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8! 6. XRD spectrum showing the disappearance of layered struc—
ture of montmorillonite when PCL, compatibilizer has been intro—
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18! 7. Schematic representation of exfoliated PET/layered silicate nanocomposites via ring opening polymerization of the cyclic ethylene

terephthalate cyclic oligomers(ETC).
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vl uhalg om0 ke 189] Yoon B2 AlglAlolEC] wiEky
afole] wpE E3AL] A% AlTE AHlo|E PR S3Y
Sy WEo] F2 EIAAFE W2 G Alg S49S
B!

.

MY

5. LS8 d=t o

ot

20074 AA HeEgAe] 7§93 AzIAe v aEAk
Ve B8] o S HEE B 10l vEhiglon, B 29 54

Supplier & Tradename Matrix Resin

Nano—Filler Target Market

Bayer AG (Durethan LPDU) Nylon 6 Organo—clay Barrier films
Clariant PP Organo—clay Packaging
Creanova (Vestamid) Nylon 12 Nano—tubes Electrically conductive
GE Plastic Noryl GTX) PPO/Nylon Nano—tubes Automotive painted parts
Nylon 6 Organo—clay Multi—purpose

Honeywell (Aegis) Barrier Nylon

Organo—clay Bottles and films

Hyperion PETG, PBT, PPS, PC, PP Nano—tubes Electrically conductive
Kabelwerk Eupen of Belgium EVA Organo—clay Wire & Cable
Nylon 6 Organo—clay Multi—purpose
Nanocor (Imperm) PP Organo—clay Molding
Nylon MDX6 Organo—clay PET beer bottles

Polymeric Supply

Unsaturated polyester

Organo—clay Marine, Transportation

Multi—purpose,

RTP Nylon 6, PP Organo—clay, Nano—tubes . .
Electrically conductive
Nylon 6 Clay, Mica Flame retardant
Shi Denko& (Syst ; -
owa Denko& (Systemer) Acetal Clay, Mica Multi—purpose
Nylon 6, 12 Organo—clay Multi—purpose
Ube (Ecobest
e (Ecobesta) Nylon 6, 66 Organo—clay Auto fuel systems
Unitika Nylon 6 Organo—clay Multi—purpose
Nanopolymer Nylon 6 Organo—clay Multi—purpose
Yantai Haili Ind. & Commerce of China UHMWPE Organo—clay
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B 2. Commercial Nanoclay 1&Xt L SEHA|

Product

Characteristics

Applications

Producer

Nylon Nanocomposites

Improved modulus, strength, heat
distort temperature, barrier properties

Automotive parts(e.g. timing belt
cover, engine cover, barrier, fuel line) ,
packaging, barrier film

Bayer, Honeywell Polymer, RTP
Company, Toyota Motors, Ube, Uni—
tika

Polyolefin nanocomposites

Stiffer, stronger, less brittle, lighter,
more easily recycled, improved flame
retardancy

Step—assist for GMC Safari and
chevrolet Astro vans, heavy—duty
electrical enclosure

Basell, Blackhawk Automotive, Plas—
tics Inc, General Motors, Gitto Global
Corporation, Southern Clay Products

M9

High barrier properties

Juice or beer bottles, multi—layer
films, containers

Mitsubishi Gas Chemical Company

Durethan KU2—-2601

Doubling of stiffness, high gloss and
clarity, reduced oxygen transmission

Barrier films, paper coating

Bayer

(Nylon6) . . .
rate, improved barrier properties

Aegis NC
(nylon 6/barrier nylon)

