MICROWAVE DISHES
CONTAINERS

Selecting Materials and Process
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1. Introduction

Microwave dishes principal applications:
- Fast food
- Reheating food

Common materials:
- Polymers such as PP and PE .
- Polymer foams of PS

- Traditional glass and ceramic dishware |



2. Function

Principal function :
- (Contain food heated by microwaves

Microwave oven :

- Microwave: radiation of 2.45 GHz through
the food

- Water, fat and other substances in the food
absorb energy from the microwaves in a
process called dielectric heating



3. Objectives

Choice of materials and process

« Scenario 1
Disposable microwave dishes

— very cheap

e Scenario 2
Reusable dishes

— cost less critical
— very good resistance to fresh water



4. Constraints

Minimal microwave absorption Z ¢
— Minimal dielectric constant «
- Minimal power factor Z

Minimal thickness to limit absorption

Stiff and strong enough to cope with ordinary

handling loads
Support service temperature of about 100° C

Good thermal insulation for handling and keep
dishes hot



4. Constraints

Estimation of mechanical properties required
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5= Fw with I:wt — E= Fw
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Numerical application :
F =10N
E = 156.25 MPa
5 = 10 mm ‘
w = 200 mm O = 1.875 MPa

t = 2mm



5. Free variables

 Choice of materials

» Choice of process



6. Approach - Scenario 1

Selection data :
Edu Level 2 - Materials

Configuration :
Level 2 - Intermediate

Create Mew Project:
f* A Project based on a Template:

Edulevel1 Edulevel2

Joining Processes
| M aterials

Shaping Proceszses

Surface Treatment Processes

— Deszcription

Select Matenalz bazed on their properties [Edu Level 2]

Choose Configuration

Select the configuration to uze;

Level 1 Introductary

Level 2 Intermediate

Lewel 3 Advanced




6. Approach - Scenario 1

Mechanical properties
IMimirnurm Maimurm
Young's modulus IIZI. 15625 I EPa
Shear madulus I I P
Bulk modulus I | P
Paisson's ratio I |
C h (@) | ce Of mate ri al S : ield strength (elastic limit f1.875 | MPa
. . Tensile strength I I MPa
Stage 1 - Limit Stage _
Thermal properties
[ cood conductar
Oroor conduckar
Thermal conductor or insulakar? Poor insulator
Good insulator
Minirnurn Macimurm
Thermal conductivity | | it fm
Thermal expansion coefficient | | pskrain =
Specific heat | | kK
Melking paoink | | o
(Glass temperature I I “
Maximum service kemperature |1IIIIZI I =
Minimurn service temperature I I iz




Calculated values

Can be taken & _PH Thermal conduckar or insulakar?

keep dishes hot

Glass kemperature
Water b0|||ng 'I Maximum service kemperature

6. Approach - Scenario 1
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Mechanical properties

‘foung's modulus

Shear modulus
Bulk. modulus

Paisson's ratio

‘ield strength (elastic limit) I

Tensile strength

Thermal properties

Therrmal conductivity
Thermal expansion coefficient
Sperific heat

Melting poink

| Minimurn service temperature

Mazimurm

f0.15625 ) | Pa
| =Pa

| | &Pa
|

f1.875 | MPa

I MPa

O sood conductor
[ ] Cocscanductn

Paoor insulakor
Good insulakor
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* | 37 of 94 pass

Marme |

Bl tamboo

B Borosilicate glass

B Brick

B CFRP, epoxy matrix {isotropic)
B Cement

B Ceramic Foam

Bl Concrete

B Cough (Bulk) molding compound, ...
- | Epoxies

B 5FRP, epoxy matrix {isotropic)
B class ceramic

B cranite

B Hardwood: oak, across grain
B Hardwood: oak, along grain
Bl Leather

Bl Limestone

B Marble

B rrre

Bl rhenolics

B Plaster of Paris

B rlywood

B rolyamides (Mylons, PAY

B rolycarbonate (PO

Bl Folyester

B Polvetherstherketone (PEEK)
B Polvethylens (PE)

B rolypropylene (PP

B rolystyrene (PS)

Rigid Polymer Foam (HD)

Rigid Polymer Foam (D)

B sandstone

B sheet molding compound, SMC, po...



