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Chapter 43 

Polyetherimide 

General Discussion of Joining Techniques 
GE Plastics:  Ultem 

Parts molded of Ultem resin can be assembled with all common thermoplastic assembly methods.  However, the superior 
physical properties of the material allow for stronger assembly interfaces, resulting in a stronger final assembly. 
 
Reference: Ultem Design Guide, supplier design guide (ULT-201G (6/90) RTB) - General Electric Company, 1990. 

Heated Tool Welding 
GE Plastics:  Ultem 1000  (product form: injection molded plaque) 

High strengths can be attained in hot tool welds between very dissimilar materials.  In hot tool welds of polyetherimide to 
the semicrystalline polyester PBT, weld strengths equal to 90% of the strength of PBT are obtainable.  The use of different 
hot-tool temperatures is important for obtaining high strengths in welds between dissimilar materials.  The hot tool 
temperatures varied from 371-427°C (700-800°F) for polyetherimide and from 260-302°C (500-575°F) for PBT.  In 
addition to the hot tool temperatures, the weld strength also depends on the melt time. 
 
Reference: Stokes, V.K., Experiments on the Hot Tool Welding of Dissimilar Thermoplastics, ANTEC 1993, conference proceedings - Society of 
Plastics Engineers, 1993. 

GE Plastics:  Ultem 1000  (product form: injection molded plaque) 

High strengths can be attained in hot tool welds between very dissimilar materials.  Although the two imiscible, 
amorphous polymers polycarbonate and polyetherimide have glass transition temperatures of 150°C and 215°C, 
respectively, weld strengths comparable to the strength of polycarbonate can be attained.  The use of different hot-tool 
temperatures is important for obtaining high strengths in welds between dissimilar materials.  In addition to the hot-tool 
tempertures, the weld strength also depends on the melt time. 
 
High relative strengths are obtained for hot-tool temperatures in the range of 302-329°C (575-625°F) for polycarbonate 
and 371-427°C (700-750°F) for polyetherimide.  Relative strengths (weld strength/ strength of polycarbonate) of 0.83 can 
be attained.  This is lower than the 0.95 relative strength obtained in vibration welds.  Relative strengths at a 
polyetherimide hot-tool temperature of 427°C (800°F) appear to vary erratically.  This could be due to degradation of 
polyetherimide at this high temperature and deposits on the hot-tool surfaces affecting the cleanliness of the molten plastic 
layers. 
 
Reference: Stokes, V.K., Experiments on the Hot Tool Welding of Dissimilar Thermoplastics, ANTEC 1993, conference proceedings - Society of 
Plastics Engineers, 1993. 
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Vibration Welding 
GE Plastics:  Ultem 1000  (features: 6.4 mm thick; manufacturing method: injection molding; product form: 
injection molded plaque) 

This study showed that under the right conditions, very high strengths and ductilities can be achieved in polycarbonate to 
polyetherimide vibration-welded joints.  These joints can attain the strength of PC, the weaker of the two materials. 
 
However, the conditions of achieving high strengths are different from those for neat resins and cannot be determined 
from penetration-time curves alone.  In neat resins high strengths are achieved once the penetration rate reaches a steady 
state, so that penetration-time curves can be used for determining optimum welding conditions.  On the other hand, 
because of differences in "melt" temperatures and viscosities, the apparent steady-state conditions indicated by 
penetration-time curves for PC to PEI welds are deceptive.  The process is dominated by the high melting and flow rates 
of PC, which masks the still developing melt and flow conditions in PEI when an apparent steady state has been attained.  
As a result, weld strength continues to increase with penetration even when this penetration falls in the steady-state 
regime.  Because of this, additional information is required for optimizing PC to PEI welds. 
 
Scanning electron microscopy studies have demonstrated that the dominant mechanism for bond strength during the early 
stages of welding is the mechanical interlocking at the weld interface produced by shear mixing of the two molten 
polymers.  Process conditions affect the thickness and structure of the zone over which this mixing and intelocking occurs. 
 
