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LAMPIRAN II. KOMPOSISI KIMIA ASTM A36
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LAMPIRAN III. KOMPOSISI KIMIA AIR LAUT

HASIL
TEST RESULT
: :
g::'um 212 Noenor / Numbes 212/BSKJBaristand-Pakmbang/MS. 6/, 0062/11V2022
Nomor Tanda Terima Contoh : S2/BIPA/L, 00827272022
Recaived Order Number
Halaman / Page (s) 12dad2
No. Parameter Uj sm—%—‘lm— Metode Uji
1. | Padatan tedanst (TDS) molL 313 SNI 6989.27:2019
2. | Salinitas ppt 27 Salinometer
3. | Suhu c 241 SNI 06.6989.23-2005
4. | Kondukfivity pSicm 479 SNI 06.6989.1-2004
5. | Dersjat keasaman (pH) - 7.00 SNI 6989.11-2019
6. mmmmo:mm) mo/lL 89 IKLab54.1u
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LAMPIRAN IV. PERHITUNGAN BHN

Brinell

Pembebanan F 3000 kgf

Diameter indentor D 10 mm

Diameter injakan d

Rumus 2F

BRN = nD(D —VD? — d?)

Spesimen Kode Titik d BHN BHN rata-rata
1 5,057 139,207
p 5,021 141,352
AS RECEIVE AR 3 2045 139,915 140,390
4 5,019 141,456
5 5,011 141,965
6 5,069 138,443
1 5,433 119,060
p 5,437 118,872
ANEALING AN 3 >A44 118,579 118,861
4 5,444 118,544
5 5,427 119,380
6 5,440 118,729
1 5,291 126,165
2 5,299 125,755
3 5,299 125,752
NORMALIZING NO 4 5290 126,228 125,999
5 5,293 126,091
6 5,294 126,005
1 4,825 153,992
2 4,859 151,674
QUENCHING Q 3 4873 150,725 152,112

4 4,861 151,561
5 4,860 151,591
6 4,837 153,130




AS RECEIVE (AR)

BHN
No PERHITUNGAN BHN
Rata-rata
2x 3000
1. BHN = = 139,207
3,14 x 10 (10 — 4/ 102 — 5,0672)
2x 3000
2. BHN = = 141,352
3,14 x 10 (10 — 4/ 102 — 5,0212)
2 x 3000
3. BHN = = 139,915
3,14 x 10 (10 — 4/ 102 — 5,0452)
140,390
2x 3000
4 BHN = = 141,456
3,14 x 10 (10 — 4/ 102 — 5,0192)
2 x 3000
5. BHN = = 141,965
3,14 x 10 (10 — /102 — 5,0112)
2 x 3000
6. BHN = = 138,443
3,14 x 10 (10 — 4/ 102 — 5,0692)
ANEALING (AN)
BHN
No PERHITUNGAN BHN
Rata-rata
2 x 3000
1. BHN= = 119,060
3,14 x 10 (10 — /102 — 5,4332)
2 x 3000
2> BHN = = 118,872
3,14 x 10 (10 — 4/ 102 — 5,4372)
2 x 3000
3. BHN = = 118,579
3,14 x 10 (10 — +/ 102 — 5,4442)
118,861
2x 3000
4. BHN = = 118,544
3,14 x 10 (10 —+/ 102 — 5,4442)
2 x 3000
5. BHN = = 119,380
3,14 x 10 (10 — /102 — 5,4272)
2x 3000
6. BHN = = 118,729

3,14 x 10 (10 — /102 — 5,4402)




NORMALIZING (NO)

