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Abstract

The ability to join thermoplastics using traditional
welding techniques has been studied extensively.
Clearweld is a relatively new through-transmission laser
welding technique for welding infrared transmissive
plastics. The range of plastics that are weldable using the
Clearweld process has not been well documented.

Various thermoplastics, including polycarbonate,
PMMA, polysulfone, PETG, LDPE, and PVC, were
welded using the Clearweld process to determine the
capabilities and limitations of the process. The evaluation
was based on tensile strengths of welded butt joints. The
effect of material properties and quality of the welded parts
was also evaluated to enable the engineer to design joints
for maximum strength welds.

Introduction

Through-transmission laser welding (TTLW) is a
relatively new thermoplastics welding method in
comparison to the other techniques. Clearwelda[1], a
form of TTLW, was introduced to the industry only four
years ago and has been commercially available since
January 2002. Companies are not aware of the capabilities
as well as limitations of the Clearweld process. Previous
studies have reported use of the Clearweld process for
welding polymethyl-methacrylate (PMMA) with the
absorber in a film [2], and Nylon, including natural, glass-
filled, and optically transparent [3]. However, information
on other widely used plastics has not been published. This
paper presents information and data on Clearwelding
various thermoplastics in order to educate the plastics
joining community.

Background

Clearweld is a patented technology developed by TWI
and Gentex Corporation. The technology utilizes an
organic, near-infrared absorber manufactured by Gentex
Corporation. The absorber is preferably applied at the
interface of the two substrates to be joined. Although it is

a Clearweld is a registered trademark of TWI.

not recommended, Clearweld may also be performed in a
similar fashion to TTLW, with the absorber replacing
carbon in the bottom substrate. Laser energy passes
through the top substrate and is absorbed at the interface.
The absorber concentrates the laser energy to produce
sufficient heat to weld the two plastics. See Figure 1 for a
schematic of the process. The absorber initially has a
slight tint. Exposure to laser energy causes the absorber to
decompose and become colorless or nearly colorless. As
with traditional TTLW, the critical parameters are laser
power, beam size, welding speed, and clamping pressure.
The concentration of the absorber in Clearweld provides an
additional means of controlling the welding process. For
example, increasing the concentration allows use of lower
power or faster speed.

Even application of the absorber is required at the
weld interface in order to produce consistent welds.
Gentex developed inks containing the absorber for liquid
dispensing and ink jet printing. Spraying, dipping, and
films containing the absorber can also be used. The
absorber, originally in powder form, is dissolved in a
combination of solvents formulated to provide adequate
print quality and drying rate. Solvents are used since the
absorber is not water-soluble. The ink is applied at the
weld interface and the solvents evaporate prior to bringing
the substrates into contact. The absorber does not have to
be applied immediately before the welding process. If
stored properly, the substrate can be printed months in
advance. The inks currently available are designed for use
with near-infrared lasers in the 900-1064 nm range.

Virtually any joint geometry can be welded using
TTLW. The main requirements are that the laser hit the
weld interface and sufficient, even clamping pressure is
applied. The Clearweld process requires one of the
welding surfaces to have the absorber. The material can
either be on the top of the bottom substrate or the bottom
of the top substrate. However, if the absorber is
throughout the substrate, the substrate containing the
absorber must be on the bottom. When designing the joint,
the surface must be capable of having the absorber applied
by any number of methods including ink jet and
dispensing. Pretreatment may be required if the printing
tolerance is strict.
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Clearweld Material Requirements

TTLW requires the top substrate to transmit light
typically in the near infrared. Plastics that are used as the
top substrate include PMMA, PC, PETG, and PVC.
Thermoplastics with low transmission, such as HDPE,
ABS, Acetal, may also be used but the thickness is limited.
Polymers containing high amounts of fillers or inorganic
pigments, such as titanium dioxide, also exhibit reduced
transmission, and therefore limit their use as the top
substrate. Opaque materials that transmit in the infrared
are available. Traditional TTLW requires carbon black at
the weld interface or within the bottom substrate. This
results in an opaque weld. The bottom substrate in the
Clearweld process can be the same highly transmissive
material used as the top substrate. Clearweld also
improves welding bottom substrates with limited
transmission including materials that do not weld
efficiently with traditional TTLW, for example, materials
containing titanium dioxide or small amounts of carbon
black.

