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PEG ( Polyethylene glycou) & — R FH itk 1~
EREaFHE AEERNEYEENEE AD
MAEERKEE, ) ERTERSG P4E & kT
HAREWE . A, PEG ) E A T ALK # R
#, WA F NEPE HESE M MRS R PEG M B
HoRBEEWA R AR, BN THSE
HHT T KEBBR. Cheng X fI FRH %
SAXS . WAXD . DSC K TEM #49% I PEG W45 & 15
" ERENBEINEHERRANERBHS SN
#T BEPRKT-RITEBNES LSRN TE
B A R R R RS KNS
R TAR S T8 PEC M&5 1T H, B PEGC MG
RAMBERREFERKN S TEKREE. o #
E£%5THET PEC EHIER " ALEAF P
ZmiTh Biw R _ShBIMEEGYREALE L
PERL AT LR PEC W& S M E S o
T PEG/PEO, LB ZM G RIT M KA, &
RIARRHE T PEG 5 PEO, ZE MK
RE.BEEREHRT PEG/PCL B BILBEYM
EREHRDNE HELEEY T PECHTTRER
SEHESEFWRBLEYWESSE FHRER,
HEREEBE TR,

BEEEHALUEENERSYHEMERE,
ROt &M E e St FEAS R T HE
AL AR B 2 AR BB A R, SR A A B BURE
REMESRE RS RIBRERMK, BN EE
AREEEEERTE HERT BT TH LS
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MHEAHEYHHR, B LA E YR FH 0w PP
AR MBS NEWER . T BRI X PEG &
fatE B e B ST L b, L H 2 4 NEPE #EHER| .
NEPE #E #7473 FEHEHBEH (A BRI S
(HMX) .S B (AP) HHEHF SR EW 15% &
A, EtER DR R R PEC 5N FERE.

1 XEHS

HavE

PEG, M, = 9400; ¥ PEG 7E 100°C & @t , 7+
5 ALLHMX AP LIA R R R RS S5,
HESHYMYHERBRG TREMERL S,
HEBRS REBETTHREPLSHAR.

1.2 (L&

DSCo10Ss R E R MM B ML, X E TA & Hl;
H&EE 10~20 mg; AB#EFE 1 ~ 10 K/min.
MXP18AHF B! X £f £k 17 §f {, MAC Science 2 7] ;
L, A = 0.154056 nm; fiT4 A B 20 = 5~ 85°; &8
[k 40 kV; i 200 mA,

2 EEERINRZ _EERENRIN

B1.BE245%PECS Al HMX RE&WH
DSCHisk, HASWBREMR 1 R BAYF
PEG MMM ILIRE 7 .5l T RIE
e AH BERE, b PEG/ALRSEMM L
PR R ERNE REX XEHT ALS BN
REVHSHEREHRESNHR, FBCREGY T

1.1
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PEG 2 S HIE L B EEEL . PEC 5 Fix £ 6918
BYMPPECHERAE X SHRERE X T
BFRUTF .
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Fig. 1 D3C curves of PEG/ Al mixtures

201

HMX 70%
HMX 50%

Heat flow (W/g)

-80 L 1 i 1

20 40 60 80 100
Temperature {°C)

Fig. 2 DSC curves of PEG/HMX mixtures

1009% % & PEG RY#E il 213 g™ 1B 8
(A (X HBREYDPPECHERE X. 5
AR X LERINE IR .PEC 5 Al
HMX HIR &4 PEC MEERIE X, 5 R
X, Aew 8, 3 Al o HMX £IR S HE 3
R {E R B M PEG fZ% S

Table 1 DSC datas of PEG and its mixtures with Al and HMX

Sarngles PEC PEG/Al PEG/HMX

1:1 3:7 1:1 3:7
T.(C) 63.00 60.00 5480 59.40 59.22
T,(T) 71.69 68.81 61.86 67.14 66,10
AH(Jig} 201.10 102.10 50.87 96.16 57.59
X (%) 94.41 47.93  27.88 45,15 27.04
X (%) - 47.21 28,32 47.21  28.32
XX, - 1.02 0.98 0.96 0.95

A 3 R AR L5 PEG/AP IBS 41 DSC BHZR,
HOBBOR 2R 0 # R RHEHE K
i SRR L T PEG:2 # B 5% S F - 1R 45
I 3 # Bt R RAE HE-RRBEZ
WP AP G EBEEMN RSP PECHE R/
TERE I RS AR TRE DA AP LIS IES
B PEC M RER EREME, R HLENEN
0.56~0.73, 0 AP 1E K B K HH A (LR B &
FIMIER, MBS PEGC Z B TF fE SR Y M B /6 H
ME T PEC &S SR HSHEFEK.
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Fig. 3 DSC curves of PEG/AP mixtures
Table 2 DSC datas of PEG/ AP mixtures
PEG 1# 24# 3# 44 5% 6# T#
content{ % ) %0.9! .27 67.53 56.52 50.00 29.94 10.00