BHN
No PERHITUNGAN BHN
Rata-rata
2x 3000
1. BHN = = 119,060
3,14 x 10 (10 — 4/ 102 — 5,4332)
2x 3000
2. BHN = = 118,872
3,14 x 10 (10 — 4/ 102 — 5,4372)
2 x 3000
3. BHN = = 125,752
3,14 x 10 (10 — 4/ 102 — 5,2992)
125,999
2x 3000
4, BHN = = 126,228
3,14 x 10 (10 — 4/ 102 — 5,2902)
2 x 3000
5. BHN = = 126,091
3,14 x 10 (10 — /102 — 5,2932)
2 x 3000
6. BHN = = 126,005
3,14 x 10 (10 — 4/ 102 — 5,2942)
QUENCHING (Q)
BHN
No PERHITUNGAN BHN
Rata-rata
2 x 3000
1. BHN= = 153,992
3,14 x 10 (10 — /102 — 4,8252)
2 x 3000
2. BHN = = 151,674
3,14 x 10 (10 — /102 — 4,8592)
2 x 3000
3. BHN = = 150,725
3,14 x 10 (10 — /102 — 4,8732)
152,112
2x 3000
4. BHN = = 151,561
3,14 x 10 (10 — /102 — 4,8612)
2 x 3000
5. BHN = = 151,591
3,14 x 10 (10 — /102 — 4,8602)
2x 3000
6. BHN = = 153,130

3,14x 10 (10 —/10% — 4,837?)




Spesimen Kode Titik d BHN BHN rata-rata
1 5,057 139,207
2 5,021 141,352
AS RECEIVE AR 3 >,045 139,915 140,390
4 5,019 141,456
5 5,011 141,965
6 5,069 138,443
1 4,990 143,243
2 4,990 143,243
AS RECEIVE AR-48 3 4,980 143,863 143,348
4 4,970 144,487
5 5,000 142,626
6 5,000 142,626
1 5,113 135,935
2 5,111 136,036
AS RECEIVE AR-96 3 >103 136,512 136,661
4 5,120 135,510
5 5,081 137,784
6 5,074 138,190
1 5,111 136,009
2 5,116 135,710
AS RECEIVE AR-144 3 2,097 136,810 136,132
4 5,107 136,258
5 5,116 135,732
6 5,107 136,272
AS RECEIVE (AR-48)
BHN
No PERHITUNGAN BHN
Rata-rata
2 x 3000
1. BHN= 143,243
3,14 x 10 (10 — /102 — 4,9902)
2x 3000
2 BHN = 143,243
3,14 x 10 (10 — /102 — 4,9902)
2 x 3000
3. BHN = 143,863
3,14 x 10 (10 — /102 — 4,9802)
143,348
2x 3000
4. BHN = 144,487
3,14 x 10 (10 — /102 — 4,9702)
2 x 3000
5. BHN = 142,626
3,14 x 10 (10 — /102 — 5,0002)
2x 3000
6. BHN = 142,626

3,14 x 10 (10 — /102 — 5,0002)




AS RECEIVE (AR-96)

BHN
No PERHITUNGAN BHN
Rata-rata
2x 3000
1. BHN = = 135,935
3,14 x 10 (10 — /102 — 5,1132)
2x 3000
2> BHN = = 136,036
3,14 x 10 (10 — 4/ 102 — 5,1112)
2 x 3000
3 BHN = = 136,512
3,14 x 10 (10 — /102 — 5,1032)
136,661
2x 3000
4  BHN = = 135,510
3,14 x 10 (10 — /102 — 5,1202)
2 x 3000
5.  BHN = = 137,784
3,14 x 10 (10 — /102 — 5,0812)
2 x 3000
6. BHN = = 138,190
3,14 x 10 (10 — 4/ 102 — 5,0742)
AS RECEIVE (AR-144)
BHN
No PERHITUNGAN BHN
Rata-rata
2 x 3000
1. BHN= = 136,099
3,14 x 10 (10 — /102 — 5,1112)
2 x 3000
2. BHN = = 135,710
3,14 x 10 (10 — /102 — 5,1162)
2 x 3000
3. BHN = = 136,810
3,14 x 10 (10 — /102 — 5,0972)
136,132
2x 3000
4. BHN = = 136,258
3,14 x 10 (10 — /102 — 5,1072)
2 x 3000
5. BHN = = 135,732
3,14 x 10 (10 — /102 — 5,1162)
2x 3000
6. BHN = = 136,272

3,14x 10 (10 — /102 — 5,107?)




