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ABSTRACT

The telecommunication systems outside plant are made of a variety of materials: metals, alloys,
electrical contacts, polymers, concrete structure and so on. The wires which connect telephone
offices to subscribers and to other telephone offices and the objects which support them are called
outside plant. The outside plant is composed of line plant and underground plant. The former
includes open wires, telephone poles, self-supporting wire, cables and optical fiber. The latter
includes ducts, manholes, hand-holes and cable tunnels. The interaction between the outside plant
metal components and the environment leads to various types of corrosion. Measurements of
atmospheric exposure test, cathodic protection and ac impedance technique have been conducted

to evaluate the corrosion behaviors and its prevention control of telecommunication systems.
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BEBPEEBERM (subscriber loop
infrastructure of telecommunication) FHEZHEE K
FEE BB R EBEHGMR - ZRHE
AAREENSBMHEIRBEERERNRESF -
AR DEEREEHPEEAET (&
BRI - BB R - BIREERAFRES
K — T8 BEHRIEEE (telecommunication
plant) > MR BEREERE  BHAFR
HH » BIFEESRCIRE - HhREREeEs
(outside plant) ZHUIIEIIBBEN ARRED » K
L ENREE - BE - B - BE - SEWEREZ
YEFIREBARE « ISR MERZ RIF 2R a8
YEhE - A EE AR E 41 (degradation)
TEEHERER - —REREHEE B2 s -
MBI AR o B LR MR EE YA R RS B i T
$844 (hot-dip galvanized steel) ~ REME < &B#
B T EE S EROLES - RanEEERE
REJEEL (atmospheric corrosion) ~ TRERBEL
ZJ&8h (sulfurous-gas induced corrosion) ~ #i T~ A
FLE4 ZI5/KEEL (flooded manhole corrosion) &
TiEEBRFEELEZEAM (sulfate-reducing bacteria,
SRB) % ' FEBEZEMRZERMELHL
PR EBEMNE - AT EREE TR
BB E R A RHER EIBREE T T 4 A ARG K
HBhGiahE -
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2.1 KT RS

ERPEERE R 2 R E 8 (aerial cable) ZEUIY
B A ES S S A SRR E RSB » BB
R ST R R R ' R fE S R R B ey P A B
B - AEREBEEEBAFRKEERREIIARBE
BhERESIS - MUESS ¢ A(230g/m?) » B(488 g/m?) »
C(732 g/m?) =B AREHEZ BRI - #
SESHAS (SESRERF0.18mm) FARZEBME - B
GEGME IR - R REEREEE Lk
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FE30EA - EREHNAE - KR —ERER
BRNEIERET - IS HKRE 2B L0 A
HEBLRZ e R IRt E 4L - SEFIA
EDS & ESCA i HREBUL RSt ERY)

2.2 iSRS AR

HEEETFRHZERENMEESEMERE
R R KRS ek R T B B orRetE: ~ BEE R eIFE
FWAEE - BHLURRERMEREENHE » &
WEZRCEEIBESE 102 ppb, —H(LREF
HEER 22 ppb - ERBHILREE ZAFHEEA
B BRI R E T IS 12 FRBERS
JEE Bkl 22 AL THREMEISURE - SN BRI B S A
BAH SR T BB HE LB - hERE
Ba FEAEENERNSRRAZARERE T &
FEEAERLEHE _S{RMERBIRER - FE
WU THEL (connector) EEARKINY: - AHiHEE
F$EE (1.0 ymESE/EMBEEH) » #ER (1.0 p
mEESRE /A ) MR (1.0 pm SESEIE/EME
RS ETAEREME - FIRRES RS
HIRE R R FRTE R - SRR REBE
UL (SO,) R_ELE (NO) ZBBEHKERk
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Kt B ok 2 P b e ) TR o R BRI B R
ik - REARERTEIMRBERE SRS R
LERERLREAL - XAl BARSMNE
Ttk R R R N [ 073K SM B T Rk
SRR E E R A AN E R G ERERERR
ARG TR RV B A 2 RDCEN » Btk
R AR BB R (EE DN EBERE
(RIREEIGE - FHHEE ARSI HEER
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At E AR T EM LR & BIEE
HRAERE TR TSk - BB BET - FIA%
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BEEHBRIHLERRERE - BRIEE-BRIKR
BRI BUKBR PR L EMAT B - Kt E %
ERER RS ERTEIX - R - BB
BRI T AFLY - TR TTRE IR S I Akrry
BREAE -

