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ABSTRACT

The research devoted the possibility of soft soldering ferritic nodular cast iron to
aluminum - zinc alloy, by using filler metals ASTM 60A, 40A & 70A. Cast iron was
electroplated with iron and tin, while aluminum was coated with different layers of
zine, zinc-copper, zinc-copper-tin, zinc-copper-nickel and zinc-copper-nickel-tin. The
specimens were fixed in the overlap position, and heated in a furnace to temperatures
suitable to the soldering alloy in different holding times 5, 10, 15, 20, 25, 30 & 40min.
The bond on the aluminum side could not be achieved when it was immersion coating
with zinc while electroplating aluminum with copper over the zinc gave shear strength
of 7MPa at 30min. holding time, using 60A as soldering alloy. Electroplating another
layer of tin on aluminum increased shear strength to 11MPa at the same holding time
and soldering alloy. While electroplating with nickel layer on the aluminum after
zinc and copper layers gave shear strength of 10MPa. Adding fourth layer of tin on
aluminum helped increasing shear strength to 23MPa . Using 40A as a solder alloy
with the same two plated layers on cast iron and the four layers on aluminum gave
shear strength of 14MPa while 70A solder achieved 13MPa at holding time 25min.
The microstructure examinations show the formation of intermetallic compounds on
both metals while the X-ray diffraction test shows the formation of FeSn and FeSn,
phases on the cast iron, and &-Cus;Sn, n-CueSns and y-NiSn, 6-Ni3Sng on the
aluminum, which are responsible for the bond.
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Gl LalS il LB s (1 - Jsaa) LY dalisa s cada il didee G gand o 3301 e I
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Tl SV Ay el aaa B Sl Cadl SH dsmy Gy Bkl s Asmaall
Gub il dolee iy (pAlll 5 o g1alY) mhaw e de S5 (Al (Tenacious oxide)
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Loyl dliay 8 deddieal) AN A5 sal) @liluad SLEY) 5 cada i) il calS
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—WBJ—WJBGJ.QLA—WBJ—W)B‘WBJ—QMJBGQMJB)M&
(el — S8 — il — G A S

-: (ASTM 60A) uaba)) - juiad 45 gall ASum Jay 1) ; Y g
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b dayy dAlay e Jpeanlly aall il 535 ce i ISl dida e 4 gl (panl
A 30 as dea (e (FeSn, & FeSn) (e 3oke dpidee Gl jo (5855 (10MPa) e lia
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b i Ssaas (16-dS-d) )l a5 O S5 (e (10min.) Aled Gl e
el B 341, Lad | (SMPa) Cualyday ) A ey (padandl e U5 e LA
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) e B Hle X Sl Qﬁjﬁmaﬂ\wgéhu\hgj\%ww\éc
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= bsale pad gﬁi (10min.) A e 1 835 341 ol | (1IMPa) W _laie el da glaa
. (3MPa) U=l dalia 333500 830 ) ae (5gaall S il

e 4zanis (B-Sn) s s 5383 3 (15min.) (o Sl (e y 30l 5 34
Al Apaeall LS Hall 53804 ) (A ) el pe il Y e A8 Gy 2 ) s
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- (22-J83) (4MPa) ) Ll Alea 5 A glia (lisil 5 (7020-T6) psaiald)
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ad B Lt lia aa oY 4l Gty Redduall 4 gl il JS) b daglie el Culac
Sl 53 (300°C) (e S8Y Adle 3 ) ja Al pd ) J s ) aaad el Jasal 3230
O A all dahaiall 8 g5 SN ) KU 63 ja 5l aaad (158-170 HV) O 825kall o
a8 Gua)a — s sl Al Ll daliuadl Lillay (164 HV) LeblE L)l dilaie
Ly (100 HV) Wbl Jay )l dddaia (0 4y 8l Ashaiall (96-114 HV) O s ) 53 3230l
Aalicdll

Conclusions <atiiuy)

— asiad¥) A G day 5 Alia 5 ( 40A¢ 60A « T0A) Aediiveall 4 gall elilbin (385 A1V g
¢Sl dlac ol al G (Al (o5 SI cadl KU 53 a5l das s (7020-T6) Gma s
. Opazal) SIS

die (23MPa) &S (ald dasliars (60A) & 58 A gall A aladinly doy Il lKYL ¢ Wil
psial¥) ASa dga (e pauallly JSlls (uladlls e il (e Gliida day )l DU
AN M dea (e paalp s iy

(14MPa) aly el daslia (40A) £ 58 4 gall A aladiuly Jay )l Alia g s ¢ WG
da gl (70A) £ 58 4 gall A Caia ety o g2ial¥1 A0 5 8 31 s (e ddlaal) il
. (13MPa) Caly i

g5 otz (1) dsas =

(w0 <_‘,-°n ¢ Sdall 3ala FRESH
dalise g cuh il Coating ¢ thickness pm  [“Fin9)  Area of spread

£E0 [Tim

(Macky,1979) JLY) 2o s

075 |Tin-1ead (hot roller coating)
Electroless tin A

Electroless tin B

Gold 1

» |Gold 11

Gold III
Electroless gold TV
Electroless gold V
Silver + gold flash
Tin—nickel +gold flash
Tin-nickel
Tin—-nickels+ tin flash

P alladium

Electroless palladium
Rhodium

Recin lacquer
Benzctriazole
{Uncoated
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Al (s 5 SH ) S0 63 a3l st Al jlasl =i (2) Jsas

Oy Ou .,
(0.2% offset) MPa | MPa Elongation %
281 415 18

(ASTM 60-40-18) (il &l (5. SI udl SI1 53 a3l dasd ShaaSlh € 51l 2 (13) Jsaa

Cast Iron %C | %Mn | %Si | %S %P | %Mg | %Fe
Nominal chemical 3.7 0.3- 2.5 0.04 <
composition < 0.5 < < =0.01 0.04 Bal.
Actual chemical 3.16 | 045 | 2.48 | 0.035 | 0.002 | 0.014 | Bal.
composition
(7020 — T6) O s — o saial¥Y) A a2l jloal 2005 0 (4) Jsan
Oy Ou o
0.2% offset MPa MPa Elongation %
332 376 20
(7020-T6) Oma A — asaial¥) A pual  ALasSl S i) (15) Jsan
Aluminum Alloy %Zn | %Si | %Fe | %Cu | %Mn | %Mg | %Ti | %Al
Nominal Chemical | - o | 35| 040 | <020 | 99 | 115 [ <0.08 | Bal.
Composition 0.5
Actual Chemical 4280 | 0.148 | 0.392 | 0.152 | 0.092 | 1.043 | 0.042 | Bal.
Composition

(Barranger,1980)uaba ) — uaill A< Cayiat (6) Jsaa

ASTM
Alloy
Grade

Fed.
Spec.
QQ-§-571

Tin % Lead % Ant

imony &

Melting Range

Silver % Solidus

Desired  Nominal ~ Minimum Dy

esired

Maximum  Desired

e e

Liquidus

F

T0A
0B
63A
63B

Sn70

Sn63
Sn 62
60A
60B Sn 60
S0A
50B
45A
458
40A
40B
40C
35A
358
350
30A
30B
30C
25A
25B

Sn 50

70
70
63
63
62
60
60
50
50
45
45
40
40
0
35
35
35
30
30
30
23
25

30 i
30 0.20
3 =
31 0.20
36 0.20
20 =
40. 0.20
50 =
30 0.20

55 =

55 0.20
60 5
60

58 1.8
05 =
65 0.20

70 &
70

75
5
25
20
0

80
i

ek i el B S S S8 Sl A =4 s )
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