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Ben:
I’d like to begin by welcoming you all to our headquarters here in Frankfurt. My name is Ben, I’m a process engineer, and I handle all types of questions concerning plastic materials and processing. The class will be held in English. We are here to study some important facts about different plastic systems, and you will learn how to solve customer-related problems independently. 
All right, let’s start by you introducing yourselves. I’d like to know something about your experience with plastic materials and processing techniques. 

Danielle:
Well, I can start. Hi everybody, my name’s Danielle. I work in the shoe manufacturing sector. We use polyurethanes for our shoes and polythene for the packaging materials. 

Ben:
Could you tell me why your company works with polyurethanes?

Danielle:
We’ve chosen this plastic material because we need its special properties and the material has to be available at all times. We also need low density, less than 0.9 grams per cubic meter. The material has to be rigid and flexible at the same time. To ensure customer acceptance, we also need high-quality waterproofness and a very natural surface feel.

Ben:
Yes, appearance and haptic perception are very important to customers, aren’t they?

Arthur:
Yes, exactly … that’s what we’re concerned about, too. My name is Arthur and I work mainly with thermoplastic elastomers (TPEs) for dashboards and other vehicle interiors. The interior of our compact and mid-size cars has to have a perfect soft-feel touch like that of grained leather. It shouldn’t smell, so plasticizers or other additives aren’t allowed. 

Danielle:
May I interrupt here? Our customers are always asking if our shoes can be glued or welded when the soles come loose. Could you tell me something about this?

Ben:
All right, I would say that the adhesive bonds that you get with glues are not strong enough.

Danielle:
So they can’t withstand the stress forces like at the tip of a shoe, for example.

Ben:
Yes. I would say that welding is often the better choice. Your polyurethanes can be welded with a special kit. But this won’t create a real fusion of the materials as it would do with thermoplastics. 

Danielle:
Yeah, I can certainly confirm that the adhesive bond doesn’t seem to be strong enough. It often fails when the shoes are in contact with water or under severe stress.

Ben:
Do we have anyone else in our team today who has a problem with plastic welding?

Russell:
Yeah … Hello, my name is Russell. I work in automotive collision repair and refinishing, and I need to know how to weld plastics. As far as I know, some plastics cannot be welded. I find this strange because I thought that almost all plastics are sensitive to heat and therefore should be easy to weld. 

Ben:
Speaking from a general point of view, you are right. All production processes of plastics use heat and pressure. So the easiest way is to classify plastics by their relation to heat. The two main groups are thermoplastic and thermosetting materials. Thermoplastics can be heated and reshaped. When cooled they become hard again. This process can take place repeatedly. This is why thermoplastics can be easily recycled. 

Russell:
And what about thermosetting materials?

Ben:
Thermosetting materials cannot be melted with heat. They would just burn away or simply be destroyed. This is why thermosetting materials cannot be recycled or re-used. The one exception to the rule are thermoplastic polyurethanes (TPU).

Russell:
I deal a lot with materials containing TPU. The one for bumpers, for example, is called PP/TPU. I guess it’s polypropylene mixed with something else. So how do I know which plastic material has been used for my car part?

Ben:
Many plastic articles have a code somewhere on the inside or at the bottom. For example: PUR stands for polyurethane, PC for polycarbonate, PP refers to polypropylene, PE is polyethylene and TPEs are thermoplastic elastomers.

Russell:
Could you tell us a bit more about the polymer characteristics of TPEs?

Ben:
Yes, of course. Thermoplastic elastomers are like rubber. They can easily be melted and remoulded. All TPEs are made up of crystalline and amorphous polymer parts. The crystalline parts determine processing temperature, chemical resistance and adhesion to other substrates. The amorphous domains influence the elastomeric properties such as hardness and flexibility.

Arthur:
When a company wants to produce a certain polymer it should know about the different properties such as the melting temperature or reactive group chemistry.

Ben:
The plastic producer who sells pellets to a polymer processing factory has to tell them whether a plastic material can be used with hot boiling water or not. 

Arthur:
The plastic producer is the chemical company that makes the plastic, right?

Ben:
Yes, that’s right. Pure polystyrene, for example, can’t be used in coffee brewers because it doesn’t resist temperatures higher than 70°C. But when your customer needs good thermal insulation for food containers you can go for polystyrene. 

Russell:
I know that polycarbonate is excellent for CDs or DVDs, but it isn’t suitable for the manufacturing of baby bottles as it contains BPA. 

Danielle:
Isn’t BPA a base material for the production of plastic polymers?

Russell:
Yes, and Bisphenol-A comes off the plastic material after a while.

Ben:
This is critical for plasticizers as well. OK, let’s go on. Customers who need electrical insulation should use polyvinylchloride.

Danielle:
But as far as I know PVC doesn’t withstand voltages of 400 kV or higher.

Ben:
In such cases you need to recommend a cross-linked polymer such as thermosetting polyurethane or unsaturated polyesters.
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