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Corrosion Behavior of Silver with a Special Reference to Electronics Application
(1) Tarnish Film Formation
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Metallic materials used in electronic components and devices corrode in the same ways as automobiles and
bridges, but their small dimensions make them orders of magnitude more susceptible to corrosion failure. The
corrosion involves interactions with environment. These interactions can be put to use under control. This article
presents the tarnishing film formation characteristics of silver as the first part of a series of articles describing
corrosion behavior of silver in electronics application. The mechanisms and processes of tarnishing are discussed

and indoor tarnishing film formation rates are presented.
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Electronic components, design, and materials

Components Design

Materials

Printed Circuit Metallic conductor

Cu, Cu alloys, Solder, Sn, Pb,

between systems

isolated by ’ ;
Board insulator Electroplating, Epoxy, Ceramics
Electrical contact | Base---Cu, Cu alloys
Contacts maintained by | Contact surface- - -Au, Pd, Ag-Pd, Ag,
mechanical force | Sn, Sn-Pb
Electrical Spring- - -Be-Cu, Stainless steel
Connectors connections Contact surface (Plating) - - -Au, Pd, Ag-

Pd, Ag. Sn, Sn-Pb

Switches and
Relays

Periodical electrical
connection

Cu, Cu alloys, Electroplating surface

Reflector

For reflecting light

Al Ag

Integrated circuits
Microchips

Small dimension
complex systems

Au, Ag, Al, Kovar, Cu, Fe—Ni, Solder, W,
Ti, Mo, Glass, Ceramics, Si
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Connectors/
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L h
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a Solder joints A cacs -avles
AU b 4

‘ Tests/
Evaluation

Fig.1 The corrosion consultation statistics at the Corrosion
Center of JSCE
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& LT 5.

& Ag OREWIL, REEBELZ L TOHAELRWIE
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NV pH IR TR ETHDHESAD. AT ¥ L AMIIE
BRI STARBYEZ MR LT 5 EH I aE M pHT
TO032VvsSHE THAH I ENHLEZTYH, ZD04V
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(a) Ag-H,O system 9
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(b) Ag-S-CI-CO,-H,0 system 7
(Activity: S 0.1M, Cl, 0.05M)
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Fig. 2 Potential-pH equilibrium diagrams (Ag " concentration 1M, at 25C)
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WOWTOEMBUEE 7S, Z 2T LA LT,
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FEEICEL, 1 VU LoEEMN, WBEBETOALE, F
72HClIZ pH=0 LT DA TEE, £/ HCIOWXCL &1
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THHEMBTHREZ 4 F (L L T AgS I Z BT 5
ZENTFHRENL. FE, Fig. 2(b) ITRT LR DOMR
#10 » EAL -pH K TIE K 0 % 58 I o 8 B AL T AL
M, L CTIREMM CHRALBOFAEI RIS TS 7,
COZEFEITMME A A - BROBFEET TR ESE
BT RS, REETHLIEEEFRLTVAS.

WIS, BFHBHICHWOND TEEBEMETH 54
(Aw), $i(Cw), ZHWIZT VI =7 A (Al) DEM -pH
(MG HIZER) & KT 5. &84 (Au) O %58
X, &RMRAg) OREBI D ESITEHWEMNTH 5KD
REBONCH S, 2O LiE, BALKPEEBED A
T, SEFEEINT, BT 2ICEEEXHMT %
SR EIEE T AT VA F YRR B LEND
5. &7 (Cu) DREWIZ, &F Ag DHEERLY 04V
BFEEWEMNTHL, ZFLTERTVI =YL A)DOE
EIE, 1.6 VLT EIFFITMWEMIBIZH S, 20
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oz RN, 1%, 2L CERILEN T
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RO 5., FAREIMNE Lz 70V VR T4 &3k
JRER O 70t 22 RE L, WROFAE - EITISHS T
L. KSR Ol 2 2 BAALF s E (1D XISR§
&R Ag "4 & v AgT B b s, KIS S &
LBy 0BT e #8ETLT /= FRIGERKAT D
WA, K& RN C UM L 72K R L 72
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JCTCTHRELE e WXV BILINEG Y —Fb%
o THEATT 5.

