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Abstract: It is found that the commercialization of nylon 66/Cloisite 93A nanocomposite by applying melt intercalation
is possible in the composite production facilities of the pilot scale which has been generalized today. The strength and
modulus under tensile and flexural stress have been improved with the introduction of Cloisite 93A in nylon 66. Fur-
thermore, it is found through the analysis of morphologic and crystallization behavior that the elements such as content
of Cloisite 93A, viscosity of nylon 66 and the crystallization behavior have significantly influences on the characteristics
of nanocomposite.
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o2 224 nylon 6 WHEolU R 28 AYHEAM =
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Nylon 66/Cloisite 93A V=53] 71414 “dde| thet Nylon 66 Hx &3} 101

Sieol meh S 1A e avshe A9 B
531 Al = 3 9194 Bol 5= Qs Y

7|E0] a7EE wekS sk Weiile] Agole A
& Aze] A 3 ARl AA 12
HHH o2 ko Aibe] A EF = AEEE T (metal) A2
& TR AL, FA o vaak 53 Asrt 48H
oA ghort, 2l wet 7 s Sl 8 AJE
Fehe W2 e AR N, AT A3 5 7
S, el g@ef e S A9 tiAl AR AL 5ol 9
o] At BAIE HEsteE Almrt go] o]fo|a
t}. £3] nylon 66 T} EA Bls] AgEA0] wof 7
Fogxe a7 el Fetete] ArRE whed] Ags=
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3= 5 g 7 =9 AE F
g 7P BAdRte] aEE A 8o, 53] & 7 &
214 A T 9 Wele] Arerke aske A9 Wit
o oj# Aol 224 42 T 2 7] 540] 534

A
W53 54 A7 WiEA] A= ojof gt}

e 59 AlZ2gH o2+ 8% (solution intercalation),
=3 (in-situ polymerization), 22| 3 &8 4% (direct
melt intercalation)2] 37FA] Bhgo] &2 dEA o). A
9 F3e AE s SRFAI9}F polymer-silicate S0l &1}t
oje]& 7heol Aol A elm, FA 2] At AL
3789 7lsdhe §3Pdo] "ot o]gd ol fE 2 A
ToM e B Az FHOEA &8 Aol Bol
= Aok B3 86 APHS TR Aol Bls <l
A FAdS AHeE FY AL BeE A
HER AL AR SN E fElsitt & ¢ Jom,
AR ] 4 HEA AL AR 2 7S A8 U A
o2 JAdEo] AAA SHAME S Ad AoE &

7F B, @A ARRielA A
3= pilot scale2] nylon 66 53] A|2dH|E A-83 7
G= Fotiy] et F, WamaA 9] d8El & ¥ A
Z3517] flaiMe dA e B3RS Aitete A
pilot scale YIS ©]-&3F Vi3] it 28 7FsAle] &
94 ga7En & 5 3l
B A7 XM= nylon 66/MMT Wi=E-314] 2]

Sl lof zhzte] 71A1 Aol vigt A4S €
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ZARE A FAol g3kl & W 24
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sk 7|1AIA dde FEFe v F e ieigAe] 24 s)
ES A B MMTZE #713F 22l A8 MMT
¢l Southern ClayAF2] Cloisite 93AE 1~10 phrZ 283},
nylon 662] EA=F, & X (melt flow index)’} Z}7] “de]sh
3%, A X (high viscosity), %7 = (medium viscosity), A7
E(low viscosity)®] nylon 662 W=E-91AS] AR} HiEE]
28 st HAxe] mE YieEeA S 71A1H A &
4 HslE SRIGhL A83tE % 712 ARE XAt
sk Az o RE QA A AAIAIIA nylon 66
EHA] Akl 28 51 283k pilot scale®] FH] R 7]
=S o)&T &5 AYE S AEsien, ol A Al
A A8 52U nylon 66 53A| A4t Au|e} VB A%
TR 33E IR F e Flol7= st

A
=

o

ME L M=, Nylon 662 ol e Ui B9kxe] 54
S AFs] Qs AP =ZE BASFARS] Ultramid A34, =
=2 BASFAR] Ultramid A3K, A =2% RhodiaAk]
Technyl A205FE 717} AR&-3FATH. 2 A3 o] AFE-E nylon
662] F=5 ASTM D1238(Melt flow rates of thermoplastics
by extrusion plastometer) T2l we} &%= 275 °CollA] melt
index tester(Extrusion plastometer, TOYOSEIKD)Z 37}4] &}
FOo= 2793t Table 19 LERASATE.

