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Abstract

Mechanical properties of shell powder containing mixed recycled plastics were investigated depending on the shell content
and surface modification. First, shell powder and LDPE were compounded using the twin screw extruder to manufacture 40 wt%
master batch(M/B), and the M/B was blended with LDPE to produce bulk specimens with 10, 20, 30 and 40 wt% shell content.
To improve the compatibility of shell powder with mixed recycled plastics matrix, surface of shell powder was chemically mod-
ified with cations or cationic surfactant. Surface modified shell was also used to prepare bulk specimens with the same shell con-
tent. Mechanical property analysis showed obvious improvement for the surface modified shell containing bulk specimens
compared to unmodified ones. These results can lead to the development of new applications for the mixed recycled plastics.
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Fig. 2. DSC thermogram of recycled polyethylene (PE).
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Fig. 3. SEM photographs of liquid nitrogen fractured surfaces of shell containing LDPE specimens
(a) 80 wt% LDPE/20 wt% shell and (b) 80 wt% recycled PE/20 wt% shell.

]@Oﬂ’\i *}Q‘ﬂ Y HEEs
differential scanning calorimeter thermogram= HERH
Aolek. Z1gleld Mol uh o] 106.70°CSH 121.98

1. of Kerean Inst. Resources Recycling Vol. 14, No. 3, 2005

°«ce] F el 8§ peak’t vEhE AOE Hopd 2
=% HES2Ee LDPES HDPES EFHEA ojf
o7 A& ERIT 4 AU

3.2 izt EgEiEe] ol 8d
Fig. 3 <25 LDPE ¥ &3} #Zaf2go) 20 wios
2] 7|z}o] 3“’5 1 Al S AL St Al wp



R gyt By ERRNES o189 SR R oieh 59

‘!\ i o & %

Maximum stress(MPa)

--@--recycled PE/ shelllmanure grade)
5 4 LDPE/ shell(manure grade)

recycled PE/ surface modified shell(manure grade)
- LDPE/ shell (fine powder grade)

0 10 20 30 40 50
Shell content(%)

Fig. 4. Maximum stress of shell containing various bulk
samples.

WHe RAFET Qlt} Hole nl 7ol szt EuEoe|
LDPE ¥ #HZef2g wEgL AoA] 12A EitE
o e AHEE FR1ENL, uEby 7t dREY &
Al 2 2 & 3UE F AU

Fig. 4 ¥ 5 LDPES} 3jZ}g o] &3t mliEul|
£ A#3 F 7)o Zzt LDPEY #HESLE S £F
sloda] AlzE AlHEe] IF E4E RASE SUth Fig.
49] 1FAY 3 LDPEANZE B89 Al $8&
%% LDPEY] 17MPa A=A siz}o] ghg-gol| wiat
z7) 10wt% A7 S57MAe 543 THAE I ol
GMe & HEE YepA gttt e w7k ago]
o] 2F HAWIEE vs. HEE)N WE EYx &
zpol8 Holx ¥ FAFE A3 viepligich ¥4,
Fig. 494 Hole v} 7ol Hzt 3 HEe2Y 537
Aol ek ALY Ax -3 LDPEAZ EF
ﬂlfﬂ 735 wzke] ko] Fogel ulet 7hadie A

S Q) ghde] #HZelE mzt B3 & WslE o
EMXI U 2719 ATE A8 AS FRIE
=3 Wzt BEE 2% A9 ANEEA g Azks
olg-gt Aol Hls|A oFF e AAATE VERH
A5k, o] Aoz LDPEE MEIAZ o iz} B
of vsiAE 958l 5 TS VeI ©
£ #Zekxg 247} LDPES HDPER T4 =9 7]
leOi] HDPE®] $-53 BAo] 7]oigitty A}EQE].
3 Flg 54 yttal-g2 LDPES} #Eekiy =
& Atk S 2 FHE NS MH
iR s ﬂl iy B39 sl Ege i
2 Hzo Agle] H¥Ho g Fhhdhs AFS
CTABZ ®H J/Hdd" #HzeA= 10,

A3

10 oﬁ(_, r’o(

o2

_ﬂ_
7
U,

=4
o

;3:.11

@ - recycled PE/ shelfmaoure grade)
~——-LDPE/ shell{manure grade}
200 recycled PE/ surface modified shellimanure grade)
~~#— LDPE/ shell (fine powder grade)

S i

<150

i T

B "% L

2 100 T

= .

B ; T
7

0 10 20 30 40 50
Shell content(%)

Fig. 5. Strain at break of shell containing various bulk
samples.