Ag—Ag’ +e” (1)
1/20,+H,0 +2e”— 20H" (2)
Fig. 3 12 SUCHEME 2 BiUICR 3. ZORIBIZX D IE
BEHPHATT 5 & EMIEEERWRTF IR L, F0%
WToOE, BESREZY, 265EFE(~10mm) & LT
BET 5. Fig. 4 SO SMEE 5 —HO A%
fmru e 2% RT. WEEWEIZZ OREFIHET A
I, KBEZEBEMIALL, 7/ — FRGZ21E#ST 5. Fig. 5
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KIEDTERN AR, REE L, REOHGEIE
RRBERTH 5. RO % RE L OKG AR LA
BEEOBR% Fig. 6 125733 Y. K~ A4 7 0 KFE(Quartz

Air 0,

0, Dissolution

Moisture film

Diffusion
2Ag" +2e
Oxidation
(Anodic reaction) 1/202 + HZO +2e¢- —20H"
Ag Reduction(Cathodic reaction)
Metal (Ag)

Fig.3 Corrosion processes of silver occurring through moisture
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Crystal Microbalance : QCM, 3% 4% & 3% % 6 MHz) T i}l
SE L7, Ao HRE R oK T 2 Af(Hz)
%, AT OMEEN W BAR T & RN o AR S
L 727K & 2 BN E Am (g/cm®) OAXHEEE
EEEERL TV D,

TN R 2 20X, HRHEEE 80% 1A B KA
FIIH KT 525 90% RH LLETH, E403pg/cm’ 12
FEORIMTH 5. THIARRESICIEST 2L, ¥ 3nm=
10 57 J& (1 53 T8 D K51 =0.028 ug/cm®) TH 5. il
HOEMTIZEOETE IZRMFEWETHD 2~3 b
2005, KEES ST, H1lmmBEEORES L%
B, L72ho T RRTIE, 90%IE\VEREIC %
Th, KETORGALFEE TR L, MEE 22
I BB EEETEEHLZTOABEESBLIUIRELR
HLTWA\W, %P8 Fig. 6 (ZI3HNEEZ EA SETWw
L EDOKRGWARDOIIMELT I TN & EOWD
M2 RLTH D, WMEDP-FHLTVD I LIZKOWASE
MR TH Y, PEMTIZITEALBEIGE 5T
HWIZEERT, HIEMORBTHL L LH DA, M
KIS E N BEFBETIIRIL SN W 2R
BLTWhA, HEHUD) —F7L—24, I, ZAR
Do XM, 0o XMEEQTCNEST S L, E Iy
THBICLIBALMIRILI LD LY. —FHH
Do E L) —F7VL—24, il EfHTIE, HES
T2 ) LABGIZIZEAERE V. ThbbELF
MEFEAEE ORI TIERIIIL I N WD TH B,

film
Gas 0, SO, NO,
Dissolution c :
Liquid Diffusion °’;°s}c°” Tarnish film
dsorption goroauets. formation
L) L)
Electrochemical
Silver reaction
Time
Fig.4 Schematics for silver tarnishing process
100F [Ads Des| T(C)
2 [— [ o1 106
H,S i ODQ : % <
2 ™ - B
Air T 80} { 5
b >
PR s 2
A . o 104
Dissociation ! Dissolution 5 60r o S
Moisture film 2 S © a5
H* gy L N 5
Diffusion e 1 3
Y 40 oo ©
Agt+e HS H,S g | o Jo2 £
A | | Adsorption = 2 =
Ag Ag Ag 20+ moo |
=4
Metal (Ag) 2P o
OoF nugl; -0
1 Il 1 1 1 ]
) o _ 40 60 80 100
Fig.5 Schematics for H,S dissociation in the moisture film RH (%)
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Fig. 6 Composite adsorption and desorption isotherms for water
vapor on silver'”’
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WA TS X DR EA LA/ L, 100% & 7% 0
WH#Tr—A%dN5, BEICH L oMl
X0y, BEZAIFHETD AL V. I
TR 2L G A ARG G E) & & o
TP FELIZOTH S, Bz 22C T, HFAEE 5%
DGR E ISCICHHTIE, HMEMRZ L. oA
Fig. 7R3 £ 912, AW IR & & b1
L, KOWEED 3IHLLEKZ W 10 mg/cm? OKEIE |2
LTEtum OF —F—E %0, BROMETZ kT S
CTatum A —F—DEABLIOIREIZHOLH
27 5.

