method in thi
by tdenfirmation tests. Unf ortunately,
t he i mpact strength of t hceaus pgtti mi se

unsuitable for use of the ar mrest box.

more factors should be involved in the

By comparing the results with the aut
after discussion with our i nd@80wsthri al p

RPP3, w80 VPP ( H15Wt®)Tal s awmth MAPP was

selected for t he Fordutshe i ahdugtirail al t
prepared RPP based pell et st hseuecqoud srsefdu | |
products following the same processing

RPBased ar mrest box has a smeoshbbar f .

colour difference was found. This mear
shoul d be i mproved i n the future. Ar
technical requirements, RPP based com

the requir ednefnadrs .socAme specific paramet ¢

content, densi ty, its value is | ower
However, this requirement is only for
gual ity cotneeneburendual ity consistency.

i f RPP basedescoamr s ibte appl ktsecdal € n I
automebiparts productiongd thechau<stad:!
requirements wil/ be established. The

meet the requithemanhtandfcold resistant

in the ther mal ageing tesete,d tfhuert her m
i mprovement . For t he economic anal ys
materi al can have-sav%i2a% afs compared t
cost of the raw materi al provided by
applications can be extended to the h
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and highmeunt of aut omobislass ,ngt hwa | t o Pbte

much more significant.
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Chapter 5 RPP/PE and RPP/Elastomer

blended composites

517 1 ntroducti on

The incorporation of tRlhBEBRMmMandi MAIPK® {

previous chapter showed significant i m
and flexural perf ormance. However, t he
i mpact strength of these mineral fille
further investigation. Automobile bump
i mpact properties, were chosen as th

RPP/ 8Bd RPP/ Rubber blending were studi

i mpact performance.

This chapter wi | | use the same recyc
chaptdeTablb€e |l i sted the industrial requi
bumpers provni diendd ubsyt rai al partner Shuanc
LTD.
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TabbdMechani

c al

properties

requi rements

automobile parts
Standard testing Applicat
ParameterTestinTesting toanr Hi gh |[Mi dd|
stands end end
bumpegbump ¢
Tensile | SO527Gauge |50 013 015
strengtah speed:;]mm/min
Elongatidl SO527Gauge |50 / 050
break ( %) speed:)]mm/min
Fl exural || SO178§Gauge |5 1300 |0110(¢(
modul M®aj speed:mm/mi 11700
FIl exural || SO178§Gauge |5 / /
st r e n(gMpha speed:;]mm/min
Unnotchedl SO180Hammen7.5J,|No /
i mpact sel ect3. 4@s |br ealk
strength /| Part
(k J /?m br ealk
Notched il SO18(Hammern7.5J,/035 015
strength sel ect3. 4649
(kdJHm
Notched il SO180dHammen7.5J,|05 03.5
strength sel ect3. 4649
-3AC
(kJHm
52 The effects of el ast omer on
composites.
521 Raw Materials
Pol ymer bl endi ref fiest avee omét hod to devel op
materi al with speci(fHioao 8ke gui rad memea2s005)
RPP/ PE amdRuBBEBPr blends were selected in t
for i mproving the 1 mpact strength of RPP.
weakness of 1impact strength of RPP, some |
that PP/ LLDPE bl eddiing oaandft hed st omer SEBS
MAwas effective ie iimpaotvi pgdAydarzt ieds
al , 2016, | nuwaT aebtb-@asl h.o w2 Otlh7/e densi ty and
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the mel't fl ow i ndex of the selected p

this study.

T a b b-& Properties of Plastic materials used in this study

RPP3 | VPP3 | LLDPE LLDPE-g- SEBS-g-
MA MA
True density 0.89 | 0.9 0.92 0.931 0.91
(g/cm 3)
Melt flow 2.2 2.6 2 3.8 22
index
(g/20 min)

Tabb-8shws the composition of the desi gt
studwo.urad (20d@®¢sted the composition o
in PP/ PE Dblends shoul dvt the t besayvy ot danh
deterioration of urtsensbbeibehaviso stud
content | ev®&| st wWO%) O@DPE, LL4-DPE
MA and -gBMB\®as selected.

Ta b b-& RPP/LLDPE, RPP/LLDPE-g-MA and RPP/SEBS -g-MA
formulations

RPP LLDPE LLDPE-g-MA SEBS-g-MA
(Wt %) (Wt%) (Wt %) (Wt %)
100 - - -
95 5 - -
90 10 - -
80 20 - -
95 - 5 -
90 - 10 -
80 - 20 -
95 - - 5
90 - - 10
80 - - 20

Z
O

OO |N|O OB |WIN |-

=
o
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522 Results and discussi on
5.2.2.1 FTIR anal ysi s

Unl i ke VPP, RPP wusually contains different
during the manufacturing &ared wiomgkurmigti es dur
i feti me and recycling process. Il n this st
bl ending techniqgue was P&mapd oiyetdr, o dunaded he

into the RPP matri x. The i mpurities in RPP
the compatibility of PP and PE, so the FTI
empl dydabetter understanding of the RPP comp

The FTI R anal ysi s found t he presence of
terephthal ate (PET) Hking ubdllep r RBR nrhat rtihxe.
FTI Restpra of VPP, RPP and PET.

Raw materials

0.8 T T T
07 1092 VPP
1240 cm PET
0.6 - cmt
505
04 - 1714
cmt

Absorbance (AU
o o

N w

T T

°
i
T

o

201 L L L 1 L Nl il
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm'1)

Fi gurleFTI R spectra of VPP, RPP and PET

The chemical bonds of the RPP contain sever a
to PET. Il n comparing with PET and PP, PET ha
peaks at 117clodr remponding to tesrteeprht halic aci

C=0 group, the aGQ@ manmed rtGo@e Gt r et ching at
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124emand 12, respectively, -laingd at
attributed-Ht owatglye ng@ vi brati ons from t

struct(uSrtesain et .al., 2015)

The melting poi ntC, ofWhcPES imscB6&i gher
PP (Iy9and LLDRKE(RPdAdl4AEmer Properties De

n. &.) As the processing itseempem atxurreu safo

and injection moulding in this study
1 9 @C, the small amount of PET in the RPP matrix was not

melted and acted as a solid filler. H c
i mmi sci bl e, t he mechanical properties
be reduced by the poor interfacial ad|
PP matri x. The compatibility effects

mor plagl cal study.

5.2.2.2 Mechani cal properties

The experiment al data of the tensile,
are gi Vviam bidinrabb-&,Talb&-6.

T a b b-d Results of RPP/LLDPE composites

Sample | Tensile properties Flexural Impact Properties

ID Properties
TS Elongation | FM FS IS NIS NIS at
(MPa) | at (MPa) | (MPa) | (kJ/m?2) | (kJ/m?2) |-30AC

break % (kJ/m 2)

1 24.8 54.9 1293.0 | 32.9 109.3 11.6 3.2

2 24.0 129.1 1227.0 | 30.7 102.9 12.7 2.7

3 22.9 247.0 1123.2 | 28.2 100.4 35.7 2.9

4 21.7 482.8 1008.5 | 24.9 92.3 33.0 3.3
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Tabb®Results of RMAcCbmpPEIiI t es
Sample | Tensile properties Flexural Impact Properties
ID Properties
TS Elongation | FM FS IS NIS NIS at
(MPa) | at (MPa) | (MPa) | (kJ/m?2) | (kJ/m?) |-30AC
break % (kJ/m ?)
1 24.8 54.9 1293 32.9 109.3 11.6 3.2
5 24.3 131.5 1062.7 | 29.7 106.3 12.4 3.9
6 234 92.3 1100.7 | 28.8 101.1 15.2 4.4
7 21.9 266.3 936.2 24.4 92.4 41 4.6
Tab&-6 Results of -RMRI ESEBSBsSi t es
Sample | Tensile properties Flexural Impact Properties
ID Properties
TS Elongation | FM FS IS NIS NIS at
(MPa) | at (MPa) | (MPa) | (kJ/m?2) | (kJm?2) |-30AC
break % (k J/m 2?)
1 24.8 54.9 1293 32.9 109.3 11.6 3.2
8 23.3 94.4 11145 | 28.7 102 12.1 4
9 22 199.2 933.1 25.6 96.4 45.8 4.7
10 19.3 321.5 818.5 21 84.4 53.6 6.8
By comparing to the DbumpTearb I5€e quihree ment s
maj orakvveess with the chosen RPP i
not ched mpact strength and n80Ched mp act
The tensile strength, el ongation br eak
were shown to have acceptable values.
t he effethe kPP compositions on
properties is given in the foll owi
Tensil e chaataicareri s
Fi guwr2eshows the tensil e stmaetnrgitxh (oRP R)h,e

LLDPE,

compiotses.