HEZ = MMT(montmorillonite)E quaternary ammonium
saltZ 7138} %28 Southern ClayAl2] Cloisite 93AE
1~10 phr 9= 283131t

Nylon 69l thallXl= Cloisite seriesE 2-8-3F L3k o]
e A77F TeFsiAl ol FolA $keH, nylon 66 V=59
A Az JQo]A = Nanomer 134TCN,” cation exchange
capacity Na-MMT* 5ol that A7} Hax o] oy,
Cloisite 93AS 283+ nylon 66 Y=gl tht A7+4A3}
= BA o, B =EE MMTe] S/l w
2t 7|AA ddo] Y e AoE BiFeH] jloerg
Cloisite 93AS =3 Wi=B3ka o] E48 dolr vz} 3}
ATES 12} APERIAlE B A ANAEES- S21A (radical

Table 1. Nylon 66 Used in Nanocomposite

Polymer viscosity High Medium Low
Maker BASF BASF Rhodia
Model Ultramid ~ Ultramid ~ Technyl
A34 A3K A205F
Melt flow 0.325kg 1.9 7.1 154
index
[¢/10 min] 1.200 kg 7.4 26.7 57.4
(275°C) 2.160 kg 49.1 84.8 127.0
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terminator)24] Ciba specialty chemicals*}2] IRGANOX 1010
(tetrakis-(methylene-(3,5-di-(tert)-butyl-4-hydrocinnamate))
methane)E 0.2 phrz 283190, 23} ks A= 4t
3}E -3l Al (hydroperoxide decomposer)Z4] Ciba specialty
chemicalsAF2] TRGAFOS  168(tris(2,4-di-(tert)-butylphenyl)
phosphite)E 0.2 phrZ 283} th. 8| (lubrican) 2= L
4 9l (F)AYsFEle] ethylene bis stearamide(HI-
LUBE™)Z 0.2 phr2 #-&3}3t}.

B9k Al o 2= ohE Aol His) A2
o2 &3t &olg 8§ AUHS A&k, nylon
66/r2] A & 8 LAt B Az Al A8 F<l
o)t} SRS Al 38 HEA ] Azl A& F<l
Z1A12) vy &5 -8 4] (Super Mixer; SHINHWA)S
A g3atd et £ AHol nylon 66 10 kgoll Cloisite 93AS
DA, 3, 5, 7, 10 phr) FUSL, ABPIAA 2 2AlE 5
Al Fdsted 800 rpm O & 2% Fo EFSIAT EF A,
nylon 66 %13 7AZ7]eA ¢F 120 °CE 8AI7F, Cloisite 93A
= °F 100 °CollA 8AIZF A% & AREsISiTh = ¢ &

T
I

= o]g&slo] &%= 280 °ColA screw 3 200 rppm o2
3tk d=d 72 Al y=E3A= A9 AE7] IDE
75ENS- ©]-8-3}o] nozzle &%= 285°ColA 2% 60°C A|HA
Tl FLS 20 E XS T AF(0F 25°C)pelA A W
Zysle] A S AZsITh 2 Ao AlES ] 9%
A& W3 (sample code)= IHE, THE, A s Z+
7} H, M, L& F&83slar, 2 Fol| Cloisite 93A TS FA|
sttt dE £ I = nylon 669 Cloisite 93A 5 phr7t
=¥ A A7 HEE HSE R3St

Cloisite 93A 24k, the=E9AolA Cloisite 93A2] 24t
AEE Rigaku(@E)Ae] D/max-2500 XA 34 247)(X-
ray diffractometer; XRD)E AH&-35lo] S48, 704
20 scan 1.2~10°2 31 2™, 40kve] 7H:2%43 25 mA
o] AFzA oA XA FPOoZ CuKa(A=1.54 AyS AR
ST A8 7 AES ERYEE THEolA AMESIITth
ojuf SHHAL 24 (1)} 2] Bragg's law?] 2= ALkt
T ATk

A=2dsin@ (1)