Doubling of stiffness, higher heat
distort temperature, improved clarity

Medium barrier bottles and films

Honeywell Polymer

Highly reduced oxygen transmis—

Aegis TM OX R . .
sion rate, improved clarity

High barrier beer bottles

Honeywell Polymer

Improved temperature resistance and

Forte nanocomposite . . .
stiffness, very good impact properties

H 3. Commercial Nanoclay

Product Characteristics Applications Producer
Nanomers Microfine powder Nylon, epoxy, unsaturated polyester, engineering resins | Nanocor
. . Additives, enhance flexural and tensile modulus, barrier
Closite Organophilic . . Southern Clay Products
properties and flame retardance of thermoplastics
. . Additives to enhance mechanical, flame retardant and . L.
Bentone With a broad range of polarity R K . Elementis Specialties
barrier properties of thermoset and thermoplastics
Master Pellot Thermoplastic olefin and urethane, styrene—ethylene— | Poly One Corporation, Clariant
batches butylene—styrene, Ethylene Vinyl Acetate Corporation, RTP Company
. Improve the mechanical, thermal and . .
Nanofil P . . Thermoplastics and thermosets Sud—Chemie
barrier properties
Additive, enhance mechanical barrier . . .
. .. Electric and electronic, medical and healthcare, adhe—
Planomers properties, thermal stability and flame | . . . . TNO
. sive, building and construction materials
resistance
Nanopigments, e.g. blue, red, green, | Decorative coloring, UV—stable coloring, heavy metal
PlanoColors . o . TNO
yellow, high UV —stability free coloring
. Additive, excellent transparency and | Transparent packaging materials, protective coatings,
PlanoCoatings | . . . . . TNO
improved barrier properties transparent barrier coatings

4 S8 of u}E nanoclay AN VB Q] AlZ3AL AR
YUERISITE Nanoclay s FiFdsh= A1) dss & 300 Yek
Bibei=3

6. Nanoclay PA 6 LI=S&H[e| S§M

ThFSE nanoclay WeiS3HA Sl A7 78 Wol XA
@ nanoclay PA6 Whir23H4|0] S48 A W ghe}

6.1 7|AX & EX EH

Nanoclay”} 4% 7H8 PA6 Y539} high cycle PA6
4 35% mineral filler7} 738k PA6SIS] 71A14 2 AXEA
< B 40 Rt

Nanoclay”} 4% %718 PA6 W53+ high cycle PA6
o} Hlgo] HlszabiA 1T A, 58] w554 W A
1Y 257t 2A FdESeE & 5 9lem, 35% mineral filler

14

E 448 W €8 S4 Hlu

Type Unit Nanocomposite PA6 |High—Cycle| 35% Mineral—
(Nanoclay 4%) PA6 Reinforced PA6
Specific Gravity 1.15 1.14 1.42
Tensile Strength | MPa 93(62) 81(59) 86(52)
Tensile Elongation | % 4(5) 100(200) 4(5)
Flexural Strength | MPa 158(80) 108(62) 137(87)
Flexural Modulus | GPa 45(2.2) 2.9(1.3) 6.1(3.4)
Izod Impact Strength | J/m 45(128) 49(294) 39(147)
HDT (1.8MPa) T 152 70 172
HDT (0.45MPa) T 193 175 208

() Value under wet environment (23 C, 50% RH)

7} Z¥slel PAGS} WA, HlFo] ulg- WEOmA S554 2 oI
3 227 28EE ¢ 4 Stk Nanoclay loading®Fell whs
nanoclay PA6 W52l 7|44 9 g4 544 H3lE ® 5
of YERNSItE. Nanoclay loading%ell W& nanoclay PA6 1t
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E 5. Nanoclay Loading0i| [HE Nanoclay PA6 LIcSEHQ 7|AA U AN E4 ¥5}

‘o Flexual Modulus Increase Tensile Modulus Increase HDT Increase Notched Impact
A%
3 (MPa) Ratio (MPa) Ratio (C) Ratio Strength (J/M)
0% 2830 - 2956 - 56 - 26
2% 4320 53% 4400 49% 125 123% 27
4% 4582 61% 4888 65% 130 132% 25
6% 5390 90% 5870 98% 135 143% 26
8% 6125 116% 6371 115% 153 174% 25
180 7
160 w N
£ 140 = 6
S ‘\ < 5 High cycle PAR
< \ Qo
2 100 s 4 e
o % Fi S
= 80 \M&éiud_EAﬁ— é , / /
T 60 5
% “ N__‘ > ) -/ //
L, SR PAG—__ . = ; / /Mu:qﬂoln Fillad PAG
0 I I I I 1 0 et ; : :
20 40 60 80 ) 100 120 0 1 5 5 10 15
Temperature(C) Immersion period(days)
(a) (a)
7
2.5
—~ 6
g °
= 5 o Fi = 2
= (o]
5 4 \ g /
>
RN N 5 19 /
= T :
- High le PAS
S 2 .\ \\ S 1 HLEYEe MF35%Fitled PAG
) \\’::::\‘\q c //
= \ £ o0s /
High cycle PAE —————— o &
0 ; : . . . N1040
20 40 60 80 100 120 0 » L 1 I
Temperature(C) 0 2 4 6 8
(b) Water absorption (%)
(b)

18l 9. 2= #3519} flexural strength (a) & flexural modulus (b)2] 2HA].

