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Weibull Probability Analysis for Vickers Hardness of Corroded Ceramics
in Acidic and Alkaline Solution

Sang-Cheol Jeong

UR Interdisciplinary Program of Mechanical Engineering, Graduate
School, Pukyong National University

Abstract

A Weibull statistical analysis of the mechanical properties of SiC ceramics was
carried out by immersion in acidic and alkaline solutions. The heat treatment was
carried out at 1373 K. The corrosion of SiC was carried out in acidic and alkaline
solutions under KSL1607. The bending strength of corroded crack-healed specimens
decreased 47% and 70% compared to those of uncorroded specimens in acidic and
alkaline solutions, respectively. The corrosion of SiC ceramics is faster in alkaline
solution than in acid solution. The scale and shape parameters were evaluated for
the as-received and corroded materials, respectively. The shape parameter of the
as-received material corroded in acidic and alkaline solutions was significantly more
apparent in the acidic solution. Further, the heat-treated material was large in acidic
solution but small in alkaline solution. The shape parameters of the as-received and
heat-treated materials were smaller in both acidic and alkaline solutions.

ZrO, composite ceramics was measured the Vickers hardness, and Weibull
statistical analysis was used to evaluate the reliability of the measured data. The
specimens were heat-treated for 1, 5 and 10h at temperatures of 1073 K and 1173
K, and were corroded for 400 hours in acidic and alkaline solutions. The specimens
were as follows: Yttria-stabilized ZrO, monolithic ceramics, ZrO,/SiC composite
ceramics with SiC added to improve crack healing ability and ZrO,/SiC/TiO,
composite ceramics with TiO, added for the increase of strength. The 2-parameter
Weibull probability distribution can be applied to the Vickers hardness. In the
Weibull statistical analysis of the corroded ZrO, composite ceramics, the shape
parameters and scale parameters can be used to determine the dispersion and to
predict the strength/hardness.
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AlbOs composite ceramics was measured the Vickers hardness of ceramics, and
Weibull statistical analysis was used to evaluate the reliability of the measured data.
The specimens were heat-treated for 0.5, 1 and 10h at temperatures of 1473 K,
1573 K and 1673 K, and were corroded for 400 hours in acidic and alkaline
solutions. The specimens were made with different amounts of SiC. Namely, 10 wt.%,
15 wt.% and 20 wt.%. SiC was added to improve crack healing (heat treatment)
ability. The 2-parameter Weibull probability distribution can be applied to the
Vickers hardness. In the Weibull statistical analysis of the corroded Al,O3 composite
ceramics, the shape parameters and scale parameters can be used to determine the
dispersion and to predict the strength/hardness.
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SAY in N:(90SiC+6A4L:05+4Y:05)

//
2000 - O Smooft specimen N
~ .
) | ¥ Cracked specimen
1800 L £ Smooth heat treated 4
L O Cracked & Heat treated )
H 1600 - @ Cracked & heat treated with SiO colloidal coating 4
5 1400 |- A
S
= I
Hl) 1000 |
s I
S 800 |-
L~ T Boo--
600
%‘0 | * : Fracture outside the crack-healed zone
= 400 .
= - AV - Crack length 2¢ = 125 pm
é 200 - - Healing condition : 1h, in air
0 L //// L | L 1 L | L | L |
0 900 1000 1100 1200 1300

Healing temperature ("C)

Fig. 2.1 Effect of healing temperature on the strength of crack-healed

specimen
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(@ ' (b) : (©)
Fig. 2.2 Appearance of optical microscope. (a) Cracked specimen, (b)
Cracked specimen of ZQ:.i-hour in a'cia'So}ution, (d) Cracked specimen of

400 hour in acid solution

(@) (b)
Fig. 2.3 Appearance of optical microscope. (a) Cracked specimen, (d)

Cracked specimen of 400 hour in alkaline solution
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(@) (b) (©
Fig. 2.4 Appearance of optical microscope. (a) Cracked specimen, (b)

Crack-healed specimen, (c) Crack-healed specimen of 400 hour in acid

solution

(@ (b (©

Fig. 2.5 Appearance of optical microscope. (a) Cracked specimen, (b)