AA7|M, = XA 2] 3Pola, d= FHAR I, 6=
=4% 34" Zhzo|th! E3$t Cryo Ultra Microtome(Ultracut
EMFCS, LEICAAHS. 2 A|-& 80nm FAZ £H| sk
TEM(transmission electron microscopy) 29 2A| sl #|
ZH e 53 A oA 2 Cloisite 93A2] 4t e E AlZH]
o2 W g gl 2oyt Algel 483 TEM FH|=
FEPH("]=H)2] Tecnai G2 spirit model®]™, 120 kve] 713
&S A-gsislnt

Zay, 43748 A15, 20133

b N

88 58 XI5 £8 &E A4 (melt flow index)= ASTM
D12389] w} 2% 275 °CollA] 3k% 2.16 kg = melt index
tester(Extrusion plastometer, TOYOSEIKI)Z &7 3153t}

H|E. H]Z(specific gravity) FlA} 7+4 (military specifi-
cation : MIL-P-63510p114] AAeE ¥H3} ASTM D792 method
A-15 Agato] SA AT

71AN MAE. A7 = (tensile strengthy= ASTM D638 7
Aol wg} &%= 25 °CollA] THs FAIE7](UTM, INSTRON)
2 2A3H o, AlH 3t elAEEE 50 mm/minZ &
23159tk Z37 = (flexural strengthy= ASTM D790 w2k
25 25°CollA ¥hs 1AIE7](UTM, INSTRON)Z S48}
9o, span 50 mm, 55 % 1.3 mm/ming -85t} &+
FAEL] S AlH] FEHAAM Y st =2 R AlLlst
o}, A7 (impact strengthy= ASTM D25601 w2} 2=
25°Co A ofo]2E(Izod)d TAAE ¥ (impact tester,
TOYOSEIKDE °|-&st] Z4s00M, 60 kg®l S4ste=
2833k

SENEY S, peEotA o] el thek FEE A st
7] Sl M AT FAE H QA= Aol AR
AlA o] st gk R EZX]E field emission scanning
electron microscope(FESEM, A WAL FAF AR A)
S-4300(Hitachi)©. & #213}%0H, A=l ¥ (Pt) ZH< 3}
o] 15kve] 7EEHS 2-8-sielth

AM™St HS. 2743} A5 (crystallization behavior)S TA
instrumentsAF2] Q2000 differential scanning calorimeter(DSC)
& ARgste] EAsIR e, A purging AdEOIA 0~310 °C
WA 7HE 2 W7REEE 10 °C/minZ 24 5H0h

dnt o EE

Cloisite 93A 24, VA% nylon 66 2 Cloisite 93A<]
XRD Z#E Figure 1] YERAA=H], f718F *2]€ Cloisite
9BAE 20=3.51dy;=2.51 nm)°llA] AF =< EA va =5
UeRES 2 4= 29It} Cloisite 93A ¢ 1~3 phrelld e &
4 F327F A dEA] etot, 3 5 phr ool E
oF 4~5°0] gollA wekst F A7t AEES B AUTh
AREA O 2 W= B3| Al Al Hert MRS, S 24
ol T7HETE &8 S T U =2 A= (shear force)
o] Zkg-atd MMTE] B4 = (degree of exfoliation)’} 57}
ke S 7RItk Q723 BarE oA dvk 7w,
A AFelMe LA Fert e A, S 2EA mE
gro] Bxlgo] Wo F9= aEAl ARz 23 Yo] £o]
gto] MMT®] #4ke] golsittal gt A74AxE &
gonz R MES FAF| ©E MMTS] 4 5
’go] thar Agold Ao g FGT AU & A &
T AR AxE YB3l XRD 41437414 nylon
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Figure 1. X-ray diffraction patterns of Cloisite 93A and nanocom-
posite with various mixing conditions: (a) high viscosity nylon 66;
(b) medium viscosity nylon 66; (c) low viscosity nylon 66.

wg)e] 71414 4420 thak Nylon 66 F= Fzh 103

Figure 2. TEM images of nanocomposites with various mixing con-
ditions: (a) H3; (b) H3; (c) H10; (d) L10.

