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the Corrosion of Metals (I)

— Corrosion of Armco Iron in Acidic Solution —
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Abstract

In order to elucidate the effect of heat transfer on the corrosion of metals, the
corrosion behavior of armco iron in an acidic solution was investigated by imposing
heat flux through the metal perpendicular to its corroding surfaces. Suitable equipment
for this purpose was devised to avoid non-uniform surface temperature distribution which
would cause non-uniform corrosion distribution. Using this equipment, corrosion tests
were carried out in a temperature range from 20°C to 80°C in the absence and presence
of heat transfer.

It was found that the corrosion rate of pure iron with heat transfer depends not
only on the surface temperature of the specimens but also on the magnitude of heat
flux and its direction ; in other words, the rate of corrosion reaction increased when the
hear flux was in the same direction as the metallic ion transfer. The apparent activation
energy of the corrosion reaction (determined from the slope of the logarithmic corrosion
current vs. reciprocal temperature at constant heat flux graph) did not depend upon the
magnitude or the direction of the heat flux.

An experimental equation, similar to the Tafel equation, was obtained relating the

heat flux through the specimen and the corrosion rate of the specimen. It may be
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concluded, however, that the effect of heat transfer on metallic corrosion are due to
indirect action of the heat flux affecting the number of active sites on the surfaces of the

corroding metal.
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Table 1. Rate of vaporization and Amount of thermal

expansion at various temperatures

temp. Rate of vaporization Rate of addition Amount of expansion
(°C) (m4/hr) (mf/hr) i (mé)
23 T ‘ ‘mé 0.2
25 0.3 0.3x1 0.6
30 1.8 09x2 1.1
33 2.7 14%X2 14
40 4.4 2.2%2 25
43 5.5 1.9x3 3.1
50 8.6 29%x3 4.1
55 124 3x4 5.7
60 16.5 4x4 6.9
65 23.0 4%6 8.1
70 29.0 5X6 9.3
75 42.0 6X6 10.7
80 54,5 7X9 12.3

Surface area * RIREHER: 33 cm?

Base volume ®OHK W & 450 md, 20°C
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HBERP O, B1HA A4 vE L THREBERT 5, #- P Armee dren 1
0.5n-NaCl + 0.5n-HCI (pH 1.0)
T, ROBELIS OER B G RE A Ky, Faraday o -'° |
& - 4
AR CRREBREHEHL 55, Table 2 B8 E o 3
- L2F 70(70} 60 (60) |
WG D, fxORECKITAEABRAR LI, 5L § |
. § osF 500 ]
Table 2. Temperature dependence of corrosion s | ® s0ta0) |
rate in the absence of heat transfer g ne
f 1 - E o4 5 4
temp. ol solution N L 0 i
WO (°C) 40 50 60 70
06 26 20 0 80
corrosion rate 0.53 073 1.07 157 Time (minutes] ——

AR 2 (meme-h) Fig. 2. Corrosion loss vs. time
1. . .

corrosion current .
W % ¥ (mA/cm?) 0.51 0.70 1.03 151 curves in the absence of
heat transfer.
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Fig. 3. Corrosion loss vs. time TFig. 4. Corrosion loss vs. time Fig. 5. Corrosion loss vs. time
curves in the presence curves in the presence curves in the presence
of heat transfer. of heat transfer. of heat transfer.

Table 3. Surface temperatures of specimens and corrosion currents in
the presence of heat transfer

'R M ! xR E Boeh B W = HE R E | Bogh E W =
Temp of bulk !Surfacg temp | Corrosion current Stuerriz})ceofof Corrosion current| Temp of bulk
solution 1 | of specimen 1| of specimen 1 specimen 2 of specimen 2 solution 2
T (°C) L Tig °C) Lo, (mA/cm?) T2 (°C) 200, (MA/cm?) T2, (°C)
HHE: 8mm
Thickness of
specimen
20 40.0 0.739 55.0 0.595 70
30 50.0 0.969 65.0 0.866 80
33 475 0.864 59.0 0.797 70
BFE: 6mm
25 495 0.883 60.8 0.672 75
30 416 0.681 479 0.558 55
50 654 1.248 724 1.290 80
HKHE: 4mm
23 39.0 0.650 45.2 0.576 60
40 50.5 0.855 55.0 0.864 65
43 59.0 1.240 65.2 1.104 89

ik, DBROEFBEAORBCHERL ¢, HFTEFRETL W5,

Lo L7ehih, HABREFH 2~4 Bl -t WTFhoBsicd, BRE RO -
ICEBINCERT 5, $Eo T, MFCHEF ARG LAILL, Fx0BR o, HAEE
RO EEERYEHL S 5, Table3 1%, BRESBEZEY > CAER KET L2550
BRERE, BARIS ETLTOAEEEREELARLLLDTH D,
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Q/A=Kdt[L (1)
ot A (BEVE (cal)
Q: (ZERHEE (cm?
K:M%@%EﬁgthMWW%vTW
de: BEE (T~T¢ °C)
L: #AEE (cm)

% a2 OBERBERARBIC R T A REERE, WA CBFRLL, B WAk %%
WoOEER LI LT, 1.6520.10, 2.244-0.11, 2.782-0.01 cal/cm?-sec ® 3 7'/ — FIZ 8 L
5hH, TMbOZA—THL, BAEEORHBREKFEYTVv=0A - Tey +¥5L,
Fig. 6 23515, ZORMALH LR L 512, RMEEE LZOFEIMHEL CHEREED
Micix, BEBOFELLVEHEOThE, BRBEORERFEN RS R,

CTHER, BEROTFET H5E D& MY, M ORERFY (7.5 keal/mol) 124 - T,
EEoR—RE 60°C e e 5, ZoX 3T L THLA—RECRST 5ERERL, 2
BBz LT ey bT5 &, Fig. 72mT &, BABEOREB L CBERBMR
MNEbBLID, Ik, AREEECHE R, BERKOFMEEL, WEBEERORE T, »3FEH
B T, X oEWiBs, b, BERREZERBEA & ol EBERSE S RIMLUCE, —viea
L&EAF vEOMBILBEORENF LV AYIEE L,

Fig. 7 bW baie X 312, £EBEEBHC KT 52 2OBIRBEO FRNELVIEE, W
I HEESR AT, B, BERIEE, ToWEBETTA &R UHE OBRROFEET
Lo T{REX N, W EOBREOFELEI L - TR LEHRL > 5, Fig, A—FHER
ErktsroEEs, HHoEER, Fig. 7 2680 h 5B tEH cx 5,
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2 70 3 4
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g5 aT = 25°C °
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3 .81
%} - _ .
g E 14 o =03 9
sif < Rl L
s 1 < st
= £ 1.0p 3% —
as Q =2.2cal/cm?sec, ~ ok —_x X% !
AT = 37°C - B -3 I
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3 o g ) i
82 ’» o-- 5 i
I - © theating) Tt > Ts ===e —= Ti> Ti (cooling)
3,k = o4 i E
4 42 i
g
S Q= 2.8cal/cmisec, 5
| AT ™ 5'0 “C " " . ) L L
-5 s = 1 3I‘ L 312 30 -20 -0 0 40 20 430
Reciprocal Temperature (°K™-10°) Magnitude of Heai Flux { cal/cm’sec)

Fig. 6. Arrhenius curves for corrosion Fig. 7. Relationship between heat flux
current of pure iron at various and corrosion current at a given
magnitudes of heat flux. temperature.

T=a+b log i (3)
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