R SCE S aTREIE A FLEEE R BERY IR 3R
FEEETIIAE - (1) MILE(Galvanic) REERK
FE - 2) BIBE =R (Differential Aeration) » (3) B
IREYEVRTANE - (4) FEBUEVR (Stray Current) ° (5) #4
LRl (Bacterial Corrosion) @ AFLHZHRESE
JRE (sulfate-reducing bacteria, SRB) B IRIZEFHY
RERRE BB REEENER  BERH
[ FENE B A AT URS Bl i 2 RAL B - Baimlhphi iy
A EREBCEE - B2 R MR R - A
BEG HMSHRIE R BRGah A YRR - HR
TE 10 cm x 3.5 cm x 3.0 cm ° eGSR K Z 5
FEFUERIRENHE L BUIERT (cable tie)
5] AR B ST R R n] SE R R B B o P gty
E - EERRE TR RN R R E BB
RSHE R BN /KE T EFRNEME R HETE
LR -

EEMACELZ2EBER REEMNRE
(Potentiostat, EG&G, M273A) KFTHiA ZH%E
EFESHTHE (Frequency Response Analyzer °
Schlumberger FRA1255) -~ i 2& E 5 kil
FOHKEM (saturated calomel electrode * SCE) ©
RRMARHEEAR 2B TR EREEEER
i HEEREBER 100 kHz ~ 0.01 Hz » BAIRIER
10mV - FEENRHEMAAREREEARNVERE
BEN (B ) TH#TT : RMEHRSBRERER
TRFHBURE - AR R B AT 80V E BAIIHRE » B3 hE
PSR B AL Bl E s SR M B R S B AL
(Coupling Potential, E_) o RGBS
SEELREBAETHER - A AREIERERI S EE
BEAERE TR - Mty 5H
AR BET  HEMFEEER 1mV/sec
RREEA AW EB KRS ERE - &
FFRMTK - BK (3% NaCl) ~ SREEE W (HCI,
pH=1.2) BFRERYE I (NaOH, pH=13) -
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GBEREERFERRERETHERE T
KEF KRR - EXBERBREPREFH
BK - RERBERETTRERE AL ENETH - iR
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LR PRIHBRIR(ERR) - RER RS R E
A - RS B E R S B - SR
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SRR B K AT HEE 4 S RIBEUE A GBS
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Reducing Bacteria, SRB) XA H Fe9 o i
BIREERRERERRLE - Rt ez s 2
{LBFE ~ SO SR Bt E R - MAEVBHRERE
EBREME S WS ah « 24 Bt A3t s
SR FIRRBGEA BN - AETEBRGE RS - 5
B RSEEEEME AWK —FUR - FIHEE
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(medium O R : (1) REEEESEREE » (2) EEH
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RIBTHE Z ARBERAEERET - 8 0E
BEREERBEE - SR i Al B R
FrEmtt - SEEFBBU N ASRSESEA KIS AR
R pENtEAE RS ZEHMER - E KR
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& 40% + FEERM R 35% - FIA EDS 47 H
RERL - BRAOR - - PRV E R4 RYE
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RE2FT R - RS B AR Al B B AL
DEBEBENHRESBNEHRREYEEL E,
A AIREE SR E S BB ERILE E LUF - KL
25°C /KB SREHB T HKE M = M™ + ne
5 HYWEN B < EmEM T