Spesimen Kode Titik d BHN BHN rata-rata
1 5,430 119,228
2 5,440 118,748
ANEALING AN 3 >440 118,748 118,908
4 5440 118,748 ’
5 5,430 119,228
6 5,440 118,748
1 5,393 121,030
2 5,397 120,811
ANEALING AN-48 3 >397 120,833 121,427
4 5,324 124,484
5 5,401 120,622
6 5,398 120,784
1 5,460 117,813
2 5,474 117,136
ANEALING AN-96 3 >442 118,667 117,751
4 5,465 117,552
5 5,437 118,873
6 5,488 116,462
1 5,461 117,728
2 5,473 117,204
ANEALING AN-144 3 >A413 120,070 117,885
4 5,463 117,664
5 5,460 117,796
6 5,480 116,849
ANEALING (AN-48)
BHN
No PERHITUNGAN BHN
Rata-rata
2 x 3000
1. BHN = 121,030
3,14 x 10 (10 — /102 — 5,3932)
2 x 3000
2. BHN = 120,811
3,14 x 10 (10 — /102 — 5,3972)
2 x 3000
3. BHN = 120,833
3,14 x 10 (10 — /102 — 5,3972)
5 £ 3000 121,427
4. BHN = 124,484
3,14 x 10 (10 — /102 — 5,3242)
2 x 3000
5. BHN = 120,662
3,14 x 10 (10 — /102 — 5,4012)
2 x 3000
6. BHN = 120,784

3,14 x 10 (10 — /102 — 5,3982)




ANEALING (AN-96)

BHN
No PERHITUNGAN BHN
Rata-rata
2x 3000
1. BHN = = 117,813
3,14 x 10 (10 — /102 — 5,4602)
2x 3000
2. BHN = = 117,136
3,14 x 10 (10 — 4/ 102 — 5,4742)
2 x 3000
3. BHN = = 118,667
3,14 x 10 (10 — 4/ 102 — 5,4422)
117,751
2x 3000
4 BHN = = 117,552
3,14 x 10 (10 — /102 — 5,4652)
2 x 3000
5.  BHN = = 118,873
3,14 x 10 (10 — /102 — 5,4372)
2 x 3000
6. BHN = = 116,462
3,14 x 10 (10 — /102 — 5,4882)
ANEALING (AN-144)
BHN
No PERHITUNGAN BHN
Rata-rata
2 x 3000
1. BHN= = 117,728
3,14 x 10 (10 — /102 — 5,4612)
2 x 3000
2> BHN = = 117,204
3,14 x 10 (10 — /102 — 5,4732)
2 x 3000
3. BHN = = 120,070
3,14 x 10 (10 — /102 — 5,4132)
117,885
2x 3000
4. BHN = = 117,664
3,14 x 10 (10 — /102 — 5,4632)
2 x 3000
5. BHN = = 117,796
3,14 x 10 (10 — /102 — 5,4602)
2x 3000
6. BHN = = 116,846

3,14 x 10 (10 — /102 — 5,4802)




Spesimen Kode Titik d BHN BHN rata-rata
1 5,291 126,165
2 5,299 125,755
3 5,299 125,752
NORMALIZIN N ! ! 125,
° G © 4 5,290 126,228 2999
5 5,293 126,091
6 5,294 126,005
1 5,344 123,441
2 5,342 123,585
NORMALIZING NO-48 3 >333 124,025 123,547
4 5,338 123,781
5 5,337 123,795
6 5,360 122,652
1 5,410 120,207
2 5,405 120,452
NORMALIZING NO-96 3 >402 120,586 119,990
4 5,455 118,030
5 5,409 120,251
6 5,406 120,413
1 5,391 121,117
2 5,415 119,953
NORMALIZING NO-144 3 >403 120,515 119,845
4 5400 120,679
5 5,494 116,215
6 5,402 120,594
NORMALIZING (NO-48)
BHN
No PERHITUNGAN BHN
Rata-rata
2 x 3000
1. BHN= 123,441
3,14 x 10 (10 — /102 — 5,3442)
2x 3000
2. BHN = 123,585
3,14 x 10 (10 — /102 — 5,3422)
2 x 3000
3. BHN = 124,025
3,14 x 10 (10 — /102 — 5,3332)
123,547
2x 3000
4. BHN = 123,781
3,14 x 10 (10 — /102 — 5,3382)
2 x 3000
5. BHN = 123,795
3,14 x 10 (10 — /102 — 5,3372)
2x 3000
6. BHN = 122,652