The fracture surfaces of PC to PEI welds are interesting.  The high-strength welds have deep ridges on both halves of the 
fracture interface.  The depth of the ridges, and the strength appear to increase with the weld pressure.  There is a major 
difference between low-frequency and high-frequency welds.  AT 120 Hz, the ridges are perpendicular to the direction of 
the vibratory motion.  Although nominally parallel, these ridges exhibit a "wavy" structure.  On the other hand, at 
frequencies equal to 250 and 400 Hz, the ridges are parallel to the direction of motion.  Also, the ridge structure is more 
parallel and better defined.  These well-defined ridges, which appear in the high-frequency (low-amplitude) welds, are 
probably caused by flow instabilities. 
 
Reference: Stokes, V.K, Hobbs, S.Y., Strength and Bonding Mechanisms in Vibration-Welded Polycarbonate to Polyetherimide Joints, ANTEC 
1989, conference proceedings - Society of Plastics Engineers, 1989. 
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GE Plastics:  PEI 

Table 43.1:  Achievable Strengths of Vibration Welds of polyetherimide to itself and to other thermoplastics.  
(note: high strengths in vibration welding polyetherimide to itself can only be achieved with high 
frequencies) 

 
Material Family PEI 
Tensile Strength2, MPa (ksi) 119 (17.3) 
Elongation @ Break2, % 6 
Specimen Thickness, mm (in.) 6.3 (0.25) 
Mating Material 
Material Family1 ABS M-PPO PC PBT PEI 
Tensile Strength2, MPa (ksi) 44 

(6.4) 
45.5 
(6.6) 

68 
(9.9) 

65 
(9.5) 

119 
(17.3) 

Elongation @ Break2, % 2.2 2.5 6 3.5 6 
Specimen Thickness, mm (in.) 6.3 

(0.25) 
6.3 

(0.25) 
6.3 

(0.25) 
6.3 

(0.25) 
6.3 

(0.25) 
Process Parameters 
Process Type vibration welding 
Weld Frequency  120 Hz 120 Hz 120 Hz 120 Hz 250 - 

400 Hz 
Welded Joint Properties 
Weld Factor  (weld strength/  
weaker virgin material strength) 

0.65 0 0.95 0.95 1.03 

Elongation @ Break2, % 
(nominal) 

1.14  2.75 4.1 6 

1ABS - acrylonitrile-butadiene-stryrene copolymer; M-PPO - modified polyphenylene oxide;  M-PPO/PA - modified 
polyphenylene oxide/ polyamide alloy;  PC - polycarbonate;  PEI - polyetherimide 
2strain rate of 10-2s-1 
3 high strength can only be achieved througn high frequency welds 

 
Reference: Stokes, V.K., Toward a Weld-Strength Data Base for Vibration Welding of Thermoplastics, ANTEC 1995, conference proceedings - 
Society of Plastics Engineers, 1995. 

Ultrasonic Welding 
GE Plastics:  Ultem 

The most important element in designing Ultem resin parts for ultrasonic welding is the joint design.  There are three 
major requirements for the joint area: 

-  A small initial contact area (a point or a line) - energy director. 
-  Uniform contact. 
-  A means of alignment. 

 
The following recommendations should also be observed to achieve the best results: 

-  Allow for the flow of molten material. 
-  Locate the joint as close as possible to the point where the ultrasonic horn can be applied. 
-  Provide a suitable horn contact area. 
-  Provide proper proportioning of joint elements - avoid tight joints and large mating surfaces. 
-  Allow for a slight dimensional change around the perimeter of the joint. 
-  Use rigid fixturing or nesting of the bottom part to insure a strong weld. 

 
Weldability is dependent upon the concentration of the vibratory energy per unit area.  Since Ultem resin has a higher 
melting point than most other thermoplastics, more energy is required to cause the material at the joint to flow.  Therefore, 
the energy director for welding Ultem resin parts should be fairly tall with a minimum height of 0.020 in. (0.50 mm) and a 
width of 0.025 in. (0.65 mm). 
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Table 43.2:  Typical ultrasonic welding machine settings used for GE Plastics Ultem polyetherimde resin. 
 

Control Setting 
Sonic time (s) 0.5-1.5 
Delay time (s) 0.2-0.6 
Amplitude (dial) 6-7 
Dwell time (s) 0.5-2.0 
Line pressure (psi) 30-60 
Line pressure (MPa) 0.2-0.4 

 
Reference: Ultem Design Guide, supplier design guide (ULT-201G (6/90) RTB) - General Electric Company, 1990. 