T.(C)  63.67 54.70/74.20 76.87 74.34 74.00 71.87 68.67
AH(ME)  134.19 24.87/65.66 B3.57 73.84 65.44 39.09 11.35
X (%)  63.00 42.50 32,21 M.67 W 1835 533
X, (%) 85.83 72.95 63.76 5336 47.21 28.27 9.4
X JX., 0.7 0.58 0.62 0.65 0.65 0.65 0.5

24 B3 # B o0 AR AR AT AR A TR R
T H L — R g i 1 IR B HER, H i PEG 5
AP HATREFE R A TE Bl ST ML T K4 4k %
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EYMEFE SR P BT E— IR R
B (4 W B L BB 3 #E 59°C A 4, 3 DSC B2 4
AffR. EARERIEE PECS APE PEG & &
H67.5% ~85.0%Z BB AL 1 RILMEIK, F—
W i g (IR 3L 4 U Y R ER R, SR W A N PEG
2R S AL R g
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Fig. 4 DSC curves of PEG/AP eutectic

B s~ &8 4% & PEG.ALLHMX K& AP X
S EE. A B0 SR PECSE AL L
HMX BAYH X SRS EE. B F HIX K X
HATHEEE A PECESMNE _MgS
HMX Wi B o EBE BRI RE® . EX
HEAYPPECHE R HEN20MHELI9MN
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Fig. 5 X-ray diffraction curve of PEG
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. 6 X-ray diffraction curve of Al powder
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Fig. 7 X-ray diffraction curve of HMX
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Fig. 8 X-ray diffraction curve of AP
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Fig. 9 X-ray diffraction curves of PEG/A] mixtures

23°MtiL, 5 PEG @AM AT S B R A MR, %
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PEG/APE & YR X S &A1 & B i A 11
(a)FT/R . AP 5 PEG W)RE LA 1:1 B, 7E 26 =
185040 S 3 — 177 5f W, TR Bf 7€ 26 = 21.3°4b i
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R T:308F,20 = 18.5°4b BT BRI 5,20 = 21.3°
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Fig. 10 X-ray diffraction curves of PEG/HMX mixtures
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X-ray diffraction curves of PEG/ AP mixtures
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ti FIRET A, 3 B E & SUR AT PEG & & 1T N
F A A TE . Al & HMX AEWIRE-S 8+ PEG 19
G R RIRE AP R{UFK T RS YT PEG
MEsE, MENTETHREEHE, W PEC 5
AP ZHITFERBNATIEA.

3 HES$EIHXN PEG &RiEHEm

BESR PEG 5 AP Z MfFERR WA B /ER,
A8 4 PEG 5 AP Z[B] # f B £ FH AL a0 o] ; X
HEMSREL EEHUFEXRETER. vilk,
EHMTILESREHITER.

NH,Cl NH,F,iEE X FHEE AR E S NH,
F X ;KCO, Mg(C10,), \Ba(Cl0,), , iF L X A H
ERAE® S C10; & %;CaS0, .CaF, \MgS0, , iF 5
EMAEERARESHESEAS FAX.

PEG 5 Fik & R EIE &M DSC BB I 3
i B & RAYS PEG/AP RS WHERN K
VR BILE A 101, NH,F.NH,Cl. CaF, . CaSO, .
MgS0, 5 PEC ME ¥+ PEC N RE St
HEREIFFEE RARS PEC ZRAFEHE
YER .3 frE Bt , Mg(C10,), .Ba(C10,), 5
PECGHIEGHT PECHERERFRILAERE
9 0.22 } 0.28,18 PEG/KCIO, IR-& W+ PEG M5
mMESHELERENEEYS. EALKHH
Mg(Cl0,), \Ba(Cl0, ), 5 PEG Z f8] 41 fE 2 8538 11
HEER, SBBEAY T PEC WA RERMK: ™
KClO, \HN,F .NH,Cl.CaF, .MgS0, ® KCl0, § PEG
ZEIATFEHEEMR. £ BE BIENEHEB A
W PEG B9 45 Bt PEG 54 8 16 =2 (6] A9 # FL 4%
RHARBRFNH, th5HEMNEBETAEL.