20wt% Wzt FmellA vl izt wis) g%t ot
e eI ol ERAA Azt HIes
g mjEsge] 84 F7HE A% Jom AlEHEn

o|s} 7ol 2&H<| Wzt Elo|l=9 LDPEE WiE
YA AN BEAY] 9% =4 3843 W4 2
gol= Wl 93 71AA 4L 2 AolE HelR
ket mEtd o @Al Al el A
g W8S W TFo|EE o8l AATH A
adelEe] did WY, 4F, FF AERYE M=

a3t

3.3 Wz} SRMEel &4, WHE 2=, 27 ¥
o8 Pz
Fig. 691 $47%c LDPE/ MEZ 21 4¢ 2
FF 10wt F7R8IT7E 2 o)de] Fgelre

700

4--recycled PE/ shellimanure grade)
—— [DPE/ shelllmanure grade)
600 recycled PE/ surface modified sheliimanure grade)
Tk LDPE/ shell (fine powder grade)

500
400 T/ /’x

300 \L -
200 -y

Notched Izod impact strength(J/M)

oy
100 \\:
0
0 10 20 30 40 50

Shell content(%)

Fig. 6. Notched Izod impact strength of shell containing
various bulk samples.

Aol ZE A 14 A 35, 2005



60 BGAE - A - RIRST - R

130 - |
120
10 # #
~ 100 |
= 90 g
= 80
70 - recyeled PE shellimanure grade)
-~ LDPE/ sheli(manure grade)
60 recveled PE ./ surface modified shellmanure grade)
50
0 10 20 30 40 50

Shell content(%%)

Fig. 7. HDT of shell containing various bulk samples.

1.4

1.2 T
g ) $
& 0.8 &
£ g |
506 e
5] #A U e
=
5 04
= %~ recycled PE 4 shellimmanure grade)
=

02 - LDPE shellfmanure grade)

recycled PE 7 surface modified shellimanure grade)
0 10 20 30 40 50
Shell content(%)

Fig. 8. Flexural strength of shell containing various bulk
samples.

N
—~

sk A3 Holed HEA], HEetAgoe] vjE
9l 7= 7 20 werbRlE o HEelaE of
8] ZAEE fASE 1 oM e Ak
cmEA Bz g 20 wt% A
v A2 B4 opfolnE AESERE
2] glo] AMEE ¢ Ue FoZ didEe] Fukh
HAME izhg et B8 dZekage 39
W7hE Szt BlsiA sizE S 10 wite B 20 wi%el|
M gt FE7EE VeI
Fig. 72 iz} dke] walo] u}E 93 2= HDT,
heat deflection temperatureys WERH 7197 o] HA
wjzhe] ko] Fvistel wlEl IWE %) AdkFe
2 Frbele AL o d8Yh 18y 4 LDPES]

|

Lol ol o2 M d
odh
tlo
R
R
32
vl

-

o
=

A3 @AY Ll ASETE HoRsgon), HEes
g 0 EeUhd 7t g AZeny Bale B9t

J. of Korean Inst. Resources Recycling Vol. 14, No. 3, 2005

i ]

7 -
E 6 & @
= - &
g ® .
& > - &

g T

g4 ) &
173 -
° A
K S
7]
§ 2 A recycled PE / shell(manure grade)
g‘ —— LDPE / sheli(manure grade}
S 1 recycled PE ! surface mouified shellimanure grade)

0

0 10 20 30 40 50

Shell content(%)

Fig. 9. Compressive strength of shell containing various
bulk samples.

R 27 UelT, 71dME dj7h BRNE ol
23E #EY + A

Fig. 83 9ofl vlebd 7=t 4&54d% S447
Aoz o7 g Fiek A FFYEE SIS
A, 538 CTABZ HEH 7S 58 AEapsd
BE3Ae] A 45T 345 e Jehhdth
dEE] WS 40wi% = T AE2tay )
)zt BgAel 73 LDPEMZE Bl Hls|A 2wl
Az =2 FIYEE eIt Fig 99 454=
= 2w AR AEE UeiRlen, 53] sz
40 wi%E T3 HSerag/aEAE B A9
& AEeiago) HlsiM 2 ol el w2 ARYLE
VRIS EE Z57Ee Akl ®E AEE #)
72+g sk BgAlY] EATE AR vpid
Hztol| vla|r -3t

wetd 2 2 ST 3 4% LDPEAZet
Zet2=g oA szt B3 2T szl kel S
of et st e B SRk Y% X
Atk ol #zte] el Fold4E Bk BgA}
G AEA AT GEAE BF SR A

Zhaul BAdo] A% FUIEE ERIE 4 ey o
AL AA} e TA FHEE /A FA9
o] HAHEE Z7Z AoR AtaEoAH Fig 109
A AAE wiztm o AE e deeke A
g 2iAe] 27 S SEMe g sk 43 sf
A iz AMget A wizta pxge] ddE A
AgHoz 93 Z7iyE EY A 2APEHE HoF

B



Hffy BERpt BE RERRNES o9 SR il i ik 61

(d)

Fig. 10. Notched Izod impact fractured surfaces of (a) 80 wt% LDPE/20 wt% surface unmodified shell, and (b) 80 wt%

recycled PE/20 wt% surface modified shell.
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