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SUMMARY

1. Title of research

Development of corrosion protection system for metal structures using

electrochemical principles

. Purpose and significance of the research

Building structures such as bridges, sewer pipes and gas pipes is a big public
service consuming astronomical cost. So it is very important to maintain and
mend these constructions. It is not too much to say that the demage induced by
corrosion on structures is the most dangerous disaster among those public
constructions. Because corrosion occurs under the ground or in the water, it
cannot be detected and misfortunes befell like the accident of Sung-su bridge
collapse in 1996. When corrosion occur, the steel-frame structure cannot perform
a role and it needs repair works extensively. In 1992, USA spent $127 billion for
repairing these decayed structures by corrosion. Therefore, developed countries
such as USA, Japan and Italy have studied about corrosion protection system for
a long time ago and used the system in the real construction site.

This research set a goal of making a semi-permanent corrosion protection
system module which makes up for the existing weak points of present
technologies. It is the method that structure is combined with electrical circuit
electrochemically and the blockade corrosion reaction works displacing the

potential of structure negatively without using consumptive Sacrificial Anode

Methode.



III. Scope and contents of the research

During the first year, researcher put emphasis on studying reference electrode.
At first, reference electrode was developed which had stable property in the soil
and water for long time. As equipped this reference electrode, an applicable
electric circuit is designed. Target structure’s potential went down and high

cretible corrosion protection system was developed.

IV. Results of the research

It is the goal for making semi-permanent stable reference electrode in the soil
and water. Target structures have properties that these structure can use liquid
phase electrolyte mostly so Ag/AgCl reference electrode is focused to develop.
Actually in the aqueous solution phase electrolyte, Ag/AgCl reference electrode is
widely used because it has high reliability and large working extent. AgCl coating
on silver wire is successful and then the property is improved by heat treatment
and polymer coating. Also as changing structure, reference electrode have more

long durability and attain stability.

V. Plans for application of results

Using the data obtained for 1 year, high reliability and long term stability of
Ag/AgCl reference electrode is planed to apply to the corrosion protection system.
Because there is no long-term stable reference electrode, it 1s regarded as
impossible to make Three electrode system corrosion protection. If this devised
reference electrode 1s used, it can be a breakthrough in reliability and cost

reduction effect comparing with the existing technology.
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Cost of corrosion

proportion of

proportion of

coty | Yo el R rehceane
u.s. 1975 700 4.2 15
U.K. 1969 32 3.5 23
West Germany| 1969 60 3 25
Australia 1973 5.5 1.5 -
U.S.S.R. 1969 67 2 -
Japan 1974 92 1.8 -

Table 2.1 Annual cost of corrosion loss of some countries.
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Solution

Anodic reaction (2.1) Cathodic reaction (2.2)
H* H
I‘_Fe2+ l /
-2e
+2e Metal
e e

Fig 2.1 Anodic and cathodic reaction at a metal surface
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Fig 2.2 Kinetics of anodic and cathodic reactions.
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Fig 2.3 Diffusion-controlled reduction of oxygen.
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Salt bridge |

Fig 2.11. An glass/caromel electrode system for measuring pH
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Fig 2.12 Glass membrane electrode for pH measurement
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Fig 2.13 Potenial profiles across a glass membrane from

the analyte solution to the internal reference solution.
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Fig 2.14 Diagram of a cell for measurement of pH
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Water sorbed pH response
Glass 3 .
(mg cm ™) (mV/pH unit)
Corning 015 358 59
Dish 388 58
American Ceramic Society
40 57
No.1
Window 39 56
Electric hygrometer 39 56
Blue bottle 30 54
BSC 517 5.5 43
F 620 4.8 39
Ba C 572 2.2 33
Pyrex 1.8 18

Table 2.3 Hygroscopicity and pH response of 10 types of glass
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Alkali metal(s)

Rare earth

Silicon

Electrode 17-329 or alkali earth metal(s)| dioxide
3-16% 60-75%
pH range
Li2O, Na2O Cs20 BaO Las03 SiO,
0-11 25 7 68
0-14 28 3 A 65

Table 2.4 Typical glass composition
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Fig 2.15 Cross-sectional view of a silicate glass structure.
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Fig 3.1 Schematic structure of J-type Ag/AgCl reference electrode
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/ | Sealing Tape

D=4 I Electrolyte
h=40mm level
\\ /
‘\\ / W=7.99
e k4 A=5cm?
p=2g/cnt’

Fig 3.2 Specification of working electrode(big nalil).
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Fig 3.3 Experimental composition of corrosion protection system.
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Fig 3.6 Corrosion potential transient of big nail in DI water.
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Fig 3.7 Schematic experimental set up for fabrication Ag/AgCl electrode.
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Fig 3.8 Fabrication procedure of Ag/AgCI reference electrode.
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Fig 3.9 (a) Schematic structure of Ag/AgCl reference electrode

(b) Picture of fabricated Ag/AgCl reference electrode
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Ceramic plug ~ 5 pM Cl/hour

Quartz fiber ~ 50 pM CI/hour
Annular ceramic ~ 50 mM ClI/hour
Sleeve ~ 500 mM ClI/hour

Table 3.1 Junction Flow Rates
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Fig 3.10 Fabrication procedure of glass electrode
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Fig 3.11 (a) Schematic structure of combined pH sensor

(b) Picture of fabricated combined pH sensor
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_ initial _ _
applied . final weigt 9
weight mdd(mg/dm“day)
voltage (9)
(9)
-580mV 8.2452L 8.23922 100
-650mV 8.02374 8.02172 33
-750mV 7.91782 7.9166 17
-850mV 7.91019 7.90997 3
-950mV 7.84127 7.84161 0
-1050mV 7.8252L 7.82547 2
-1150mV 8.19032 8.19028 0
-1250mV 7.93410 7.93498 0
-1350mV g8.12231 8.12232 0
-1450mV 8.014%6 8.014/4 3
-1550mV 7.88020 7.8801Z 0
-1650mV 7.91961 7.91948 2