3,14 x 10 (10 — /102 — 5,3602)




NORMALIZING (NO-96)

BHN
No PERHITUNGAN BHN
Rata-rata
2 x 3000
1. BHN= 120,207
3,14 x 10 (10 —/10% — 5,4102)
2 x 3000
2. BHN = 120,452
3,14 x 10 (10 — /102 — 5,4052)
2 x 3000
3. BHN = 120,586
3,14x10 (10 — /102 — 5,4022)
119,990
2 x 3000
4. BHN = 118,030
3,14 x 10 (10 — /102 — 5,4552)
2 x 3000
5. BHN = 120,251
3,14 x10 (10 — /102 — 5,4092)
2 x 3000
6. BHN = 120,413
3,14 x 10 (10 — /102 — 5,4062)
NORMALIZING (NO-144)
BHN
No PERHITUNGAN BHN
Rata-rata
2 x 3000
1. BHN= 121,117
3,14x10 (10 — /102 — 5,3912)
2 x 3000
2. BHN = 119,953
3,14 x 10 (10 — /102 — 5,4152)
2 x 3000
3. BHN = 120,515
3,14x10 (10 — /102 — 5,4032)
119,845
2 x 3000
4. BHN = 120,679
3,14 x 10 (10 — /102 — 5,4002)
2 x 3000
5.  BHN = 116,215
3,14 x 10 (10 — /102 — 5,4942)
2 x 3000
6. BHN = 120,594

3,14 x10 (10 —/10% — 5,4022)




Spesimen Kode Titik d BHN BHN rata-rata
1 4,825 153,992
2 4,859 151,674
QUENCHING Q 3 4873 150,725 152,112
4 4861 151,561
5 4860 151,591
6 4,837 153,130
1 4,884 150,036
2 4,847 152,485
3 4,847 152,451
QUENCHING  Q-48 A 4845 152585 152,438
5 4,847 152,501
6 4,816 154,570
1 4602 170,331
2 4,599 170,561
QUENCHING  Q-96 3 4,604 170,142 168,675
4 4,692 163,483
5 4623 168,717
6 4,621 168,813
1 4995 142,962
2 4920 147,651
3 4,234 203,186
UENCHIN -144 152,07
Q ¢ Q 4 5129 134,971 52,075
5 5122 135,420
6 4911 148,260
QUENCHING (Q-48)
BHN
No PERHITUNGAN BHN
Rata-rata
2 x 3000
1. BHN = = 150,036
3,14 x 10 (10 — /102 — 4,8842)
2x 3000
2. BHN = = 152,485
3,14 x 10 (10 — /102 — 4,8472)
2 x 3000
3. BHN = = 152,451
3,14 x 10 (10 — /102 — 4,8472)
2 £ 3000 152,438
4. BHN = = 152,585
3,14 x 10 (10 — /102 — 4,8452)
2 x 3000
5. BHN = = 152,501
3,14 x 10 (10 — /102 — 4,8472)
2x 3000
6. BHN = = 154,570

3,14x 10 (10 —/10% — 4,816?)