100

0.1 '
1 10 102

Time (min)

Water condensation (mg/cm?)

Fig. 7 Condensation progress by the temperature change from
22°C to 15C"

Field exposure specimens
Indoor : 50x10mm
Outdoor : 150x100mm

43 HROBAARHPTOEBEREE

431 BRESATEEESFHHAERATEE

— BN TOEBME O AEE IZEIMI R T
12 HfE V. Z 070 EENVE RN ED AT
Z, HEHIMC XTI hsZ bbb Zhid
AR L 2B B S BAMC ER TH WS LR b H
THRELIZ w2 L2k b, BRAKAOBELIE, —=2
WM R FEBOEERBR T OB HE Y72 ) o &L
(B - k) 72 EIRAIC X B BRI L) S5
BLABEREPSHMESNS, TAERLBEERED
HY— FRILEAEICLDBEEOMELTETDH 5.
MRS KA X 2 B0 e (ki 7125 72 © OIS
KGR X AR D b OO, kT OB ~D
& ZBIETENE, EFICRVEEORNTHIEE
I C& 5. — RIS ARG 2 EEE
TELENDDHH, BEREKWKRI X B BEET O
MED S B EEDERVENTIZ 2 £ Lo BRI 2% %
DEETLIEDBHBEINTVE Y, QCM 2 &9 T,
FA5E T DR 2 B I Fig. 8 1R L, MHBRE %
Table 2 12F &0 5. Z OMIZETHEAFAE ORAEN E
BCH DA OTEMILYL, FERAOMBIDT, L TE
WD) — 7 BRCHEEARREZFMT 22 b H 5.
432 HROTEEREFRICRIITEEMDEDERE
ROZEMGBILR 2L, WE - Mg (H,0), =7
T OVELT O, RS A TH B @ A

Corrosion product

Atm. exposure Mass measurement Mass increase
_— mg/m?/year
\
Electrode Corr. Product
Quartz disc removal <
v . Frequency change  Reduction of Corr. Mass loss
by QCM Product by mg/m?/year
e .
Electrode electrolysis
Measuring jig QCM ~
mg/m?/year
H Resistance change
I+ V+ V-1- Elec. resistance Cathodic red.
! nm/year nm/year
4 terminals
Fig. 8 Indoor atmospheric corrosion rate measurement method
Table 2 Indoor atmospheric corrosion rate measurement method
Measuring Measurement Method Measuring Detection limit
type Items (mg/m?2)
Mass change (Loss) ~10
Microgravimetry
Cumulative Mass change 2~3
(Increase)
Electrolytic reduction Electrical char_ge to
Cathodi ) reduce corrosion 5
(Cathodic reduction) products
Quartz Crystal Resonance frequency 0.1
Microbalance (QCM) (Decrease) ’
Continuous
Electrical resistance Electrical resistance 2~3
(Increase)

o
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(H,S, COS, Sy k), Wit #» A(S0,), 7 ¥ E=7T
(Mm FBALIIOB L EMET A, Cl, HCl, NO,

, BMREDSRETLIT LT N, GEBE ELE
%Ta
SCTRETHEMOB B, JRICHE FERICHE
B R S S B E AT LT o R I

&éﬁ®%&uowfﬁ%¢% 55 B ARHETR 45 77 A 55 P
%(25C, HIXHREL 70%, A A 0.36 m/s, SO, 810,

