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Bonding Characteristics of Low-Temperature Lead-Free

P,05-Na,O-CuO System Glasses

Student : Chin-Liang Chen Advisor : Chang-Pin Chou
Department of Mechanical Engineering

National Chiao Tung University

Abstract

This study 1is mainly focused on discussing the properties of
P,05-Na,O-CuO system glasses and their feasibility to metal bonding. The
experiment began with glasses manufacturing and measuring their glass
transition temperature(T,); softening temperature(T,), chemical durability, and
using X-ray diffraction(XRD) to ‘confirmt their crystalline state. Then we
proceeded metal bonding with the'as smashed glass powder. This part of
experiment started with the wetting:test, and XRD was applied to analyze the
relative reaction between glass solder and metal after bonding. In addition, we
also conducted shear force test to discuss the mechanical properties after
bonding.

Experiment results reveal that: 712 glass possesses blackish green
transparent appearance, when adding 3wt% Al,O; and SiO,, glass will devitrify
due to the structural change from amorphous to crystalline. Among three types of
glasses, 712A3 and 712S3 have higher glass transition temperature and softening
temperature, samller coefficient of thermal expansion, and better chemical
durability when comparing to 712. As to wettability, 70P,05-10Na,0-20CuO

system glasses have better wettability on Cu than on Al. It will decrease the
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wettability when adding 3wt% Al,Osto the glass, on the contrary, adding 3wt%
Si0, will slightly improve the wettability of 712 glass. Besides, the existence of
NaCuPO, and NaPOj crystalline phase in the glass structure when proceeding
wetting test above 300°C will decrease the wettability of glasses on metals while
obviously changing the appearance of glasses. Furthermore, the result of shear
force test is approximately determined by the wettability variation, on the whole,
the bonding strength of Cu is higher than that of Al, and it reaches the highest
value under 250°C reaction temperature; among three types of glasses, 712 and

71283 obviously have better bonding strength than that of 712A3.
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Sn0-P:05 ~ Zn0-P:0s ~ R:0-R.0-P:0s(R L1, Na, K; R~ : Ba, Ca) ~ Sn0-B:0s—P:0s
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Sn0/Zn0>5)
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Thermal expansion coelficient (10 ?)"L‘) =
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PI7 € RBIRERED F A F M R Y IR AR 2-23"0
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3. wTRIEE HEMPEESM DR GEEGERT  FREIEY

Foh g o BT o iRE 3PS OFEREER

Fro A4 g RBORE Gl R AR T R M GER O ERE

i

T e

b

4, HEWHREL 3 2E07 £EM F 5 ARAENER ¥ EDE FRTG D
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224 BAFL P T BHEF

o ¥ i s
BR gxem”’ 8.93~8.95
5 8 C 1083+1
Ty C 2578
O ] i 4 19U ey
o - 2, N 2
e L X 160-200 200~250 400-490
FERRE Ow Nxmm 140~280
. RN 4 L AR A
Ao b KN
e X 117-126 122-130
B 4 19U ey
LU i «107%K ! 15-300°C 0-600°C 0-800°C
177 186 193
20°C 100°C 700°C
2B E Al | xd 19xWxen XK
#E DA | 19dken 0. 941 0. 90 0.84
LS 0 © Qxm 0.017~0.018(20°C), 0.053(500°C)

%25 FAdEadhl g RGP

4 ey LF-2 Ly-11
BT
- 40 2 620 149 2 535
%80 069247\ o inm 650 i 40 2k 639
% A (gxen) 9.7 9. 68 2.8
AIE Gl a (10K
~50~20°C N/A 99.9 91.8
20~100°C 93.9 93.8 99.9
20~200°C 24. 6 24.9 24.0
90~300°C 95.5 95. 8 95.0
20~400°C 26.5 N/A N/A
20~500°C 97.7 N/A N/A
34 g (o ©) 39 71000 70000 T1000(% %)
P 3 A (Noam 219 1 50 190 180
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(Inductively Coupled Plasma-Atomic Emission Spectrometry, I[CP-AES)

L ER A PR R MR EREGRE S A LF BY R o

3-3-2 ABHH LT

B ads & 10~15mg » 1% X & ¥E8+ ik (X-Ray Diffraction, XRD) » 14
Cu ¥ 41> & 30kV 2 20mA 23 (TR BRETT > g X LB FHK > #F
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B2 ATl 2 BB AT RN 2 B i
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SRBPHEEERE SRz IaBiEk s v R H g3 E s R R (glass
transition temperature, Te) o« R S K & 2 Jptp 7 & 4o B E kL
A EEREHBOE ERIIE)E 2T HHOG REERH &) 45 By
Ghir B EPRTRE NARBIA AF LA R EEY o Y EFN
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r o 17 5 R #4845 4 47 &k (Thermo-Mechanical Analysis, TMA)z %% i
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oo TR AH-KEF LR WLH A FEAYRRE T %
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e g AP R Y o Ok R #ic(Coefficient of Thermal Expansion, CTE)

ir—' —;—r‘&‘—’"r 7

AL
(L, xAT)
B AL SR PRI AASYE AR F SRR D L SRR At il

Az geiviE R (To) 7 5d Basiy

34

_V—s\)i AT,}éC%“m_& :;";:_/ °

B A 7T T e o

3-3-5 i FEFuw 4447

Ber ] G 10x10x5mm’ < f 2 gk sy o -2 £ G 12 $240 2400800 -
#1000 sificr) Mk A7 o R Lagm s MRk 7ok > 52 33K~
Hpmed b2 7T % RERCEE Ao 0 S ABRMIZERN

