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Uncertainty evaluation in electrochemical noise resistance measurement
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The uncertainty in statistical noise resistance measurement was evaluated for a type 316 stainless steel in
NaCl solutions at room temperature. Sensitivity coefficients were determined for measurands or variables
such as NaCl concentration, pH, solution temperature, surface roughness, inert gas flow rate and bias potential
amplitude. The coefficients were larger for the variables such as NaCl concentration, pH, inert gas flow
rate and solution temperature, and they were the major factors increasing the combined standard uncertainty

of noise resistance.

However, the contribution to the uncertainty in noise resistance measurement from the above variables was
remarkably low compared to that from repeated measurements of noise resistance, and thus, it is difficult
to lower the uncertainty in noise resistance measurement significantly by lowering the uncertainties related
with NaCl concentration, pH, inert gas flow rate and solution temperature. In addition, the uncertainty in
noise resistance measurement was high amounting to 17.3 % of the mean, indicating that the reliability

in measurement of noise resistance is low.
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UNCERTAINTY EVALUATION IN ELECTROCHEMICAL NOISE RESISTANCE MEASUREMENT

of, A7F 9 w7 F= A I A5 WA F7F At
24 gde] ARREE IAFY] SRRl 75184 o

(noise resistance) 8] S0 THAE EIFL 245 &
i, 7 Ao B8 HU) dAste], dY B
% (combined standard uncertainty) 2] A& WHHS 7t
o FAo® it

I
2
o

2. M3 2 BE B}y

Q71318 4 o]z Agke] e 7telli= 1080 °CollA
3 AIZF A Fo] $YYAIA annealingdt FE7} HRB
90%2]1 316 Z~EIRIFAZ;S ARESIGoH, mlA x2S
Fig. 13} 2t} A|ALS plate AEl 2 annealing$t $-¢| disc
o7 7l¥star Avl(polishing) st o, dAwnjel= #
400 H3= # 1200 SIC ArpAE ARSI, e HF
Ak o] W &+ Ra ¢he® £ 0.008 9 0.002
pm ot

Al &8 HCLE 7Fsh oh5-9] 33elA Ad<=she vikst
22 2 % NaCl =890|H, Ny 742 808 &7]513]
o}, 271 A9 Ny 7}49] flow rate= 100 cc/min®]™, Z &
Al Np 788 2bdst 230 M = Adeiqinh @7 A8
o FRAZHA AEsERon, A 9 A9 ol A
oA 1 AJZF & Al 2] A9lE 545k Fof ZRA
(zero resistance ammeter) mode®A FAlol 73},
A9 BF HAE AR RFEARE o] FA1A ol
Z A8 (statistical noise resistance) = T3} th. 3t
A718keHA] ol S Ave} vlul A4S S8l wFAE
< Fselom, Wit A2 A717F 10 mVel W M9k
10 mHzS} 10 kHz WlellA FAkste] S5kt

A d I (random effect) 2 FAs= A7]3818H4 1-0]
= Ao wEes A5k & sds Ay el
o)z AES vy SHeqlr) ok Al Mo 4 @
=50 FHHE S8 Al 2 =

<5, pH, ©7] 7k29] /% 579

Fig. 1. Microstructure of a type 316 stainless steel used for un-
certainty measurements (mag. 1000 X).
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Table 1. Measurand and measurement for uncertainty evaluation

Measurand Uncertainty evaluation

-measurement system
-repeated measurement
-micrometer

-balance

-pippete

-atomic weight of NaCl and HCI
-weight of NaCl
-volume of HCI
-beaker

-sensitivity coefficient
-measurement system
-sensitivity coefficient
-thermometer

Noise resistance

Exposed area

Concentration of
solution

Bias voltage

Temperature of

solution -sensitivity coefficient
Surface roughness of| -roughness tester
specimen -sensitivity coefficient