IgEMAP E and
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T 30.0
[a
S 25.0
£ 20.0
=2 RPP
$ 15.0
= e LLDPE
5 10.
2 5o LLDPE-g-MAH
E 0.0 SEBS-g-MAH
RPP 5% 10% 20%
Loading

Fi gur2eCorrel ati onstafentgeamsiwliiga h LLDPE,
g-MA and B8RS oading

Compared to 100% RPP, t hewtmsvitb% str e
and 0% LLDPE filled RPP comp®4i.t8es r
MPa to 24. 0, 22.9 and 21.7 MPa, respe
requirements of tensideeamdstmeanagandldi @er |
bumper s MBa 1&n dvPla3 so all of the test
me et the tensile str eagntehs hrpayweihr eente nd
(201s6yaltwea the TS of PcPdnmpLoDsPiEt/eTsi by usi
Taguchi met hod and reported that LLDPI
on tensile strength and the reducti ol

interaction effects.

LLDPgEMATf i | 1l ed RPP composites showed th
but 4glliygH ess deterioration of tensile
100% RPP, the tensile st egredgtulctdmbawswi a
20% LLDOAVEAI oadi ng.

SEB-§MAfill ed RPP had the most severe
withw2® | oading of the fill22, 5%he TS
Simrl aesults of T-&MAh | erPd SEBS&Sr e repor
show a Il inear hdetcheaaddiwtiiton-gdifA t he ¢

content fr ovho |O@olxeon &2c0 et al ., 2005, Ji an
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2009) It was tthee i ncor por at-g-MAwhifc SEBS
reduchd tomposite stiffneBsnacndetdual i | ity
2005)

For the elongation at breakFi gur8e resul ts are

g 600.0
x 500.0
o
o 400.0
= RPP
S 300.0
IS LLDPE
< 200.0
=2 LLDPE-g-MAH
S 100.0 SEBS-g-MAH

0.0

RPP 5% 10% 20%
Loading

Fi gur3eCorrel ati ons a@aft elremdkatwiPgrh LLD
LLDPEEMA and -gEBMBRAS oadi ng

The RPP/-gIMBBPEends exhibited scialté¢ered value
RPP/ LLDPE and -gR\PAPbSEBSES showed a i near
inease with increMAdanmt eSrEtBSVr %mt @ 20

wt %Daneshpayeh etobstervedlbhendamey

of the el ongation at break in LLDPE/ PP compo:
di fference could be explained by the fact tt
this study contains a certain amount of PE
obser vedFifguHie

A | inemazr ease ofattihoen eatonbgr e ak-gdfA RPP/ SEBS

bl endist hw t he iincreagiMAgvasf o0BEBBvVved i n

Fi guwr3e Taeéedi ti on -gMAISEBrSoved the dispersion
of PET in the PP matri Rapladompgultdie anm&i ng.
Kal fogl ou sta@cdoed thel coypatfifleicti veness of
SEB-§8-MA f or PETé ®®s ,blthe addi tg-MA of SEBS
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i mprove the tensoiPP/ SEBMArRETesSt ernary
bl end. As RPP containsPEBETcetrheai adaimbiun
SEB-8-MAi mproved dispersion of PET in PP

For t he application of bumpers i n th
el ongati on at break of al |l t he tes

requirements of bumpers.
Fl exural chataotheri s

Fi gwrdeandi gwrS5es how the correlation betw
modul us of RPP based wtoYptoavit2%ee ¢ LWIPtER O
LLDPgEMAand SHBWAIl oadi ng.

© 1500.0

2

=)

©

3 m LLDPE

2 500.0

= m LLDPE-g-MAH
g 0.0 SEBS-g-MAH
o RPP 5% 10% 20%

Loading

Fi gusrdeCorrel ati onsmod u lf Wtehx wlrLaD P E ,
LLDPEEMA and -gBMBR$ oading

T 400 [
s
<300 |
e
=2 = RPP
£20.0 |
2 = LLDPE
(%2}
s 100 ¢ ® LLDPE-g-MAH
>
2 0.0 SEBS-g-MAH
m RPP 506 10% 20%
Loading

Fi gureCorrel ations bet weenwiftlhe xluhrRRPE st
LLDPGEMA and g§BMRASoading
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When the | oading of LLDRE %I howttdAsed from 5
FM descsedafrom 1227.0 MPa to 1008.5 MPa, FS
from 30.7 MPa to 24.9 MPa. Wirtahc ttihoen i ncr easi
of LLONME both FM and FS of the composites d
A 27.6% and 25.7% of reduction in FM and FS
withw2@® of LEgcNDAPIEodai n Gl e mons (s2t0uldli)e d

the PP/ HDPE bDblends and find that with the d
in HEPPPE bl ends from 0:1200 to 100:0, the fl ex
decreased fMPam 650 .MPla..2 The results were al so
consistent with Ayheez featroda@n.g8h2 ypossi bl e
explanation PEandiRatr et hhemmi (sCh ibd eet al .,
2010) and PPbhbeed in the study has superior f
performande& t han

The SHBWBWAfill ed composites showed an even | ow
FM as compared t-g-MAfid |[ledDREB Mposites. The FM
and FS reduc®e®d &ryd 3%56. 8% wi t hg-MA % SEBS

|l oading as comparedyan 40 0 &olrRRPF2rO0t1le6d)

t hat SEBS has a beneficial effect on i mpro
properties of PBEBSDPHHOMTHPOSsi t es. The

cofnl icting results could be explained that i
no fillers were SHB®MRieslot sbunbded onal i s
asacoupling agent for bmitnerraldifsiplelresris,n ard
SEB-§-MAi s much more ductile than the base mat
As i swns hidra b I5€el, for the automotive bumper,
fl exur al modul us of the composite has to be
MP a , in this study, ex@wptt% WPLPD PaEn d 1RP P, 5
wt % L DPgEMAand wd % SERMEAf i | |l edscompmeecet

these requirements.
| mpact strength athiaomcteris

Fi gub-6 presents t he cormelt &thiean i onfp a wtn
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strength (1S) wiwt B {t bad0ngoo20Ltgt DPE, L
MA and -§8B\S

120.0 LLDPE
100.0 LLDPE-g-
MAH
SEBS-g-MA
80.0

IS (kJ/rf)
(e)]
o
o

N
o
o

0.0
0.0 5.0 10.0 15.0 20.0 25.0

Loading (wt%)

Fi gureeCorrel ati ons -rbett wheeedh iumpact stre

with LLDPEBMA and §gBRE oadi ng

Att heaméoadi ng, the LdMBMREandL-5BRAS

bl ended RPP have -nmetrghed oismp aumnt stren

was obseomEidg tbr6et havthen t he content of
g-MAi ncrease wWtr% m oowt2%, t heotumhed | zod
i mpact ot rdecgteased from 10®H. 3 to 92. 4

With iaarcreasing amo+wgrMAOont %S HEBI2%,

theS IdecreasedO02f.rOomt o J84%. 40nke possi bl
reason for such a trend coul d be t |
depol ymeri sationcomoltbeulpéaswi th incr
content, which makes the Mh&teriedl sal mo
2012) Another possible raeadiotni ves tmheadud
the crack initiation energy(®&Montheepro

al ., 2020)
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The results of the not ¢{Né&@Yyiemmpawtenstimengt h

Fi g uSr7e

60.0

NIS (kJ /)
5 5 & & &
o o o o o

o
o

0.0 5.0 10.0 15.0 20.0
Loading (wt%)