Crack-healed specimen, (c) Crack-healed specimen of 400 hour in

alkaline solution
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(@) (b) (©
Fig. 2.6 Appearance of SEM. (a) Cracked specimen, (b) Cracked
specimen of 70 hour in acid solution, (c) Cracked specimen of 400

hour in acid solution

(@) (b)
Fig. 2.7 Appearance of SEM. (a) Cracked specimen, (b) Cracked

specimen of 400 hour in alkaline solution
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(@) (b) (©)
Fig. 2.8 Appearance of SEM. (a) Cracked specimen, (b) Crack-healed

specimen, (c) Crack-healed specimen of 400 hour in acid solution

(@) (b) (©
Fig. 2.9 Appearance of SEM. (a) Cracked specimen, (b) Crack-healed

specimen, (c) Crack-healed specimen of 400 hour in alkaline solution
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(c) (f)
Fig. 2.10 Example of component analysis by EDS. (a) Cracked

specimen, (b) Cracked specimen of 400 hour in acid solution, (c) Crack
healed specimen, (d) Crack healed specimen of 400 hour in acid
solution, (e) Cracked specimen of 400 hour in alkaline solution, (f)

Crack healed specimen of 400 hour in alkaline solution
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Table 2.1 Component analysis by EDS

(a) (b) (©) (d (e) ()
Element | wt.% wt.% wt.% wt.% wt.% wt.%
C 32.43 29.62 17.16 10.08 29.24 16.33
Na - b - - 7.60 23.98
O 3.69 4.03 19.22 22.95 0.82 0.22
Al 2.64 2.82 2.69 2.88 2.44 2.44
Si 56.77 58.71 57.02 60.07 55.76 52.82
Y 4.47 4.81 3.91 4.03 4.14 4.21
Totals | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
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Fig. 2.11 Bending strength of SiC corroded in both solutions
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i

‘Vickers indentation -

(©) (d

(e)
Fig. 2.12 SEM photograph of fracture surface. (a) Cracked, (b) Cracked
in H2SO4, (c) Crack healed in H2S04, (d) Cracked in NaSO4, (e) Crack
healed in NaSO4
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Fig. 2.13 Vickers hardness values according to specimen conditions

under indentation load of 9.8 N
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Indentation load : 29.4 N
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Fig. 2.14 Vickers hardness values according to specimen conditions

under indentation load of 29.4 N
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Fig. 2.15 Weibull plot of Vickers hardness from 9.8 N
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Fig. 2.16 Weibull plot of Vickers hardness from 29.4 N
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Table 2.2 The estimeted Weibull parameters by 9.8 N of indentation
load

Specimen S pai};?r{)eeter pasefr&rlll:ter Std/Mean/COV
As-received 16.18 1950 147/1891/0.078
As-received acidic 32.59 1463 52/1440/0.036
As-received alkaline 20.83 1344 82/1311/0.063
Healed 27.52 1965 84/1929/0.044
Healed acidic 19.52 1490 92/1452/0.063
Healed alkaline 18.93 1530 94/1489/0.063
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Table 2.3 The estimeted Weibull parameters by 29.4 N of indentation
load

Specimen S pai};?r{)eeter pasefr&rlll:ter Std/Mean/COV
As-received 1755 2054 130/1996/0.065
As-received acidic 23.10 1577 96/1538/0.062
As-received alkaline 26.89 1517 70/1488/0.047
Healed 18.79 1905 126/1855/0.068
Healed acidic 27.35 1564 67/1534/0.044
Healed alkaline 17.01 1479 98/1436/0.068
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Fig. 2.17 Shape parameter and scale parameter from Weibull

probability of 9.8 N
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Table 3.1 Batch composition and processing

Batch Conditions Relative
Speci. composition HOF Heat density
(Wt.%) pressing treatment (%)
Z Zr0O, (100) 100.17
710, (90 30 MPa, 1073 K and
75 70: (U 100.90
SiC (10) 1723 K, 1173 K from 1
ZrO, (88.8) 1 hour to 10 hour
ZST SiC (10.0) in vaccum in air 98.45
TiO, (1.2)
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Fig. 3.1 Vickers hardness values from corroded Z specimen for 400

hours in acidic solution
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Fig. 3.2 Vickers hardness values from corroded ZS specimen for 400

hours in acidic solution
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Table 3.2 The estimated Weibull parameters for as-received specimen

