Chapter 12

Infrared Welding
PROCESS
In infrared welding, the joining surfaces
of thermoplastic parts are heated to the melting
temperature using infrared radiation, at
wavelengths ranging from 1 to 15 µm. When
melting begins, parts are brought together under
pressure, forming a weld upon cooling. Infrared
welding is a non-contact welding method; part
surfaces are not in direct contact with the heat
source but are at distances of up to about 20 mm.
Practically all known thermoplastics can be
infrared welded, and the high temperatures that
can be obtained at short heating times makes this
method especially suitable for temperature
resistant materials.
Infrared welding is similar to hot tool
welding and consists of three phases, shown in
Figure 12.1. In phase I, joint surfaces of the parts
to be welded are held at a specified distance from
the heat source, a radiant heater or lamp, and are
heated to the melt temperature of the plastic.
When a molten layer of a desired thickness is
obtained, the radiant source is removed, and the
parts are brought together under pressure. The
elapsed time from removal of the heat source to
contact of the parts is phase II, the changeover
phase. This phase should be as short as possible in
order to reduce surface cooling. Pressure is
applied during phase III, joining and cooling, to
achieve intimate contact between the parts;
molecular diffusion across the joint interface
during this phase determines joint strength.
Pressure is applied until the joint cools and
solidifies. [525, 523]
Three methods of heat transfer are used in
joining thermoplastic materials:
conduction,
convection, and radiation. Infrared energy used to
heat nonconductive plastic materials is transferred
by convection, which is dependent on surrounding
conditions and the geometry of the system, and
radiation, which depends on the temperature and
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physical properties of the radiant heat source. For
temperatures higher than room temperature,
maximum heat energy is generated at wavelengths
of 1 to 10 µm (Figure 12.2). [526, 523]
When radiated energy encounters the joint
surface, it can be transmitted, reflected, or
absorbed. Reflected radiation hits the part surface
and bounces off, while transmitted radiation
travels through the part unaffected. Radiation can
be absorbed on the joint surface or may penetrate
the part to various depths; only radiation absorbed
near the surface results in significant joint heating.
The extent to which these processes occur is
expressed as the reflection index (R), the
transmission index (T), and the absorption index
(A):
A + R + T = 1.
Reflection from
nonconductive plastics is low (5-10%).

Figure 12.1 Pressure. vs. time curve showing the three phases
of infrared welding. Joint surfaces are heated to the melting
temperature of the plastic in phase I (Heating Time) In phase II
(Changeover), parts are pressed together under pressure. Infrared
heaters can be removed in this phase if they are in the way of the
parts to be joined. In phase III (Joining and Cooling), a weld is
formed as the hot molten material cools under pressure.
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PROCESSING PARAMETERS
Major processing parameters in infrared
welding are the heating time, distance between the
parts being welded and the radiant heat source
(heating distance), time required for the
changeover phase, and the welding pressure after
removal of the heat source. Parameter ranges used
in experiments include heating times of 7 - 50
seconds, heating distances of 1 to 15 mm (0.04 0.6 in.), changeover times of 0.8 - 1.8 seconds, and
welding pressures of 0.44 - 3.35 MPa (64 - 486
psi). [526, 524, 525, 523, 538, 526]
Heating temperature depends on the melt
temperature of the plastic and the geometry of the
welding assembly (part dimensions, heating
distances).
In diffusion radiators without
reflectors, radiation intensity decreases as heating
distance increases. Decreased radiation intensity
results in slower temperature increases and smaller
temperature gradients in the weld zone and
reduced thermal stress; however, longer heating
times are necessary to achieve a particular melt
thickness. [523]
Figure 12.2 Absorption of radiation of an idealized black body as
a function of wavelength. Absorption of infrared radiation by C-H
bonds of plastic materials occurs at wavelengths of 3.3 - 3.5 µm.