QUENCHING (Q-96)

BHN
No PERHITUNGAN BHN
Rata-rata
2 x 3000
1. BHN= = 170,331
3,14 x 10 (10 — /102 — 4,6022)
2x 3000
2. BHN = = 170,561
3,14 x 10 (10 — /102 — 4,5992)
2x 3000
3. BHN = = 170,142
3,14 x 10 (10 — 4/ 102 — 4,6042)
168,675
2 x 3000
4. BHN = = 163,483
3,14 x 10 (10 — 4/ 102 — 4,6922)
2x 3000
5. BHN = = 168,717
3,14 x 10 (10 — 4/ 102 — 4,6232)
2x 3000
6. BHN = = 168,813
3,14 x 10 (10 — 4/ 102 — 4,6212)
QUENCHING (Q-144)
BHN
No PERHITUNGAN BHN
Rata-rata
2x 3000
1. BHN = = 142,962
3,14 x 10 (10 — 4/ 102 — 4,9952)
2x 3000
2> BHN = = 147,651
3,14 x 10 (10 — 4/ 102 — 4,9202)
2 x 3000
3. BHN = = 203,186
3,14 x 10 (10 — 4/ 102 — 4,2342)
152,075
2x 3000
4, BHN = = 134,971
3,14 x 10 (10 — 4/ 102 — 5,1292)
2 x 3000
5. BHN = = 135,420
3,14 x 10 (10 — /102 — 5,1222)
2 x 3000
6. BHN = = 148,260

3,14x10 (10 —/10%2 — 4,9112)




LAMPIRAN V. PERHITUNGAN LAJU KOROSI

NO Jenis Spesimen Wo (gram) W1 (gram) AW (gram) Densitas (p) P (Cm) L(Cm) H (Cm) A (cm) T (10x24jam) K atas bawah Laju Korosi
1 AN 48 368,274 368,1903 0,0837 7,86 10 5 1,16 134,8 48 3450000 288765  50857,3440 5,6779
2 AN 96 384,546 384,3638 0,1822 7,86 10 5 1,16 134,8 96 3450000 628590 101714,6880 6,1799
3 AN 144 372,163 371,7738 0,3892 7,86 10 5 1,16 134,8 144 3450000 1342740 152572,0320 8,8007
4 NO 48 378,521 378,4285 0,0925 7,86 10 5 1,16 134,8 48 3450000 319125 50857,3440 6,2749
5 NO 96 381,459 381,2423 0,2167 7,86 10 5 1,16 134,8 96 3450000 747615 101714,6880 7,3501
6 NO 144 386,533 386,09 0,443 7,86 10 5 1,16 134,8 144 3450000 1528350 152572,0320 10,0172
7 AR 48 377,613 377,424 0,189 7,86 10 5 1,16 134,8 48 3450000 652050  50857,3440 12,8212
8 AR 96 376,449 376,033 0416 7,86 10 5 1,16 134,8 96 3450000 1435200 101714,6880 14,1101
9 AR 144 379,458 378,563 0,895 7,86 10 5 1,16 134,8 144 3450000 3087750 152572,0320 20,2380
10 Q48 368,274 368,065 0,209 7,86 10 5 1,16 134,8 48 3450000 721050 50857,3440 14,1779
11 Q96 384,546 383,995 0,551 7,86 10 5 1,16 134,8 96 3450000 1900950 101714,6880 18,6890
12 Q144 372,163 371,395 0,768 7,86 10 5 1,16 134,8 144 3450000 2649600 152572,0320 17,3662




LAMPIRAN VI. HASIL PENGUJIAN XRD

T A
4 1A
3 AR,
) ATIKA




Analysis Results

General Information

Analysis date 2022/06/10 10:19:34

Sample name Measurement date 2022/06/08 13:16:03
File name ASTM A36-AR144.ras Operator administrator
Comment

Measurement profile

3000
Meas. data:ASTM A36-AR144

2000-

Intensity (cps)

2-theta (deg)



Measurement conditions

X-Ray 30kV, 10 mA Scan speed / Duration time 10.0000 deg/min
Goniometer MiniFlex 300/600 Step width 0.0200 deg
Attachment Standard Sample Holder Scan axis Theta/2-Theta

