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Interfacial property of the filler/binder matrix for HTPB
propellant under constant strain
(ZHANG X ing-gag  ZHANG W ei, LU Wei, WANG Chun-hua)

( Inst of Aerospace and M aterial Engineering NationalUniv of Defence Technology Changsha 410073 China)

Abstract To investigate themain failure reason of HTPB propellant under constant strain  the m acroscop icalm echan
cal property m icroscoan ic interfacial properties and their relationship were studied The m acroscopicalm echanical properties
werem easured by uniaxial tensile testing The m icroscosn ic interfacial adhesive properties were characterized using Scann ing
Electron M icroscope ( SEM ) and measuring the contact angle betv een the test liquids and filler AP or bindermatrix The re-
sults show that themaximum elongation are decreased the nterfacial adhesive beween the filler and binderm atrix are deterio-
rated the woik of adhesion (W) are decreased and the nterfacial tension ( ¥,) increased along w ith the aging tine The -
terfacial adhesive property betw een the filler and bindermatrix of HTPB propellant can be characterized by W, and v, The
value of the work of adhesion under constant strain is lwer and the interfacial tension is higher than that under zero strain
The existence of the constant strain has influenced the nterfacial adhesive bew een the filler and binderm atrix badly The re-
sult shows that there is lnear correlation betv een the maxmum elongation and the work of adhesion The decline of themaxr
mum elongation is caused by the deterioration of the mterfacial adhesive property
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Fig.1 Curves of themaxinum elongation
of HTPB propellant vs tine
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(b) Aged for 112 days at 80°C(x1 000)

Fig.2 SEM image of the HTPB propellant after tension

(a) Unaged (x1 000)

(b) Aged for 112 days at 80 (x1 000)

Fig.3 SEM image of the the sliced surface of the HTPB propellant
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Table1 Data of surface free energy and camponents of
the test liquids used in this work

Liquid ! /(mJ/m?) Y] /(mJ/m?) v, /(mJ/m?)
W ater 50 7 22 1 72 8
G lyeol 19 0 29 3 48 3

Table 2 Contact angle data of test liquids and surface
free energy of AP and the binder matrix

Contact angle of  Contact angle of

Sanple Aging tanperature Aging tine water /(%) glyeol /(°) v/(mJ/m?) v /(mJim?) v /(mJ/m?)
AP 385 44 3 757 as 752
HTPB 67 0 64 5 40 2 20 382
HTPB 60C 7d 68 5 6G 5 40 0 L5 385
HTPB 60C 15d 69 9 68 6 385 L4 371
HTPB 60C 23 d 74 0 735 352 L0 342
HTPB 60C 28 d 710 700 37 4 L3 36 1
HTPB 60C 42 d 72 8 71 1 35 4 L5 339
HTPB 60C 56 d 725 705 333 L6 337
HTPB 60C 70 d 725 67 5 330 i3 29 7
HTPB 60C 84 d 76 0 700 29 7 35 26 2
HTPB 60C 112 d 730 63 0 30 8 G 2 24 6
HTPB 70C 7d 720 71 4 370 L1 339
HTPB 70C 15d 735 72 3 351 L3 33 83
HTPB 70C 23 d 725 68 5 339 25 31 4
HTPB 70C 28 d 7L 8 65 8 33 4 16 29 8
HTPB 70C 42 d 79 7 731 8 26 6 i3 233
HTPB 70C 56 d 78 5 71 0 26 9 43 22 6
HTPB 70C 70 d 735 60 5 300 86 21 4
HTPB 70C 84 d 78 5 64 5 277 78 19 9
HTPB 70C 112 d 78 0 64 5 26 6 95 171
HTPB 80C 7d 735 75 3 379 a4 375
HTPB 80C 15 d 78 0 69 2 3L 3 31 28 2
HTPB 80C 23 d 775 74 5 301 L9 28 2
HTPB 80C 28 d 725 70 2 309 78 23 1
HTPB 80C 42 d 73 9 63 1 299 68 231
HTPB 80C 56 d 78 0 69 5 270 i0 220
HTPB 80C 70 d 78 0 68 5 26 3 61 202
HTPB 80C 84 d 82 6 700 233 82 151
HTPB 80C 112 d 80 0 63 0 239 12 5 13 4
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Fig.5 Curves of the interfacial tension vs time
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Fig.6 Curves of the work of adhesion under

constant strain and zero-strain vs time
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Fig.7 Curves of the interfacial tension under

constant strain and zero-strain vs time
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Table 3 L inear regression results of § and W, at different aging tem peratures

Tan perature/C Regressive equation

Correlation Critical correlation

Sanple size n

coefficient R coeflicient R g5

60 g, =0 870 W, - 43 567 3 10 0 903 3
70 €, =0 484 5W, -0 137 4 10 0 8304 0 602 1
80 g€ =0699 4, - 18 1996 10 0 950 8
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