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THE INFLUENCE OF CHLORIDE ON THE PASSIVATION FILM ON
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By Nobuaki OTSUKI, Toshiyuki YOKOI and Osamu SHIMOZAWA

In general, the embedded steel bars in concrete cannot be corroded because there are

passivation films on the surface of steel bars and small supply of oxygen in good quality

concrete. ln marine environment, however, chloride ions can penetrate and accumulate

in concrete destroying the passivation films, and if the supply of oxygen was enough

(supposing crack existence)

the corrosion of steel bars occur, Also, the chloride can

be accumulated in concrete from the material used. In this paper, the authors represent

a method which can judge the degree of passivation film quantitatively. Using this

method, the relationship between passivation film on the steel bars and chloride content

in mortar which is immersed in tap water or sea water can be understood.,
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Fig.1 Simplified Pourbaix diagram for iron,
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Fig.2 Three types of anodic polarization curves.
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Table1 The mix proportions ol mortar. Table 2 The propertics of cement,
. : o Speci eci fi i ime fe rength ressi 1 8]
Symbol | w/e(D) C(kg/mB) \'(kg/mz) S(ka/ms) Chlaride (2) Specific Specific Setling time Slability §F gw;‘:})slleng megijm\:‘?)s rength
B 1 gravity surface Vater Initiat Fimal
oW | 40 | e | 7.0 | 1998 0 content | set set A I EIRE! 2
40-15 10 674.9 270.0 1349.8 0.20 (cni/e) [¢9] (honr-min) | (hour-min) days | days | days days | days | days
40-25 40 §74.9 270.0 1349.8 0.41 kY 3180 21.6 2-26 3-23 Goob 3.4 15.0 1.2 13.5123.8 124
10-45 a | e7a.3 | 270.0 {13198 0.82 . .
- 5 | w20 | w8 | 1057 0 Tabie3 Physical properties of fine aggregate.
Specific | Absorp- [ Bulk Yoids | Silt and | Cofor Cumulative lercentage Fine-
151095 | 45 | 652.0 | 203.8 | 1305.7 0.06 it Tine robric =
gravity | tion weight ratio |dust Lest passing sleve (mm ness
61725 | 5| 82,0 | W38 | 13057 0.11 content
< (3) [ CGeim) |0 | (%) [(N) | 2.5 J_Z modulus
15 | 45 | 8520 | M8 13057 0.z 7.8 1.33 1621 | 38,7 | 2.21 | pood i 3.13
45-28 45 652.0 293.8 1305.7 0.45
50-W 50 | 832.2  316.1 ) 1264.5 0 Table 4 The chemical compositions of sea water.
50-15 50 | 8322 | 316.1 | 12645 0.07 Treclite ] | ThemTeal composliions (mg’ 1)
pravily
w3 & [wmo o jmsr | P e e e e e
55-1/38 55 612.9 337.1 1225.7 0.07
55-1/25 | 55 | 612.9 | 337.1 |125.7 0.14 o AT
s5-15 | 55 | 8125 | 331 |12 0.27 (7oL A [TaitwrEm | o JON 51
i . - - GENERAIOR QuT
33-25 55 612.5 337.1 1225.7 0.5 L WE STENTIOST
P - P!
55-45 55 | 812.5 | 3371 |125.7 1.08 & L—RE POTEN
ol - URR
60-V 60 | 594.8 | 356.7 |[1189.3 0 Cce )
73
60-15 80 534.6 356.7 1188.3 0.29 [—J
65-1745 | 65 | 582.2 | 378.4 | 1184.3 0.08 ap [C¥ ¥
= a 5258 b ae [-ante
65-1/25 65 582.2 378.4 1168.3 0.18 —5 X-Y
83-15 65 | 582.2 | 378.4 | 11613 0.31 RECORDE'LK
‘ 65-2§ 65 | 582.2 | 318.4 [1164.3 0.62
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Table5 The influences of some factors on the grades of
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Table6 The first months when grade O passivation films are

measured,
Curing Mixing wscC
condition | water
0.40 | 0.45 | 0.50 | 0.55 | 0.60 | .85
w 12 [ 12 6 3 -
1738 - 6 - 6 - 3
1725 - [ - 3 - 3
28K
1s 12 6 8 3 3 3
25 12 6 - 3 - 3
a5 3 - - 3 - -
w 12 ] ] 3 3 -
s | - - - 3 - -
vs | - - - 3 - -
7K
1§ 6 3 12 3 1 1
5 - - - 6 - -
I - - - 1 - -
w 6 6 8 8 3 -
s | - - - ] - -
s | - - - 3 - -
1K
is 6 [ ] - 3 1
sy - - - 3 - -
5 - - = 6 - -

EHLICAEFERBUIELLENMT A ETHSH. BIED
BHELT, Ay FEBFERESRKIGLT 7Y -7
RIGE 00, BEIEZRENRLTHEENEALLND.