LLDPE
LLDPE-g-MAH

SEBS-g-MAH

25.0

Fi gur7eCorrel ations betweestnenghédwi mpact
LLDPE, giMWPEand gBBSoadi ng

Fi gur7eindi cates that -gMAtbet ehDPENncreased

fromvt0% t owt2%, the notched i mpact strength ir
by 252. 6% wietcht rteos 100 %RPP. These resul ts
consistent with(Ydhenesiteamd uBahrol ol oom, 200
Ayaz et al . ]Jt2whae6é) also observed that when th
i s more wthda,n HEBIAshowed superior i mprovement
i n NI S L b B RgEMA The RPRIMAEBSG S ed
compositesedexahinbaixti mum i mpr ovle/me@ mt of 42

NI'S atwt26% EB-§-MAI|l oadi ng. This increment coul d
due to the better interfacial filler/ matrix
separation or miscibility is a vital facto
i mpcaa resi(sDemae et al As 2Zo0nmphrred to the u
notched i mpact performance,e taldedineoml ts shoy

of LLDPE,-g-MUADREdDd -@§BBRAS i gni ficantly i mprove

t he resi stance to crack

crack iniergyion en
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The results from notched80CCmpacgi sé¢neing
Fi g uSe8

8.0
& 7.0
6.0
=~ 5.0
4.0
3.0
2.0
1.0

0.0
0.0 5.0 10.0 15.0 20.0 25.0

Loading (wt%)

LLDPE
LLDPE-g-MAH
SEBS-g-MAH

kJ/n?

NIS at30°C

Fi gusr8Correl ati onsobehwdenmpact-streng
3AAOnvith LLDPEg-MAL®RE gBBSoading

The performance of RPP/ LLDPE <composi
| oewnr as compare t-g-MRPRMNhUL RFPEPY-NMBA.B S
RPP/ LLLPpMEcomposites showed 46. 2% of [
NI'S -80ACat @&0% LLDMMRAI oading as compare
100% RPP. wds df otuhnat t he-30ICBeathed a
pl at evheen the | oadiiggMAofs blebDmwWEen 10wt ¢

and 0@ %. A | imeavememt of-3NWACHast

observed wi t h i ncregMAngpatheg,SEBSA [
reachedlJbtwBhekn t he-g®MABSading is 20wt %.
| ower NI'S values observed at | ower t
could be attributed to the | ower resi|
growi( fai et al . At 200W) temperatur e, t h

becomes mu c h mor e brittle and t he [
becomes mu c h morteanti mg or better i mpa
propagati on. Foend hleump eldI%e | oadi ng of
LLDPgEMAor SEBMAcan meet the requirement
for a -emidghbumper, ohboy SEBEA fill ed
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composite can maintain-3t0h@ desired NIS at
5.2.2.3 Mor phaogy of fracture surface

The morphol ogical stwudy of the fractured sur
i mpact strength specimens was conducted by S|
surface of 100%RPP and 10Pi%YWH%e are shown 1in

~

2pm EHT = 3.00kV Signal A = SE2 Date :20 Dec 2018 ZEISX
. B WD= 79mm Mag= 200KX Time :10:26:20

=l WD =103 mm Mag= 200KX Time :10:15:47

2um EHT = 3.00 kv Signal A = SE2 Date :28 Jun 2018

Fi gur%eSEM micrograph of the fracture surf a
composite with: (a) 100% RPP, (b) 100%VF
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| t can be observed that the RPP cont a
FTIR results confirmed that these par
Moeover, the fractured sur face of RPP

indicating PP and PET are immiscible.

Fi gurleOshows the fractured wig JaRfP@Pcr@ Oof t
wt %LLDPE, fewer PET pell et s wer e ob
interfacial tavklees iPEA lmaend base RPP matr

poor.

2 um EHT = 3.00 kV Signal A= SE2 Date :20 Dec 2018
I—{ WD = 7.2 mm Mag= 2.00 KX Time :11:51:57

Fi gurleOSEM mi crograph of the fractur e
composite with 80%WRPP+20%LLDPE

't can be Ffigusspltihmt REDMes wel |l di spert
at @0% LL-DMAI oadi ng.
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2pum EHT = 3.00 kV Signal A = SE2 Date :20 Dec 2018
H WD = 8.0mm Mag= 200KX Time :10:55:46

Fi gurlelSEM mi crograph of the fracture surf e
composite with 80%WR§NMA20%LLDPE

Fewer PET particles are pull eationfgg from t he

t he i nterfaci al adhesi on bet ween PET and

i mproved.

Fi gurle2shows the fractured sur-g-M&de of the RPP
with addi mgguASEBRI i ngwb%h. 20
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Fi\ WA 144 i 1
2pm EHT = 3.00 kV Signal A = SE2 Date :20 Dec 2018 ZEISS
WD = 7.8 mm Mag= 200KX Time :11:31:49

Fi gusrle2SEM mi crograph of the fractur e
composite with 80%RPWA20%USEBS

I n the pure RPP, ther e acrreacckosn saindde rsanball
voids can be observed in the micrograp
adhesiPap.adopoul ou an@ 0R &d)bf soegrl voeud (when
the S-BBIAAdoes not extéedl elV@!l , t hge PP/ SE
MA PET ternary blends can have good co
I n this study, wghMeAnl otahde nQE B Shkcir geuarsee d
5-12suggests t hat t ye odompRt abdl IPPHET w

i mproved. As a result, the I mp-MAt prop
added blends were Iimproved significant
5.2.2.4 Addi ti onal exper RR@NntL & D-E (

MA/ VPP compo)sites

Based on the mechamniabdld, Telsled tasn d
Talbé&-6.

it was found that onlwy %t RCPBwtr ¥hul a 9
LLDPgEMA met t he requirements -eaf t he

automotive bumper, while theMP@mexdur al |
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not ched i mpabtt 18t X/letmkgd very cl ose t o t he
mini muemquirement MP@>ah@03>/1p. kTo ensur e

t he stabl e gual ity of t he composites, RPP
repl aced bylraWIBé¥3t heetdai | ed formul a i n t he
additional experiments.

Ta b b-& RPP/LLDPE-g-MA/VPP formulations

NO. RPP (wt %) LLDPE-g-MA (Wt %) | VPP3 (wt %)
11 80 10 10
12 70 10 20
13 60 10 30
14 50 10 40

The results wieagd Tsabrhada r5

Table 5-8 Results of RPP/LLDPE -g-MA/VPP formulations

Sample . . Flexural .
D Tensile properties Properties Impact Properties
i NIS at

TS ;'%?g:}('o” FM FS  |Is NIS -

MPa MPa MPa) | (kJ/m?2) | (kJ/m?2) |

(MPa) (%) (MPa) (MPa) | ( ) | ( ) (kJ/m ?)
VPP3 25.96 99.20 | 1107.80 | 30.94 113.28 40.25 4.00
11 24.92 65.94 | 1387.86 | 34.27 | 108.42 10.84 3.22
12 23.32 57.93 | 1180.00 | 29.45 97.34 34.97 3.98
13 23.39 72.65 |1111.99 | 29.05 95.97 40.17 3.76
14 23.34 126.46 | 1138.60 | 29.01 96.26 42.20 3.84
TS and el ongati on at break of al | t he san
requirements of t he bumper s. Wh e n t he con

i ncreases wftrro moit@%, FM decreased from 1387. 81
MPa to 1138.6 MPa. Due to the high NIS of V
NI'S i ncdr emmsteh the addition of VPP content, w

a t-30 Fgained the highest value 3.98 kJ/m 2 at 20 wt% of VPP

loading. Among these four formul as, sample 12,

meet the requirementesnd obru mpheer smi dHlowe v er ,
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for theenhi gohumperasn,d ANM S30aGhave to be

further i mproveg-.haAs bREB R perf or man
i mproving the i mpact prodAr ttihees ftuhra nm el
study appl tgeMlAaSiEIBSni ner al fillers to e
high flexural properties and I mpact pr

Thdracture surface ofdg-MAKWPPRRR/MpLOBRE e s
was pr esentFad usriedtno-i g uSrle6

"IN
10 pm EHT = 3.00 kV Signal A = SE2 Date :20 Dec 2018
}'—'I WD = 78mm Mag= 1.00KX Time :11:35:09