NO, 940, 0,334, Cl, 8.6, HZS 21pg/m’) TH— I AR
GOEREFENSET, BEKRE 7 (ug/cmh) ZRE L,
JE L AL C(png/m’) E DR % (3) R THEBLL
T B A AW OB FETEF RIS 5 SUB % 29 u;
DEZERDIAEREDS S0, & HS ORI RZHEHB LT
Fig. 9 12§ .

rn=A(C)" (3)

SITAL n ZEBTHA.

n DWEAENE WS T B, FOREYEN A GHF
OB T 5 BN & 25RT. SO, Tld%
BT, i3 0455 05 EEwWiEzRL, KEED pH K

12 & B RMBALEZ RO BRI ND Z & 2R L
TW5h, A S0, BRI LK 2R S R wold, f
MBIV &2 559 31T 5. —F HSIE, Tk
=055, #TIEn=030 L HWEZRYT. ZRITHL
S, BT 13005 T T, HSIEEEICIIE
EAEHEL W, HEMTIIFALY O X 7 2 0tk
WEHBEZAVF-—DEIAICKE L, LW (AgS,
CuS) BRI ENE -0 TH L. LBMOYE
BICIBRD L9112, BILYoMIEmitm Ly K& <, ;
b%%f%h,%@ WAL AR\ 3 % &
ALOEATIZIH SN D, —FHHUIB eI &%e
T, @WK, 6)RTET L ) TR R Kotk
BRICEDICERSNE LI THE Y., ZhroZn
BN ORER AL 23 F 0 B S wEIK & %
Zbhb.

Ag,0 +H,S — Ag,S + H,0 (4)
Ag,0 + Cl, — 2AgCl +1/20, (5)
Fig. 10 (241 & S D A1 J AT 3 A AR E o 28 % R
F9 i iJ:nEODﬂ%ﬁﬁl_{f'E 7 Z&}lﬁﬂ“(*ﬁﬂmﬁp

%Eﬂé%tk§®,ﬁk%®%ﬁﬁﬁ@@m?%f%6
EM DO EBF OENIIHE TH S, WO EHEEL
(AR EE L0 L CHIBIE B IR § 2 DI L, o

0.6 oS0,
= H,S

0.5

041

n 0.3

0.2

0.1}F

0 Cu Ag Co Ni Fe

Fig.9 Reactivity index »; of SO, and H,S to various metals™?

(value of ; in ,=A(C))")
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2.0
_ 16} » Cu
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S [ )
= 1.2
=2
[0}
b 0.8 -
5 .
s 0.4 o’
g ./ Ag
3 ok O= = 0= 0= 0=0=
l l l l
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Fig. 10 Effect of relative humidity on corrosion of copper and
silver'®

J LR XA R EE I & A EHAERT, 0.09 1g/cm?/h
LRV, OB AT T SO, AT HLS JREEIC
WARTIEFITRE L, SO, D3OI B % PeE L Tw
Ll EZONDL, ThbERBIZER LSO, D
HSO, , & 5|21 HSO, , SO/ #4 kL, /K% mik
b U o R I 0 507 % RAES 5. 2 L CHIxTR
BED LAIEKBEOEAZIML, SO, HffmzAksE
pHIETIZL 27 /= FRIEOREIIHFG LTS LD
LHRTE L, —F, MO IIRFHAORE T
SO, DFRIBHEAME L, FORBEFBITTEICHS IS LY
EEINTWEEEZLNS.

Fig. 51Z/R_R L7z & 912, H,S b A R0 g T (W A5
LCifEEL, HS 2R Lo aExRET S, LaL
Z ORBFEMRATIE, HS ICHRTE RIS 5L
#I(Cl,, Os, NO,) 25 H,SIZ/ER L, H,S @55t % g i
L, HS", WMERTE 30T 2T 579, M
F@m%#ﬁh CWdDEEZOLNL., WMEEDHES

12 & B RO ARERIZ B\ T A O R 2 4
IHEEARGEE BB S hTuan 7,

Table 3 IZBEEEA AKX B, 7IVI=Ta, 4,
B, = v VOBRIEZE CEERNEHE TH 2 Y.
T, HoBESICH < B3 % 8 O &K T
T A ARZEEZ 4 LN, BWIEIIX (&), A
(), OUR) B LTOMHE) IZHFH L TRL.