The amount of radiation absorbed or transmitted
depends on the temperature and surface structure
of the material.
Impurities and thermal
degradation products produced during welding
affect the transmission and absorption, and the
percentages of radiation absorbed or transmitted
change throughout the heating phase. [523]
Plastic materials absorb infrared radiation
at wavelengths of 2 to 15 µm. Wavelengths of 3.3
to 3.5 µm correspond to vibrational modes of C-H
bonds (Figure 12.2); alcohol, carboxylic acid, or
amide groups absorb infrared energy at
wavelengths of 2 to 3 µm. Absorption of infrared
radiation induces molecular vibrations (stretching,
rocking, etc.) which increase the temperature of
the organic polymer. [526]
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Thickness and properties of the melt layer
are important determinant of joint strength. Melt
thickness is dependent on the amount of radiation
reaching the weld interface and is influenced by
heating time, heating temperature, heat source,
geometry of the welding assembly, and
characteristics of the polymers being welded. In
experiments with natural color, high density
polyethylene (HDPE), the melt layer thickness
increases linearly with an increase in surface
temperature. In polyphenylene sulfide with 45%
glass fibers and in acrylonitrile-butadiene-styrene
(ABS), tensile strength increased with increasing
melt layer thickness until an optimum was
reached; after this point, strength decreases with
increasing melt layer thickness. Rapid increases in
surface temperature caused surface decomposition
of the polymer. As melt thickness increases,
accumulated decomposition products were pushed
out of the joint, increasing joint strength.
Eventually, degraded polymer built up within the
joint, and strength decreased. [523]
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In polypropylene and natural color
polybutylene terephthalate (PBT), increasing the
heating time increases the thickness of the molten
layer, resulting in slightly increased joint strength
equal to that of the bulk material until an optimum
time was reached; further increases decreased
strength due to polymer decomposition both on
and below the joint surface. Increasing the heating
distance required substantial increases in heating
time to achieve the same joint strength. During the
changeover phase, cooling of the molten polymer
occurred, so that increased changeover times
reduced molten layer thickness and joint strength.
Increased welding pressure generally increased
weld strength due to squeezing out of decomposed
material, until an optimum was reached. Further
pressure increases result in decreased molten layer
thickness, and weld strength decreased. The
molten layer produced at short heating times may
not be thick enough for good joint strength, so that
any increased pressure squeezes out some of the
molten layer, further reducing joint strength. [524,
525]
Increases in heating time of from 5 to 15
seconds (7 mm (0.28 in.) heating distance)
increased weld strength of 50.8 mm (2.0 in.)
polyethylene pipes only slightly; weld strength
was within 5% of bulk strength at all heating times
studied. Elongation increased with heating times
of up to 9 seconds, peaking at ~480 %, then
decreased dramatically. Brittle failure occurred in
the weld heated for 15 seconds. Weld strengths of
95% of the bulk material were obtained at heating
distances of 5 to 13 mm (0.2 to 0.5 in.) at a heating
time of 9 seconds, decreasing slightly with
increasing distance. Elongation peaked at 9 mm
(0.4 in.) heating distance; brittle failure occurred
in welds produced at distances of 5 mm and 13
mm (0.2in. and 0.5 in.). No apparent trend in weld
strength was observed when weld pressure was
increased from 0.25 to 1.6 MPa (36 to 232 psi);
weld strengths were always at least 95% of bulk.
Elongation peaked at 480% with a pressure of 0.65
MPa (94 psi). [607]