-flow meter
-sensitivity coefficient

Flow rate of inert gas

Table 2. Conditions for sensitivity coefficient measurements

Variables Conditions
. 1 % NaCl (pH=1.9 )
Concentration 2 % NaCl (pH=1.6, 1.9)
Roughness, Ra (um) 0.02, 0.08
Flow rate (cc/min) 0, 100
Temperature (0C) 22, 30
Bias voltage (mV) 0,10
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Fig. 2. Typical electrochemical noise data obtained during electro-
chemical noise resistance measurements; potential (a) and current
noise (b).
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Fig. 3. Plots of electrochemical noise resistance vs the time excluded from data analysis for various sampling durations: 10 min (a),

15 min (b), 30 min (c) and 60 min (d).
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Fig. 4. Nyquist plots of a type 316 stainless steel in NaCl solutions.
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Table 3. Summary of sensitivity coefficients and uncertainty

Uei (6FSueY* | ul*(0f0uc;)

NaCl-conc. (solution) | 1.15x10%| 1.84x10° 2116
pH (solution) 3.37x10?|  6.12x10* 206.2
Potential (bias) 2.07x10%|  4.9x10° 0.1
Temperature (solution)| 3.54x107| 2.15x10° 76.1
Roughness (specimen) | 3.99x10°| 1.36x10* 0.5
Flow rate (degassing) 8.83 1.07x10" 94.5
Resistance 1.07x10™ 4.0 0.43

Type A (noise resistance) ( ) 42,025.0

Exposed area (specimen) ( 7 ) 1.54x10°

CORROSION SCIENCE AND TECHNOLOGY Vol.12, No.5, 2013

N
—
i}

N
(o]

]
17

IS
1o
ro
bl
kg

12 o oo o
2z
o
Ir
o
=)

o oz
257]'%:_"1:“!'!‘
o

o
rlr
>,
r =l
1o
s
12
o
N
o
Iy
oX
l&
m{m
BN
1-rl

o

209.4 Q—cm?0]H]
—cm?9) 17.3 %0 &

—_
\\]
—
—_
Eorlr

e O
:i
o,
e
Y
2
24
i
(o
s M
o,
N4
2
o
J[}l'

A8 A v ol AR 59 el Sk

o "1 0O

Q&A= NaCl 5, pH, &7]17}49] G2 A3
Ay B EE v okl ), o5 H &4
aCle] Agkst Aeka} pHe| Aeksh 24, 2o A3}
Ae] A B Aol gl A &

Aol % :
M B YRS 3} | #18ke] &-fe] =

g _Lzﬂ—}\]ziotq
]HJ ?)‘L/H ==

, Ol o= AR

225



JONG JIP KIM AND SU YEON KANG

= 97. 9 % IOlE}.
%7}011*1 1 60.5 %V

) Hielel 47 TJHE-

,_.
k
o
IN
2
odt
N\
oX
1o
e
o
bt
2
o
o%
o
=y
2
iy
N

226

.

3. wo)= A 539 B BFEAES wol2 AFY Bt
gholl tiletol wwl R ¥ A% S val) 2w
o1 A8, AAAOR ol = AR Sk wF AR

. pild il l H O
iz %QEOH Hlﬁﬁ Hlﬂlé}Ei Al e Aedt =
A3} Aols ool T4 EE BAES IFE Ot @

1. ISO, Guide to the Expression of Uncertainty in Measurement
(1993).

2. URAMET, Guidelines on the estimation of uncertainty in

hardness Measurements, v2.0 (2011).

3. W. Gabauer, The determination of uncertainties in tensile
testing, Code of Practice, No 7, issue 1 (2000).

. 1. J. Kim, Corros. and protect., 6, 54 (2007).

. 1. J. Kim, Corros. Sci. Tech.. 8, 193 (2009).

.11 Kim, Met. Mat. Int., 15, 279 (2009).

. A. U. Malik, P. C. M. Kutty, N. A. Siddiqi. I. N. Anduani
and S. Ahmed, Corros. Sci., 33, 1809 (1992).

~N O\ N b

CORROSION SCIENCE AND TECHNOLOGY Vol.12, No.5, 2013