Filter None Scan range 10.0000 - 90.0000 deg
CBO selection slit - Incident slit 1.250deg

Diffrected beam mono. None Length limiting slit 10.0mm

Detector SC-70 Receiving slit #1 13.0mm(Open)

Scan mode CONTINUOUS Receiving slit #2 13.0mm

Qualitative analysis results

Phase name Formula Figure of merit Phase reg. detail DB card number
Fe Fe 0.836 User (COD) 1512555
Phase name Formula Space group Phase reg. detail DB card number

Fe Fe 229 : Im-3m User (COD) 1512555




3000
Meas. data:ASTM A36-AR144
Fe R

Fe

2000+

Intensity (cps)

20 30 40 50 60 70 80 90
2-theta (deg)

Crystal structure analysis results

Indexing
Phase name Formula Figure of merit Phase reg. detail DB card number
Fe Fe 0.836 User (COD) 1512555

Quantitative analysis results

Phase name Content(%)

- Fe 100(6)




Lattice information

iPhase name a(A) b(A) c(A) alpha(deg) beta(deg) gamma(deg) V(A"3)

Fe 2.8523(7) 2.8523(7) 2.8523(7) 90.000000 90.000000 90.000000 23.205(10)
Phase name Space group 4 z Calc. density(g/cm”3)

Fe 229 : Im-3m 2 0.021 8.162

Structure determination

Refinement

Measurement range: 10.0000-90.0000deg Refinement range: 10.0000-90.0000deg (1.09 A)

Number of refined parameters: 19

Phase name

Atomic coords

# of indep. reflns

Fe

Fractional coords

3

Rwp = 9.08% S =1.0962

LAMPIRAN VII. ASTM G31-72



[l:[MI) Designation: G 31 — 72 (Reapproved 2004)

This standard is issued under the fixed designation G 31; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript

—uil’

INTERNATIONAL
Standard Practice for
Laboratory Immersion Corrosion Testing of Metals’
epsilon () indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This practice? describes accepted procedures for and
factors that influence laboratory immersion corrosion tests,
particularly mass loss tests. These factors include specimen
preparation, apparatus, test conditions, methods of cleaning
specimens, evaluation of results, and calculation and reporting
of corrosion rates. This practice also emphasizes the impor-
tance of recording all pertinent data and provides a checklist
for reporting test data. Other ASTM procedures for laboratory
corrosion tests are tabulated in the Appendix. (Warning—In
many cases the corrosion product on the reactive metals
titanium and zirconium is a hard and tightly bonded oxide that
defies removal by chemical or ordinary mechanical means. In
many such cases, corrosion rates are established by mass gain
rather than mass loss.)

1.2 The values stated in ST units are to be regarded as the
standard. The values given in parentheses are for information
only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards: 3

A 262 Practices for Detecting Susceptibility to Intergranu-
lar Attack in Austenitic Stainless Steels

E 8 Test Methods for Tension Testing of Metallic Materials

G 1 Practice for Preparing, Cleaning, and Evaluating Cor-
rosion Test Specimens

G 4 Guide for Conducting Corrosion Coupon Tests in Field
Applications

' This practice is under the jurisdiction of ASTM Committee GO1 on Corrosion
of Metals and is the direct responsibility of Subcommittee G01.05 on Laboratory
Corrosion Tests.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1972. Last previous edition approved in 1998 as G 31 — 72 (1998).

2This practice is based upon NACE Standard TM-01-69, “Test Method-
Laboratory Corrosion Testing of Metals for the Process Industries,” with modifica-
tions to relate more directly to Practices G 1 and G 31 and Guide G 4.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

G 16 Guide for Applying Statistics to Analysis of Corrosion
Data

G 46 Guide for Examination and Evaluation of Pitting
Corrosion

3. Significance and Use

3.1 Corrosion testing by its very nature precludes complete
standardization. This practice, rather than a standardized pro-
cedure, is presented as a guide so that some of the pitfalls of
such testing may be avoided.