Ultrasonic Inserts 
GE Plastics:  Ultem 

Ultrasonic insertion is recommended for fast and economical anchoring of metal inserts.  This technique provides a high 
degree of mechanical reliability with excellent pull-out and torque retention.  Furthermore, under proper design, ultrasonic 
insertion results in lower residual stresses compared to other methods of insertion, since it insures a uniform melt and 
minimal thermal shrinkage. 
 
Reference: Ultem Design Guide, supplier design guide (ULT-201G (6/90) RTB) - General Electric Company, 1990. 

Snap Fit Assemblies 
GE Plastics:  Ultem 1000  (features: natural resin, transparent, amber tint);  Ultem 2100  (features: flame 
retardant; material composition: 10% glass fiber reinforcement; process type: injection molding);  Ultem 
2200  (features: flame retardant; material compostion: 20% glass fiber reinforcement; process type: injection 
molding);  Ultem 2300  (features: flame retardant; material compostion: 30% glass fiber reinforcement; 
process type: injection molding);  Ultem 

The ductility and strength of Ultem resin make it ideally suited to snap-fit assembly. 
 
When designing flexing fingers, do not exceed the recommended strains shown in the table.  The secant modulus at the 
operating strain should be used to calculate cantilever force or stress. 
 
Table 43.3:  Recommeded permissible strains for use in designing snap-fits with different grades of GE Plastics 

Ultem polyetherimide. 
 

Ultem Resin Grade Permissible Strain Secant Modulus at 
Permissible Strain (Es) 

1000 5.25 % 1860 MPa 
2100 2.5 % 3789 MPa 
2200 1.5 % Tensile Modulus 
2300 1.5 % Tensile Modulus 

 
Reference: Ultem Design Guide, supplier design guide (ULT-201G (6/90) RTB) - General Electric Company, 1990. 
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Staking 
GE Plastics:  Ultem 

Ultrasonic staking is the process of melting and reforming a ridge of Ultem resin to mechanically fasten another 
component of an assembly.  A hole in that component receives an Ultem resin stud molded into the plastic part. The 
surface of the stud is vibrated out-of-phase with a horn using high amplitude and a relatively small contact area.  The 
vibrations cause the progressive melting of the plastic under continuous light pressure, reforming the stud in the 
configuration of the horn tip.  Tip configuration of the horn will depend upon the application, the grade of resin and the 
stud design.  Either standard or low profile staked head-forms are satisfactory for most applications.  While the low profile 
head-form offers an appearance advantage over the standard head-form, the latter provides approximately three times the 
strength of the low profile head-form.  Rigid support of the Ultem resin part is required during the staking operation. 
 
Reference: Ultem Design Guide, supplier design guide (ULT-201G (6/90) RTB) - General Electric Company, 1990. 

Tapping and Self-Tapping Screws 
GE Plastics:  Ultem 

Self-tapping screws are suitable with Ultem resin components.  Self-tapping screws form or cut as they are driven into the 
molded part, thus eliminating the need for a molded-in thread or a secondary tapping operation.  There are two general 
classes of self-tapping screws: thread-cutting and thread-forming.  Both classes have advantages and disadvantages 
depending on the particular application.  Thread-cutting screws provide lower boss stresses since the material is not 
excessively displaced; however cutting the plastic results in lower driving torque, stripping torque and pull-out strength.  
Thread-forming screws produce higher boss stresses, yet higher driving torque, stripping torque and pull-out strength can 
generally result.  The recommended screw type is best determined by prototype testing. 
 
Reference: Ultem Design Guide, supplier design guide (ULT-201G (6/90) RTB) - General Electric Company, 1990. 

Molded-in Inserts 
GE Plastics:  Ultem 

Molded-in threaded inserts may be used with all grades of Ultem resin.  Recommendations for achieving maximum 
strength are listed below. 

 
-  Smooth inserts should be used where design allows. 
-  Use simple pull-out and torque retention grooves when high torque and pull-out retention are required. 
-  If a knurled insert is used, keep the size of knurls to a minimum. 
-  High mold temperatures should be used to reduce thermal stresses around the insert. 
-  Sufficient material should be provided around the insert to maintain high strength. 

 
Pretesting of assemblies is recommended to determine their suitability in actual end-use environments. 
 

