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Abstract 

 The acceptance of laser transmission welding of plastics by industry has recently increased 
due to the development of reliable, efficient direct diode lasers. A development of this process, 
Clearweld , where an infra-red absorbing ink is used to generate heat and subsequent bonding 
is also now moving into industrial application. A key aspect of this process is the degree to 
which different diode laser wavelengths are absorbed by the ink and this work addresses this 
issue. It is often impossible to directly compare the effect of different laser wavelengths in 
materials processing applications simply because changing the source wavelength inevitably 
changes many other variables such as spot size, average power and hence power density and 
other laser parameters. In the case of direct diode lasers, it is a straightforward task, if identical 
fiber coupled packages are available that differ to all practical purposes only in the wavelength 
of the diode laser bar. A direct comparison is therefore achieved between different wavelengths 
for a particular weld joint configuration.   

Introduction 

 Many new laser materials processing developments are now being pursued using various 
types of diode laser systems. There are many applications that have already moved into industry 
and there are many more that are in the earlier stages of evaluation. Of these applications, a large 
number can be classified as Plastics Joining applications and a number of factors have combined 
to assist in this growth. 

1. There is an expanding range of diode laser systems becoming commercially available 
2. There is an increase in the average power available from these systems. 
3. Reliability of these systems is improving as the packaging and integration of the laser 

diodes matches the inherent reliability of certain laser diodes.  
 Increases in average power from individual diode bars are continuing, 50 watts per bar is 
now standard and 150 W per bar has been demonstrated. Similarly, electrical conversion 
efficiencies of up to 60% are regularly achieved [1]. In addition, an increasing number of 
specific wavelengths are available over a range from 690 to 980 nm but the most efficient diode 
laser materials tend to be those that have been highly developed to meet a specific commercial 
demand.  Hence wavelengths around 808 and 940nm are generally the most efficient because of 
the widespread use of these in other diode applications [2].  
 Using diode lasers to join plastics can be categorized as shown in figure 1 below where an 



important distinction is made between joining similar and dissimilar materials. The primary 
distinction here is based on well-established weldability data that applies to all thermal welding 
techniques. It should be remembered that laser welding of plastics is a thermal technique, 
although very much better control of heat input is possible. It can be controlled down to the level 
of millijoules using a laser, giving far greater control than is possible by other thermal 
techniques. This  mutual weldability is explained by  the term ‘reptation’ which describes the 
mutual interlocking or entanglement of long chain polymer molecules to form bonds during 
polymer welding [3].  
  

 
Figure 1 showing the different joining techniques schematically 

 The techniques to join dissimilar materials are discussed in other publications [4] but are 
already in production in some instances. This range of techniques, in common with transmission 
laser welding, also relies on transmitting a significant portion of the laser beam through one 
substrate to produce thermal energy at the interface. In these cases, the energy produced is used 
to cure or thermally activate an adhesive or sealant at the interface between the faying surfaces. 
In this way, a very wide range of polymeric and inorganic materials may be joined to polymeric, 
inorganic or metallic substrates and hence this technique is not subject to the same materials 
limitations as transmission welding.  
 Joining of similar plastics materials, generally referred to as transmission laser welding of 
thermoplastics [5], has found an increasing number of industrial applications. This has occurred 



where the precise spatial and temporal control of the laser beam allows the production of high 
quality precision joints. This technique is subject to the same material limitations as other 
thermal joining techniques - the process relies on a degree of thermoplasticity in the materials to 
be welded. Nevertheless, some materials widely considered to be difficult to weld by other 
techniques can be welded, this is particularly true in the case of polypropylene and its 
derivatives. Similarly, high strength joints have been produced in Teflon type materials, figures 
2 & 3.  

   
Figure 2 Thin-wall FEP tube-to-tube joint  Figure 3 PFA wafer carrier assemblies 
 There are a number of different variants of this basic welding technique. One variant is the 
way in which the laser beam is manipulated and delivered to the weld area.  
 Yet another important derivative of this technique is the subject of the experimental work 
described here. Due to the fact that a significant number of applications require the welding 
together of optically clear substrates, a proprietary process known as Clearweld was developed. 
In this case, an infra-red absorber that absorbs efficiently over an appropriate laser wavelength 
range has been used. The process itself is now covered by a number of patent applications [6].  
Spot Welding of Plastics 
 Some laser welding applications require straightforward spot welds, figures 4 and 5 show the 
laser parameters required to produce a range of weld spot sizes. 
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    Figure 4               Figure 5 
 Figure 4 shows the energy required (W x weld time) to produce spot welds with an 
increasing weld diameter when welding clear to black acrylic materials. Important information 
can be extracted from figure 5 which compares the energy required to produce spot welds in 
clear to black polycarbonate and clear-to-black acrylic materials. To achieve a particular weld 
diameter with the acrylic material requires less energy than to achieve the same weld diameter 