Fi gusrle3SEM mi crograph of t ke offractur e
composite with 80 %R& MA-L10008LMPDPP E
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10 pm : EHT = 3.00 kV Signal A = SE2 Date :20 Dec 2018
1 WD = 7.5 mm Mag= 1.00 KX Time :11:38:55

Fi gu¥rledSEM mi crograph of the fracture surfe:
composite with 70 %R& MA+1200980\LFDPP E

Voi ds a
cracks

10 pm EHT = 3.00 kV Signal A = SE2 Date :20 Dec 2018 ﬁ

WD = 7.6 mm Mag= 1.00 KX Time :11:45:35

Fi gurle56EM mi crograph of the fracture surfe:
composite with 60 %R&-MAL3008LVFOPP E
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Vo.b-d's ‘a’
cracks

Y

10 ym EHT = 3.00 kV Signal A = SE2 Date :20 Dec 2018
1 WD = 7.2mm Mag= 1.00KX Time :11:52:53

Fi gurle6SEM mi crograph of the fractur e
composite with 50 %R& MA+140098L\LFDPP E

With the increasing VPP content, the n
pell ets reduced. The decraeialsudtt dod RPP
content of PET in the composites. Howe

RPP with VPP have nearly no effects o
compti bifl i RT oand PP matri x.

523 Concl usi on

The purpose of t hi st igmadtei otnhei sf etacci &8
ut iilnigs t he RPP for the application of
comparing t he mechani cal perfor manc
requirements of the automobsd$ eofbumbpber,
i mpact strength and flexural modul us i
RPP. I n the prevdntwwOwuaydwt®@® of LLDPE,
LLDPEMAand SHEBHAwere estimated to achi e
i mpact strength of the composites an

mai atn the tensile and flexural proper:
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that by adding -g-MB&Ed SEHBBE t he TS, FM

and FS decreased significantly. On the contr
at break and i mpact strength increased dr an
found i RPPheL-OME composites, t he max i mum

notched i mpact strength achieved 252. 3% i mp

respect to 100%RPP when the weMAht fraction

was 20 %. It was 17.1% and 173. 3% higher than
requirements ofend heandi gdindildd laper ,

respectivel y. Meanwhil e, as compared to the
tensile strength and flexural strength reduc

respecti ved-MAh&&EBRBore superior performance t

LLDPgEMA i n i mproving NI'S -a@Ad€ NlhS at

80 %RPP/ 20%-gSNEMBeSven reached 3m0eCfMIrS at

t he he gch bumper. However, t he flexur al mo
481. 5MPa | ower t han t he requirement, whi c
application. The morphol ogy of the I mpact

further proved that theMpaeds&EB8e of LLDPE

MAiI mprove the surface adhesion of PP and Pl

based matri x, whi ch contribute to t he b
performance of the blends. The sample 6 (90%
g-MA meet all of the mechanical -requirements
end bumper, w hhiacvle meahye potenti al for i ndus
application. And the additional experiments

replace the RPP, the results indicated that
wt %4 0wt % RPP with VPP, the composites can ha
bal anced mechanical mpeef ormancegqaindement s

for mtedndd ebumper s.
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53 The effects of el ast omer on |

filled composites

I n the previous section, the effects
pol ymer bl ending weregMAdhadwed . s BESBISI or
i mprovement on thethmp&doweweérenghe t
modul us, fl exural modul us and stre
signitfliyv.anThi s sectient tae mmi ner alt ifliilsl e
and Al OHpP i mprove the flexuralg-modul u
MAt o compensate for the | Mpachvpsebpgnt
the feasibility of a more balanced sti

RPP composites for-ehdebumpené. high
Design of experi ment

For the stable pr-scesewipgtobistwhn the
of AlxaOHl) talc was cowtfopl 1&dwaeb amd 2
wt %. And the amogtMAHoWwaSEB&ntroll ed at
10 wt %, 20 wt % based on the Bhady ir
formul ation and the sample designatio
Tab b-®.
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Tabb-®RPP, AL (OHK) ¢ anmgdMADAHBESIdi ng r ati
NO. RPP3 Al ( QH) Tal S E B-§-MA
(wt %) (wt % (wt 9 (wt %)
1 95 5 - -
2 90 10 - -
3 80 20 - -
4 95 - 5 -
5 90 - 10 -
6 80 - 20 -
7 85 10 - 5
8 80 10 - 10
9 70 10 - 20
10 85 - 10 5
11 80 - 10 10
12 70 - 10 20
13 75 20 - 5
14 70 20 - 10
15 60 20 - 20
16 75 - 20 5
17 70 - 20 10
18 60 - 20 20
531 Results and discussion
5.3.1.1 Results of RPFanAd (RPP/ Tal c
composites
Tensile properties
Fi gusrle7andi gusr1e8i | l ustrate the tensile

el ongation

at

br eqskndo fTatlhce fAII(IGH) RPP.
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26
25
24
23

22 -o=! f O h
21 —=@—Talc
20

19
0% 5% 10% 20%

Filler loading wt%

Tensile strength (MPa)

Fi gurle7The correlation bet wehemntdeddillle
|l oadi ng

140

120 —e
100
80
60 —o—=! f O h
40

—=@-—Talc

Elongation at breaks)

o

0% 5% 10% 20%
Filler loading wt%

Fi gusrle8The correl at ieolno nbgeattwiecennaatd br e ak
i1l er

; |l oadi ng

When the | oading of twteé& towtt®,astehdr or
tensile strength decreaseMHalLem ny4 .e&8 MP
al. (2G4 ved the increase of-ftiddewidl e
PP when the volume fraction of talc i
possi ble reason for this could be the
and aggl omeration of talc partihel .01 A
surface adhesi RiPPoTheatalandarticles ¢

concentration zones under stress and ¢
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fricti ona(lNepkuhlllaoouuti et al ., 2015)

For AlzOH) ed RPP, the tensile strength decre
MPa o 2MP8 when the filler | oawti g i ncreased
to W0 %Su et al .ob(s2e0rOv5e)d t he same tendency f«
the AlIzOH) ed PP, the main reason was the agg

Al (QH)which act as defects and stress points

adhesi omeebnetfi Il ' er and PP matri x.

As for the elongation at break, it continuou
increasing of talc content. The possible rec:
particles cause cavitation because of t h
debond(iWagng et al .  lt2@ChXB)ebeedbt hat t he

el ongation at break increase with increasirt

Al (QH)i ndicati ngsptarda i A&l @e®G@H) mproved the tens

fracture ductility of the RPP composites.
FIl exur al properties

Fi gu5-29andFi gu3-20show the <correlation betwee

fl exural modulus, fl exural strength and fil/l
2500
2000
1500

1000 ttdh

Talc

Flexural modulus (MPa)

500

0% 5% 10% 20%
Filler loading wt%

Fi gurle9The correlation of flexural modul us
| oadi ng
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w
~

©
o
S 36
<
=, 35
c
S 34
iz 1 £ 6h
© 33
3 Talc
o 32
LL

31

0% 5% 10% 20%
Filler loading wt%
Fi gur2e0The correlation of flexural st

| oadi ng

Both flexural moddliud edf atmlde All &ldti)RPP
composites increased when the filler
rigid particul ate fiiflflneersss iomp rt diwee ptl lae t
(Leong et al .Talz00f4i)l l ed composites s
better flexur al modul s §i Itlhead d dirap oAlsli(t
When the fill er%,l aacei fd eixurzad modul us
and Al3fOH)Il ed composi tMBa wende NUBSH P MPa

respectivel y.