Table 4.1 Corrosion rate calculation from corrosion weight loss method (area=5cm?)
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Fig 4.3 Polarization curve(with inflection point) of big nail in 1M NaCl.
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Fig 4.6 Potential and current density transient for counter electrode made from stainless

steel wire (-850mV).
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Fig 4.7 Potential and current density transient for counter electrode made from stainless

steel wire (-950mV).
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Fig 4.8 Potential and current density transient for counter electrode made from short
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Fig 4.9 Potential and current density transient for counter electrode made from long
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Factor Voltage Time Solution Temp. EMF
No.
51 10.2¢ 3s 0.1M HCI 5% 40
52 +0.2¢ Bls 0.IMECI 40t 10.5
53 0.2V 0z 0.1MKC], HCL 55¢C 10
54 0.3V 30z 0.1MECl 55¢ 17
59 0.3V 60s 0.IMKCl, HCI a5t b
56 +0.3v 90s 0.IMHCl 407 b
57 0.5V 3s 0.1MKC], HCL ik 9
58 0.5V Bls 0.1MHCI 55¢C 20
59 +H.5V 90s 0.IMECl AYS 4

Table 4.2 Orthogonal table L9 for AgCl depositon on Ag.
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Fig 4.19 XRD pattern of Ag/AgCl electrode.

- 117 -



AccV SpotMagn Det WD b———— 2m
10.0kv 2.0 15000x SE 63

(b)

Fig 4.20 SEM images showing AgCl deposits:
(a) tip view (b) side view: depth of AgCl

- 118 -



L0 e e
_15_._mi.””m..1““..m”ﬂ.“__.:"m._.m;..““_.ﬁ”m

EMF(mV)

_25_””.;“_..m“;.__“.jm”“.“_;..muué_“"..mﬂ“..
B0 e e

_35_.m”;.“_“..;””._“é..m““.;_“..m€_.““_.ﬁ”m

1
0 5 10 15 20 25
Time(hrs)

Fig 4.21 EMF between fabricated Ag/AgCI reference electrode and commercial Ag/AgCI

reference electrode for a day.
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Fig 4.22 SEM top views showing AgCl deposits:

(a) before heat treatment; (b) after heat treatment: 120°C, 1h.

(c) after heat treatment: 220°C, 1h. (d) after heat treatment: 320C, 1h.
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Fig 4.23 EMF between fabricated Ag/AgCI reference electrode and commercial Ag/AgCl

reference electrode after heat treatment at 320C.

- 122 -



4.2.3 Polymer ZE 51}

, poly(vinylbenzylechloride)®} Triethylamine solution®]

o

Ag/AgCl A=& W&
stehitg-3 2-MES W& AR&alA W&o % poymer& ol dip-coatingsto] Al 2%
Ag/AgCl71 41 =S AZstAdt. 18 4255 Ag/AgCld= 9o m¥H polymers=
S HoFEd, ogA AFH VEdTe 719 Ade 2, Z®”E polymerZt

filling solution?] 3M KCl &9 <ol AgCl deposite] &3lE o=t} o] 7|+

A=re] EMFEA Y 714 548 S48 Bt
9 425% AFE Ag/AgCl 711 =3 4838td Ag/AgCl 7|+=d =32 EMFE
HoF=d, 4mVE 6¥old FA8tdh 18l 17 4262 Axd Ag/AgCl

=
7= Afolol A o] EMFE YE =d OmVE w9 A4 E gS YeEdA L, ol A
< AdAde] Aes BT o] VEAFY AVIAd 5EAS HUhstr]l fl&A IV
2 =Ad wmkth 29 4272 Ag3tE Ag/AgCl 71+=4=9] -V curve, €38 &
gt A5-o AFE Ag/AgCl 7= = % polymer IZ®-S st A#E Ag/AgCl 7]
FAFY [V ASE BET ol AR [V curvedl A AF7E mEHEE
qfo] WakAl obA L 71717 0o urétoR Ju[10]. ¥ AdE wW, A83td

==l 71717k b8 3 uskan, o gee] dAE M weoxl V=

N

2

H
ol
o
offt
o
N
L
i,
N

o ARt 5 oHA S B ZA "MEA N, polymer
A= 719 WEkA @kl EMFge] 9 dHE Eoksith. o A

polymer ZH & F3lA AZE Ag/AgCl 7= =o] A&ste ARt ¢ £2 54

- 1238 -



Acc.V Spbf Magh ' D'et' WD |—|
§10.0kv 2.0 1000x SE 73

£ i

Fig 4.24 SEM top views showing dip-coated polymer.
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Fig 4.25 EMF between fabricated Ag/AgCl reference electrode and commercial Ag/AgCl

reference electrode.
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Fig 4.26 EMF between two fabricated Ag/AgCl reference electrodes.
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Fig 4.27 | -V curve for fabricated Ag/AgCI reference electrodes and commercial Ag/AgCl

reference electrode.
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Fig 4.28 1 -V curve of circled region in Fig 4.27 and second time measurement for I-V.
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Fig 4.29 EMF transient comparison between J-type and I-type in 3M KCI.
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Fig 4.30 Theoretical electrode potential of Ag/AgCl reference electrode
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Fig 4.31 EMF transient of J-type reference electrode and I-type reference electrode in DI

water.
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Fig 4.32 EMF between J-type Ag/AgClI reference electrodes and commercial reference

electrodes.
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Fig 4.34 Ideal circuit of corrosion protection system for control current and potential independently
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