with the polycarbonate material. This is most likely to be due to the higher thermal capabilities 
of the polycarbonate material. 
 In this work, the data shown in figures 4 & 5 above on welding clear-to-black acrylic 
samples was used as a basis for further experimental work on welding clear-to-clear plastics. 
‘Clearweld’ Process 
 The Clearweld process uses material systems made up of NIR absorbing materials dissolved 
in a variety of solvents and co-solvents that are used to transport the absorber to the joint 
interface. Material systems that are commercially available are developed specifically for use 
with diode lasers operating in the wavelength range of 940-1000nm. The Clearweld process 
relies on proprietary material - an ink that is capable of absorbing near-infrared laser light, that 
becomes optically clear after welding. Applied in a thin layer at the joint interface, this solvent-
based welding aid allows the laser energy to melt the plastic surrounding the joint. Although 
strength tests of lap shear overlap joints in various material types, sheet stocks and films have 
shown parent material failure, little shear strength data is available.  
 This process has been used on a wide variety of plastics including polycarbonate, acrylic, 
polyesters and polypropylene. It was initially conceived as a way to join clear plastics, but the 
process is also feasible for colored thermoplastics such as glass-filled nylon, basically any 
thermoplastic that transmits the laser wavelength. Regardless of the plastic used, the laser 
welding process does offer some design flexibility that can otherwise be tough to achieve, for 
instance contoured joint lines can be produced in three dimensions. It can also be used to weld 
stacked structures in a single step.  
 It should be noted that the material only needs to be applied where a joint is required, 
therefore providing the flexibility of selectively welding areas of interest. The two proven 
methods of applying the materials are industrial ink-jet and liquid dispensing equipment. If 
necessary, the material can be applied off line and welded at a later date. 
  Another important point to note is that if the process is shown to be less wavelength-specific, 
then the temperature control of the laser becomes less demanding, and hence less complex laser 
systems are required. Figure 6 shows an application of this technique that is very close to 
production. 

 
Figure 6 showing polypropylene ink container 

 

Experimental Work 

 Three different Clearweld inks were used for this work: LD130A, LD130B and LD130C. 
These inks are specifically designed for liquid dispensing delivery methods. The primary solvent 



for this type of ink is methyl ethyl ketone which does not interact with the acrylic substrate. 
These materials provide different degrees of absorption within the relevant wavelength range of 
commercially available diode laser systems. The inks are differentiated by levels of absorption 
increasing by a factor of 3, A being the lowest and C the highest. The ink itself has a green tint 
before laser exposure that darkens upon increasing the level of absorption. After laser exposure 
the ink degrades and the color disappears. This paper tests the absorptive characteristics of the 
material systems at three relevant diode laser wavelengths. All transmission and welding samples 
were coated on one side only with an atomically thin layer by a dipping technique (one side was 
masked off).  
Transmission measurements 
  The power density (intensity) in W/cm2, required for all plastics welding applications is 
of the order of 10 - 10 watts/cm2, but if a laser beam is used at this power density to measure the 
absorption of a significant amount of average power, the temperature rise associated with this 
absorption is very rapid, in the order of milliseconds, making it difficult to measure accurately. 
There is very little data on the transmission of relevant thermoplastics at appropriate average 
powers through a realistic thickness of material such as that which may be used in industrial 
applications of diode laser welding. A straightforward technique was developed to allow 
transmission measurements through thick sections of partially transmissive plastics.  1/8” (3.125 
mm) thick test specimens were located at a fixed distance from a LabMaster Power meter and 
both were exposed normal to the laser beam. A large defocused laser spot was used of 160 mm2, 
giving a maximum power density of 6.4 W/cm2. All samples were exposed for 10 seconds to 
allow stabilization of the power meter. The clear acrylic used throughout this work is highly 
transmissive with only a very small proportion of the beam reflected, scattered or absorbed 
before any absorbing ink is deposited on the surface. 

