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ABSTRACT

Amorphous polyetheretherketone(PEEK) films were bonded in the mould for 35 and 17
hours at various temperatures from glass transition temperature (Tg) to cold crystallization te-
mperature. The shear strength of bonded films was measured by Instron, the density and cry-
stallinity of debonded films were determined by the density gradient technique and the thermal
analysis of debonded film was carried out by DSC.

The best results were obtained at 150, 1527C and 148, 150, a little higher than Tg (143C) of
the amorphous PEEK film, for 3.5 and 17 hours bondings, respectively. That is, in those cases,
the crystallization was not developed and the shear strength was relatively great.

The shear strength was increased with the bonding pressure.
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Fig. 1. Form and dimension of test specimen.
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Fig.2. DSC scan at 20C/min for amorphous

PEEK film.

Fig.2¢14 B, 23pe]e=(Tg el a2
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A= 1.04% Gk

Table 1. Characterization of amorphous PEEK
film.
Glass transition temperature(C) 143
Cold crystallization temperature{<) 179
Melting point({C) 339
Density {g/cm?) 1.2640
Crystallinity(%) 1.04
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Fig. 3. Effect of temperature on shear strength
of bonded PEEK film for 3.5 hours (&)
and 17 hours( @) under the pressure of
19.7 kg/cm?.
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Fig.4. Effect of applied pressure on shear
strength of bonded PEEK film at 148T
for 17 hours.
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Table 2. Density results for bonded PEEK film.
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o, Z o]F9] xolA] AAsIES} A% FrtE9
o} o] AL Fig.3914 3541% bondingAlZ
bonding2% 150, 152TCe]4] shear strength”’} &
F& vl AL, 156T 4] shear strength7} &7 3]
oAl Az & dxslx 9ok F, 150, 152TC
A F49 PEEKZ 5ol 2A8}7} 25 ] go}
LE2] surface molecular mobility7} o}F #HA
GE Aol A polymer chain®l diffusion®] &)
8}e shear strength?} & 2 el 156T¢]
48] ExoME 43 PEEKE Sl Z2Agr) =
2=} surface molecular mobility”} 749w, ot
b4 FEA A2 polymer chain?] diffusion®]
o}2]4]#, shear strength7} #FA&dke oz Azt
=}

17417t bonding®] 7Z%-, AASIEe] FAT A
< 152CelA & & gled 94 Fig. 3014 17
A1%F bondingA19] shear strength®te] 152CelA]
F23] doiAe A7 & g5k

o] ZA AA S} dofle =7} 3547k A%
156Cell A, 1741712} A4 152C 2 wolxl 72 bon-
ding A17ke] AolFlelule} Aot dahe 2 AzkEc)

. Density {g/cm®) Crystallinity(%)
Bonding temperature{C)

3.5 hr 17.0 hr 3.5 hr 17.0 hr
145 1.2641 1.2642 1.09 1.16
148 1.2643 1.2643 1.21 1.21
150 1.2644 1.2645 1.30 1.38
152 1.2646 1.2828 1.48 14.64
156 1.2832 1.2859 14.96 16.91
160 1.2857 1.2877 16.80 18.22
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Fig. 5. DSC scans at 20C/min: a,b and ¢, bo-
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exothermic (cold) crystallization peak® & 4 ¢}

3, 152, 156CelAE °] peak® 3tolE 4 gich
o]71-& 150CZ bondingAl#-& wole AR}
Z == dgkev), 152, 156TA4E dAF7 =
HEAES & < odeh 53] 35417 bondingA]]
152CAME AAsr) 2 =A Qokev, 17417
A2 152C A A7 298 21& bonding
Alzke] edske g o Axlc).

3547k a,bFAl, 17417ke] a4 BT AA
b 2 EA] 29k8d), Tgol4 2R endothermic
peak”} djjskA] viehle 218 Carfagnas(42]9]
el A Xl

4. 2 B

4% PEEKZE& 2340 2%(Tg) °l4] cold
crystallization2%  Afolollx] A2 bonding*l#A,
bond=}=] 412l shear strength® &AL, bon-
ding® A9 ZAs =g YeTazbyel] o 2
EE ZAsle] Aakslslen, DSC4R 3459
o}

#]-& bonding*], bonding 2%+ ¥4 3% PEEK<]
227 0] 2= (Tg) Bl 25 L& 2= A7
bondingAlAE AAS7} ZA=A &3, surface
molecular mobility7} 27} = 2289, F bo-
ndingAl1Zt 35417k8] 7%, 150, 152, 17A]7k<]
7% 148, 150C7} 7H A sbden, olu shear
strength™ & 3t-& VElilglch

152Cell A4 35417k bonding?] AlHe] A9 24
37F 2 =R ekgkew, shear strength® & 3-&
Yelgle, 17417 bondingAlolle 2R3 o
oju}, shear strength7} ZH4A=%ich.

o]Akel AFE-L Y Ful Iyl o3t &)
Azt A4k, DSCell 93 G4 M E Fals
ach

%38} shear strength® bondingA] A|# el 7}8) =]
E g vl she AgE Vel




44 2 9, 199112

774 Polyetheretherketone(PEEK) % 2] 212 Bonding 59

i

71

AT AT Zpeddse] ddte
A= glom ofe] FFAFshe ulslvc

T~

FmEd

1. Lee, L. H,, Vanselow, J. J., and Schneider, N.
S., “Effects of Mechanical Drawing on the Structure
and Properties of PEEK”, Polym. Eng. Sci., Vol 28,
Mid-Feb. 1988, pp.181-187.

