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PMMA Thermal Bonding System Using Boiling Point Control
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A method for thermoplastic fusion bonding was introduced using a commercial pressure cooker as a thermal bonding
chamber to apply heat and pressure for polymer thermal bonding. The chamber pressure was controlled by simply
modifying the regulator weight, which decided the boiling point of water in the chamber. In this experiment, Poly-Methyl
Methacrylate (PMMA) was thermally bonded using the proposed technique. For PMMA thermal bonding, 52 grams of
regulator weight was well matched for 26.2 kPa of chamber pressure. The corresponding boiling temperature of water to
the pressure was 105.5°C, which was the glass transitional temperature of PMMA. The thermal bonding system
demonstrated bonding between the PMMA sheet and PMMA film without deformation of the microchannel. The bonding

strength was characterized at 195.5+1 N.
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Fig. 1 Schematic of polymer thermal bonding protocol
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Table 1 PMMA micro device fabrication conditions and result

Temperature [°C] 160
Pressure [MPa] 7
Time [min] 8

Result

Mold Insert

Polymer

tt1

Heat and Force

Cool and De-Mold

Fig. 2 Thermal compression molding process
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Fig. 3 PMMA thermal bonding system and chamber inside
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Table 2 Maximum temperatures for modified regulator weights

Regulator Weight [g] Maximum temperature [°C]
93.97 110.5
70.03 107.1
66.47 106.7
52.00 105.8
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Table 3 Thermal bonding conditions of PMMAs and its cross-
sectional views of PMMA samples

Case Depth Width Temperature Pressure
[4m] [4m] [°C] [kPa]
(a) 100 200 100 0
(b) 200 500 100 0
©) 700 700 100 0
(d) 100 200 105.5 26.2
(e) 200 500 105.5 26.2
() 700 700 105.5 26.2
(2) 100 200 110.5 324
(h) 200 500 110.5 324
(i) 700 700 110.5 324
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Table 4 Optimized thermal bonding conditions for PMMA

Chamber temperature [°C] 105.5
Chamber pressure [kPa] 26.2
Bonding time [min] 20
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Fig. 4 Temperature graph of PMMA thermal bonding condition
using a PMMA thermal bonding system

Fig. 5 Bonding strength test using tension and compression tester
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Table 5 Results of PMMA bonding strength tests

Temperature [°C] 100 105.5 110.5
Chamber pressure [kPa] 0 26.2 324
Regulator weight [g] 0 52 93.97
195.5 252.2

Test results [N] N/A 41 115
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