Insert Material Ratio of Wall Thickness to O.D. 
Steel 1.0 
Brass 0.9 
Aluminum 0.8 

 
Reference: Ultem Design Guide, supplier design guide (ULT-201G (6/90) RTB) - General Electric Company, 1990. 
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Molded-in Threads 
GE Plastics:  Ultem 

Ultem resin is increasingly being specified for external and internal molded threads.  The unique combination of high 
modulus, strength, coefficient of friction and low stress relaxation yields higher torque values per turn, higher fracture 
torques and lower torque relaxation.  Thread forms commonly used with Ultem resin parts include all the straight thread 
standards (e.g. UNC and UNF) plus the tapered thread standards (eg. NPT and NPTF).  Threads produced with solid 
unscrewing cores may offer greater accuracy.  Any sealing compound which is used must be tested for compatibility with 
the Ultem resin grade to determine if the combination of stress and sealant causes failure below expected strengths.  
 
Reference: Ultem Design Guide, supplier design guide (ULT-201G (6/90) RTB) - General Electric Company, 1990. 

Adhesive and Solvent Bonding 
GE Plastics:  Ultem 

Ultem resin parts can be bonded together or to dissimilar materials by a wide variety of commercially available adhesives.  
Because adhesive bonding involves the application of a chemically different substance between two parts, the end-use 
environment of the assembled unit is important in selecting an adhesive.  Service temperatures, environments and desired 
performance must all be taken into consideration.  Good adhesion can be effected by simple solvent wipe, but surface 
activation by corona discharge, flame treatment or chromic acid etch is sometimes desirable. 
 
Solvent bonding is one of several alternatives for joining Ultem resin parts.  The end result of the process after the solvent 
has evaporated is a true resin-to-resin bond with no intermediate material.  Methylene chloride, or a 1 to 5% solution of 
Ultem resin in this solvent, is recommended for bonding parts molded of Ultem resin. 
 
Reference: Ultem Design Guide, supplier design guide (ULT-201G (6/90) RTB) - General Electric Company, 1990. 

GE Plastics:  Ultem 1000  (features: general purpose grade) 

The figure below provides a representative sample of the bond strength that can be achieved with GE Plastics Ultem 1000 
polyetherimide resin adhered to flexible polyvinyl choride (PVC).  UV curable adhesives yielded the highest bond 
strength with the Ultem resin and PVC combination.  However, if UV curable adhesives are used with Ultem resins, the 
UV light must be transmitted through the material it is bonded to, not the Ultem resin.  Of the solvents, the cyclohexanone 
appeared to withstand the greatest load before joint failure. 
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Figure 43.1:  Adhesive and solvent bond strengths of General Electric Ultem 1000 polyetherimide resin adhered to 

Alpha Chemical PVC 2235L85 flexible polyvinyl chloride (PVC).  (Solvents: MeCL2 = methylene 
chloride; MEK = methy ethyl ketone; cyclo = cyclohexanone; THF = tetrahydrofuran.  note:  solvent 
combinations are 50:50 solutions.) 

 
Reference: Guide to Engineering Thermoplastics for the Medical Industry, supplier design guide (MED-114) - General Electric Company. 

Adhesive Bonding 
GE Plastics:  Ultem 

A study was conducted to test for bond strength on a representative matrix of commonly used plastics and the adhesives 
best suited to them.  For many of the plastics evaluated, the effect of polymer composition on bond strength was evaluated 
by compounding plastic formulations with each of the most commonly used additives and fillers for that plastic; common 
grades were used for the remaining resins.  The effect of each additive and filler was determined by comparing the bond 
strength achieved with the specially compounded formulations to that of the neat plastic.  In addition, the effect of surface 
roughening and chemical treatment of the plastic surface on bond strength was examined. 
 
The block-shear (ASTM D 4501) test was chosen as the test method because it places the load on a thicker section of the 
test specimen that can withstand higher loads before experiencing substrate failure.  In addition, the geometry of the test 
specimens and the block-shear fixture helps minimize peel and cleavage forces in the joint.  How well the block-shear test 
method reflects the stresses that an adhesively bonded joint will experience in real world applications should be 
considered.  Also, limitations on the data due to the variety of additives and fillers used by different companies should not 
be ignored. 
 
