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Co-sintering densification of heterogeneous materials based on
viscoelastic theory
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Abstract: A model based on viscoelastic theory was established on co-sintering densification. The interface stress caused
by mismatch densification rates was modeled and calculated. The interface stress distribution was considered in the
model. The model was simulated with the parameters fitted by free sintering of different materials. The results show that
the density gradient in co-sintering samples is caused by interface stress, the density difference at co-sintering interface
may be enlarged or minimized, and thus has different effects on interface bonding strength. The experimental verification

was conducted by using copper powder with different powder loadings. The density gradients and density discrepancy at

interface measured in the experiment agree well with the model predictions.
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Fig.1  Schematic diagram of stress analysis and stress

distribution: (a) Co-sintering sample; (b) Material A; (c)
Material B
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Table 1 Sintering parameters for simulation of co-sintering

Initial grain size"/

Activation energy for boundary

) Specific surface energy”/

Material - Material ter’ ~
atera um diffusion?/(kJ-mol ") AlCTIA parameter”, & J-m?
75%Cu 8.75 396.773 6.20X 10" 1.407
85%Cu 8.75 396.773 2353%X107 1.407

1) Results tested by SEM; 2) Fitted results; 3) Results from Ref.[14].

I R 22 5 AR L, RIS R A R 22 5
R, 7 AR SN K, 3 A 53 (R 5
Ve ¥ LS e | P 1) VAL PN NS STy
FHOAARRARE AT K

s SN JAe ARNRADFI12) £330 95 1k
TCANINTIEEKIETT oms K o BESTEIVKIE ST 0y H
WRARHIE K, AONTA(3) T LAAS 21 F7 i Ak oy I ) S804
R TR K S Y ) A AR (O3 BB AT
x AN A o TR o VAT I RRE AR 4 x A
ARSI IIHKIE ST oms B oms BEEGEIKIETT o
AARFRRGE K, AN @) AT LA 23 e 4 i A
il — gl x AR ECE AT R, BRI i
R A o

e iR G S RN 1.

3 X

ARSI R IR S8 A ARG e s S B i 45 e
BURE AR EOR R K S AL A0y, ~T- Bk 18.8 pm.
SRRSO R R ARARFR I KON 75% 0 85% 1 2l
By, IEHDEIE 2 fros.

85%Cu

B2 Ipesiil i b fs e
Fig.2 Schematic diagram of pressing procedure of sintering

sample

FEHIT500 1 e Ar A E R i P R T [ 44
TR AR, SRGHGHER . R, BI4S 213 theghik
FE, FRAHIE 770 300 MPao £EK A A DA [FAA R 23
A R ORAE P EAA F AR FLBR 2, TR
A R TR g bR R i, AEIR A FLBR, SEbr
PR LA PR A2 A R 26 B2 43 30 2 0.73 T 0.81. Ak
PsE, RPKAN 492 mm, %45 6 mm, 84 4 mm.
PN B mRELE R 700 °C, FHEHEER 2 °C/min, I
7t 385 C il 60 min, PREHE S B 4i 2% /N T 0.2%.
W FABENE 5 A KRNI TR d 3
mm X 20 mm [IRFE,  HEAT A ith 2 il o o

PSR R TR AT S, TRIRIRLE 5y
524 800 C A1 850 'C, LRUEETEIY 0. 10, 20, 30 Fl
60 min, FHEEZA 10 “C/min, R E] 45 0 5 B EF
S8 DRI (] AR CRE AT R AR B, LR B be 4l 4 N 1)
YN IR

K HE AN R B, SRS EAT doksr B gl
SE RSB S5 FLERAR X L o SR P A AT ok
FEE R0 e, R A RS 52 11 000 P s 5 A 3]
400 LA I,

4 SREER5EN

MR AR BT LASRAT SRR (AT e 45 UL RS
(TR RKRE (3 oA ik K dLhe 85 Pr v K B
J7 W DIE o et T B, WA FAL & R, 3k
P FE AT, SRJE B TF 5T Mk Lo, e
HET 5B A .

K 3 iz ok 800 CHfE 1 h Al 850 C 4% 30 min
S 3 A B BV VAR 4 R S o e R 2R (A0
A 75%, A% 85%). HHESTHE Mgkl LIEH,
2Ry 75%Cu B, MEAARA—1.0 IRFE A, Stk
I3 0, JLE RN F HRRLE 1) 75%Cu [R5 Ak
FRA 0 Ry FHRNAL, TITREARAR A 1.0 24 85%Cu A A Ui
LB oh A B4 10 85%Cu 1% 5 o MBRAUL 57 1) 2%
FEr A B2 b n LA S 6 75%Cu ity 8 P A Bty 7]



F21 6

MBS SRR AR LR BUS 1L 1393

FEAL B WIS o AEBE S RE R, S 7 40
75%Cu S fRIe4s, R HILEER L LL A thbe sl 1
BARG s TS 85%Cu By, 85 J5E N A S 1) St 1T A ST 1K o
UEWIAEICRe A LR v, SR S iE T 85%Cu B ffrke
45, IR L B S R T . TSR
4 R 2R FAABIE ] 71X/, USRS P
T BB R RIS A SRR O B BUARAERL
{H-E, VSR 2 fnsiie th ek IF A e sy, H
MARZEAE AT A Y, 2 S RSNz A R AEAAL
AN AT RESZ H 200U B FRORS oS 6 DN B e o

85 "
(@) et aau
84 - =— Experiment
4 — Simulation
X 83t
2
g 82}
S 75%Cu 85%Cu
Z 81t
=
[*]
& 80
791
e~ e |
L f | L L
8 =20 -10 0 10 20
Distance from interface/mm
= — Experiment
g4 | * Simulation NN
ES
2 83t
g 75%Cu 85%Cu
o 82r
2
=
nqa) 81
80 -
i
” -20 -10 0 10 20

Distance from interface/mm
B3 JUREh AR A
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Fig.6 Metallographs of interface and two sides for specimens
sintered at 800 ‘C for 1 h: (a) Interface (left: 75%Cu, right:
85%Cu); (b) 75%Cu; (c) 85%Cu
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