6. Approach - Scenario 1

Choice of materials :
Stage 2 — Graph Stage

Z¢€ . .
VS S R S S T -

Price [m3]
x|

[Dielectic constant [relative permittivity]] * [Dizsipation factor [dielectri:l

| ~Cemert]
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Z epsilon

Palystyrens (PS)

Rigid Polymer Fosm (WD)

o 1l 8]

Attributes I Tiees I EDnstants.-"F'arametersI

IEIectricaI properties j Ihzert I tead B B A o
Polycarbonate (PC)

| M ame | [ietailz |
Dielectric constant [relative permittivity)]

Dielectnc strength [dielectric breakdown] 100000...
Di

ipation Factor [diglectnc tanigent]

Palyethylene (PE)

Electrical conductor or insulator? Conduc. ..
Electrical resiztivity wohm.cm
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Frice (CHF/M3)




6. Approach - Scenario 1

x
Choice of process : Sasaiiiz |

[FrocezsUniverse: \SHAFPING D eformation] :I

Stage 3 — Tree Stage [ProcezzUniverse: \SHAPIMG M olding]

» Deformation fees |
¢ M O |d I ng IF"ru:u:essLlniverse

S-S SHAPING

{i Cazting

{i Composzite forming
1:| Deformation
{i i achining
- Molding

{i Poweder rethods
{i Rapid Protatyping

— El e e T T e

[nzert

L] L

— Preview

Mo Picture Axvailable

i

Chooge records from the ProceszUniverse tree. Matenalld niverze
records that are linked to theze recardz will pazz the zelection.




6. Results - Scenario 1

Zepsilon

100‘00
Price (CHF/m3)

=) The best one is Polyprol%lene (PP) butgenerally Rigid Polymer Foam
(MD) and Polystyrene (PS) are used for isposable microwave dishes
containers

=) Ribs can be added to the geometrical design to increase mechanical
resistance



6. Approach - Scenario 2

From scenario 1 :
« Same data selection & configuration | ==~

Create New Project:

% 4 Project based on a Template:

Edulevel1 Edulevel2
EIB Juoining Processes
@ I aterials

EB Shaping Processes

Surface Treatment Processes

Edu Level 2 - Materials - Intermediate

« Same choice of process
Molding
Deformation

Added constraint :
Limit added to stage 1: very good resistance to
fresh water

Analysis :
The price is less critical
The mechanical durability is more critical

i Description
Select Materials bazed an their properties [Edu Level 2]
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6. Approach - Scenario 2

Choice of materials :
Stage 4 — Graph Stage

- Mechanical
performances

Young modulus
[GPa]

VS.

Fracture toughness
[MPa/m172]

Young's modulus (GPa)

100

________________________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________________________________________________

[Folyetheretherketone (PEEK) |

Paolyamides (Mylons, PA)

E Palycarbonate (PC)

E Palystyrene (PS)

i |Palyethylene (PE)

1 2
Fracture toughness (MPa m™1/2)



6. Results - Scenario 2

For reusable microwave dishes containers

(GPa)

Young's modulus

Fracture toughness (MPa m*1/2)

1DE‘IDD
Price (CHF/mM3)

mm) The best material is Silica glass, but Polyethylene (PE) and

Polypropylene (PP) are also very good
) Polystyrene (PS) is not good and polymer foams are avoided by the fresh

water resistance limit stage



7. Conclusions

- Materials are partially the same for both scenario 1
and 2 (PP, PE) even if constraints change
considerably

- There are always several possibilities for materials

- Not a big surprise — commonly used materials are
the among the best

- Selected Processes help to limit materials
(example cement)

- CES does not say much about food compatibility

mm) First approach for selecting the materials but
further study necessary