EEEAL] 7AIA 2 E7] 54 nanoclay ] loading®Fo] Bo}
el wpet AGA FUESs & 7 Ak

Nanoclay”} 4% 371 PA6 W23 (N1040) €} high cycle
PA6 ¥ 35% mineral filler’} 733te PAG2LS] &% WH3lof u}
£ flexural strength®} flexural modulus2Fe] #TAE 8! 99
Uitk Nanoclay 7l 4% 7F8 PA6 W3-8k (N1040)
¢} 35% mineral filler7} 733ke PAGE B =549 A
£ HolFE= vbdo high cycle PAG6E 80 C ol3lollA &35
/\éo] ]—}7_3,6‘] A% S EO% ‘7‘7_:‘:]'

= = =1

6.2 LHEAY

Nanoclay”} 4% 718 PA6 Y284 (N1040) & high cy—
cle PA6 ¥ 35% mineral filler7} 733}e PAGE 31 WA Al
ol e 2 T80 wiglel 7 Sl mE Xse
o] IAE 38 10e] JeRiIch 3l WA Azl wet F7]
filler7} $-7-51%] 952 high cycle PA6E F238] & &5-80]
)= HWbdel| nanoclay 7| 4% 471 PAG WirE3A (N1040)
9} 35% mineral filler7} Z3Fel PA6E 48 S580°] 48] 5
7 vlsegt A BTk

DEXES Jls A 18 ¥ 1 3 2007 24

82 10. £XU Azt aE&ss2e 2 (a), &2 S+ A
#Hsleto] 2l (b). Water absorption condition :in water at 23 C, Test
piece : LBOXW12.7XT3.2 mm.

Nanoclay”} 4% 4712 PA6 Y534 (N1040) 9 35%
mineral filler”} 733} PA6E GAE] &% U ARl & flex—
ural strength®}2] W3laAIE 8 110 Yehdigich 100 CTeoll
] nanoclay”7} 4% #71¥ PA6 W53 (N1040) = A2
AlZbel] w2bA] flexural strength7} A3l F-41E = Hhdel,
35% mineral filler7} 78l PA6Y= 300A1%F 0] 9 FEli= 743]
raegs BTtk 120 Colil= nanoclay 7t 4% F7He PAG
e B3 (N1040) = 100A1RF O] 5E] JF2¢k 7HAg HolFH
gk, 35% mineral filler7} 3318 PA6:= 271%E H43] HagS
RojFof we} nanoclay”F 4% 71 PA6 W33 (N1040)
7 el wE F35d0] 955 & ¢tk

63 8

Nanoclay”} 4% 371 PA6 Y=5-39} high cycle PA6
1 35% mineral filler7} 733t PAGS 5 Al 2712 B 6

of repfgict
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100

90 + ¥ —
N1040
T 80 —d——a
o _.\\
EC —
E o MF35% Filled PAG\a\___‘
C
o 50
2 40
o
g 30
i 20
10
0 1 1 1 1 1
0 100 300 500 700 1000
Heat—treatment period(hrs)
(a)
100
00—,
= 80— \ MN1040
o \
= 70
N
> 60 \
C
S 50
k7 40 ﬁ ‘\
I o Fi PAB
3 30 \‘\\
T 20 SE—
10
0 1 1 1 1 1

0 100 300 500 700 1000
Heat—treatment period(hrs)

(b)

2! 1. gX2| 2% L AlZEY flexural strength2ke| kA, Condi—
tion : (@) 100 C and (b) 120 C.