For the flexural stgéngtled PIRe gAl @eH
maxi mum value of 34.5 MPa whewt ¢ohe f il
The maxi mum fl exur alf isltlired gRNWRPaoifestt 28
wt % talc | oading. Theenghle déexeaséeds

increasing the talc content.

| mpact properties

The resul ts of t he not chgdNI $ampea ct P
i Il ust rRitgulk2dln
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14
12

C’510
2 8
‘é’ﬁ ——! f 0h
4 Talc
2
0
0% 5% 10% 20%
Filler loading wt%
Fi gur2elThe correlation of notched i mpact str
filler | oading
TheNIl Sof RPP composites deteriorated l i near

addition edndlt(a&lH9. The reduction of unnotchece
strengdarmeswslt of void formation and micro cr

t heogpr adhesion between fiLlhlpei kadd. PPt matr | X

2008) Inw2® filler |IM@QBTFnd|x(adhidk t al c

filled PP wdané. 8. ) kikempectively. According
toTabl3€k 1t h&Nl S nly meets trhentrseqfudrr et he
application of the shell ofNIt8haes atio conditi o
be i mproved for the bumper applications.
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The r es NIl tast-3®dC€ are shownin F i g ubr2e2

3.5
3
&
=S 2.5
X
o 2
o
® 15 I'f oh
©
w 1 Talc
Z
0.5
0
0% 5% 10% 20%
Filler loading
Fi gur2e2The correlation of notched i mpa
30AWCand filler |l oading
For Nh8t-30C,thetalcandAI(OH) s3f i |l 1l ed RPP decr e.
with the increasing of fill &Nd Sctontent .
3 O0Coftalc -filled RPP decreasedlinearlywi t h f il l er cont ent

findings are consistentLawictihk tJhre reds t
(2008)The Af{OHepd RPP had a rapti%d decr
Al (QH)oadi ng, whi ch i ichiamgtee d na cotmpm S i
brittlenews % Andit@® | oxsdi NNyl a t-3 0C

of AlfOH)l ed RPkPJ/insnd . ®.J4?mi gher t han
tadfel |l ed PP.

Fi gug-23presents the correlation betwee

i mpact strleymgd hf il |l er content.
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120

100
@80
¥ 60
Lfoh
D 40 °
Talc
20
0
0% 5% 10% 20%
Filler loading wt%
Fi gur2e3The correlation of unnotched i mpact st
filler |l oading
For tBeboth Ali(lQH)d RPP and Talc filled PP d
with the increasing owt %, IWt&& alnada 2iOnhg. At 5
wt % of fill erl ®dntAd gftOH)ekde RPP was 49%, 126%
and 189% higher -ftihlalned hRPP.alTthe reason is the
addi tion ofanAdl (tGH)c i mproves the stiffness
composites, but t he high stiffness composi

i mpact properties due to thefrmhmomhtiseress tr
pol ymer matrix to théPremhéalpettatul|l ates?2)
The particulate reduced the crack initiatio

cause the redsuicsttiaoomceoft oo ecrack propagati on.

5.3.1.2 Resul ts of -g-MEBS il | ed
RPP/ Al (£HHd RPP/ Tal c idempos

Tensile properties

To i mprove the impact propredttfaldc @fd t he Al (C
PP, wtd %, wWt0% andwt2%9 SEBMAwer e added into

the compokiigussc4andFi gu3%-25i |l 1l ustrate the
tensile strength and el onggNMAfoinl lagd br eak of
RPP/ Tal ¢ and RPPiplols(iQH)s .
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25.0

<

o

S 200

e

IS

50 mvEE O

g 10.0 m 10%Talc

o mH R E O

e 50 20%Talc
0.0

5% 10% 20%
SEB$-MAH loading

Fi gu¥r2e4dThe correlation between tensil
SEB-§-MAl oadi ng

__400.0

S 350.0

§ 300.0

8 250.0 ) )

= EmmE:! £ 0

c 2000 m 10%Tal

o olalC

= 150.0

% mHE:! f O

£ 100.0 e

2 500 I 20%Talc
0o  Hmm ull

5% 10% 20%
SEB$-MAH loading

Fi gur2e5The correlation between el ongat
SEB-§-MAl oading

It can be observed that the tensile ¢
increasing -g-MAI S&EBISng. Due to the el
naturestthéness of the RPP (cMomptoisidtes
al ., 2020 the elongation at break i
addition - 0MASEMBStep change was obser v
SEB-§MAIl oading incr eawte¥ ftroowmR®%W. 0 The

tensil e strength ods arhdett htehes amprdi m
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requirements of-ebhdtbandiecddgbumpers. The
|l ow el ongation at br-éaklledmRPé&dtiohbdet appl i ed
in hegdt bumper s.

Fl exural properties

Fi gubr26exhi bits the fl exumaslt mdodgulISESBSag
MAcontent .

1000.0 mmEz !t o
800.0 m 10%Talc
’ Hm2>!1 {0
400.0
200.0 20%Talc
0.0

5% 10% 20%
SEB$-MAH loading

Flexural modul
(e))
o
o
(@]

Fi gur2e6The correlation of fl ex«gf al modul us a
MAIl oadi ng

The incorporatg-MAalosfo SIEeBaSds t o t he deteri or a:
of flexur al propertiesal s@t helrt ari meaartchheer s
same ten@@édnawg and Zhanlghe 2r0eOlOucti on of the
fl exural modulus is because of the increasin
g-MAl ed to the decrease of the stiffness of t
(Abreu et al . The20r0b9ul t s s hoewewr atthat t he f
modul us can be enhanced by increasing the fi
t he S-EBI&l oading was kept constant. The highe
modul us 1329. 0O0MPa was oVtt%ti anlead fbiyl Itehde RRPP
composites -gt™MA BBB8i ng wit$h. 5 From the

requiremdgnttheo i ndustri al application, t he
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requirement of the f | exMPraal ammoodnugl utsh eisse
formul ae, wheng-MAleoaSdEBnSy 1 s 5 %, the f
modul us of all the samples is higher 1
when the-g3MAB®ading ithcret%,.e all s Al ( OH)
filled PP failed the flexural modul us
wt %, the fl exur alwtn dblldd eadf PAROPias 1102

which was very close to the minimum re

The results of the fl exswrralTadttredn RtPHP o

composites at digfMAd roeandti NEBS e i |l |l ustr
Fi g ubr2e7

~ 35.0

&

\%30.0

£ 25.0

(@]

S 20.0 mm 6

? 15.0 m 10%Talc

@®©

§10.0 mHE:! £ 6

T 50 20%Talc

0.0
5% 10% 20%
SEB$-MAH loading

Fi gur2e7The correlation of fl exwgtral str

MAIl oadi ng

The fl exur al asitnreedn gthhe dchtg h eMRa voafl ule0O 2 9
wt % of -ftalled RPP ag-MAlhea dSiEBgwto%. 5

Unli ke the flexural modul us, the min
l'imited effects on the flexural strer
observed when-giMAé 083BEBSEg nwasased from

wt % t owt2%9, t he fl exural strength was si
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| mpact properties

The tendency of notched i mpact properties af
SEB-§-MAi s g i vFeing ubr@e8

40.0
30.0
€
2200 mvE:! £ 0
) 10%Talc
zZ . ,
10.0 HmE:! £ 06
I 20%Talc
0.0
5% 10% 20%
SEB$-MAH loading
Fi gur2e8The correlation of notched i mpact str
SEB-§-MAl oadi ng
TheNl Sdecreased with the i ntoeradgiang of Al (O
content, but it was enhanced-MAY Ahe addition

the same f inltl earn dc-api@®dSoadi ng, 3 fAill(10eHd

RPP showed better i mpact Ppedfiedmd®RiPiPe than t
appears that talc embrittles the PP matri x
fracture toWgdhmeasasd Sue,Wh2eOn0 6t)h-g- SBES

MAl oadi ng wts%, 20t he notachtedstirmgpngt h was
dramatically inwtraSERBEAIAdads ng, the 10

wt % Al ¢fOiIH)I ed PP s howed &tnmhoen gh itghheesset f our

sampl es. And the svfalam lkllddne@asd7. 8

kJ/?nvhen the-g®3RABBRcrease wWtrYo m owt2%.

Denaet al . ¢6200bgegd the PP/ tad-IASEBS ( SEBS
compositeNsl,ft hthe composites slightly increa
the SEBS-g-MAEBScontentamslO0%,sedndh when

the SEBS-g-MAAB$Sontent is highetMeSan 10 vol
dramaticall yMontreasedadl. sdq 2f02Wnpd SEBS has
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a strong effect INd 8ifncPrPealsail tg ctohmposi t e
results were consistent with the findi
as compared to the i ndustriaWwt %equir
Al (Q)nd @0% SEBEBATfi |l |l ed RPP meet the

i mpact requirement sendf bumperbi,ghbut

mentioned before, the fl eMRa)alofsttrkring
sample was significantly | ower than tF
1700MPa) .