66 "HEZ X Fa}gol| mE MMT 4 549 xjo]& Hol
A& sttt o= oA AFE TR AEHT HE e
2 MMT B4l 3k nx]= Ao=w A=)

Cloisite 93A FHo] EolAGE XRD #4194 ol5= ]k
g 937t #FE o, Xﬁﬂﬁ——i EAPEIE sk A
o7 AAEHER o]F Y5715 o83 &8 AYHOE Al
Z% nylon 66 2 Cloisite 93A2] Y=5-3Hl = EAPJE] 7L
Fosithar e = vk &, A @A B3 ARG A
o] F&ste 7l A ClF dETHE o183 &8 A
HoRE FHe B4 a9E A F IS 2016} ATt
Figure 20 TEM #4435 RS =H Figure 2(a) 2 (b)E
Cloisite 93A 3 3 phrol] t1$t 232X Figure 2(b)y= (a)2}
Y3 A HS 3 oW, Figure 2(c) ¥ (e 2=
2 A= 2] nylon 669 Cloisite 93AE 10 phrZ 583+ 2
H= Z4zF e bl 2J8l Cloisite 93A7F $H713]
U R GO L o= AT F(layer)2] HE|7} o] Fof
A& B 4 o] AAFCZ Cloisite 93A2] EAHE] 7}
&3 Ao g Hust 5= At

28 &8 X7 W=5FqA ] &8 &5 A= Figure 3
o] YeRHA=T, nylon 669 F %= 2 Cloisite 93A %]
S7HEE 88 55 AT Wl A Bk Cloisite
93A 5]"“*0] 0~7 phr HLAM = nylon 662 =7t F&4
= Cloisite 93A ol gt 8§ 5 A9 Fago] 5
71Re B 4 2)em, Cloisite 93A 3 7 phr o]/dollA] £
BE A7F F43] 7348k Cloisite 93A $HF 10 phroll A
= nylon 669] HEe] Zfolof] whE 3ol HAislEo] §§
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BF A7F frAkstAl Yebs T ©l= Cloisite 93A & 7
phrE Z¥ste el nylon 66 A= G el Bl
Cloisite 93A A1A9] G547} 7 Aol W JFo] o
A 2G5 AoR ﬁrﬁ“fL T Aok &8 55 Age 5
Aol && 5 54, F 7 &olS Ueiie A=
A7 AZERE Cloisite 93A o] Z71+=E 7124
Ao R AstES & 4 Atk = nylon 660 2] A
30 phrE 2E3 E3A|(AE HE : HG30)9 8§ &5

A5 vlws] BH, Cloisite 93A &&°] 7 phrsE 2348 7
+, %% s 540l HG30ETE Sols & 4 Utk o

160
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Figure 3. Melt flow index of nanocomposites with various mixing
conditions.
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Figure 4. Specific gravity of nanocomposites with various mixing
conditions.
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714 fr2l ARE AeS S U 53A Azt 5Y
Sk nylon 66, AFSPIA| A, EAE A-835F AElolA Cloisite
93A ti4l KCCAF grade CS3119] 8] 6= 30 phrZ < =3+
sk oA o). o]H s &8 554 AHZHH Cloisite
93A % 10 phr P]FtellX = 7] HdA| ol s 7Fd o]
T AoE A S glou 10 phr o] ol =
7873 AsF vebe 2o 2 ot

H|Z. Nylon 662] F%= 2 Cloisite 93A &gl wE U=
E2&A 9] H]5S Figure 40 Btk Y=g o] vj5e
1.14~1.17¢] H9IE =452, Cloisite 93A4 ghafo] =
Vg HlFo] AFH R Frlkete AEFS EAT o=
H]Z0] F 1.1421 nylon 66°1 H]Z©] 1.8821 C10151te 93AE
xL@_sLoﬂ = 740]1:::] nylon 6694 7<-11:oﬂ u;};q,;q‘— EOE]%}
S Bk dA) FEstEo] e 8 4 f-’r(‘ﬂ]v 2.50)
= #g3 B3A|(A 8 HE  HG30) 7522 A& 5 7
F2 7 HQl IHE nylon 669l Cloisite 93AE 10 phr 2]
|3 LheEox ﬂ( 15 ¥E : H10)9] Hlzo] 9 14% A Y
=3 o] g3t o] AF A=
S & ﬂﬁ—o—i 2h8-8 7 e Aol