MATERIALS
Optimum values for processing parameters
and weld strength are dependent on properties of
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the materials being welded, especially on the
manner in which the polymer absorbs infrared
radiation. Colorants or pigments added to a
polymer alter the absorption properties, and
optimal parameter values may change. Black
colorant added to a plastic dramatically reduces
the amount of radiation transmitted through the
material, so that almost all the radiation not
reflected is absorbed at the surface. As a result,
high surface temperatures are obtained at short
heating times, extensive polymer degradation can
occur at short heating times, and weld strength is
lower than in non-colored materials.
Black
plastics are subjected to more thermal stress and
smaller heat gradients. Non-colored polymers are
more transparent, so that radiation absorbed at and
below the surface heats and melts the joint area;
thick molten layers form, and
polymer
degradation is minimal, even at longer heating
times. [366, 523, 526]
Due to the absorption properties of black
plastics, higher surface temperatures were
measured with HDPE containing 3% soot than
with natural color HDPE. In experiments with
PBT containing 0.5% carbon black, greater
absorption than in natural PBT made possible the
use of shorter heating times or lower lamp power
levels. An optimum heating time was reached, as
in natural PBT; however, longer heating times (up
to 11 seconds) resulted in noticeable surface
degradation and only a slight decrease in joint
strength due to the squeezing of degradation
products out of the joint. Longer heating distances
increased heating time substantially and joint
strength only slightly (< 5 MPa; <725 psi) until an
optimum time was reached; after this time, a sharp
decrease in weld strength occurred due to
increased thickness of degraded material at the
joint surface. [523, 524]
In black high temperature-resistant
polymers, thermal decomposition can occur in a
few seconds, leading to massive surface
degradation products. Tensile strength of HDPE
containing 3% soot varied considerably with melt
layer thickness, displaying two peak areas of
maximum strength (~45 MPa; ~6525 psi)
separated by a minimum (~5 MPa; ~725 psi) at a
melt thickness of 2.5 mm (0.098 in.). This
minimum was due to thermal damage of the
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polymer during heating. Surface temperature rises
rapidly as heat is applied, and massive polymer
decomposition occurred, forming a layer of
decomposition products on the joining surfaces
which prevented joint formation. The melt layer
was not thick enough to push this material out of
the joint, so joint strength decreased drastically.
At higher melt thicknesses, decomposition
products were pushed out of the joint area, and
joint strength increased. Minimum joint strength
values can be increased by longer heating
distances. [523]

MICROSTRUCTURE
Microstructure of infrared welds is similar
to that of hot tool welding. Three zones are
present: large spherulites in the bulk material, a
flow layer with deformed or elongated spherulites
aligned in the direction of melt flow, and small
spherulites in the middle of the weld. Due to rapid
cooling of the weld, spherulites in the weld remain
small and do not grow. Microstructural zones are
shown in Figure 12.3. [525]

VARIANTS OF INFRARED WELDING

Figure 12.3 Micrograph of a polypropylene weld showing the
three weld zones. Large spherulites present in the bulk material are
deformed near the weld due to melt flow. Small spherulites are
present within the weld. Heating distance was 2.54 mm (0.10 in.),
heating time was 11 seconds, changeover time was 0.8 seconds, and
welding pressure was 0.44 MPa (64 psi). Magnification is 50X.
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Figure 12.4

Through-Transmission Infrared Welding. Infrared
radiation directed at the nonabsorbing polymer passes through and is
absorbed by the absorbing polymer at the weld interface. Heat is
transferred to the nonabsorbing polymer through conduction, and
both polymers melt, forming a weld upon cooling.

Focused infrared welding equipment uses
a concentrated beam of infrared radiation. The
temperature of the two parts can be individually
controlled during welding, allowing welding of
thick and thin parts and thin-walled parts. The
temperature of the beam can be accurately
adjusted during heating to bring the temperature of
disparate welding surfaces to the melt temperature
simultaneously. [579]
In through-transmission infrared (TTIR)
welding, the infrared energy is transmitted through
a non-absorbing polymer to reach the weld
interface. The energy is absorbed by an absorbing
polymer in contact with the nonabsorbing polymer.
(Figure 12.4).
Energy absorption heats the
absorbing polymer; heat is transferred to the
nonabsorbing polymer through conduction, and
both polymers melt, forming a weld after cooling.
Nonabsorbing polymers can be clear, as in acrylic;
however, some natural opaque materials such as
Teflon are transparent to infrared radiation.
Absorbing polymers, such as black polycarbonate,
contain pigments or opaque fillers. In experiments
with polymethyl methacrylate and black
polycarbonate, a focused quartz-halogen lamp was
used to generate radiation in the near-infrared
region of the electromagnetic spectrum (0.8 - 1.5
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µm). In this region, pigmented materials absorb
strongly, while natural thermoplastics transmit
most of the radiation. [608]