» Shape Scale
Condition Std/Mean/COV
parameter parameter

Z 66.5 1120 19.6/1112/0.018

Acidic #S 73.5 1196 18.8/1188/0.016
ZST 64.5 1282 22.7/1272/0.018

7. 32.9 1253 42.9/12340.035

Alkaline ZS 54.3 1278 26.8/1266/0.021
ZST 15.9 1511 110.6/1466/0.075
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Table 3.3 The estimated Weibull parameters for Z specimen (acidic)

. Shape Scale
Condition Std/Mean/COV
parameter parameter
AS-received 66.5 1120 19.6/1112/0.018
1073K-1h 79.7 1195 17.1/1187/0.015
1073K-5h 70.4 1280 22.5/1271/0.018
1173K-1h 59.9 1238 26.0/1228/0.020
1173K-5h 36.4 1367 47.3/1348/0.035
1173K-10h 44.8 1331 35.5/1316/0.027

Table 3.4 The estimated Weibull parameters for ZS specimen (acidic)

» Shape Scale
Condition Std/Mean/COV
parameter parameter
AS-received oy 1196 18.8/1188/0.016
1073K-1h 10.3 919 96.0/878/0.109
1073K-5h 8.8 816 98.1/775/0.127
1173K-1h 10.1 808 82.3/772/0.107
1173K-5h 21.0 835 44.8/815/0.055
1173K-10h 13.9 T4 57.1/712/0.080

Table 3.5 The estimated Weibull parameters for ZST specimen (acidic)

. Shape Scale
Condition Std/Mean/COV
parameter parameter
AS-received 64.5 1282 22.7/1272/0.018
1073K-1h 24.9 951 42.0/932/0.077
1073K-5h 21.6 864 43.2/844/0.051
1173K-1h 19.5 828 46.6/807/0.058
1173K-5h 26.0 532 24.3/52210.047
1173K-10h 40.7 511 17.8/505/0.035
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Table 3.6 The estimated Weibull parameters for Z specimen (alkaline)

. Shape Scale
Condition Std/Mean/COV
parameter parameter
AS-received 32.9 1253 43.0/1234/0.035
1073K-1h 50.6 1132 28.4/1121/0.025
1073K-5h 64.4 1217 23.7/1208/0.020
1173K-1h 70.5 1273 20.4/1264/0.016
1173K-5h 53.7 1232 26.9/1220/0.022
1173K-10h 39.0 1225 35.0/1210/0.029

Table 3.7 The estimated Weibull parameters for ZS specimen (alkaline)

Fd Shape Scale
Condition Std/Mean/COV
parameter parameter
AS-received 54.3 1278 26.7/1266/0.021
1073K-1h 18.9 1154 72.6/1125/0.065
1073K-5h 49.9 985 24.0/975/0.025
1173K-1h 24.3 1220 59.2/1195/0.050
1173K-5h 30.1 1063 42.7/1046/0.041
1173K-10h 222 800 39.6/782/0.051

Table 3.8 The estimated Weibull

parameters for ZST specimen

(alkaline)
» Shape Scale
Condition Std/Mean/COV
parameter parameter

AS-received 15.9 1511 110.6/1466/0.075
1073K-1h 29.0 1473 59.9/1448/0.041
1073K-5h 12.9 1243 133.4/1197/0.111
1173K-1h 23.1 1333 64.9/1305/0.050
1173K-5h 34.4 775 27.7/763/0.036
1173K-10h 76.2 668 10.1/663/0.015
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Fig. 4.1 Vickers hardness values from as-received specimens
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Fig. 4.2 Vickers hardness values from corroded specimens for 400

hours in acidic solution. (a) AlSi10Y3, (b) AlSil5Y3, (c) AlSi20Y3
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Fig. 4.3 Vickers hardness values from corroded specimens for 400

hours in alkaline solution. (a) AlSil0Y3, (b) AlSi15Y3, (c) AlSi20Y3

- 101 -



Fig. 4.4+ EAAIEHA (AISII0Y3, AlSI15Y3 % AlSi20Y3)e] w®IAZ~ 7
55 ¢folE FEA O yEhd Aol

Fig. 4.5 2] ZAAFA (AISI10Y3, AlSi15Y3 2 AlSi20Y3)¢] HIA
2= BAEE gols FEA YE Aot

Table 4.1, 4.2 Bl 43 Z47 2AAEA, 2+ 51 dze] ol XA
g B2 mAAPE] st FAZ efolE Ex2Io dEbHE e
UehdTh T3 Table 4.1, 4.2 2 4.390] sb=FA o3 H, FZ2HA
2 HsAsE A YdErdG. HAZ= A