7|HN EE. = ANEEIE Figure 590 YERH=
], Cloisite 93A 3% 7 phr7}A= EE nylon 66 =4
AT} SR AdS Bl wel Cloisite 93A2] 3
712X U= REES SRIT 4 AT o] $ MMT
o] g 7t mE T S B ArEAHe 5Y
3} 738F0 294751 (Cloisite 93A u}%k Z7to| 2 1ATIT )
A& Cloisite 93A9 93 745 B7ta BAablejr) %ks st
Cloisite 93AS} &=} HHEQiQI-A HE HAo] =713l

2 7107 FAGHATHY Nylon 662] Hxol wletde 23

100

Tensile strength [MPa]

20

0 2 4 6 8 10
Cloisite 93A content [phr]

Figure 5. Tensile strength of nanocomposites with various mixing
conditions.
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Pelen, $HE 9 AME YB3 A
= 27104 B 52%0] 1A= Y g leng

| A= Zsta#rt 5718kt Nylon

A7t 28575 s A3t a3t S7kshe A
< &85 Al o3 Ve ERHA| Al Al EAbEe] S7FE
T5 &5 T F 9 =2 Hddgo] 2hgate] MMTE] v
Arrt F7RtE A AHEA Aol 7hseh 2o wdt
Hop 78 &, BAbgo] w2 739, dhElaste] ARl St
2 MMTE] £4F #2d4d0] ddElo] 1732l thgh Fof
e BRI 71 Zlo=2 daE. Cloisite 93A &%
7 phe7kA 9] A= @] 10 phrollMe A7 =7 F43]
Aot AFS BAUTH b o2 Bt o] 54
MMTe} 282 Ml Eg 29l AW AF 2-&(interfacial
interaction)ol] JFS Wo| wom MMTE &8 &3 A &
ol fA dojd &= I Zoeg dHA Jh Xu 52
ATAFNA B 5 5ol MMTE 5443 J1EA} njEY
20| AW F3 ARGl WE zto], 2P 8§ T A4 &
/el wet MMTe] Y83 oldelMe 74 =rt 24
sh= gl Uele & deg & F JrhS Z, Cloisite 93A
SHF 10 phrol| A =7 543 Fashe A2 Cloisite
93A%} nylon 663}2] AW A7 54, Cloisite 93A
7t e o] WeEgA ol 1ol Fod w #
ko g g3t wE e FHH ol#e A

o o Hi
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filo
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=

B A7 e o] gigh BAE FRlg XRD Al
A1 ZF HE9] Cloisite 93A 3% 10 phroll A w|oFgt 9] =7}
HFEE AFo Aol 75 Ao dAdkHr. ol
Cloisite 93A°] gFolgte F48R1S gRlstr] sl F71
26l TEM 4] ZA#= Figure 69 E=t, EAREN7} 9
&3 2107 AEE Figure 6(a)2} B3t Figure 6(b)ol
A SRR FHEE FES dF E1T F Aden, o]
25t SHF7E ARl 1 o] o wf HoPHdo= &
B3to] JIIAEE F43] A7 S Rl Aew
= o|2]3 B4 A3 = I Cloisite 93AS] 3 24

Figure 6. TEM images of nanocomposites with Cloisite 93A con-
tent 10 phr: (a) H10; (b) L10.
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Figure 7. Dependence of tensile strength on melt flow index.

o 2 o] Yr=E3kel &A1l ulgl Cloisite 93A &
% 10 phrollA] 187 =7E F43] Aste 0= Adent >
Y. Dong 5-¢] MMT/Z2|Z2hd =B850l tigh 714
2 Ao AFAFIME MMTE] o] Ajzoz w
735 SHol o3l 717418 JHo] AetES Barstal ok
o|ZHE] th=ERA 0] Z1A1A A AskEls S MMT
oF A} mjER20] 73k Afo] o] 7] AejelA MMT
o] s ko] 7Y Fask a4Er @ 5 STk ot
ANEFAAZRE 2 A7 Y=EFA Ax 44X =
Cloisite 93A ¥ 7phe7t o JIFAEE ERT F A=
ZA0Z st 4 ok 2y FE 27, IEA WE
Y o] Wslol] wlebA Cloisite 93A2] 2 $Hfo] & A
To] ARt 24 Uehd ¢ A2 EE 5 3 o
Az e = Gl tigk At Hask 2o 7
CHEITE IS} S AX G &8 55 A5 Akl &
HHAE Figure 79 JERISIEY], 88 &5 A7 571
TE IIAET} 2haske S BT 5, nylon 669] A
7t )7t 9hE Aol UeE A0 8§ 55 AT
A AT IS ASTE F UASS ¢ F AUt ol
=ERHA ] g3t o] Fash A tidel 2
Aoz dctdn