2. Medellin-Rodriguez F. ], and Phillips P. ],
“Crystallization and Structure-Mechanical Prope-
rty Relations in Poly (Aryl Ether Ether Ketone)
(PEEKT”, Polym. Eng. Sci, Vol30, Jul. 1990, pp.
860-869.

3. Willats, D. J,, “Advances in the Use of High
Performance Continuous Fiber Reinforced Ther-
moplastics”, SAMPE ], Vol.20, Sep./Oct. 1984, pp.
6-10.

4. Wedgewood, A. R, Su, K. B, and Narin J. A,
“Toughness Properties and Service Performance
of High Temperature Thermoplastics and Their
Composites”, SAMPE ], Vol.24, Jan./Feb. 1988, pp.
41-45. ‘

5. Silverman, E. M., Griese R. A,, and Forbes W.
C., “Property Performance of Thermoplastic Co-
mposites for Spacecraft Systems”, SAMPE J, Vol.
25, Nov./Dec. 1989, pp.38-47.

6. Cebe, P,, and Chung S., “Melting Behavior of
High Performance Composites Matrix Polymer:
Poly(Phenylene Sulfide)”, Polym. Compos., Vol.11,
Oct. 1990, pp.265-273.

7. Hou, T. H, and Reddy, R. M., “Characteri-
zation of Thermoplastic Polyimide NEW-TPI”, SA-
MPE Q. Vol.22, Jan. 1991, pp.38-46.

8. Blundell, D. J., and Osborn, B. N., “The mo-
rphology of poly(aryl-ether-ether-ketone)”, Poly-
mer, Vol24, Aug. 1983, pp.953-958.

9. Muzzy, J. D, and Kays, A. O., “Thermoplastic
vs. Thermosetting Structural Composites”, Polym.
Compos., Vol.5, Jul. 1984, pp.169-172.

10. Colton, J. S, Baxter, J., Behlendorf, J., Halim,
T., Harris, B., Kiesler, G., Lu, K., Sammons, S., and
Savage-Moore, W., “The Automation of the Lay-up
and Consolidation of PEEK/Graphite Fiber Com-
postes”, SAMPE ], Vol.23, Sep./Oct. 1987, pp.19-25.

11. Soll, W, and Gutowski, T.G., “Forming
Thermoplastic Composite Parts”, SAMPE ], Vol.
24, May/Jun. 1988, pp.15-19.

12. Anderson, B. ], and Colton, J. S. “A Study
in the Lay-up and Consolidation of High Perfor-
mance Thermoplastic Composites”, SAMPE ], Vol.
25, Sep./Oct. 1989, pp.22-28.

13. Iabonmi, S., and Woodhams, R. T., “Thermo-
forming of Ordered Polypropylenes”, Polym. Co-
mpos., Vol.8, Dec. 1987, pp. 371-378.

14. Manson, J. E,, Schneider, T. L., and Seferis,
J.C., “Press-Forming of Continuous-Fiber-Reinfo-
rced Thermoplastic Composites”, Polym. Compos.,
Vol.11, Apr. 1990, pp.114-120.

15. Kinloch, A. ], and Taig, C. M., “The Adhe-
sive Bonding of Thermoplastic Composites”, J.
Adhesion, Vol.21, 1987, pp.291-302.

16. Crawford, R. J., and Tam, Y. “Friction We-
Iding of Plastics”, /. Mater. Sci, Vol.16, 1981, pp.
3275-3282.

17. Andrews, J. R. F,, Bevis, M. “The Butt-
Fusion Welding of PVDF and its Composites”, /.
Mater. Sci., Vol.19, 1984, pp.653-671.

18. Stokes, V. K, “Vibration Welding of Ther-
moplastics. Part IV: Strengths of Poly(Butylene
Terephthalate), Polyetherimide, and Modified Po-
lyphenylene Oxide Butt Welds”, Polym. Eng. Sci,,
Vol 28, Mid-Aug. 1988, pp.998-1008.

19. Rouse, N. E. “Improved Methods for The-
rmoplastic Bonding”, Machine Design, Apr. 1985,
pp. 72-79.

20. Osterndorf, J.,, Rosty, R., and Bodnar, M. J,,



60 ubabd - zel - ], L Kardos

BRI AR L

“Adhesive Bond Strength and Durability Studies
Using Three Different Engineering Plastics and
Various Surface Preparations”, SAMPE ], Vol.25,
Jul./Aug. 1989, pp. 15-19.