The resul iINd a3 OC &wreprese nt e dFii g usr2e9

7.0
. 6.0
T_E) 5.0
§4-0 mmE: ! 6
% 3.0 m10%Talc
n 20 HE:!D 06
= 1.0 II II 20%Talc
0.0

5% 10% 20%
SEB$-MAH loading

Fi gusr2e9The correlation of notched i mp;:
-:30°Cand SHBBAlI oadi ng

Similar NloSQatheoom temperNIitssante€,0Cthe

l'inearly increag®&A&dl wadhn®EB®he incor pi
of both tal czwinldl AdqrOtH)i bute to the di
NI @4t-30C, and for the same ficflklFredoRPe
has hiNh&t-30Ct han -tiallced PP. Thekereaso
reducti on of t he not ched i mpact st
concentration of the stress at +t3zhe edg
particles accelerat ¢ AshenaraGkagemwt bt

2016) Ometi ceabl e poi-B0C,ihes Nt Batc aante
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di f fioculmprtove. For exawtp%eAl §OH)hteme 10
the S-BBI&l oading increwt& f owtdld,10t he

NI @8t room temperature | mpFioywredl,32. 9% (see
the notched i mpacB80&Gamleyngt mpradadved 53. 5%
( s eFei g usr2e9 .

Fi gusr3e0i | |l ustr dtSefs hehaAls@@ld) tfallcd ed PP.
120.0
100.0
& 80.0
‘€ . .
= EvE:! 0
~ 60.0 ’
\U')’ m 10%Talc
= 40.0
HE?2!Df0
20.0
20%Talc
0.0
5% 10% 20%

SEB$-MAH loading

Fi gur3e0The correlation of unnotaomhled i mpact st
SEB-§-MAl oadi ng

A slight decrease with-gtMAel oiandcirnega sweasof SEBS

observed i fAl (©#) RPP composites. For t h
wt %Al (0H)I | ed IPBectrkraase fkdMMDOT 6. 8
kJ/?mhen S-HEBRAcontent increas® foom@d05
wtve. And fwatr% 2A0 ¢fOH) I ed PP, it gained the maxi

value of 8&&xt2 wmlOW BEBHEMA The-fi a4l ed RPP
represents the oppositetie d-@allics edF&EP, t he 10
the maxi mumof@#&l de K&l mo reached %at 10
SEB-§MA Il oad.i ngor t we % 20fail kil ed P S, t he

remai ned unchanged -g-MAhoatden@EBStH

10wt %. Then it dramatical lky/Pmmer&asked from 35
kJ/?wi th theg-MAIBcSadi ng i ncrwta%.e Whemn0

compar ed NIgoS tthheese rdd scwalttesd itthialtl eda | RP P

has | ess iIimpact resistance to crack propagat

174



532 Concl usi on

To overcome the weakness of the RPP b

section, the study of thes:;REmRMpOaEI ¢teand

were processed to inveshegetmi nkeaéffe
on the mechanical properties. The i dea
t o I mprove t he fl exur al properties,

modul us, and -gtMAet SEB&SGmpensate for the
properties |l oss. The fl|l exmakrmbsmoduhaar
correlation with the mineral filler ¢
flexur al strength amfd RPP/AB({ OH)r eache
maxi mum val uewt %t abd wi@ filler | oadi
respectivel y. The l ow el ongation at

applicatP®P/hTaolfc Reomposites bei-egdappl i

bumpers. As expNe@tedhotthhe oom temperat L
-30Cdecreased with increasing f-gl |l er c
MAwas i ncorpoboatéd miner al fiINles f il l

significantlyeicinmad dywedvhesnnpthe -goading

MAi s WO%. However, it was found that t
mi ner al fillers was insufficient t o
modul us. As a result, the stiffness
RPP/ Al 4 GEBESMAand RPP/ Ta-lgawASEBSI 0t be
wel | bal anced to meet the requirements
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54 Summar y

To overcome the weakness of the 1 mpact prope
of the LLDPBMALLDEEFEBAON the mechanical
properties of the RPP were stnudtiheed i n the f
second section, t heg-MAofne cttasl cofanSIEBAS ( OH)

filled RPP were fully investigated.

SEB-§-MA fill ed RPP mai nt ai ned hi gher not che
strength as compared t-g@g-MAaDPE hand almeDPE

| oadi ng. However, on tdheet eortihoerrath amd ,o ft hteh e

fl exural properties, especially -the fl exur al
g-MAf il |l ed PP hindered the application of t
According t o t he i ndustrialbyrnédeuirements [

partner, WwWth®RP¥PO anwt %IOL DPEHEA met t he
rguirements forend ebumpdedrl.e Furwth%r use 20
to 0% of VPP to replace RPP can maintain a

of mechanical properties.

Il n the second sevwttd% oamndwt2e® o1f0 Tal c and
Al (QH) I I ed PP waenrt &, awdtd¥ da ddvt 28 E B-S

g-MAt o investigate the possibility of achi e\
properties without compromising the tensil e,
and strength. However, the tensile and fl exu
the opposite tendency with the notched i mpac
stffness and toughness of the mineral fille
cannot be well bal angeA by using SEBS
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Chapter 6 Comparison of the recycled

short carbon fibre filled virgin and RPP

composites

6.1 1l ntroducti on

I n previous chapters, the fomascédas b

of the commonly used minemr)alr dgiinflorrcsed

RPP composites. Unl i ke the commer ci al
recycled short carbon fibre is seen
usually regarded as waste. This chapt

thetpomti al of RRBnwfosicnggrecycled shor

fibre. Currently, the studies of recy
noytwstructur al applications are very |
2014) . And there is no wor&r evhhyealeed he

pol ymerlke alsase matri x.

Due to the size of the obtained recycl
be directly processesdcriesw ngxttrluesi 6 wi n
chapter develops the process for recy«
fibre (r SMCFR rRIPIREdrepdosi t es agnad eisn vtehset i

effects of rSMCF on the corresponding

perf ormance. The coupling agent MAPP
i mprove the interfacial adhesion betw
RPP matri x. The microscale tests were

the fraswutrdrace and the dispersion of r $

matri x.
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62 Results and di scussions

621 Effects of surfactant

I n this study, the obtained RCF has an ave
8. 6 5mm, to prevent the possiifslcaeiwnstability
extrusion procesedd&®&CFi was short size (aver e
l engt hin2) 40named as recycled short milled ca
(rSMCF). rSMCF was added into the PP/ RPP mat

Fi gurleshows the appearance of the RCF and r S

Fi gurle(a) RCF before shredding and (b) RCF
shredding

't can be observed that the aggl omeration of
occurred before and after the shredding, whi
i nhomogeneous di srpSeMCsFi om o he pl astic matri x
t wksncr ew extrusion. To overcome this proble
cal |l@idspersi odwad de&Fel oped in this study.
surfactant Pol yoxyetyhyledmer( 2vr)s i ntroduced i
the process. The dedaridess corfi Hende ipm oCheaspt er

3, Section 3.3.3.

Due to the design of the process, the surfa
ensure the dispersion of r SMCF, so the surf
are to be added together. So, it is impossib
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added group wadthaomutt. sTUa festi mate the e
surfactant, the -donte4d ddandr a2 wp 2der e
prepared. The mechanical results of tt

and RPP polymers WabBbdshown in

TabbdMechani cal results of VPP/ RPP with

surfactant

Sample Tensile Tensile Flexural | Flexural Impact
Modulus | Strength | Modulus | Strength | Strength
(MPa) (MPa) (MPa) (MPa) (kJ/ m?)
1-1 PP 1304.9 23.10 1137.8 28.70 98.70
1-2 SF0.5/PP 1289.9 22.90 1121.7 28.60 100.10
1-3 SF1/PP 1331.3 23.20 1162.9 28.20 101.10
1-4 SF2.5/PP 1321.7 23.20 1164.2 29.00 102.40
2-1 RPP 1283.5 26.00 1099.2 28.20 98.80
2-2 SFO.5/RPP | 1262.4 25.80 1080.8 27.40 101.90
2-3 SF1/RPP 1276.3 26.30 1076.8 27.40 100.80
2-4 SF2.5/RPP | 1254.5 25.90 1079.7 26.80 101.30
Based on the results of the control gr.
of the surfactant on the tensile mo d
fl exur al modul us,t hf leerxduriamp asdtr esaitgr en gt
observed. The variation of the tested

to pure VPP and pure RPP d@he ahki mutnh
variation bfacredVRP mposites come from
properties, the differencelsBBhdvetelmet he
sample PP is 3.7%. -Badedocomphes iRtPes ,
variation of flexural strength of the

SERPP is 4. 9%.