B EE T A DOFAEFIR AR EACR S S, A, &
THESE - MR R (B A, T, HIEEELR &) 2
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FHEPNMET I 52 D%, BEMEEZFR TSI
BEEOT—7 % (6) XD X ) LB EOH iﬁ’é“(
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r=At" (6)

CCTr3RBEHEMICBIAEAERE, AnlIERK
THbH. n OMIZTRIMIZE U 7255 £ L W Bz I o 75

PEICARAE L, 5 n=0.5~1 (WM ~EHI) T 5.
n=1 13/ EREAEERICH L CRIZICIE L CHEIfTT 5
EAEOMENTH 5. B TIOEHIE AW E oG
AR S T 5 7280 S FRNH A~ Ol WA 5 £ % =
RLTWwWaZ ElIckyiEZ s, HoRNRKLABAETIES
D —ANnE LBz 55, Fig 12(a) i3 KE O T3
Hidslh D B AT DZET D 72 W HL T I FRE L 7oA
B OB D H Y — Ficmh 5 RO 725 ik o
BBRMAAAEZRT®. —%, ) IkEO RS &

XAk, HE, bR 2 ko B85
P58 L 72 MR ERER T I L 728 (i 2 X 2 B

Table 3 Electronic materials sensitivities to atmospheric corrodants™

Ag Al Cu Fe Ni

CO,/CO4* ©) A ©)
NH4/NH,* A @) @) (@)
NO,/NO; © ©) A A
H,S X @] X (@) o)
S0,/SO4* O A X X X
HCI/CI- A X A x A
RCOOH/COOH- O O A A A
O, A © A A A

© : no sensitivity, O : low sensitivity, A\ : moderate sensitivity, X : high sensitivity
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0
A B CDETFGH I

J K

Fig. 11 An example of silver corrosion products variation (in UK
telephone exchange stations A~K)?"

(a) Determined by mass loss measurement 22
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(b) Determined by mass increase measurement 2%

0.25
¢ Urban
—~ 0.2 |— ~Rural
£ o Marine
C
o 0.15
(2]
©
9 /
o a
£ 01
0 L
0 300 400

Time (days)

Fig. 12 Examples of tarnish progress for silver in different atmospheric environments
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B, RRBEICBIAMOEEERY E LT, Cu0,
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Fig. 13 Temporal progress of tarnishing film formation for silver
and copper exposed in different atmospheric types®
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BERB TR T 2 BRI R ATH 1um DT & v
729, Ag,S EIE A LT Ag DL AE £k B % H s
FTHIZELLW2OTHA.

Table 4 \Z$R DR NG EIZ B 2 I £ HEE o & pl %
(a) Bmmpse & (b) AN B0 T, BEO
ElEN, BEERWOFHGE DT EDTRT
F 722 F TIZISO K% ISO 11844-1 DR N KA DG £
PG EON D S EMEDIEF IR BREE L LW BREE T
BRI R 2 R

JE AR X Ag,S DSET, B0 EIZEAITH
LI ENGHhAH, ZTIWKVAMNTy FLBRETHEL
TS EE R BE NI B AR IR D, BRI 500
ENs. Lol lum BEOHEDME CHEE L 28T
WHim T, N T ABEEFEINT A EICIMAT, BF
B2 5 7 — 2 Tld 15~20 nm O ZIRIE K T
MEIREXLZENH L. Lo TEFIBMOFI
BT, SERMCKEOEEEZHIET 2L & HICBE
HWE R EHFNEL WL ) TRT L 2 L AREERE
ThH5b.