Clearweld Capabilities and Limitations

TTLW processes are non-contact techniques that
avoid marking of surfaces. The welding process does not
generate particulates. Other advantages of traditional
TTLW have been discussed previously [4,5]. The
Clearweld process has some unique advantages that
traditional TTLW and other welding techniques can not
achieve. Clearweld has the ability to produce colorless to
nearly colorless welds. This alone does not make
Clearweld unique. Since the top and bottom substrate can
be infrared transmissive, Clearweld has the capability to
weld multiple layers simultaneously. For example, two
infrared transmissive tubes, with an overlap joint, can be
welded around the entire circumference with one single
laser pulse or one line pass of the beam. There is no need
to rotate the part. The Clearweld process has been proven
to weld twenty-three, 3mm thick sheets of PMMA together
with one pass of the laser beam. A simple hand peel tested
the weld strength. Failure was in the parent material for
each layer. Only the number sheets that would fit in the
clamp limited the number of sheets welded simultaneously.
Welding occurs only where the absorptive material is
applied, therefore selective layers can be welded while
leaving the other layers in-between unaffected.

The Clearweld process, as with traditional TTLW, is
limited by the ability of the material to transmit infrared
light. Low transmission results in the need for higher
energy density to produce strong welds. This implies
lower cycle times or requires a higher energy laser. The
absorber used in the Clearweld process decomposes after
exposure to laser energy, therefore, if the correct amount of
material is used, further heating or welding can not occur.

Higher energy densities than that used in traditional TTLW
are required for the Clearweld process.

Experiment

Materials

Table 1 lists the commercially available thermoplastics
evaluated. Samples were cut into 25 mm by 100 mm
pieces. The edges at the weld interface, the 25 mm edges,
were milled for a smoother surface.

Laser System

A scanning laser systema was utilized for the
Clearweld process; see Figure 2. The laser was a high-
power diode laser with the following parameters:

• Wavelength: 940 ± 10 nm.
• Maximum output power: 300 W continuous.
• Beam size: 2.0 mm x 2.0 mm
• Maximum speed: 10,000 mm/sec

Clamping System

Figure 3 shows the clamping system used to Clearweld
the butt weld. The clamp consisted of two air cylinders.
One air cylinder applied pressure perpendicular to the
sample in order to keep the two pieces aligned. The
sample was placed between a piece of 9.5 mm piece of
borosilicate glass and an aluminum plate. The air cylinder
moved the aluminum plate to hold the sample between the
glass and plate with a force between 61-89 N. The second
air cylinder applied pressure parallel to the sample,
perpendicular to the weld interface. The top of the clamp
was a 9.5 mm piece of PMMA. The maximum force
applied at the weld interface was 356 N. The top plate was
PMMA instead of glass to avoid shattering of the glass due
to the applied pressure. The front clamping plate could not
be PMMA due to burning of the edge. The transmissions
of PMMA and borosilicate glass are comparable in the
930-950 nm range, 91.3% and 91.4%, respectively.

Welding Procedure

After the ink containing the absorber was applied, the
two substrates were brought under pressure using the
clamping system. Generally the pressure, power, beam
size, and absorber concentration were constant for each

a Laserline, DioScan 300
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plastic. The beam was 2mm at the focal point and focused
at the weld interface. The power used depended on the
plastic. The welding speed varied in order to determine the
energy density needed to achieve the highest weld
strengths. The angle of the weld interface with respect to
the beam path varied depending on the transmissive
properties of the plastics welded. For highly transmissive
plastics, the angle was 90° to the beam path, i.e., the beam
passed through 100 mm of material. The angle was 72° or
34° to the beam path for reduced transmissive plastics.
Clamping pressure was removed immediately after
welding.

