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THEPE/CNTs B & M EH A2 2 HEHLEE, Ak
JEH R A A mtE R PE/CNTs &2 A M RHR LI A
RAE AR TR . FrE T AE RXT e dE R =
P RE AT A (10 2 [ iy FRE 08 5 B 97 AR R
J&e, BAT B TR R SO AR E.

2 AERESELR &
2.1 HmblE

SEEG SR F IR A L B2 R (BASF) A A AR
7 R % B 38 0% (LDPE), % ¥4 0.922 g/cm?.
gk A R R F 56 B R SRR A IR A A AR = 1
% BE B 40 K & (MWONTS), 4675 KT 95%, “F 3
EH A2 N110 nm, KEZ10 ym. #|H HAAKE
RHEOMIX OS % % #l, 5 2% B [\ i & b
¥ MWCNTs 1 LDPE #F47 HLAR LR, i &3k
13 7R FEZ) 300 pm BRAKE & B N2 wt.% 1
LDPE/MWCNTs & &+ 8k HFI I 44 B 7 B 5
5% (SEM) X} LDPE /2% MWCNTs & & 4 BHEAR IR
(77 K) F=AE M 7 V3T T OWLEE, AT DU U 4%
F|MWCNTs £ LDPE [0 fifh . B 145 T
LDPE/2% MWCNTs & &4 kHig Wi 1 SEM &
A, ATLAE H, MWCNTs 7£ LDPE JE 44 b (1) 43 A7
Eei 3%, B MWCNTs 76 LDPE B A5 K41
IHME, TURE S E B IE T BT

1 LDPE/2% MWCNTs 5 & # EHit4 Wi 1 1) SEM
)2y
Fig. 1. SEM fracture image of LDPE/2% MWCNTs

composites.
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%75 8, K48 B8 R 5 LDPE f1 LDPE/2% MWC-
NTs & & M B it 73 71 i 5 9 LDPE-y, LDPE-e,
LDPE/2% MWCNTs-y } LDPE/2% MWCNTs-e.

2.3 HREMEEMR

It FI DSC 1% #% Jy 18 [ Netzsch 24 & i DSC
204 F1 85 2R s\ AR 5256 B F MR v 4R
. FES RN 510 mg. THEJEHE 30200 °C,
FHIRIE 2 10 °C/min; FFHEER 20030 °C, i
K10 °C/min. RHRSEAR AT S,

2.4 EHEG X G/ BIG (SAXS) K&
I~ 178 (WAXD) 3£

FI A L [F 25 % Y8 BL16B1 26 3 1) SAXS
J WAXD %} 110 keV H F % B8 #i J5 1) LDPE &
LDPE/2% MWCNTs & & 1 8L i i 0 45 4 35 4
HEAT HAE. SAXS A WAXD 5256 I #3547 J7 A7 28 1
SEAG, DAIR EBOID #A G R AN VA A Ik R R ORE R ) sk
I A0 25 . A7 A U 2% B A B R D e
JEUE PR AL, TR AL AR IR T R L A IR R B IR O R
FHifi 36 B 30—140 °C, FHilf# % 10 °C/min; PG
6 [ 140—30 °C, FFiRi#EF 10 °C/min. i [H
AR N X BB K R 0.124 nm, SEBERSF A
0.5 mm x 0.5 mm. RN 2048 55 x 2048
BER, BRI N80 pm. SAXS ' WAXD
SEEG A PRI A FRE R 4 N 5.15 #10.15 m.
SEUS AR 08 B R, S BT SAXS
J& WAXD i KA.

56 B F) D HR A TR A AR R SR 58 5, A Fit2D 3K
PEXT A R B AT AR BE, FFEREAT T SBUR R IE R

FES RS IE. R Fit2D S 3 k47 4 B 5 27
W B s A s B 3 o B A% 2. s a3 v
N UG Y AR 1) Tl BN A, 15 205
P 9 BE T BEAE A (R 23 A I . A2 1K B v da i 4
AR R 0 BE U R g (g = 4misind)/ ),
Ho o & HUR M, X RAF X SR, thEpar g
FI) 41 7 ¥ SAXS 58 % 1 (I(q)-q) A1 WAXD 5 5 [
(1(0)-0). 4% BRI Fh 7 V237 Bm b R, B AR —
AT THAR ] SR BE o0 A, SR G BCPIME. XA
[F) 2 B AR, A A TR] PR T R U7 325,
TRE R % 1) R PR A, D) RT 3 AT 1 R TR L
URRE SR & ST, —BOEHCE R A
J5 1) b R A B AR BIRE AR R AR R O
SEMIEE AL .