Ea = Ea°+ (RT/nF)InM™ - Ea° BH&BENE
ZE fi(Standard Potential) s R BRBEEE T &K
{EEHBEE » iy Faraday ¥ ' & 25°C Z RT/F
=0.0257V(IRREF) s nBREETE M~ R/KER
he &BMTIRE - HEHEEEEERKERS
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W R SEBALLETRE 0545V DUT - F
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Transfer Resistance)!™" o [E6 RSN E B R
PEEEREREG AFLFNEMBMCERRR -
B ERERTLRE - SRR E T RERER
o BRMAGHENEMBLENE/E -

3.4 TSR R E R A E

B - S HEESSHEMETRRBRPZ
SERAYLE - B 7RTR o EHE 7(2) RAIRREETE
EFERRERB R TR ERE - BBt
R EERAERS AR 27.5 pA/om? (R HES
SBIFE) B 88.5 pA/em (SHEEREHE) - S ST
AR ERERAE3 0 R BB A R AL B & -
FERMEE SRR TAELES - hEl7©) F
AAER SHEERERET - BESVIZ N
BEHLAEARM LR SR » 95 KRB RRHLIE R RERE -
e & B B B R B I F U S R IE R E - 53
E RIS B H B AER S FR 5.9 pA/em? (R
SHEEEE)E 277 pA/em? (SHRESERE) @ #
L S Rt 1 2 R T TR PR o S PR RS RO ST -
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1. RERE R AR SRR -
Table 1  Chemical compositions of materials of sulfate-reducing
bacteria testing.

M Fe C [Mn| Zn | Cu | Si | Mo | Cr | Ni | Al
TR bal | 1.15| 042 [ - - 1030 -- 10.15] 0.05 -
wee | - | - [ - | - [3582] - | - | - [005] --
5% 046 — | —~ | — 036|064 — |001]1.06] bal

2. REEA TR ERER R < S MRERAT
Table 2  Surface residual compositions of specimens after seven
years' atmospheric exposure test by EDS analysis.

SREE SRERFD

Zn Fe Al Na S Cl
A SR e eE it --- 54.43 1.75 41.25 0.51 0.27
B iR g SEsm, 57.76 9.95 9.31 0.15 3.01 1.80
C R gresesst 67.32 2.15 7.72 2.90 5.54 5.02
Friaay o -—- 1.68 66.6 0.30 9.33 20.56

3. T EERBERE —SIE _S(LEARBFRIB60/NF
SBEHE -

Table 3  Contact resistance distribution(AR) of metal-plated connector
contacts after exposure test for 60 h in SO,and in SO, + NO,.

Contact \ Atmosphere SO, SO, + NO,
Degradation class (%) A B C D A B C D
Au 85 15 -- -- 21 52 27 -
Ag 73 7 |- |- |85 [15 |- |-
Ni - - 5 95 - -- 68 32

* Degradation class A: AR <2mQ2 B:2<AR<10mQ C:10mQ<AR<S0mQ D:AR>50mQ
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Figure 1  Anti-corrosion methodology of telecommunication
materials.
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Figure 2 The polarization diagram of cathodic protection. (M: metal to be
protected; E_ : Corrosion potential; I :Corrosion current; I
Applied current; E : Equilibrium potential)
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[ 3 EBFRIE IR ZHITRE (a) SO, + NO,; (b) SO,

Figure 3 Variation in impedance with time after exposure test in'(a) SO, +

NO,; and (b) SO, atmospheres.
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Figure4 F allure mechamsm and sketch of current flow at defects of the
electrical contacts in the SO, / NO, contaminated environments.
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Figure 5 EIS measurement of lead-sheathed cable. (a) without CP in the CHT
manhole water and simulated severe environments. (b) with /without
CP protection tested in salt water and in hydrochloric acid solution. ®:
without CP in salty water, O:with CP in salt water, A: without CP in
HCIl (aq), A: with CP in HCl
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Figure 6 Corrosion potential vs. time for the field test and laboratory test in the
manhole water.
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Figure 7 Change in impedance of different metals vs. time with or without SRB.
(a) Carbon steel, (b) Cu-alloy, (c) Al-alloy.
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