Fhr, EMEEE LMY EEKIUERES T LIV
OMS I FICB T ABGFERABEZ A, JOFE, MY

Table7 The chloride

)%

KRR - B3 PR

Table 9 The chloride contents of mortar after 1 year's exposure

in sea water (% vs. mortar weight),

Kinds of Curing conditions
SPECITED 1 | w | oK Average
0-¥ 0.36 | 0.4 | 0.62 | 0.54 |
i 0.80
4 - 1S | 0.62 | 0.75 | 0.62 | 0.68 )
45 - W C.78 | 0.77 | 0.75 | 0.77
0.81
45 -1S | 0.96 | 0.89 ! 0.72 | 0.88
50 - 0.89 0.88 0.70 0.82
L 0.73
50 - 1S 0.72 0.70 0.33 0.84 H
55 - W 0.78 0.84 0.64 0.75 |
0.79
55 -1S | 0.86 | 0.8 | 0.78 | 0.83 |
60 - W 0.92 | 0.82 | 0.82 | 0.89 ’
i 0.82
80 - 1S | 0.73 | 0.80 | 0.72 ; 0.75 |
Average | 0.78 | 0.79 | 0.68 ! 0.75

FTHEMREIBE LG T N2ERBLOHEE % (BiFES
MLt) #BEFEL, Table8Z/RL 72, Table8 £V,
BERIZAOSFHTHY, HOD60%EOERIL, 1
FOEEBLETHELL TSI ENEZ HND.
Table 9 iZ, #/AKES L B OMS 1 £ TR
HHBATLT. Table9 il kv, Mo THKIZES T,
&Y 1.5cm TORTFEFARIL, WM ICUYEE
NAEBICHE L THMALAE L, 1, #AEY SkE
KHEODLDDEIOTHLTH L. THOE, o EH

contents in mortar (weight % vs. 'mortar),

Curing conditions ST ) 1K 7K 28K
Ages {(days) 28 [ 91 | 180 ly 2 91 | 180 iy 28 | 91 | 180 ly 91 180 ly
-y — | — 1 — | -~ Yo.02|0.10}0.31 056} 0.08|0.02] — jo.4a] — | — lo.28|0.35|0.62 e ‘
40 - 15 [0.20][0.04] — |0.05]0.05|0.00{0.14}0.18]0.62}0.06 | 0.07 {0.22|0.75} - | — |0.21]0.20] 0.62 Table8 The residual [chloride
by ercentages fter
10 -25 [e.atlfoas|oasioaalon| — — | —| =] =] —1|-|— o2} — |os]| — {049 p ) g alte ] 1
e . year’s standard curing.
w-45 [0.821} — {o.39fos2foms| — | —| |- 1|~ |~ |oao| — |08} — |08
5 -V ~ | — 11— — |0.05(0.09|0.31]0.78| — [0.07]0.47]0.77) — |0.06]0.43}0.44 [ 0.75 Kind of Residual Ave.and
—— SRR [ specimons % S.D.
25 -1/ f0.061f002f — | — Jooa| — | — | — ] —F — | —~1-1—]oor| — {oa7| — |o.55
— -5 25
45 - aas 0.1 — fo.03fo03joos| — | — | — |~ ~ 1 —1 =1 —loo3] — Joar| — |0.55
0 - 25 bid
L 145 - 15 [0.231]0.04{0.05]0.08|0.08]0.11|0.13|0.55 [ 0.96 [ 0.09 | 0.10 ] 0.51 | 0.89 ] 0.10 | 0.15 | 0.57 | 0.09 | 0.72
a 20 - 45 3
o |85-25 f0a51] — |oaz|ooafoe| — | — | — |~ —1{~|—~|— o8} — [o.37| — 0.8
w o -
o[-V — | = | = | — [o.05}0.17]0.41|0.88]0.05]0.05 | 0.80 | 0.88 | 0.02{ 0.0 [ 0.24 | 0.25 ] 0.70 5 - s &7
|50 1S [0.25110.09|0.05| — |0.06]0.15]0.16]0.63|0.72[0.09] — [0.27]0.70]0.10{0.15]0.02] 0.30 | 0.28 45 -1 5
© 55 - — | —=1-1—|o10j0.14|0.56|0.78] — | — |0.72|0.820.06]0.11|0.60{0.53]0.64 5-5 35 Av
- S—— e.
|55 - 1215 [0.071| 003 0.02| — [0.03)0.13]0.15]0.70] 0.03 | 0.08 | @.08 | 0.8t [ 0.02 | 0.07| — [0.a0] — [0.70 45 -25 36 56 %
= - 3
s |55 - 1/25 [0.141] 0.05 | 0.02 | 0.02 | 0.06 | 0.14 } 0.21 | 0.98| 1.07| 0.10| — [o0.c2|0.08| — | — |0.62] — |0.99 5 -5 25
- N Standard
55 - 15 [0.27110.05| — |0.04|0.12[0.13}0.26| 0.55 | 0.86 | 0.12| 0.19 | 0.78 | 0.86 | 0.08 | 0.17 | 0.73 { 0.4 { 0.78 55 - 1745 1 deviation
55 - 25 [0.5410.14|0.13|0.13{ 0.2t [ 0.26} 0.40 [ 0.62 | 0.84 [ 0.20] 0.32 | 0.57 | 0.8t | 0.19| — |0.54| - [o0.67 55 - 1/2 23 12 %
55 - 45 [1.0810.36| — |0.26|0.33[0.57| 0.65|0.65|0.78 | 0.97 | 0.51|0.67|0.77]0.53] — |0.65 — |0.66 JE—— M
80 - W — | = | =~ | — [oa3} — |0.23]|0.02{0.08|0.22] 0.3 [0.02] — | ~ |0.64{0.53]0.
0.13 0.230.82[0.09 [ 0.32 | 0.31 | 0.92 0.6410.53 | 0.82 P »
60 - 15 [0.293}0.10|0.06|0.03|0.07| — }o.27|0.38[0.73 — |0.23]0.43]0.80]0.07]0.15| 0.76 | 0.65 [ 0.72 PR -
65 - 1745 [0.081{ 0.06 | 0.02 0.02} 0.02| — jous| — | — [~ Jew| — | = | = | ~ |08} — [o.67
— - 6 -5 2
65 - 1/25 [0.161{ 0.06 | 0.04 | 0.05 0,04 [0.16| — [ — [ — ona| — | - | — | — | — |oaa] — | —
— - -~ 85 - 1/4S 25
65 - 15 [0.311{0.22| — | — toaz| — [ew| — [rorf — | — | — |o0.83]0.10|0.13] 0.55| 0.55 [ 0.79
85-25 [0.e23{od9|020f0as] — [ — | — | — | = —=1| -1~ Tlest| — jozr| — |o.8s - s »
L3 I The chloride content in fresh mortar 8-S »
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Table 10 The observational
grades|of corrosion
specimens (the ave-
rage of two after 1
year’s exposure).