Type Nanocomposite High— 35% min—
PAG6(N1040) cycle PA6 | eral-reinforced PAG
Rear 220~230 220~230 230~240
Cylinder Middle 230~250 230~250 250~260
temperature | Front 230~250 230~250 255~265
(O | Nozle | v | 230~250 250~260
portion
Injection | Primary 50~70 50~70 70~90
pressure  |Secondary 40~60 40~60 57~70
(MPa) Back 3~5 3~5 3~5
Injection speed Low to high Low to high Low to high speed
speed speed
Mold temperature (C) 70~80 70~80 80~100

Nanoclay7} 4% 718 PA6 W3k (N1040) €} high cycle
PAGE A& el W& s5472 #AE 8 12(a)°l Vet
W3l nanoclay”}F 4% #H7FE PA6 Yx=E3A (N1040) 2
recycling 3570l W2 tensile strength$} elongation¥}2] A
£ 38 12(b)el YEFASITE Nanoclay?t 4% 718 PA 6 1
=584 (N1040) € high cycle PAGE A& e 58
/3 ¥]2A] nanoclay7} 4% A7} PA6 e 534 (N1040) 7}
Aol H 530, recycling 34l WhE nanoclay”’} 4%
7@7]-5] PA6 YxETA (N1040) 9] tensile strength= Y75}k

o1, elongation recycling 350l Wl S7HES HoF

315}.

16

.~
12 }/igh%ePAB

Flow length{mm)

0 7% ]

Injection Pressure(MPa)

(a)

1 - 12

© Tensile strength

L 1o 0 —
E "____,-—v ¥ e ‘Q
= =
-‘cEn 80 8 ¢
§ = — " 15 ¥
5 o
@ . . : 4 S
c s
‘D

& 2

]

F g s s s s 0

No. of recycling

(b)

O& 12, A =t A1tel BHA (a), Recycling 30| WZ ©l

gLzt A (o).

]
o

Nanoclay”7} 4% 37Fel PA6 W53k (N1040) €} high cycle
PA6 %! 35% mineral filler’} 733le PAGE mold 2%of u}
£ molding shrinkage?] W3}= 8! 13 YERSIt}E Nanoclay
7} 4% 718 PA6 YeEA (N1040) 9} high cycle PA6 W
35% mineral filler7} 743t PAG6E mold 250l we} vHlw sk
A}, mold =57 =2 79l 7582 vt ¢ o= gloH,
molding shrinkage+ mineral filler7} 733}¥ PA6 < Nanoclay
7V 4% H7FE PA6 Y53 (N1040) < high cycle PA6 <=
o= Sk

7.Nanoclay 1&X} LISEHH2] S8

7.1Nanoclay POAl LI-5§H 2l S8

General Motorst= 200439 TPO/clay W45 Chevrolet
Impalao®] M—Van step assist & exterior trim®l| %83} A
el JAHAE 14).

7.2Nanoclay PAA| L5812 S8

UnkAel PA6 WiH] nanoclay PA6 irighAe] A
engineering applications B 71 A2]3l33t}. Nanoclay poly—
amide W=53HA19] S-8ALE & 8l WERSIT

2006d 62 global special compounder leader$! 7]=-2] RTP
Company+: 4% 91859 gas emissiond =0]7] 9Jslo 7]E2
HDPEZ tj#5}] nanoclay PA6 W35 2g319ict™ 7]
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N1040 High cycle PA6 MF Filled PRG

I Mold temperature : 70°C, MD

u L
N1040 High cycle PA6 MF Filled PRG

Molding Shrinkage(%)

Mold temperature : 100°C, MD

Il WMold temperature : 70°C, TD [l Mold temperature : 100°C, TD

8! 13. ChsH polyamide2 mold 2= 2! thicknessOl (H2 molding shrinkage.

18! 14. TPO/clay LI==8#|7F MEE Chevrolet Impalall M—Van
step assist & exterior trim.

