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Investigation on dissimilar bonding and feasibility of binder-assisted microfluidic chip
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Abstract : Polymethyl methacrylate (PMMA), polystyrene (PS) and aluminum alloy A15052 were used as the research objects.
The orthogonal experiments of PMMA-PS and PMMA-A15052 dissimilar bonding were carried out by combining binder and hot
pressing bonding. The purpose of this study is to investigate the variation of the thickness and apparent morphology of the bonding
layer, and to study the effects of bonding temperature, pressure and time on the strength of dissimilar bonding. The results show that
the thickness of the bonding layer decreases with the increase of temperature and pressure, while the time has no obvious effect on
the thickness of the bonding layer. The bonding strength of polyimide (PI) assisted PMMA-PS and PMMA-A15052 is most affected
by time, followed by temperature and pressure. The bonding strength of PMMA-AIS052 assisted by acetone solution (PMMA) is
most affected by pressure, followed by temperature and time. The bonding strength of PMMA-PS is much higher than that of
PMMA-AI5052 under the same parameters. The optimal parameters of dissimilar bonding were established and the corresponding
bonding strength was obtained. The optimal parameters of PI assisted PMMA-PS bonding are 105 °C, 50 min, 2.5 MPa, and the
corresponding bonding strength is 0.87 MPa. The optimal parameters of PI assisted PMMA-A15052bonding are 110 °C, 50 min, 1.25
MPa, and the corresponding bonding strength is 0.21 MPa. The optimal parameters of PMMA-AI5052 bonding assisted by acetone
solution (PMMA) are 110 °C, 2.5 MPa, 20 min, and the corresponding bonding strength is 0.41 MPa, which are higher than all the
results in the orthogonal experimental design scheme. When the parameters are constant, the bonding strength of PMMA-PS is much
higher than that of PMMA-AI5052. The bonding strength of PMMA-A15052 assisted by acetone solution (PMMA) is higher than
that assisted by PL.

Keywords : heterogenic bonding ; binder ; polymethyl methacrylate ; polystyrene ; Al5052; bonding layer morphology ;
bonding strength
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Fig. 1 Diagram of etching process
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Fig. 2 Diagram of bonding lap area
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Fig. 4 OM morphology of PMMA-PS (PI) bonding layer
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(c) 105 °C,2.5 MPa, 20 min
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Fig. 5 Partial SEM morphology of PMMA-PS (PI) bonding layer
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Fig. 6 OM morphology of PMMA-AI15052(PI) bonding layer
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(g) 110 °C,1.25 MPa, 35 min

(h) 110 °C,1.88 MPa,20 min

(1) 110 °C,2.5 MPa, 50 min
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Fig. 7 OM morphology of PMMA-AI15052[acetone solution (PMMA)] bonding layer
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Fig. 8 SEM morphology of PMMA-AI5052 partial bonding samples
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Fig. 9 SEM morphology of A15052
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®1 PMMA-PS(PDEAREIELZLWLEER
Tab.1 PMMA-PS (PI) bonding strength based on orthogonal

experimental results
parameter A B C
K, 0.61 0.55 0.64
K, 0.65 0.55 0.40
K, 0.43 0.58 0.65
R 0.22 0.03 0.25

&2 PMMA-AIS052(P)IBABEIERLIRER
Tab.2 PMMA-AIS052(PI) bonding strength based on orthogonal

experimental results

parameter A B C
K, 0.05 0.10 0
K, 0.10 0.09 0.09
K, 0.11 0.07 0.17
R 0.06 0.03 0.17

%3 PMMA-AI0S2[AFARPMMA)EABEELERER
Tab.3 PMMA-AIS052 [acetone solution(PMMA)] bonding strength

based on orthogonal experimental results

parameter A B C
K, 0.13 0.05 0.21
K, 0.20 0.22 0.20
K, 0.27 0.33 0.18
R 0.14 0.28 0.03

PS 1 T, {15 PMMA FI PS 743 1ii W32 2h 6% BL
MIETESIVE TR, KT 28 B P Fh ) 5t 2 ] %) S 1T A
HY L, AR SUE R, SCI T AR A
PMMA-PS 455 B Fifi i 07 09 7 im0 10 - 22 3 n, Bifi
B[] S B RS By e 35 . M 25 C> M 25 A>T
2 B, RIS a) %o 8 A 5 5 (A 0% sl i i K, 1R T )5
M fe/he FER 1A, IEAE S 45 R R K, > K, >
K., K, >K, =K, , K.,>K.>K,,, H 4,B,C,(105 °C,
2.5 MPa, 50 min) /& PMMA-PS % & 19 i A S 36 77
X ESE T AR B DI R 0.87 MPa, 5
TIEACSE IR T T R T A 4

Fy &1 10 7] 41, 7 41 PMMA-AI5052 F 5845 o i
VIREWRE T e o RS 105 °CH SR HTPL
B EEA  BY UI SR BE R IR AL /N o XTI T RN ]
AR AR R T e R A AR
e 2 R/ INAff o W 2 S50 ) B A S8, 43 5ol 4,B,C
(110 °C, 1.25 MPa, 50 min)(PI)F14,B,C, (110 °C,2.5
MPa, 20 min)[ N Fil7A K (PMMA)], #E47 54 52 560
255 BE 435124 0.21 MPa (P)F110.41 MPa [ Fiil 15 i
(PMMA)], & T 1EAS S e ity 2 v i) T A 45
Mk A SR SE I, PMMA-PS [958 45 58 5 3 25 T
PMMA-AI5052 () 58 & 38 B o 1 40 il SC b 42 21

—A-PMMA-PS(PI)
0.8} —e-PMMA-AI5052(PT)
. —=-PMMA-A15052[acetone solution(PMMA)]

0.7+ 0.65

0.61
0.6t *
0.5t 043
0.4}

0.3} 0.27
20 -
02} 0 —
013 — ), 011
/ o

0.1+ 0.05

Bonding strength/MPa

100 105 110
Temperature/°C
(a) Variation with temperature
—4-PMMA-PS(PI)
0.7 —e-PMMA-AI5052(PI) .
' —=-PMMA-AI5052[acetone solution(PMMA)]

0.6} 55 oss 0¥
A A
051

041
033
031 "
0'.22/

02}
0.1 ,9%4)5u07

0.0 105 ‘ :
1.3 1.9 2.5
Pressure/MPa
(b) Variation with pressure

Bonding strength/MPa

—a-PMMA-PS(PI)
0.8] —-PMMA-AIS052(PI)
—=—PMMA-AI5052[acetone solution(PMMA)]

£ 07¢ 0.65
= 0.60
=
% 0.5]
=
8 04]
on 031
£
'g 02101 i\ 018
R 0.1} 0@/017
ool g —
20 35 50

Time/min
(c) Variation with time

F10 AR AL A
Fig. 10 Variation curve of bonding strength mean value
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