iy Curing condition
proportion ST 28K
30 - W 0.5 1.5
10 - 18 0.5 1.0
40 - 28 0.3 1.5
10 - 48 1.0 1.5
B - v 0.5 1.5
45 - 1/48 0.5 1.5
45 - 1725 1.0 1.0
45 - 18 1.0 1.5
5 -125 0.5 1.5
50 - W 0.5 1.0
S0 - 1S 0.5 1.0
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Fig.7 The influences of W/C, mixing water and curing

55- 145 | 0.0 1.3 condition on the grade of corrosion.
{ S-S 0.0 |20
| e Ly P . . . . .
5.1 |es 1 as Table 11 The relationship between passivation and the chloride
55 -3 0.5 1.5 content (Numbers of specimens).
55 - 4§ 1.3 1.5
The chioride ¢ = 0.075< | 0.125< | 0.175< | 0.225< ] 0.275< [ 0.325< | 0.375<
60 - W 0.5 2.0 content =0.075 [ =0.125 | =0.175 | =0.225 | 0.275 | £0.325 | =0.375 | 80.425 0.425< | Total
(VS.mortar weight) [ (0.05) (0.10) €0.15) (0.20) (0.25) (0.30) €0.35) €0.40)
8¢ - 1S 0.0 2.0
Some passivation 55 19 17 5 4 5 2 1 3 1
65 - W 0.5 1.5 (Grade 1 or 2) (99.5%) | (7.1 { (15.3%) | (4.5%) (3.6%) (4.5%) (1.89) €0.9%) 2.7%)
85 - 1/4S 0.0 1.0 No passivation 3 4 4 8 5 5 3 4 85 18
(Grade 0) (2.55) | (3.4%) | G480 | (5.09) | (A.20) | @28 | 2.5%) | 3.4%) | (7140
65 - 1/2 6.5 -
The percentage
85 - 1S 0.3 1.0 of having 95 % 8% 82% LY LI 52 % 273 21 % 1% —
passivation
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M0.15% LITThhiE, F#EEeo % Ll oEchE
T 2L9ThHAH. XHIZ, NEHEOHETIE, 0.05
% kKichHnig, LTLAHECTENID S
T, MEOa vy - oINS VEE 1500
kg/m* ERET 2 E, CRAODRFEFZRIBPOBO D
v )= b 1mPhiZ2.25kg Bk 000.75 kg (TFHY ¥
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