3 R 5TH
3.1 DSC%#f

Bl 245 H T 4110 keV HL T4 18 J5 LDPE il
LDPE/2% MWOCNTs & & 8 BHE I # B BOH 7 &
BB DSC 2k, B 2 ml L, 4% B AT S B0 AR AL 1
FEI A B — B L R R R0 X I 6 4% ot T A it
. F 1454 7 LDPE 7248 ]8R0 5 R A2 5 2
£, BLFE IR R TR B Ty 6 1 RL IR E T S il
¥ AH,,  FLOR 45 SRR T Ty 2R 1b 45 SRR FE Ty 45 5
Y AH. FIGE P X, SRIG 45 R, 110 keV LT
IR XT LDPE (1) 46 A iR 5 26 ik b i i | i
YRS, RS AN 28 1 o IR Y e . MWCNTs
TN T LDPE/MWCNTs & & MEHI

#1 £110 keV B T4ERATE LDPE M1 LDPE/2% MWCNTs & &k f#E 25
Table 1. Thermal characteristics for LDPE and LDPE/2% MWCNTs composites before and after 110 keV

electron irradiation.

Fluence/cm™2 LDPE-y LDPE-e LDPE/2% MWCNTs-y LDPE/2% MWCNTs-e
T1/°C 89.4 90.2 100.2 106.7
T>/°C 124.8 125.1 120.2 125.0
AHpy/Jg™ 1 117.6 123.1 128.9 127.9
T3/°C 110.8 110.2 115.7 110.1
T4/°C 89.8 90.0 80.0 70.0
AH./Jg™ ! 129.1 133.2 142.2 95.4
X /% 40 41 44 44
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IR Bl IR BE, (HLPEAR T L2 b R AL R B2 AR
LDPE/MWCNTs & & # B v tid b, MWC-
N'Ts 2 TGN i T W10 45 di i B, (R BRAIR T 2%
1RG5 R . 3F H, MWCONTs 40 st m 1
LDPE/MWCNTs & &M BHOZ . 110 keV H
TARIEIE S 7 LDPE/2% MWCNTSs £ i il 4] 4 il
PR RN 26 1 E AR, BERAIC T A UR 45 A T B AN 2%
1S5 SR, X — 25 B SRR [11) AT AL A SR — 2L
H T8I AT 5 LDPE 1 LDPE/2% MWCNTs £ 4
FABH) 25 & B L IE A2 Ak

(a)
[ LDPE/2% MWCNTs-e
LDPE/2% MWCNTs-y
LDPE-e
LDPE-y

1 1 1 1
0 40 80 120 160 200

Heat flow/mW-mg~1! Endothermic

Temperature/C
(b)
LDPE/2% MWCNTs-e

LDPE/2% MWCNTs-y

\\/ 2
LDPE-e

Heat flow/mW-mg~=! Endothermic

A
LDPE-y

ﬂ 1 1

0 40 80 120 160 200

Temperature/°C

2 £110 keV H T %5 I8 #7 J5 LDPE fl LDPE/2%
MWOCNTs & & # BHE N # B B (a) A4 21 F) Bt (b) ¥
DSC Hfik

Fig. 2. DSC curves of LDPE and LDPE/2% MWC-
NTs composites: (a) Heating; (b) cooling.

-

3.2 (ERAIELDPE AL RIIEHR
WA LEHDEN

I 1) 25 8 5 6 VR SAXS A WA XD i 4 18 Fip
Ji LDPE 7t filt A4 R0 25 & ik A2 w0 00 285 #4) 722 4k 33t
175007, B 38110 keV #4888 7T 5 LDPE 7% @l
b5 45 it RE Y SAXS B TERE. A Fit2D
A58 H i AT A B 3RS T 4R B ET S LDPE £ fil