6.22 Effects of the fibre content

The sample preparation process of r SMm

composi teegssgvwen i n Chapter 3, Section
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designed compositions of t he r SMCF filled
composites were sRhiownnd nT&lpd B3 Bhapt er
3, Section 3.3.3.1 and Section 3.3.3.2).

The use of recycl esbeambext émdireelhya studied

for the past decades. However, mo s t of t he
recycled carbon fibre | owad®%nWonagt emore t han
al ., 2012, Giannadakis et al., 2B®4a1l, Akonda
high | oading of recycled carbon fibre wildl
cost ofomplmesidces and | i mit industri al use. I

the weight fraction of rSMCF in this study
wt %, w2 % anwdt %.

Thereaviesx y | imited study of recycled short c
noytstructur al applications ( Hosvheorrtth et al .,
recycled oa&r besn sfeien to have | ow value and

regarded as wastse.noAndrtkherheati téde aut hor r ea
to use recycled polymers as the base matri x.
the knowledge gap in the mechanical and ther

of recycled short carbon fibre reinforced re

The resulwtt, oM % andt % r SMCF filled VPP and
RPP compositeswnw&aneb-&. h

T a b b-& Mechanical results of PP/RPP with different loading

of ISMCF

Tensile Tensile Flexural Flexural Impact

Sample Modulus | Strength Modulus | Strength | Strength
(MPa) (MPa) (MPa) (MPa) (kd/ m?2)
1-1 | PP 1304.23.1(01137./28. 7098. 7¢(C
1-5 | SFos/PP/ISMCF 1 1395.22.8(01176.28.80100. 1
1-6 | SF1/PP/r'SMCF 2 1598.23.201245./29.30103. 1
1-7 | SF25/PP/ISMCF s 1790.21.801341./127.2094. 9¢(C
2-1 | RPP 1283.]26.001099./28.2098. 8040
2-5 | SFos/RPPISMCF1|11390./25.931202./27.3283. 15
2-6 | SFI/RPPISMCF, |1511./25.621285.27.3073. 83
2-7 | SF2s/RPPIISMCFs |1954 .|26. 431623./27.9860. 12
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The tensile modulus and flexural mo d u
were significantly i mproved with the a
greatest i mpr owte%e nAvit @& o SMCF, t he tens.i
modul us efas¥eRIP composites i mproved 37.
RPfhased composites inktheascsendp d®n Bi%ng ¢
VPP and r SMCF has increased the rigidi
t o a transcrystalline | ayer (TCL) de
strength carbon fibre which provi des
stiff(nvosnsg et al . Cotpadeed to PE composi
t he s ame |l oadi ng MoRNalrlSMCé&t ,althe 200
i mprovements in tensile modulus of t he
i MmMabkb®are more significantfdére.BE amaou
37% for PP %WirtdMGF)wt The i mprovement o0f
the tensile and flexural modulus of th

mor e siagwnti ftihcan VPP comp@wsot es StM&E, 5 w

tensile and flexural modul us i mproved
companre neat RPP. The i mprovement of t
modul us was attributed to the incorpo
fibfWwWong et al. HasRémiz) (r0dwBed t hat t h
el astic sm)dulaand tensile and fl exural

composites are not significantly affe

mo d e, thus the patterns of both modul
| mprovements to the tensile modul us we
of flexur al tho d thleu ss,amen phenomenon h a
observewonbgy et al. THRiIOsSL2i))s potentially

fibre orientation within the composi |
demonstrated t hat CF I n t he I njecti
speci mens were preferentavaldiyr egcdFtuiecnnt e d
et al . ,. 2T0Hgo)f t he PP/ r SMCF composite
predicted usi n(gF lEgeutatailon 2000, Shazed

% _00 O p & (6.1)
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wherieis the fibre (in this case rSMCF) effi
the composite modulus considering the effect
and ori enVraitsi omhe volume fraction of fibre
composit &, EreamndEn are the modul us of composit e
fibre and polymer matri x, r EBnsr peef cetrisvel y. I n t

to the modulus of theTBPBbRdstampl egrloup i n

1) . The efficiédcyf of actthoer st e(nsi | e modul us
PP/ r SMCF compo.sPPEés SMEKR PP/ r S MCrFd
SE. PP/ r SMGMH be calcul at ed as 0.1126, 0. 14

0.0978, respodatsiedeloyn t he dewnefteashand wt
component. The calcul at égl €btfheiteemyi lf@actor s
modul us of RPP/ r SMCF S b dsqRPpPd 5 i §tMeCs

SR RPP/ rMCc®EL sRPP/ raMmCd& 0. 1159, 0.1202 and
0.1367, respectivel y. The fibre efficiency
that r SMCF has higher efficiency in RPP matr
at wis% r SMCF content. The variance of the fi bl
VPP and RPP composites at the same content m
to the high MFI of RPP, indicating fibre has
orientation i wmwuRRR matrre(pd0@@C®)d that a high

vol umeaction of fibre | eads to the reducti ol
which may | ead to a decrease in fibre effici
mean fibre | émgtand 2kh®an fibre aspect ratio

(240:7.56) of the rSMCF used in this study
| ower t h@Gm mahteer i als used previously (mean fi
and mean fibre a8pémiandtB80oF@fée&t al .,
2000Dpr 8.65 mm and (8Wob5n0g: 7e66 al, . , 2012)
respectivikkdy fibre efficiency factors decr
decreasing mean fi bmefilkrngteas @Ec tneetaat i o

al., 2000, Shazed et al., 20X4qe HFwwend Lauke
values observed in this study are in accorda

resul ts.
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Unli ke the continuous increments with
have been report(eMdaplrlieyviectusally. , 2008, F
2012)both the tensile and flexur al St
composites decrease wi t h t he i ncreas
Therefore, the modified r ullDeasof 2milxlt,ur
Fu and Laukei,s 1m®dt6) appl i edbkei rfgprt hpe
strength of t he uncompatibilised PP/
Tablee2, t he tensil e and fl exural str
composiasesa hnoti ceabl e d&deciSMEFel @atadl nwyt
Then the tensille samd nigltidnkwoaas | y i ncr e:
and at%5r MCF, the tensile strength is
neat RPP, and the flexural strength

variation of both tensile and fl exura

group was W%t Tabnb-dl sampletdé,l sampl e

2-1 ted)2 the possibility of the surfact:
on the polymer can be ruled out. To in
this reduction in tensile and flexural

of the tensile frS&kc/iRRP/er SMEF@acreeodr ded
(Fi g u6r2g .
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riSMCE
PUlelut

EHT = 3.00 kv Signal A = SE2 Date :13 Jun 2016
WD = S.0mm Mag= 200X Time -14:58:24

1 pm EHT = 3.00 kv Signal A =SE2 Date :11 Jul 2018 ZEISS
— WD = 46mm Mag= 5.00KX Time :15:48:47

Fi gusr2eSEM mi crographs -6facthhe et snsiflaee of,
recordéaPbBritsPP/ r SM@FOW magni fication (b)
SE PP/ r SHE&HF gh magni ficati on
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The SEM iIFmgg&2H a) shows voids where ma

have been pulled from the composite ma
The sweeref of the r SMCF shows 1little ad
matri x, as Bihgwinz(ibn . Thus, the reduc
tensile and flexukkbPB/tredM@lhdfbe due
to a lack of interfaciRRP adders$S MOQF.beTth
SEM photographs of tensil e fract