3.2 Experience has shown that all metals and alloys do not
respond alike to the many factors that affect corrosion and that
“accelerated” corrosion tests give indicative results only, or
may even be entirely misleading. It is impractical to propose an
inflexible standard laboratory corrosion testing procedure for
general use, except for material qualification tests where
standardization is obviously required.

3.3 In designing any corrosion test, consideration must be
given to the various factors discussed in this practice, because
these factors have been found to affect greatly the results
obtained.

4. Interferences

4.1 The methods and procedures described herein represent
the best current practices for conducting laboratory corrosion
tests as developed by corrosion specialists in the process
industries. For proper interpretation of the results obtained, the
specific influence of certain variables must be considered.
These include:

4.1.1 Metal specimens immersed in a specific hot liquid
may not corrode at the same rate or in the same manner as in
equipment where the metal acts as a heat transfer medium in
heating or cooling the liquid. If the influence of heat transfer
effects is specifically of interest, specialized procedures (in
which the corrosion specimen serves as a heat transfer agent)
must be employed (1).4

4.1.2 In laboratory tests, the velocity of the environment
relative to the specimens will normally be determined by
convection currents or the effects induced by aeration or
boiling or both. If the specific effects of high velocity are to be
studied, special techniques must be employed to transfer the

# The boldface numbers in parentheses refer to the list of references at the end of
this practice.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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environment through tubular specimens or to move it rapidly
past the plane face of a corrosion coupon (2). Alternatively, the
coupon may be rotated through the environment, although it is
then difficult to evaluate the velocity quantitatively because of
the stirring effects incurred.

4.1.3 The behavior of certain metals and alloys may be
profoundly influenced by the presence of dissolved oxygen. If
this is a factor to be considered in a specific test, the solution
should be completely aerated or deaerated in accordance with
8.7.

4.1.4 In some cases, the rate of corrosion may be governed
by other minor constituents in the solution, in which case they
will have to be continually or intermittently replenished by
changing the solution in the test.

4.1.5 Corrosion products may have undesirable effects on a
chemical product. The amount of possible contamination can
be estimated from the loss in mass of the specimen, with proper
application of the expected relationships among (/) the area of
corroding surface, (2) the mass of the chemical product
handled, and (3) the duration of contact of a unit of mass of the
chemical product with the corroding surface.

4.1.6 Corrosion products from the coupon may influence the
corrosion rate of the metal itself or of different metals exposed
at the same time. For example, the accumulation of cupric ions
in the testing of copper alloys in intermediate strengths of
sulfuric acid will accelerate the corrosion of copper alloys, as
compared to the rates that would be obtained if the corrosion
products were continually removed. Cupric ions may also
exhibit a passivating effect upon stainless steel coupons ex-
posed at the same time. In practice, only alloys of the same
general type should be exposed in the testing apparatus.

4.1.7 Coupon corrosion testing is predominantly designed
to investigate general corrosion. There are a number of other
special types of phenomena of which one must be aware in the
design and interpretation of corrosion tests.

4.1.7.1 Galvanic corrosion may be investigated by special
devices which couple one coupon to another in electrical
contact. The behavior of the specimens in this galvanic couple
are compared with that of insulated specimens exposed on the
same holder and the galvanic effects noted. It should be
observed, however, that galvanic corrosion can be greatly
affected by the area ratios of the respective metals, the distance
between the metals and the resistivity of the electrolyte. The
coupling of corrosion coupons then yields only qualitative
results, as a particular coupon reflects only the relationship
between these two metals at the particular area ratio involved.

4.1.7.2 Crevice corrosion or concentration cell corrosion
may occur where the metal surface is partially blocked from
the corroding liquid as under a spacer or supporting hook. It is
necessary to evaluate this localized corrosion separately from
the overall mass loss.