7. Nanoclay I&XAt LI S8R9l &F

Nano—PAG6 vs Conventional PA6
HDT : >150 C
Flexural Modulus : 50 ~ 100%

Engineering Application

Heat Sensitive Parts
Thinner & Stiffer Products
High Dimensional Stability

Water Uptake : 40%

Parts
. High Barrier Film & Con—
Thermal Expansion Coef : 50 1‘g arrier Film on
tamner
Chemical/Abrasion Resis—
Barrier Property : 4 Fold emical/Abrasion Resis
tance

Chemical/Abrasion Resistance, Flame

Flame Retardancy Parts
Retardancy

High Productivity of Injec—
tion Molding

Sp. Gravity : GF—reinforced 9% less, | Light—weight Transporta—
Mineral Filler 16% less

Crystallization Rate

tion Vehicles

9] A8 tankol] A-&¥ multilayer system Xt} 7}Zo] ykon
recycle®] Bd== 295 SR AR 15). PE tank$} U535t
tank 2} fuel loss rate ¥]i data® 8 1691 JeR|IT). PE
o] gl PA6 L5319 7397 fuel emission®] oF 1/2 74
2 o5& HoFa Qlth Nanoclay PA6 YrHE3AE A8
st S2o5 8 179 YERNSIth

/& AgFOE 7k v Bk Ael ddt At A 2099
3 o] Ay elA] el gk 7]

DEXAst Il A 18 A 1 & 20073 2€¢

H 8. Nanoclay Polyamide LS89 SEAH

Application Key Attributes Benefits
Juice Carton + Improves barrier .
. P . - Increased shelf life
Coating + Improves adhesion to paper
Aerosol Shave - Improved stiffness under - Permits down gauging
Cream Can Liner | humid conditions + Eliminates neck crimping
Ketchup Bottle | * Nylon/Selar replaces EVOH | - Eliminates tie layers
+ Improves barrier + Permits down gaugi
Bubble Wraps P . X & . sins
+ Improves adhesion to PE + Improves line efficiency
- Improves barrier - Greater shelf life
Pet Food Bags P . . .
« Improves odor barrier - Vitamin protection
o + Improved stiffness - Bag easy to handle: less
Boil—in—bags .
- No loss of clarity fold over tendency
. - Improved Fuel barrier - Eliminates expensive
Fuel Lines .
+ Improved stiffness nylon 12 and nylon 612
Tennis String - Improved tensile strength + Reduces weight

=

38! 15. RTPAZL &8t nanoclay PA6 LE-=&A 7t HEE A8 A

o

I ARkR o g A5t wRgANE ditellA 321 AKdsE
A& glom FHTol A3l dHE0|™ nanoclay PA6

23] 7+ 0] PA66 base resin 712 F=7k4] @olz]o

2} B2 3-8o] 318E 11 Ql= Folth ol A Al = o
Ef v fillero}e] B4 2pAst 9 FRAR o olglel 71573
2AEA ARJulE she HellA T AEARIE vheEdA7E Al
Zhell 2148t = AL #oh AA Ao mAe 874 21
spdat SN kg 2 B 20 vk fillero] 7ol UiA o]
e oA mlolT=7EA] 2 ule- Bl FElA] tiekd, T1ela |
< XA teketal B ] ] Bk sow S A
o|EL} ZIE} T4 FIskEE B v EshA)] sdel= oAl
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% E° @ Nanocomposite Tanks
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8! 16. PE tank2} LIS & tank2}2| fuel loss rate H|.,

Little volcanic helpers

i e kg by i o e i

(a) (o)

2! 17. Nanoclay PA6 LI =87 ME CI2Fst 22 0. (a) Packag—
ing, (b) Timing belt cover, (c) Engine cover, (d) Head lamp bezel,
and (e) Cable tie.

EAE Foprh W Zlo] ApAolm, o] el d&e] Toyota,
Sony, Unitika, Showa Denko, Asahi Glass, Hitachi 53} w]=-2]
Nanocor, Dow, ICI, Ford, Allied Signal, DuPont, Claytec,
Amoco & AAZAR At 7|9ES ohekst J32e] A3 stel of
8] A7l B FALE sk 9lon, 8 A Ves A
5] Nk ar Qe AAolnk webA EAAR] A FEo] of
2] o] FofA|A| ok TAF AFAIE Y EA] 7)ol Bt
gl ARsl AT AAAel oigk dlle] TsdERT) ofds] =
< FEyetellr EAdsljoret =8 Foktal 3 k& 4 §loH o]
o] A&4Q1 AT 73 At SEAF o] HAIE] 2
= wofet g Aotk
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