Prism 401 and Super Bonder 414, both cyanoacrylate adhesives, and Loctite 3105, a light curing acrylic adhesive, 
normally achieved the highest bond strengths on the various grades of Ultem which were evaluated.  However, the 
performance of each adhesive varied from grade to grade.  Black Max 380, a rubber toughened cyanoacrylate adhesive, 
and Depend 330, a two-part no-mix acrylic adhesive, typically achieved the lowest bond strengths on PEI. 
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Surface Treatments 
Surface roughening and plasma treatment both caused large, statistically significant increases in the bond strengths 
achieved on PEI.  The use of Prism Primer 770, in conjunction with Prism 401, caused a significant decrease in the bond 
strengths achieved on most of the grades of Ultem which were evaluated. 
 
Other Information 
Good solvents for use with PEI are methylene chloride and n-methylpyrrolidone.  An accelerator may be necessary to 
speed the cure of cyanoacrylates on unfilled grades of PEI.  PEI is compatible with all Loctite adhesives, sealants, primers, 
and activators.  Recommended surface cleaners are isopropyl alcohol and Loctite ODC Free Cleaner 7070. 
 
Table 43.4:  Shear strengths of PEI to PEI adhesive bonds made using adhesives available from Loctite 

Corporation. Values are given in psi and (MPa).b,c 
 

 Loctite Adhesive 

 
Plastic Material Composition 

(GE Plastics Ultem) 

Black Max 
380 

rubber 
toughened 

cyanoacrylate
(200 cP) 

Prism 401 
surface 

insensitive 
ethyl 

cyanoacrylate
(100 cP) 

Prism 401/ 
Prism 

Primer 770 
polyolefin 
primer for 

cyanoacrylate 

Super 
Bonder 414 

general 
purpose 

cyanoacrylate
(110 cP) 

Depend 
330 

two-part 
no-mix 
acrylic 

Loctite 
3105 

light cure 
acrylic 

(300 cP) 

Unfilled resin 
grade 1010 

3 rms 150 
(1.0) 

1350 
(9.3) 

300 
(2.1) 

1100 
(7.6) 

500 
(3.5) 

2250 
(15.5) 

Grade 1010 
roughened 

28 rms 1050 
(7.2) 

2450 
(16.9) 

2000 
(13.8) 

2000 
(13.8) 

800 
(5.5) 

2250 
(15.5) 

Grade 2100 10% glass reinforced 350 
(2.4) 

1050 
(7.2) 

500 
(3.5) 

900 
(6.2) 

700 
(4.8) 

1750 
(12.1) 

Grade 2400 40% glass reinforced 1150 
(7.9) 

1000 
(6.9) 

850 
(5.9) 

2150 
(14.8) 

1700 
(11.7) 

1300 
(9.0) 

Grade 3453 45% glass / silica reinforced 1300 
(9.0) 

1650 
(11.4) 

1350 
(9.3) 

2000 
(13.8) 

1500 
(10.3) 

1500 
(10.3) 

Grade 4001 unreinforced, with lubricant 150 
(1.0) 

650 
(4.5) 

300 
(2.1) 

700 
(4.8) 

550 
(3.8) 

>1800 a 
(>12.4) a 

Grade CRS500l unreinforced, 
chemically resistant grade 

450 
(3.1) 

1400 
(9.7) 

200 
(1.4) 

1050 
(7.2) 

700 
(4.8) 

1550 
(10.7) 

Grade 7801 25% Carbon reinforced 950 
(6.6) 

1250 
(8.6) 

1350 
(9.3) 

1850 
(12.8) 

750 
(5.2) 

1400 
(9.7) 

Grade LTX100A PEI / PC blend injection 
molding grade 

750 
(5.2) 

1400 
(9.7) 

650 
(4.5) 

1100 
(7.6) 

800 
(5.5) 

3550 
(24.5) 

a The force applied to the test specimens exceeded the strength of the material resulting in substrate failure before the actual bond strength achieved by the 
adhesive could be determined. 
b All testing was done according to the block shear method (ASTM D4501). 
c For more information on data presented in this table, contact Loctite Corporation at 800-562-8483 (1-800-LOCTITE).  Request the “Design Guide for Bonding 
Plastics.” 

 
Reference: The Loctite Design Guide for Bonding Plastics, supplier design guide (LT-2197) - Loctite Corporation. 