Welding trials 
 For these trials, a low power density of 25 W/cm2 was used to enable a wide range of laser 
parameters to be investigated. To investigate the effect of high average power on laser welding, 
single lap joint test samples were produced using ASTM test piece dimensions, 1” (25 mm) 
wide. There are no specific test standards for laser welding of plastics, but the single lap shear 
test is widely used for evaluating adhesive bonding techniques. Because this test configuration 
induces some peel as well as shear in the interfacial layer, this data simply provides a direct 
comparison between the different wavelengths and the different dye concentrations. However, 
the lap shear joint configuration is easily the most convenient joint to produce and test and is 
more than capable of distinguishing between the relative strengths of the joints produced. 

 Ranging trials showed that joints could be produced over a wide range of weld time. An 
experiment was then designed to produce transmission welded lap shear samples at a fixed 
average power, 20 W, and a range of weld times. In this way, a range of spot diameters was 
produced. The effect of increasing weld time in this spot weld case is simply to produce an 
increase in wetted area of the joint, hence increasing joint strength. It was necessary for 
consistent wetting to occur to ensure even clamping over the complete joint area. In this special 
case, this was achieved using only very light clamping pressure, 2-3 psi since all samples were 
flat. Because of the highly transmissive nature of the acrylic material and the pronounced change 
from green to clear during the welding process, it was possible to measure the wetted area of 
joint and hence the surface area of the joint.  From this, an estimate of shear strength of the joints 
might be made although this analysis was not appropriate for this work.  



Results and Analysis 
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Figure 11 alternative plot of figure 10 
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les and material failures. 



 Absorption results for the different dyes at the three different diode laser wavelengths are 
given in figures 7 – 9. Lap shear test results are given in figure 10-14. To compose figure 11, 
25% absorption efficiency was assumed from figure 7 for the LD130B dye.  Figure 15 shows 
typical joints that have clearly failed at or very close to the strength of the parent material. The 
well-defined area of the joint is clearly visible. 

Discussion 

 These results have been achieved without relative motion between the laser and the 
workpiece to show more clearly the effect of increased energy on the wetted area and hence 
strength of the joint. Figs. 7 – 9 show that there is a significant difference in absorption 
between the different ink concentrations and between the different wavelengths, the higher dye 
concentrations absorb more as do the longer laser wavelengths. The absorption appears to be 
fairly consistent only up to the point at which thermal effects start to contribute to an increase in 
transmission as the test coupons warm up at close to 10 W. But what effect does this have on the 
strength of a laser welded joint?  

 Fig. 10 shows that as average power input to the joint increases, the wetted area of the joint 
also increases to a maximum at ~20 s although for higher concentrations and higher power 
densities, these times are very much shorter. This maximum joint area is close to the measured 
spot size of the laser. 

 In this work, a low power density of 25 W/cm2 was used for all welding samples by fixing 
the actual laser spot size at 10 mm diameter and the average power at 20 watts for all 
wavelengths. This low power density was chosen to allow welding and data generation over a 
wide range of laser parameters. This spot size was also chosen as the earlier trials had shown that 
this laser spot size produces parent material failure when the weld is fully developed, as shown 
in figures 12-15, where weld strength levels off as full joint strength is achieved. In contrast, the 
lower strength, smaller cross sectional area joints showed shear failures in the joint area. 

 There appears to be a significant difference between the strength of joints produced using a 
944 nm laser beam when the two dye concentrations are compared as shown in figure 12 but a 
similar effect does not seem to be present when a 977 nm beam is used. When the effect of three 
different wavelengths is plotted for one dye concentration, figure 14, there also appears to be a 
definite effect on weld strength. Although not enough samples were tested for a full statistical 
analysis, there appears to be more scatter on the results produced with the shorter wavelength 
beam. This is consistent with previous experience on laser welding of plastics, if a smaller 
volume of molten material is produced during the weld cycle, the joint strength is certainly more 
susceptible to small process variations.   

 These results will change dramatically as power density increases of course, and much 
shorter welding times are possible than are shown here. 

 

 

 



Conclusions 

Clear acrylic samples were welded to each other using the Clearweld technique and a range 
of different dye concentrations.  

The combination of direct diode lasers and IR containing inks can produce satisfactory full-
strength joints over a wide range of laser parameters. 

Stronger dye concentrations absorb more and produce stronger joints in shorter times, all 
other variables remaining constant. 

For the particular inks used in this work, the longer 977 nm wavelength is absorbed most 
efficiently under these relevant laser irradiations conditions.  
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