Fig. 4.4°94 AISII0Y3 REAAIFEHEY HAE FEZ= AlSLGYS ¥
AlSi20Y3 2AANEHEY £ FE BEHS YEUALL, SICY FHFol
7t webA &E BEghol FokAle d¥Fe YET

Fig. 4.5014 4t g&He] HA|gk AlSi10Y3 #2] ZAAFEH] A 2
+ AISI15Y3 2 AISI20YS #4 RAAdHE Y =& g5 RIS U
BRI LA, AlSiI15Y3 H AISI20Y3 #4 EAAEHS Hl3 AE #EXE

et it 8o el o HARE AlSII0Y3 B AlSi20Y3 -4

X = AlSi20Y3 H-2] ZA A& H o]
7ba Barol =A e}, AlSII5Y3, AlSil0Y3e] <olith. B3

AISiI15Y3 Al@H o] &4k AF oA RS B mAA A} A9

- 102 -



Fig. 449 =AAGAT Fig. 459 4 @ 4z & FAF 22
(53

DAAANAHNA AN AT AL 2 FTF2HExr} 2 ma A EH
Hoh 242y A yebg e, &4ke]l 2 et 18y 63.2%Y &

4 FEe el AEASE NSl debdt oRlezye B
Aol A4F FEG AEsi 4 B A goe] ojsie 24H
Aee & % AUtk

- 103 -



Proability (%)

—a— AlSil0Y2
—&— AlSil5Y3
—&— AlSi20Y3

I As-received specimen

.
i
Ao i

TATy

o
)

1500

1900 2100 2300

Vickers hardness (Hv)

1700

- 104 -

2500

2 '.’IU[]

Fig. 4.4 Weibull plot of Vickers hardness from as-received specimens
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Table 4.1 The estimated Weibull parameters for as-received specimens

Parameter Shape Scale
. Std/Mean/COV
Specimen parameter parameter
AlSi10Y3 84.3114 2373.38 35.40/2358/0.015
AlSi15Y3 48.5423 2246.79 55.98/2222/0.025
AlSi20Y3 43.0397 2230.82 64.81/2204/0.029

Table 4.2 The estimated Weibull parameters for corroded as-received

specimens from acidic solution

Parameter Shape Scale
. Std/Mean/COV
Specimen parameter parameter
AlSi10Y3 43.7987 2371.07 65.66/2343/0.028
AlSi15Y3 27.9635 2220.89 95.60/2180/0.044
AlSi20Y3 34.3714 2239.04 75.74/2205/0.034

Table 4.3 The estimated Weibull parameters for corroded as-received

specimens from alkaline solution

Parameter Shape Scale Std/Mean
Specimen parameter parameter COV
AlSi10Y3 34.5699 2431.13 83.74/2395/0.035
AlSi15Y3 33.3053 2338.58 83.24/2302/0.036
AlSi20Y3 34.5704 2465.19 90.06/2428/0.037
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Fig. 4.11 Weibull plot of Vickers hardness for corroded AlSi20Y3
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Table 4.4 The estimated Weibull parameters for corroded AISi10Y3

specimen from acidic solution (heat treatment at 1473K)

Parameter Shape Scale
. Std/Mean/COV
Specim parameter parameter
As-received 43.7987 2371.07 65.66/2343/0.028
0.5h 36.9509 2362.35 76.28/2329/0.033
1h 28.8234 2459.18 151.7/2397/0.063
10h 19.7727 2255.96 94.30/2216/0.043

Table 4.5 The estimated Weibull parameters for corroded AISi10Y3

specimen from acidic solution (heat treatment at 1573K)

Parameter Shape Scale
. Std/Mean/COV
Specim parameter parameter
As-received 43.7987 2371.07 65.66/2343/0.028
0.5h 23.9807 2376.82 123.5/2327/0.053
1h 26.6154 2592.17 121.1/2542/0.048
10h 23.2297 1977.21 104.4/1934/0.054
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Table 4.6 The estimated Weibull parameters for corroded AlISi10Y3

specimen from acidic solution (heat treatment at 1673K)