Results and Discussion

Table 2 presents the weld strengths for various
Clearwelded thermoplastics. Acrylic/PVC and Polystyrene
could not be welded due to low transmission, 0.55 and
1.2%, respectively. The two PTFE samples did not weld
despite having sufficient transmission. The absorber
degraded, however the plastic did not melt. The weld
efficiencies for Nylon 6,6, PEI, Acetal and UHMWPE
were low, less than 0.50. Nylon 6,6 and PEI are high
melting temperature thermoplastics. Acetal and Nylon 6,6
have low transmission. Due to the absorber being only on
the surface of the substrate, the region of melting may not
have penetrated deep enough to obtain high weld strengths.
For these materials, the absorber may need to penetrate
deeper into the plastic and at a higher concentration.
Applying a higher concentration only at the interface may
help slightly, however too much absorber will act as a
barrier between the two substrates. The high melt viscosity
of UHMWPE impeded welding.

The test samples were not ideal for obtaining the
highest strengths possible using the Clearweld process.
The weld surfaces were machined, imparting some surface
roughness and possibly residual stresses. Extruded sheets
have some molecular orientation of the polymer chains.
The extruded direction was not taken into consideration
when cutting the samples. Higher strengths should be
obtained with injection molded samples. Cooling the
welds under pressure needs further investigation.

Polycarbonate, PMMA, PEI, polysulfone, PVC,
PVDF, and ABS were prone to surface burning caused by
laser-induced breakdown. Laser-induced breakdown
occurs in materials that are transparent at low levels of
laser energy. Above a critical energy density, absorption
abruptly increases. Mechanisms of laser-induced
breakdown may be extrinsic or intrinsic. Extrinsic factors
may be contaminants or surface imperfections. Intrinsic
factors are cause by multiphoton or avalanche ionization
[6]. A wider working range of energy density (the range is
between the minimum energy density to obtain a weld and
the energy density that caused burning) was possible when

the welding interface was 90° to the beam path. The
exception was ABS, which due to low transmission was
welded at a lower angle. Higher energy densities could
also be used without burning. In all weld trials, the laser
beam was focused at the weld interface. When the laser
entered the plastic, the beam was defocused, i.e., lower
energy density. If the sample was at an angle less than 90°,
the area that the beam entered the plastic was closer to the
focal point, therefore a high energy density. The energy
density range between not welding and burning was
narrower. Eliminating contaminants and air at the surface
increases the critical energy density to some extent.
Burning was more difficult to avoid in the butt welds when
the beam was focused at weld interface while passing
through little material, specifically, when the welding
interface was 34° to the beam path. The edges at the butt
weld may act as absorbers and/or a small amount of air is
present that facilitates burning. Burning was an issue when
welding at 90° only when surface contaminants were
present.

In most applications, the required energy density is not
close to the critical energy density and burning is not an
issue. To avoid burning, clean the top surface and the weld
interface. Eliminating air gaps between the top substrate
surface and the clamping plate also prevents burning and
allows for a higher applied energy density. Surface
roughness, misaligned edges, and mold lines may induce
burning on the surface and/or at the weld interface.

The maximum energy density of PP, LDPE, HDPE,
UHMWPE, Acetal, and Nylon 6,6 were limited by melting
of the surface. The crystalline regions absorb laser energy
and generate heat to cause melting. These plastics were
welded with the weld interface 34° to the beam path to
allow a higher energy density to reach the weld interface.

The Clearweld process has also been shown to
effectively weld other thermoplastics, for example,
polyurethane, cyclic-olefin copolymer, cyclic-olefin
polymer, PEEK, clear polystyrene, CPVC, transparent
Noryl, polyester. The thermoplastics may be rigid, films,
or foams, etc.