SE.sERPP/ r SWEFe s h oRMng ubH3e
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r

20 ym EHT = 5.00 kV Signal A = SE2 Date :17 Jul 2019
WD = 6.7 mm Mag= 200X Time :11:38:29

¥
»

2 um EHT = 5.00 kV Signal A= SE2 Date :17 Jul 2019
}—l WD = 6.7 mm Mag= 2.00KX Time :11:41:21

Fi gusr3eSEM mi crographs -6facthe et sfo,sif aee o
recordedSBtsRPPY r SaMClBw magni fication (d)
SE.sRPP/ r &MBF gh magnification
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Il n the RPP bas®MChawas xal so pull ed out
by the void&i ghe3gn However, asFicgumparin
6-2 (a) afidgu 6-8 (a) , t he i nterfaci al a
RPP/ r SMCF is better than PP/ r SMCF sin

rSMCF in RPP based matrix was observed

The | zod i mpact 3B &@P{ s SdMCptohseat e s
comparable to that of MmMmadb-€VPPhea$SEMhoO!
mi crographs off rtdet drmp ac$th @8 r §MCF
are shown gut4 where the bHDE&EMGFR emnans

evenly dispersed in the VPP matri x.
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Date :13 Jun 2016

EHT = 3.00 kv Signal A= SE2
Time 16:21:44

WD =102 mm Mag= 200X

Poor
ib.nt.er f

w\adheS|

sl EHT = 3.00 kV Signal A = SE2 Date :28 Jul 2016
5.00KX Time :16:43:43

WD = 78mm Mag =

Fi guerdeSEM mi crographs dfacthue ei mpadtace

(a$k. PP/ rS@Fow magni fi &&t/liPoPY r(SIMCF

athi gh magni ficati on
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Desgithere being minimal I nterfaci al

VPP matrix and rSMCF in the samples o
[Figu6-é¢ (b)) ], t he i mpactSkEsHRR/nrg3 MCFo f

(94 N2 . &k Im?) i s al mo stamet hes neat VP
(98N2A5kJiM?) . Similar to the tensile and
t he I mpact strength shows a sl igl
SE.sPP/ r SMGRmpared to, nehtc NP®an be expl
through the | ack of interfacial adhesi
and r SMCF. Biegubrdle a,) s hows that the r SN
aligned perpendicular to the i mpact fr
fibres are preferentially oriented in

melt flow as has been (oDhsaezevdk de tp raelv.i,o W

Fo the RPP based -matched t mpaaoh strencg
suffered a significant reduction with
When tmhag end of rSMCF increased % rom 1
t he -imt ched 1 mpact strengt hkd Eedwced f|
60. RJ/°mFi gu6-8 shows the fracture surfe

specimens after the i mpact test.
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»N

EHT = 5.00 kv Signal A = SE2 Date :17 Jul 2019

Mag= 200X Time :11:44:06

Poor
I n tf earc |
adhes:

-

2 um EHT = 5.00 kV Signal A = SE2 Date :17 Jul 2019
}—{ WD = 6.8 mm Mag= 2.00 KX Time :11:48:49

Fi guereSEM mi crographs dfacthe ei mpmadtace of
(aPkR . sRPP/ rsMClBw magnanf i(cha)t i
SE.sRPP/ r &MBF gh magnification

| t can be observed t hat t he fractur e sur f
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composites is smoother than the RPP c
amount s of t he hol eFsi guB-&sa)nt eddiimat ec
rSMCF wadsedpwlut during the i mpact, whi

the poor interfacial adhesion between

Using HD FTIR imaging to identify the
t he composite mi xtures (Konevskikh
understand the dihet rsiurdtaicamnoef tMi e sc
caused by the micrometre sized CF can
| ocation within the polymer matri x. T

wer e s hoRgare 6-6.
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Fi guwree a) Optical 11 MBHe SMEFIBF FTI R spectr a

of (i) PP (i1i) aven/aRgRe d( isipie)ctavaeriangedF SF/ PP
spectra 1/iPPP/ EBEMCGCH ) averaged r SMCF spectra
SkH PP/ r SMQWF) SF. (c) Chemical i mage based

integratedeba(dole28m?!) o fi/PPFr SMCRK d)

|l ntegrated band ar ea hi stk®PPr aSMGCFTr t he ST
chemical i mage shown in (c) excluding region

line) am®PPSFyellow |ine)

In Figure 6-6(b), the black pixels re present the mean
absorbance ( abs > 0.3818) in the range 1800 cm-1t02000 cm-
1, a region in which there should be no peaks due to the
surfactant or VPP. This accurately represents the CF and is

easily distinguishable from the VPP/SF matrix through
comparis on with the optical image [ Figure 6-6 (a)]. The
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average IR spectrum of the rSMCF pixels corrected for

scattering is shown in Figure 6-6, where the band of
polyoxyethylene (20) oleyl ether is clearly visible . The chemical
image of the VPP matrix, based the integral band ar ea of the

surfactant (1067 -1123 cm-!) is shown in Figure 6-6(c), where
rSMCF pixels have been excluded (black) as the influence of
scattering on the surfactant absor ption could not be excluded,
and outliers (pixels in the high and low range) are given the

25t and 75" percentiles respectiv ely (see experimental
section). As expected, the surfactant in the sample is not
evenly distributed and has a higher concentration in regions
close to the CF. The influence of the rSMCF on the distribution

of the SF in the composite materials is more clearly observed

from the band area histogram [ Figure 6-6 (d)]. The distribution

of the ISMCF sample (SF  1/PP/r SMCF,, Figure 6-6(d), black line)
has amean ( xo= 17.06) and standard deviation (G = 3.82) that
are not evenly distributed due to the influence of the rSMCF.
However, the control sample (SF 25/PP, Figure 6-6(d), yellow
line) has a normal distribution around the mean ( Xo= 7.98)and
a | ower st andar d= d72)y indicating that thel
polyoxyethylene (20) oleyl ether is more evenly distributed in

the PP matrix. The lower mean SF 25/PP compared to
SF1/PP/r'SMCEF » is a result of poor mixing between VPP and the

surfactant inth e absence of ISMCF.

The MFI results of the PP/ r SMCF
are pl ofFi gdéreann & i g ubr8e
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Both r SMCF and surfactant additions i
composites, with a greater increase 0
MFI SH. PP increased by 43.8% as compar
whi S8 sRPP increased 5.3% with respect
additiom&@8MOGF further increase the MFI o
when compared t o the $m&E€P/mda&tMLCIFi al
increased 132, 4RP®hdSBEEreased by 27. €
The difference int MBAk dmer e met he MFI

about 3 times higher than VPP, which n
l ess significant. Since the MFI i's a ¢

pol ymeric material's viscosity, t hese
presence of rSMCF amedorcesut hactvarmstcos
the composites. The reduced melting Vi
the surfactant i s presumably caused

wei ght of pol yoxydtehyyll eentehe(r20)as t he r
wei ght i s il nversely propo&awonand to
Tuminell o, TB@4)increase of MF | cause
addition requires fuRbgemandoGaipdear & t1i9d¢
reported that the viscosity of a CF f

influenced by two competing mechanisr

bet weemr fainWlr matri x, which increases th
Walsll i p caused by the presence of | o
fibres alongnethei waéetphase, which de
Vi scosity. At a | ower fibre | oadi ng,
domi nates t he brehaoli ®ogircalf r SMCF fill ed

(Roy and GuptaHow®wesr), this is contrac
observed increase i n FMEIu-®n tThhies psotourd:
interfacial adhesion between the VPP o
(Fi guwr2eFi gwr3¢ results in delamination o
composites which iIis exacerbated with ¢

particles or aggl omer at es i n t he VPP
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resulted from rSMCEbwddihti oMF 1 tvhaelrues ar e
increasing with rSMCF | oading. This proposit
comaring SEM i mages%artSMGR gderZ®2a wd

Fi guerleQ where the degrees ofmcexfash inagt iwon i

increas%ngSMEF in the composite matri x.
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(a)

(b)

Fi guer%eSEM mi crographs of t
SR PP/ r SMBF 2 &EPP/ r SMCF
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