Parameter Shape Scale
. Std/Mean/COV
Specim parameter parameter
As-received 43.7987 2371.07 65.66/2343/0.028
0.5h 18.8927 2516.32 171.2/2450/0.07
1h R IY, 2533.14 93.73/2492/0.038
10h 18.7619 1758.93 109.4/1712/0.064

Table 4.7 The estimated Weibull parameters for corroded AlISi15Y3

specimen from acidic solution (heat treatment at 1473K)

Parameter Shape Scale
. Std/Mean/COV
Specim parameter parameter
As-received 27.9635 2220.89 95.60/2180/0.044
0.5h 28.1008 2453.75 101.4/2409/0.042
1h 20.9481 2320.94 143.5/2266/0.063
10h 14.9153 2228.16 164.8/2155/0.077
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Table 4.8 The estimated Weibull parameters for corroded AlISi15Y3

specimen from acidic solution (heat treatment at 1573K)

Parameter Shape Scale
. Std/Mean/COV
Specim parameter parameter
As-received 27.9635 2220.89 95.60/2180/0.044
0.5h 24.1816 2283.75 109.8/2236/0.049
1h 25.3674 2433.55 117.7/2385/0.049
10h 21.3588 2268.26 133.5/2215/0.06

Table 4.9 The estimated Weibull parameters for corroded AlISi15Y3

specimen from acidic solution (heat treatment at 1673K)

Parameter Shape Scale
. Std/Mean/COV
Specim parameter parameter
As-received 27.9635 2220.89 95.60/2180/0.044
0.5h 25.8996 2483.59 117.7/2435/0.048
1h 31.0871 1815.96 70.47/1786/0.039
10h 14.4240 1942.81 148.8/1877/0.079
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Table 4.10 The estimated Weibull parameters for corroded AlSi20Y3

specimen from acidic solution (heat treatment at 1473K)

Parameter Shape Scale
. Std/Mean/COV
Specim parameter parameter
As-received 34.3714 2239.04 75.74/2205/0.034
0.5h 19.9194 2236.71 132.5/2180/0.06
1h 23.4582 2254.01 113.2/2206/0.051
10h 25.3023 2354.97 109.2/2307/0.047

Table 4.11 The estimated Weibull parameters for AlSi20Y3 specimen

from acidic solution (heat treatment at 1573K)

Parameter Shape Scale
. Std/Mean/COV
Specim parameter parameter
As-received 34.3714 2239.04 75.74/2205/0.034
0.5h 20.7113 2234.70 127.3/2180/0.058
1h 20.8907 2366.28 136.3/2309/0.059
10h 34.5035 2160.12 72.87/2128/0.034
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Table 4.12 The estimated Weibull parameters for AlSi20Y3 specimen

from acidic solution (heat treatment at 1673K)

Parameter Shape Scale
. Std/Mean/COV
Specim parameter parameter
As-received 34.3714 2239.04 75.74/2205/0.034
0.5h 15.7375 2302.82 186.2/2232/0.084
1h 15.1069 2407.60 186.6/2329/0.08
10h 23.4613 1993.53 97.54/1950/0.05
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Fig. 4.12 Shape parameter and scale parameter from Weibull

probability of corroded specimens in acidic solution
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Table 4.13 The estimated Weibull parameters for AlSil0Y3 specimen

from alkaline solution (heat treatment at 1473K)

P eter Shape Scale
parameter parameter Std/Mean/COV
Specimen
As-received 34.5699 2431.13 83.74/2395/0.035
0.5h 19.1278 2456.62 155.6/2392/0.065
1h 27.7531 2308.62 101.2/2266/0.045
10h 33.7587 2554.75 95.96/2516/0.038

Table 4.14 The estimated Weibull parameters for AlSil0Y3 specimen

from alkaline solution (heat treatment at 1573K)

eter Shape Scale
parameter parameter Std/Mean/COV
Specimen
As-received 34.5699 2431.13 83.74/2395/0.035
0.5h 19.1257 2348.97 140.9/2287/0.062
1h 29.7280 2476.17 105.8/2433/0.044
10h 18.9356 2074.42 128.6/2020/0.064
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Table 4.15 The estimated Weibull parameters for AlSil0Y3 specimen

from alkaline solution (heat treatment at 1673K)

Parameter Shape Scale
. Std/Mean/COV
Specim parameter parameter
As-received 34.5699 2431.13 83.74/2395/0.035
0.5h 16.7545 2442.75 165.9/2370/0.07
1h 30.1974 2146.99 90.68/2110/0.043
10h 13.1125 2337.57 199.8/2251/0.089