The Clearweld process produces a small amount of
material collapse, or deformation, due to localized heating.
Table 3 shows examples of the maximum deformation.
The small amount of material deformation may be the basis
for low residual stresses of Clearwelded materials
compared to other welding techniques [7]. Clearweld
produces little to no flash. Further, the welding process
does not affect features located near the weld area. Smooth
surfaces are critical for achieving high strength welds.
Matte surfaces are weldable, but the weld strength may
decrease depending on the matte roughness.
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Concluding Remarks

With the proper selection of materials and joint design,
the Clearweld process can produce very strong welds up to
the parent material strength. The technology is applicable
to a diverse range of thermoplastics. Despite the name
“Clearweld”, translucent and opaque materials with
sufficient transmission in the infrared-region are weldable.
High strengths are achievable when welding through long
sections of highly transmissive plastics. A variety of joints
designs are possible. High weld strengths are possible with
low transmissive plastics, but limitations of the thickness
of the top substrate may prohibit some joint designs.

Nomenclature

ABS – acrylonitrile-butadiene-styrene
Acetal – POM, polyoxymethylene
Acrylic – PMMA, polymethyl methacrylate
HDPE – high density polyethylene
LDPE – low density polyethylene
PEI – polyetherimide
PETG – polyethylene terephthalate with
cyclohexanedimethanol (CHDM)
PTFE – polytetrafluoroethylene
PVC – polyvinyl chloride
PVDF – polyvinylidene flouride
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Table 1. Thermoplastics evaluated for Clearweld Process.
All materials are unfilled and natural color unless
indicated.

Polymer Brand
Name

% Trans
930-

950nm*

Thick-
ness
mm

ABS, natural 0.608 3.12
Acetal
Copolymer

Acetron GP 0.431 3.20

Acrylic/PVC
White

0.0253 3.20

HDPE SP-150 0.546 3.22
LDPE SP-118 46.5 3.17
Nylon 6,6 Nylon 101 1.59 2.34
Polycarbonate Hyzod GP 89.4 2.30
PEI Tempalux 83.7 3.22
PETG Vivak 89.8 2.80
PMMA Acrylite

GP
91.2 2.85

Polypropylene SP-180 22.3 3.09
Polystyrene,
HIPS
White

0.0632 3.16

Polysulfone Thermalux 83.7 3.19
PTFE 0.419 3.22
PTFE,
mechanical
grade

0.438 3.22

PVC Vintec 1 88.7 2.99
PVDF Uninar

1010
20.6 3.09

UHMWPE Tivar 1000 3.00 3.46

* Transmission measurements made using a
spectrophotometer1 without integrating sphere.

1 Varian, Cary 500
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Table 2. Weld Efficiency of Butt Joints

Polymer Weld Strength
MPa

Weld Efficiency

ABS, natural 35.1 0.83
Acetal
Copolymer

46.6 0.41

Acrylic/PVC No weld -
HDPE 27.7 1.0
LDPE 8.87 0.86
Nylon 6,6 35.9 0.45
Polycarbonate 49.6 0.76
PEI 23.7 0.23
PETG 47.3 0.89
PMMA 50.6 0.73
Polypropylene 28.2 1.0
Polystyrene,
HIPS

No weld -

Polysulfone 51.7 0.73
PTFE No weld -
PTFE,
mechanical
grade

No weld -

PVC 49.8 0.96
PVDF 42.3 0.78
UHMWPE 20.3 0.47

Table 3. Examples of the amount of deformation resulting
from of the Clearweld process.

Polymer Amount of
Deformation

mm
LDPE 0.41
PETG 0.18
PMMA 0.28
PP 0.080
Polysulfone 0.23
PVDF 0.070
PEI 0.060

Figure 2. Scanning laser system used for Clearweld.

Figure 3. Clamping system for Clearwelding butt joints.

Welding direction

Welded
region

AbsorberIR translucent
substrates

Figure 1. Schematic of Clearweld process.
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