Talbde 3 DSC datas of PEG and ils mixtures with metal salts
Semples  NH,F NH,Cl CaF, (aS0, MgS0, KCIO, Mg(CI0, ), Ba(Cly, ),

T,T) 77.83 T2.37 67.67 T2.67 73.03 67.84 66.53  £6.53
AH(Jig) 97.97 90.89 92.17 95.79 92.78 .83 2179  28.60
YTA%) 46.00 42.67 43.27 44.97 43.56 46,87 10.23  13.43
I0%) 47.21

XJX.. 097 090 0.92 0.95 092 0.9 0.2  0.28

£ PEGC 52 BHESHHNH S LIRS EZH,
AP Mg(Cl0,), .Ba(ClO, }, BEH I T PEG 45K, T
KCIO, HIAE , EWZEFEHEYS PEG ZRITF#E
FRAEEANIERE bR ERENYEY
BEAT A AP Mg(C10,), \Ba(ClO,), MRER T2
Beeh M KCIO, HIAE, X5 & A% PEC &

RhHERAER -BM. AT EB, NLF.
NH, Cl.CaF, . CaS0, \MgS0, F ILF & BB R E
HEEMBETZE, Xt 5HM PEC ZHAHFE
HEERMEY S Ak, TRk PEC 52
RBEZEMHEHERREUL RIS T PEG B
HBTH R

N — Bk P RRIE, EFEBRILEERE
HIFFTEE KD KIL.Cu(NO,), K Fe,(80,), fEr
T £ B, K, S0, KCl £ CuSO, A F 28 . PEG/
Cu(NO,), REVMEZR FC E2EMFER, HH =
HZBFERRMYMEEER S PEC TSR,
PEG 5 FiRJLM &L DSC Bk 4 Bim.
PEG/KI.PEG/Fe, (S0,), IR &4+ PEC W% &
FER,{H PEG/K,S0, . PEG/KCl B PEG/CuSO,
BEWS PEG W& & ERERERF AT RS KI,
Fe,(S0,), 5§ PEG Z R T EfH T AEA, M K,S0, .
KCl % CuSO, 5 PEG Z A ARTFHEMEER,. X5
Mok i[k: PrRuss g0

Table 4 DSC datas of PEG and its mixtures with metal salts

Samples  K; 50, KkCl CuS0, Cul{NOy ) KI Fe; (S0, )5
T,(C) 7333 71.20 72.67 -  S57.84  65.37
AH(I/g) 92.61  91.20 101.15 -  25.19  58.25
X(%) 43,48 42.82 47.49 - 11.83 27.35
X (%) 4721

XJ/X.. 092 091 1.0 - 0.25 0.58

4 PEG 5 APZHMHEEERANE

ERBPFRELN,PEGC SRE SR I ZHFE
HMEER, XRHEEIEAMLSBERE T PEG 514
RHAR. BT PEC A FHPEFEAENMR
—O0— (R FEERMI BT, im&/EEE 9
BTFSAEYE, ALEH AN PEG  FEFH
EEFATRSEBRENMEEFAETEEE
BRI LRERVE , PEC 4 FRIHERETS
EREMHEFIRER T AUEHMHNESY.
XFESIERMMT PEC o FHEME S, HB
TR EARAY, SBREYT PEGH
FREEN TR G R, B W AT DGE R
Fh & RIS H PEG &S .

BELRERAVNE, 52 BEMHBEFAL
EEERMERFAILRPECR &0 FH E
WHAEREF, ol IR E — &4 F&# LM AH
SEEFEF, ETLURARS TR EINERF, FHlt
LRIHFLER YR SMEM.FIH PEC 5
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SRLZ MMM L AE AR, TLLAE NEPE 5 FlPMAREGRILSEH N FHEE.
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EFFECT OF SOLID FILLERS ON THE CRYSTALLIZATION
OF POLYETHYLENE GLYCOL

ZHANG Xiaoping' , ZHAO Xiaobin', DU Lei’, ZHENG Jian'
(" Hubei Institute of Aerospace Chemotechnology, Xiangfan 441003); (7 Shanghai Academy of Spaceflight Technology , Shanghai 200233)

Abstract The effect of solid fillers [ ( Al, cyclotetramethylene tetranitramine ( HMX ), ammonium perchlorate
(AP) ] on the crystallization behavior of PEG was studied by using DSC and WAXD techniques . Al and HMX have
no effect on the crystallinity and crystal structure of PEG in composites . There is a strong interaction between AP and
PEG , which decreases the erystallinity of PEG in the mixtures. Some other metal salts have shown the same strong
influence on the crystallization of PEG like AP.It was found that they all are soluble in PEG melt. The decrease of
crystallinity of PEG in the presence of AP and other metal salts is attributed to the formation of complex between the
metal cations and the oxygen atoms of PEG molecules, which prevents the crystallization of PEG molecules in the

composites .
Key words Solid filler, Polyethylene glycol, Crystallization, Interaction