Table 4.16 The estimated Weibull parameters for AlSil5Y3 specimen

from alkaline solution (heat treatment at 1473K)

Parameter Shape Scale
. Std/Mean/COV
Specim parameter parameter
As-received 33.3053 2338.58 83.24/2302/0.036
0.5h 20.0626 2285.13 133.6/2228/0.060
1h 23.6439 2219.72 107.2/2172/0.049
10h 33.3912 2437.93 84.72/2400/0.035
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Table 4.17 The estimated Weibull parameters for AlSil5Y3 specimen

from alkaline solution (heat treatment at 1573K)

Parameter Shape Scale
. Std/Mean/COV
Specim parameter parameter
As-received 33.3053 2338.58 83.24/2302/0.036
0.5h 15.8974 2009.70 145.4/1947/0.075
1h 16.3855 2365.83 168.8/2294/0.074
10h 28.7583 2184.92 91.77/2146/0.043

Table 4.18 The estimated Weibull parameters for AlSil5Y3 specimen

from alkaline solution (heat treatment at 1673K)

Parameter Shape Scale
. Std/Mean/COV
Specim parameter parameter
As-received 33.3053 2338.58 83.24/2302/0.036
0.5h 22.5497 2397.71 121.3/2344/0.052
1h 23.7650 2212.69 118.9/2166/0.055
10h 28.2601 2058.10 85.60/2021/0.042
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Table 4.19 The estimated Weibull parameters for AlSi20Y3 specimen

from alkaline solution (heat treatment at 1473K)

Parameter Shape Scale
. Std/Mean/COV
Specim parameter parameter
As-received 34.5704 2465.19 90.06/2428/0.037
0.5h 27.2045 2279.22 103.3/2236/0.046
1h 28.7591 2156.62 94.31/2118/0.045
10h 20.9868 2417.55 138.6/2360/0.059

Table 4.20 The estimated Weibull parameters for AlSi20Y3 specimen

from alkaline solution (heat treatment at 1573K)

Parameter Shape Scale
. Std/Mean/COV
Specim parameter parameter
As-received 34.5704 2465.19 90.06/2428/0.037
0.5h 31.0080 2273.41 86.93/2235/0.039
1h 25.1055 2227.44 106.0/2182/0.049
10h 33.4894 2304.88 79.45/2269/0.035
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Table 4.21 The estimated Weibull parameters for AlSi20Y3 specimen

from alkaline solution (heat treatment at 1673K)

Parameter Shape Scale
. Std/Mean/COV
Specim parameter parameter
As-received 34.5704 2465.19 90.06/2428/0.037
0.5h 20.9914 2196.44 124.2/2144/0.058
1h 21.4952 2039.68 108.9/1992/0.055
10h 25.5316 1992.49 92.69/1953/0.048
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Fig. 4.13 Shape parameter and scale parameter from Weibull

probability of corroded specimens in alkaline solution
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Table 4.22 The mean Vickers hardness for corroded specimens in

acidic solution

ecimen
AISi10Y3 AlSi15Y3 AlSi20Y3
Time 1473K/1573K/1673K | 1473K/1573K/1673K | 1473K/1573K/1673K
As-received 2358 2222 2204
As-received
(Corroded) 2343 2180 2205
0.5h 2329/2327/2450 2409/2236/2435 2180/2180/2232
1h 2397/2542/2512 2266/2435/1786 2206/2309/2329
10h 2216/1934/1712 2155/2215/1877 2307/2128/1950

Table 4.23 The mean Vickers hardness for corroded specimens in

alkaline solution

ecimen
AlISi10Y3 AlSi15Y3 AlSi20Y3
Time 1473K/1573K/1673K | 1473K/1573K/1673K | 1473K/1573K/1673K
As-received 2358 2222 2204
As-received
(Corroded) 2395 2302 2428
0.5h 2392/2287/2370 2228/1947/2344 2236/2235/2144
1h 2266/2433/2110 2172/2294/2166 2118/2182/1992
10h 2516/2020/2251 2400/2146/2021 2360/2269/1953
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Fig. 4.14 Mean Vickers hardness according to corroded specimen

conditions. (a) Acidic solution, (b) Alkaline solution
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