EQUIPMENT
Radiant heaters or lamps used in infrared
welding include quartz-halogen, tungsten, nickelchromium (Ni-Cr), or ceramic coated heating
elements. Ceramic coated heating elements are
used for lower temperatures and can produce joint
surface temperatures of 320 - 530oC (608 - 986oF)
at a heating distance of 1.5 - 2.0 mm (0.059 - 0.079
in.). Quartz and halogen radiators are used for
higher temperatures, 1000 - 3000oC (1832 5432oF);
maximum
emission
occurs
at
wavelengths of 0.9 - 1.0 µm. Tungsten filaments
produce intense radiation; however, they are only
available in linear and spot shapes and are
sensitive to pigmentation and formulation of the
materials being welded.
Ni-Cr heaters are
available in different shapes, such as tubular, and
can reach a temperature of 850oC (1562oF) in
minutes, radiating energy of 2 - 5 µm in
wavelength. Reflective backings can be used to
focus infrared radiation for heating long and
narrow regions in one plane or to disperse
radiation for uniform heating of large areas.

Rigid clamping devices hold parts and
heaters in place, preventing distortion and
misalignment during the welding process, and
pneumatic actuators can be used to move heaters
and parts as necessary during welding.
Microprocessor-controlled
equipment
allows
control of processing parameters and data
acquisition for quality control. Other features
include melt and press-depth controls, noncontact
sensors, power-operated loading doors, precision
bearings and slides, and automatic feeding and
ejection of parts. Hot tool welding equipment is
commonly adapted for use in infrared welding.

An infrared welder is shown in Figure
12.5. [525, 526, 538, 606, 607]
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Figure 12.5 An infrared welding machine.

ADVANTAGES AND DISADVANTAGES
Infrared welding is a fast, economical, and
safe method for joining plastics. It can be easily
automated, and processing conditions can be easily
monitored. Because it is a non-contact heating
method, it can be used to weld high temperature
polymers without problems of sticking to the hot
platen as in hot tool welding, contamination of the
joint surface is minimized, and wear of release
surfaces is eliminated.
It can be used for
continuous joining, compared with the stepwise
process necessary in hot tool welding, and is more
cost effective in mass production. Parts can be
welded at least 30% faster than in hot tool
welding, and heat intensity at the part surface is
lower. In addition, hot tool welding equipment
can be modified for infrared welding.
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The material below the surface can be
heated in addition to surface heating in infrared
welding, resulting in faster welding and higher
productivity. Alternatively, depending on the
equipment, parameters, and materials being
welded, heat can be localized at the surface.
Infrared welding can be used to join large and
complex joints and can be made more automated
than hot gas welding. High reproducibility and
high weld quality can be obtained, and the high
welding temperatures that can be produced allow
welding of virtually all thermoplastics. Infrared
welding can be used as an inexpensive alternative
to laser welding. [5233, 526, 524, 525, 538, 607,
608]
Disadvantages include the cooling that
occurs during the changeover phase - convective
cooling to the air and conductive heat loss to the
holding fixtures.
Longer heating times are
necessary to compensate for this cooling, resulting
in longer cycle times compared with ultrasonic and
induction welding. Compared to hot tool welding,
large melt layer thicknesses are necessary for high
strength welds due to thermal decomposition at the
joining surface. [538, 523]

APPLICATIONS
Infrared welding is a relatively new
process. It was used to weld plastic film in the
1970’s, and in 1985 was used in welding
fluorinated plastic tubes. It has been used in
sealing low and high density polyethylene in
aseptic food packaging and joining polypropylene
and
polyvinylidenedifluoride
(PVDF)
in
pressurized plastic piping. It is useful for joining
materials in complex structural assemblies in space
technologies that can withstand prolonged
exposure at high temperatures and/or short
exposure at higher temperatures and for joining
injection molded pieces with low melt viscosities.
It is expected to find applications in the
automotive, medical device, appliance, electrical,
and construction industries. [523, 579, 524, 526,
538]
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