P RN &5 3 R i SAXS B B 23 A il 28, i Pl 4 A
KI5 AR, AW 4 FTLLE Y, TEREIE FE ) 4 FE AT
SR A TR IS i I L P 1 4 2 B e 3G K S U
ZIN BRI, AR ALE P50 U P U 57 I UL B 1 388 n 3
) /N R B 5 [ # By, HECRT S R 2 Tl T v A 118
1125 °CIf WA # B Jt A . AT S iR
S ST A 120 A1 130 °C R, 75 FTf 78 U % &=
X 1) AN P U0 %2 B 4 0F 04, IH B AN [XC T P ) e ot
558 5E KR ek /), LS 2R A R P )k —
TR R A AR, L IASE AR 7R IR R I
R, 4RIEET S LDPE MRS kA T B E K
K. AR WA UG A7 1R A0 B R KR T 3G o, T
R B8 P 1 A0 Ak B 5 IR R o X FL T 5 AR
WAHRER, L5 REW A f 8RB A G, AR
/5 A0 OSSR B, O 9 S R R T R
(F 5 BRAE L. 753 AN K i, B 6 2 DTk
KEATHXAMESRXPHETEEZS. mTmX
FEE SR X 2K RBOR TR, Bl IR BT &, R X
AR 5 X H T2 R IR 22 S K, T 5 B A B
SR 5 FE PRI BE 0.  FE E —20 4 i B R XA RSB
WS, T R IR ET IR, A RN X G
LB TR /DS, AT S BRI 9 B AR 5 — T
T, B4R T LDPE I . A 5 ]
DU Y, TESS fad R v, 2 IR AT Ja B ) A 5
W T P 11 AR S B0 08 K S DR /S B R, I R
TRl A W AR, FFAETE A &, e SR X 5 9E
i DX FL -5 B ZE K. WA IR i — P BRI,
endE N, fn X SRS X TR AN, AR S
I8 FE 43 ) B 25 104 A1 110 °C B JF 44 H B BA 2 1
RRAE U, IX 5 B R R PELAS 7 SR R . R
P ol AR 00 U P U A5 I8 U P 110 R AR A 0 1) K R
HOT MRS, X EME KW N. ARE K 40
Bl 5 Al THELH 110 keV HLT-45 BEFTJS 1) LDPE 74 filt
g i FE K E T S IR E G R, WK 6 A
. EHE AT 6 A5, RS R, B R
N, 4E M AT /S LDPE £ & 1K B 12 K. Jf
H, fEMFENRE R4, SREREMHELL, 28
T45 M85 LDPE F i 14 8 Bk /N, 75 S50 FE S
B, KR IBRIR T 1.7%6.5%. X i 0 HEL T4 R
i 7 LDPE 2r T8 1)i23). R 75 LDPE
P12 s R A S R 2% 0 il 3 s A 2 e 1 JL TR
FH P 5 R B 6 mT N, 7R 45 SRR R B R R R
fiX, 4% {8 AT /5 LDPE #f & 10K B AT a6 B, 2R )5
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Bk /DS, I H AR HEORE K R DR /S 1) 3 2R L
P EMFENREE AT, SREREMAL, 28
T4E 8 5 LDPE £ & 1K J8 138 0. 78 S50
T, KRN T 6.8%—18.5%. X H T
FEIEANH T LDPE 2 THERIZ 3h, MR 5 A 45
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FIRITE B, X 48 4 2 48 S LDPE 1 &2 46 45

TR P RN 2% 1 435 e PR AR P DL A LA, g5 JJ:
I, 5/ 5 LDPE # i 0 8 S B 2K T A4 HERE
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Fig. 3.

(b) after irradiation.

(MR

(a)

Intensity/arb. units

4
Fig. 4. SAXS intensity distribution curves for LDPE during melting: (a) Before irradiation; (b) after

irradiation.

) MR EAT 5 LDPE fERb 545 il
(color online) SAXS patterns for LDPE during melting and crystallization:
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IEIEHI G LDPE 7ERILE FE i) SAXS 5 /34 th 28
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(a) Before irradiation;

(b)
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0.1 0.2

(a) SRIRHT; (b) MG
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(a)

Intensity/arb. units

0.1 0.2 0.3 0.4 0.50.6 0.8
g/nm~—1

El5 $&IEAET/E LDPE 7E45 fid B2 b i) SAXS I/ E  (a) $RHERT; (b) #AME)5

Fig. 5. SAXS intensity distribution curves for LDPE during crystallization: (a) Before irradiation; (b) after
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~ 35t
o
8
g 30|
2,
S
o 25t
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20 F
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K6 110 keV HLTHEIEHTE 1 LDPE 72/ AISE S v i 145 IR BE 1R 9% &%

35
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9]
2 25
B0
=]
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|
20
1 1 1 1

100 80 60 40 20
Temperature/°C

(a) ElALERE; (b) & hnid e

Fig. 6. Long periods vs. temperature for the irradiated/unirradiated by 110 keV electrons LDPE during

(a) melting and (b) crystallization.