0.5~ 1.5 4E [ 0 |2 IR & G BRAS Je 00 5, B 2R Bl
r(pug/cm’h) 1ZBICIER T A A (H,S, COS, S 7 &) D
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7=0.00423[S,]** (7)

[FIRRIC H,S IR ICIGE L7eNb W7 27 TORENE
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BB A HLS iR & CL s CEMG L2 Ak
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Wik U7z & 9 ICEP o RS L 72 o KA 2 ¢,
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5. SO AHEICHET 5 A EIUE, WAL,
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0F Indoor ‘_‘:f' p

Outdoor

Cumulative probability distribution (%)

.01 1 1 L 1
0.001 0.01 0.1 1 10 100

Corrosion rate (g/m?/year)

Fig. 14 Comparison of global indoor and outdoor corrosion rate

cumulative probability distributions for silver™
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Table 4 Typical indoor corrosion rates for silver

(a) Determined by mass increase

Indoor exposure site Exposure Corrosion rate . o .
- — - — iods(Mo - Corrosion kinetics| Comosion products | References
Counfry Atmospheric type Building Air conditioning periods(Mo) (a/m’fyear)
AC Dehumidified .
USA Urban Computer room Air flow 2 5m/s 6-18 027 Linear Ag2S/AgCl 16)
AC
UsA Industrial Computer room Dehumidified 6-18 0.41 Linear Agz5/AgCl 16)
Air flow 2.5m/s
Industrial Factory No AC, 6-18 0.36 Linear. Ag2S/AgCl 16)
Air flow 2.5m/s : )
UsA Exhaust fan
Urban Telephone exchange fiiter 5 0.15 - AgzS/AgC 1))
Air flow 1m/s
Urban 1248 0.035 Linear. Ag,S 28)
Norway Industrial Al box (Sheltered) Ventilated 1248 0.097 Linear. AS 28)
Rural 1248 0.031 Linear. Ag,S 28)
Urban 12-48 0.091 AgS 28)
UK Industrial Al box (Sheltered) Ventilated 1248 0.08 Ag,S 28)
Rural 1248 0.032 Ag:S 28)
Category IC1 29)
H 12 =0.025
ISO classification of Very low indaor
indooreimospnares Category IC2 12 <0.100 29)
Low indoor -
(b) Determined by mass loss
Indoor exposure site Corrosion rate
E)_cpgsull;'eo 3 Cormrosion kinetics | Corrosion products | References
Country Atmospheric type Building Air conditioning | Perieds(Mo) (g/mfyear)
USA Industrial Telephone exchange NoAC 35-24 0.11 Linear AgaS/AgCl 22)
P %€ | airflow 1.3mis - : g
Urban Royal Palace Library 12 0.096 Ag2S 13)
Marine Military storage Low Temp. 12 0.16 Agzs 13)
Cathedoral of Prague -
Czech Urban castle 5 0.46 AgzS 13)
Urban 12-24 0.023 Linear. AgsS 28)
Morway Industrial Sheltered Al box Ventilated 12-24 0.053 Linear. Ag:S 28)
Rural 12-24 0.016 Linear. Ag:S 28)
Urban 12-24 0.049 Linear. AgsS 28)
UK Industrial ShelteredAl box Ventilated 12-24 0.058 AgsS 28)
Rural 12-24 0.023 Ag-S 28)
Urban Lab. Office AC 16 0.09 Linear. Ag2S/AgCI 30
Japan Marine Factory No AC 3-42 0.13 Linear. Ag.S 25)
Rural Factory No AC 3-42 0.038 Linear. Ag.S 25)
Category IC1
! 12 =0.170 29)
1SO classification of Very low indoor
indoor atmospheres
Category IC2 12 <0670 29)
Low indoor

230 & BRBT04 H S-fi#di-f1)1Lindd 9

Table 5 Indoor atmospheric corrosion rates for silver in different
geographic regions® (Determined by mass loss measurement)

Area Number of Median value Range

sites (g/m?/year) (g/m?/year)

Japan 61 0.10 0.04 -0.42

Asia 43 0.61 0.035-4.74

(excluding Japan)

North America 21 0.14 0.007 - 0.837

Europe 61 0.12 0.022 - 0.46

Outdoor

(Global) 48 0.84 0.099 -10.46
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