30C2 4+ ke 551 )i B Z 5 RRIABEAM G FE 82 F14

R = (\Nl _Wz)
(Axt)

He > WaEW AN ZRBHM2ZRT EZERTEE (2)) AZHMZ R
2o (em’); t5#%ERE (hr) 7 RERBHN LE -pFrRp > 1=
Ao E B4 TR A S okP 2 3 2 5 DR (Dissolution
Rate, g/cm’xhr) - i&m B f& & % 7|3y 2 i £ & $uiv 4 (chemical

durability) o

38



3-4 FBFEREELELT A
3-4-1 ERMEFE=

BRELELARY  FEREST2AEFFY LA HFIFHT
2o RA NG i RS LR LA ORI REERN TR
bERm R TR ERS CHEPANMAFI N EDLBEHE2Z L TEa w0 d
H ) R (J/m=N/m) > ~f: TE e kA o

Ef e & L& THRERR 4 (wettability) o &8 & cnE pl3 ¥
%% B ¥ 9 % (sessile drop experiment) » 4@ 3-3""#rw c HY o F R
fAEO <390 AF - AHPEFREZERMIIENEE  F2 o KL O
A 907 FE 0 R R AAF2 BB o B REIE AR M Ak d T e
cdod R4 T 0 & A QAT R LT

Y= Ve = Viecos 0

B oy S AA-RAPEAGERL Sy AR -F AR A G RS Sy, B
RAR-F PR G kS o

AEFT P O ERM R 2R [EMERLZBAEE X 150ng 7>
¢ bmm 2- B HP o J* B e 455 02 490MPa 2 B b B4 0 FREFF 30 F) o
7 E QOmm~ B AR 3.5mm 2 FlHLAR T S 2 Sr o ARISK-H A AT A Bk
B4/ 0 A H G F S 15xI5mn’ 0 4ol 3-4 T o BF K
WEHB AT A AT 200250300350CEARERZTRMN > BN

CFF AR5 A ML BRBNIZF Y Lo

bl

ﬁarﬁh+¢;ﬁgmﬁiﬁﬁiﬁﬁ%%éﬁﬁﬂoﬂﬂ’ﬁ

P 2R 5 U 4088 Measure Tool 3+ % b3 2 2 g fs A2 M 2 4 B

=N
=

=1
?‘@

c R AR E AR G PR TR E R M AEEFE
R AoV E LR T LR oA g ]
S EGFEEME R gt sl Bar FHREER



ToRAHERZBRNIPE R FIRLRBYTRAT > TFRE
BR 2 FHEE -

}'LV /
= = u _

// A

You= Vev — Yy COS8 @ > 9%0° rpoowelting § < %0° wetting:

Bl 3-3 #ff 47 LK

\\

/ Glass Powder

J—

Metal

Bl 3-4 BRI ERT L B

3-4-2 #: & XRD 4 45

SHBAETTERZ AR RBER AT BA M L BIRERRE
Soapad BFETALF ko SRR ESE Tt AR &

WOERM R WA s Qivhidpke 2 L ey o i 800 -
1000 ~ 1200 * 1500 % $4cr) SRIL » Mgk 3§ £4FLF7 B ok 5k ~ Wit
o dlRmat e H 2 BR G5 100~200 um o ® F X kYt RiE (T
AT EE FEPERB L AT RIPR TR LB R RE BRI FERE

FRAON D RIS HA B BRN Y HE LT A F 2 i

N

o

|

40



3-4-3 b L%
AEREARAFEN AP EF RERT 2B AL I A
LA P ALY 15 FMpIR A g ecs: ¢ 7.5m > & & bom 2 H
< ig e s 30x15mn’ 0 fg IR IR AN B EAREE 2T 0 AR B R
hoff] 3-5 i s FEE S EIER LS 0 1% 508l Measure Tool & iRz 7 2
pEABAR AP 2 G n i TR W H AR R £ 2 ERE
k&K e XRD #4758 % LR i TV R A Y 2 LR A 20

e ERE IR G F 2 AP R o

Glass Powder

Metal

Bl 3-5 PR EH T &R

3-4-4 BERBRAH

SRBRHBARRY A RHPREFLELRE 0 2T 1L XVTec
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4-1-1 BBF I o L35
ARERLERBEF RGBS AL LT RBERE 0 AT MR &

8 &% :ch % 5 5k ¥ & (Inductively Coupled Plasma-Atomic Emission

Spectrometry, ICP-AES):i& {7 & g id = i» T & 4 7 > S %40k 4-1 977 >

§ AT heo AT 2 I3 E [CP-AES A 45 0 2 Rdaik s A gk B 5 6 2

LR ) FI o A DTEY ZRBRE GRS REUT 2T
He Rdefe P2 i = A o

F4-1 J4eaRet = 2 ICP-AES » 7 8 % v e &

L5 B 43k 2t = i (wt%) ICP-AES % 17 .5 % (wt%)
[k P Na Cu Al Si P Na | Cu Al Si
712 [35.72(3.79|10:46 | — = 134.3(3.13] 8.5 | — —
T12A3 | 34.65|3.67|10.15|1.588 | — [34.5/3.20(8.64|1.118| ~—
712S3 | 34.65|3.67]10.15| — |1.157|34.4|3.09(8.20| — [1.003
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S UL 0 P T d g G B & T - 8% TI2A3
FIFAT NI SRR RV RF BT REZ & 5 NaCuPOd it &

‘E\
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