N Tk — 2 4 b R R AT SRR G RO 45 R 1
254k, F F WAXD %f LDPE 48 H& 81 5 1 & 178 45 1)
AT M. BT RIS Al H T BRI ET S
LDPE 7£ fil 4, F11 45 & i 72 v () WAXD 58 JiZ 43 1
k. mRURIL, A A5 I WAXD 58 & 1]
BIH WA BRI AT 9%, 4 5l 2 LDPE IE &2
Z 1 (110) F1(200) W, Bl A il A2 4L, (110) F1

Intensity/arb. units

20/(%)

(200) U fR) 9 FE R AR T AR 4. O T B B HE 4 AT
WAXD {55 K124k, B9 FE 10 43 A4 H T (110)
4T S U oF B2 ) ot T i) B % (11.00) W 58 i o ¥ 2 71
AR AR, IR T E 9 (a) MIE 10 (a) ATA,
AL FE . 5 4 LDPE RS ML, 48 IR R
LDPE £ 5 (1) (110) e 10 18] FE L /N, HL 38 0 18 28 44
185 (110) R THI AT ST o FE B (R e 0. 454

Intensity/arb. units

20/(%)

K7 HEEETS LDPE fERd FE i i) WAXD stz (a) 5&IRAT; (b) 4RI S
Fig. 7. WAXD intensity distribution curves for LDPE during melting: (a) Before irradiation; (b) after

irradiation.
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Intensity/arb. units
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8  HLTHRIHTE LDPE fE45 ftad 2 1) WAXD s 270 A1 h 2%

Intensity/arb. units

20/(%)

(a) 4EMEHT; (b) FEMS

Fig. 8. WAXD intensity distribution curves for LDPE during crystallization: (a) Before irradiation; (b) after

irradiation.
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(a) melting and (b) crystallization.
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Fig. 11. SAXS intensity distribution curves for the LDPE/2% MWCNTs composites during melting: (a) Be-

fore irradiation; (b) after irradiation.
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(a) Before irradiation; (b) after irradiation.
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Fig. 13. (color online) WAXD patterns for LDPE/2% MWCNTs composites during melting and crystalliza-

tion: (a) Before irradiation; (b) after irradiation.
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irradiation; (b) after irradiation.
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Abstract

Electrons are an important constituent part of radiation space of charged particles and could damage microelectronic
devices. Therefore, effective radiation protection is very important for the electronic device. So, a radiation protecting
material with lightweight, high performance and low cost is urgently needed. Polyethylene (PE) with high hydrogen
content /carbon nanotube (CNT) composite as a space shielding material is very promising for spacecraft application in
the future. In order to meet the requirement of space applications for PE/CNT composite, it is of important academic
value and practical significance to explore melting and crystallization behaviors of LDPE/MWCNT composites. In this
paper, melting and crystallization behaviours of the irradiated LDPE/MWOCNT composites irradiated by 110 keV elec-
trons are studied by differential scanning calorimetry (DSC), synchrotron radiation X-ray small angle scattering (SAXS)
and wide angle diffraction (WAXD). Experimental results show that the irradiation by 110 keV electrons does not affect
the thermal characteristics of the LDPE, but can enhance the initial melting temperature and the melting-terminating
temperature of LDPE/2% MWCNT composites during melting. Also, the radiation by 110 keV electrons could reduce
the initial crystallization temperature and the crystallization-terminating temperature during crystallization. MWCNTs
could enhance the initial melting temperature and reduce the melting-terminating temperature of LDPE/2% MWCNT
composites during melting. Moreover, MWCNTs could enhance the initial crystallization temperature and crystallinity,
and reduce the crystallization-terminating temperature during crystallization. SAXS and WAXD analyses show that
with increasing the temperature, long periods of the irradiated/unirradiated LDPE increase during melting. Compared
with that of the unirradiated LDPE, at a given temperature, long period of the irradiated LDPE is small. During crystal-
lization, with reducing the temperature, long period of the irradiated/ unirradiated LDPE begins to appear and gradually
decreases. At the same temperature, long period of the irradiated LDPE is larger than that of the unirradiated one. For
LDPE /2% MWCNT composites, long periods of the irradiated /unirradiated samples during melting and crystallization
do not exist. The 110 keV electron irradiation mainly influences LDPE matrix of LDPE/2% MWCNT composites during
melting and crystallization. The 110 keV electron irradiation can slow down the amorphous region expansion and the
initial melting of lamellae of the LDPE matrix during melting. The 110 keV electron irradiation can slow down the
amorphous region shrinkage and inhibit crystal from growing up during crystallization. During melting, MWCNTs can
hinder the amorphous and crystalline molecular chains of LDPE from moving, which hinders the LDPE matrix from
initially melting, but promotes the melting process after the initial melting has begun. During crystallization, MWCNTs

could promote the formation of crystal of the LDPE matrix and inhibit the crystal from growing up.

Keywords: nanocomposite, electron irradiation, synchrotron radiation, thermal stability
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