EEHA o] P E(Young's modulus) 54 435
Figure 8o YEP=H, nylon 662] = % Cloisite 93A
o] S7HE JudEe] SV A4S Bt o
23k Cloisite 93A g S7toll e e E S7F A&
MMT 28 2 A<} 52U 191(0-10 phnE 282 Yu
5°] nylon 66 W= 0] AFAzelE FLS FgFo R
nylon 661 BIal 734 (stiffness)?] MMTS] =] 2 3744} vl
Eg 2o MMTE] HEWZ F7t o3 a32 Add -

E

l

N
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Figure 8. Young's modulus of nanocomposites with various mixing
conditions.
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Figure 9. Elongation of nanocomposites with various mixing con-
ditions.
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Figure 10. Flexural strength of nanocomposites with various mixing
conditions.
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Figure 11. Flexural modulus of nanocomposites with various mix-
ing conditions.
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Figure 12. Izod impact strength of nanocomposites with various
mixing conditions.

Figure 120 47 % A @475 B3t Nylon 669 7}
A& Cloisite 93A &3] 3 ph/iAl= S A= T IA
H3E7E glont, 5phr o/de] WHeleMe F43] Hadke 4
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F 2.1%00 Blal 5.7%N419] ATt Hske AHE B
o] Utk o]# 3t Cloisite 93A 3+ 57| A =474 = 7
A 7A8kRe ok AABF Cloisite 93A 3 =710l WE A4l
& st o] W= BFATE FH48 SAS 7] wiEelH,
Xu 59 AN E EEE 7 Al TARET A
S 1o UThe Nylon 12/MMT WeE3HAo thall o+
g L. Y. Phang 59 474 = AT MMT g#o| 5
7Vl we}t FA7 =TT Hashe ARE Barskal 9lom ¢
H. Wang 5] nylon 6/ MMT W83 2] AFere 5
g AAE Holu =Y whA A A (semicrystalline) LAl
MMTE E90& W B3A7E 34 548 Adel uet &
A7} 7Hashe o2 A Cloisite 93A €3 5 phr
ool FAE A AFe] FEHAE A Wem A
o] HA B4 A S = AellxIel 2] Cloisite
93A 47 T ool A Cloisite 93A2] S-50] F ko=
Z2Rg-gte] mE Aol IS mR ZoE FHY 5 vk
o] 3t dA2 Y. Dong 52 A= MMT 10 wt% &
FollAl MMT -&-go] =g A|Z o g 2gste] FA7=r}
Askd  UeS Bt Aok S0 REE Xu 59 ¢
i AATelA AFTE uiet o] AR, JRHIE, $4
e EYEE MMTE 55, S MMTS} nylon 6634<] 7]
A Al mEM e FA7 R ZpolE AL 3l
= A0E Agteng o]e} 7he ZA|A A g A=

Polymer(Korea), Vol. 37, No. 1, 2013



108 v -

90

—8— Impact resistance, H
—A— |mpact resistance, M
—=— |mpact resistance, L
—-©— Tensile strength, H

Impact strength [J/m]
Tensile strength [MPa]

15t —-4&— Tensile strength, M 160
—-+8— Tensile strength, L
0 2 4 6

Cloisite 93A content [phr]

Figure 13. Izod impact strength and tensile strength of nanocom-
posites with various mixing conditions.
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Figure 14. SEM image of fracture surface by impact resistance test of nanocomposites with various mixing conditions: (a) 0 phr(x2500); (b)

3 phr(x2500); (c) 7 phr(x2500).

Figure 15. SEM image of fracture surface by tensile test of nanocomposites with various mixing conditions: (a) 0 phr(x500); (b) 1 phr(x500);

(c) 7 phr(x500).
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Figure 16. DSC thermograms of nanocomposites with various mix-
ing conditions: (a) high viscosity nylon 66; (b) low viscosity nylon
66.
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Figure 17. Maximum crystallization temperature of nanocompos-
ites with various mixing conditions.
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Figure 18. Heat capacity of nanocomposites for crystallization with
various mixing conditions.
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Figure 19. Melting temperature of nanocomposites with various
mixing conditions.
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