21. Stokes, V. K., and Hobbs, S. Y., “Strength
and Bonding Mechanisms in Vibration-Welded
Polycarbonate to Polyetherimide Joints”, Polym.
Eng. Sci.,, Vol29, Mid-Dec. 1989, pp. 1667-1676.

22. Atkinson, J.R., and Ward, I. M., “The Joining
of Biaxially Oriented Polyethylene Pipes”, Poly.
Eng. Sci., Vol 29, Mid-Dec. 1989, pp. 1638-1641.

23. Atkinson, J. R, and Turner, B. E,, “Repai-
rability of Plastic Automobile Bumpers by Hot Gas
Welding”, Polym. Eng. Sci., Vol29, Mid-Oct. 1989,
pp. 1368-1375.

24. Watson, W. N., and Murch, M. G,, “Recent
Developments in Hot Plate Welding of Thermo-
plastics”, Polym. Eng. Sci, Vol29, Mid-Oct. 1989,
pp. 1382-1386.

25. Krone, J. R, and Murtha, T. P, and Stirling,
J. A., “Bonding and Joining Techniques for Ryton
Polyphenylene Sulfide Composites”, 33rd. Inter-
national SAMPE Symposium, Mar. 1988, pp.
829-842. :

26. Licata, M., Glogovsky, T., and Haag, E., °
Safer and Better Bonding of Polycarbonate Parts”,
Plastics Eng. Oct. 1987, pp.35-38.

27. Maguire, D. M., “Joining Thermoplastic Co-
mposites”, SAMPE ], Vol.25, Jan./Feb. 1989, pp.
11-14.

28. Maffezzoli, A. M., Kenny, J. M,, and Ni-
cholais, L., “Welding of PEEK/Carbon Fiber Co-
mposite Laminates”, SAMPE [, Vol.25, Jan./Feb.
1989, pp. 35-39.

29. Silverman, E. M., and Griese, R. A., “Joining
Methods for Graphite/PEEK Thermoplastic Com-
posites”, SAMPE ], Vol.25, Sep./Oct. 1989, pp.34-
38.

30. Miller, A. K, Chang, C., Payne, A, Gur, M,,
Menzel, E., and Peled, A., “The Nature of Indu-

ction Heating in Graphite-Fiber, Polymer-Matrix
Composite Materials”, SAMPE ], Vol.26, Jul./Aug.
1990, pp. 37-54.

31. Don, R. C, Bastien, L., Jacobson, T. B., and
Gillespie, Jr., J. W., “Fusion Bonding of Thermop-
lastic Composites by Resistance Heating”, SAMPE
J., Vol.26, Jan./Feb. 1990, pp.59-66.

32. Eveno, E.C, Gillespie, Jr., ]. W., “Resistance
Welding of Graphite Polyetheretherketone Com-
posites: An Experimental Investigation”, Journal of
Thermoplastics  Composite Materials, Vol.1, Oct.
1988, pp. 322-338.

33. Kenny, J, D’Amore, A, Nicolais, L.,
Iannone, M., and Scatteia, B, “Processing of
Amorphous PEEK and Amorphous PEEK Based
Composites”, SAMPE J, Vol.25, Jul./Aug. 1989, pp.
27-34.

34. Nobile, M. R, Acierno, D., Incarnato, L.,
Amendola, E., Nicolais, L., and Carfagna, C., “Im
provement of the Processability of Advanced Po-
lymers”, J. Appl. Polym. Sci, Vol.d1, 1990, pp.2723-
2737.

35. Dawson, P. C., and Blundell, D. ], Polymer,
Vol. 21, 1980, pp. 577.

36. de Gennes, P. G.,, “Reptation of a Polymer
Chain in the Presence of Fixed Obstacles”, J. Chem.
Phys., Vol.55, 1971, pp. 572-579.

37. Kim, Y. H,, and Wool, R. P., “A Theory of
Healing at a Polymer-Polymer Interface”, Macro-
morecules, Vol. 16, 1983, pp. 1115-1120.

38. Prager, S., and Tirrell, M., “The Healing
Process at Polymer-Polymer Interface”, J. Chem.
Phys. Vol. 75, Nov. 1981, pp. 5194-5198.

39. Wool, R. P, and O’Conner, KM., “A theory
of Crack Healing in Polymers”, J. Appl. Phys., Vol.
52, Oct. 1981, pp. 5953-5963.

40. Wool, R. P., “Properties and Entanglements
of Amorphous Polymer Interface”, J. of Elastomers
and Plastics, Vol.17, Apr. 1985, pp. 106-118.

41. Kline, D. B, and Wool, R. P, “Polymer



W4 4R, 2 B8, 1991.12 7% Polyetheretherketone(PEEK) #® 2| #-Z Bonding 61

Welding Relations Investigated by a Lap Shear 42. Carfagna, C., Amendola, E., D’Amore, A, and
Joint Method”, Polym. Eng. Sci.,, Vol.28, Mid-Jan. Nicolais, L., “Physical Ageing of Amorphous Poly
1988, pp. 52-57. (Etheretherketone) (PEEK)”, Polym. Eng. Sci,

Vol 28, Sep. 1988, pp. 1203-1206.