4.1.7.3 Selective corrosion at the grain boundaries (for
example, intergranular corrosion of sensitized austenitic stain-
less steels) will not be readily observable in mass loss
measurements unless the attack is severe enough to cause grain
dropping, and often requires microscopic examination of the
coupons after exposure.

4.1.7.4 Dealloying or “parting” corrosion is a condition in
which one constituent is selectively removed from an alloy, as
in the dezincification of brass or the graphitization of cast iron.
Close attention and a more sophisticated evaluation than a
simple mass loss measurement are required to detect this
phenomenon.

4.1.7.5 Certain metals and alloys are subject to a highly
localized type of attack called pitting corrosion. This cannot be
evaluated by mass loss alone. The reporting of nonuniform
corrosion is discussed below. It should be appreciated that
pitting is a statistical phenomenon and that the incidence of
pitting may be directly related to the area of metal exposed. For
example, a small coupon is not as prone to exhibit pitting as a
large one and it is possible to miss the phenomenon altogether
in the corrosion testing of certain alloys, such as the AISI Type
300 series stainless steels in chloride contaminated environ-
ments.

4.1.7.6 All metals and alloys are subject to stress-corrosion
cracking under some circumstances. This cracking occurs
under conditions of applied or residual tensile stress, and it
may or may not be visible to the unaided eye or upon casual
inspection. A metallographic examination may confirm the
presence of stress-corrosion cracking. It is imperative to note
that this usually occurs with no significant loss in mass of the
test coupon, although certain refractory metals are an exception
to these observations. Generally, if cracking is observed on the
coupon, it can be taken as positive indication of susceptibility,
whereas failure to effect this phenomenon simply means that it
did not occur under the duration and specific conditions of the
test. Separate and special techniques are employed for the
specific evaluation of the susceptibility of metals and alloys to
stress corrosion cracking (see Ref. (3)).

5. Apparatus

5.1 A versatile and convenient apparatus should be used,
consisting of a kettle or flask of suitable size (usually 500 to
5000 mL), a reflux condenser with atmospheric seal, a sparger
for controlling atmosphere or aeration, a thermowell and
temperature-regulating device, a heating device (mantle, hot
plate, or bath), and a specimen support system. If agitation is
required, the apparatus can be modified to accept a suitable
stirring mechanism, such as a magnetic stirrer. A typical resin
flask setup for this type test is shown in Fig. 1.

5.2 The suggested components can be modified, simplified,
or made more sophisticated to fit the needs of a particular
investigation. The suggested apparatus is basic and the appa-
ratus is limited only by the judgment and ingenuity of the
investigator.

5.2.1 A glass reaction kettle can be used where the configu-
ration and size of the specimen will permit entry through the
narrow kettle neck (for example, 45/50 ground-glass joint). For
solutions corrosive to glass, suitable metallic or plastic kettles
may be employed.

5.2.2 In some cases a wide-mouth jar with a suitable closure
is sufficient when simple immersion tests at ambient tempera-
tures are to be investigated.

5.2.3 Open-beaker tests should not be used because of
evaporation and contamination.
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Note 1—The flask can be used as a versatile and convenient apparatus
to conduct simple immersion tests. Configuration of top to flask is such
that more sophisticated apparatus can be added as required by the specific
test being conducted. A = thermowell, B = resin flask, C = specimens hung
on supporting device, D = air inlet, £ = heating mantle, F = liquid inter-
face, G = opening in flask for additional apparatus that may be required,
and H = reflux condenser.

FIG. 1 Typical Resin Flask

5.2.4 In more complex tests, provisions might be needed for
continuous flow or replenishment of the corrosive liquid, while
simultaneously maintaining a controlled atmosphere.

6. Sampling

6.1 The bulk sampling of products is outside the scope of
this practice.

7. Test Specimen

7.1 In laboratory tests, uniform corrosion rates of duplicate
specimens are usually within =10 % under the same test
conditions. Occasional exceptions, in which a large difference
is observed, can occur under conditions of borderline passivity
of metals or alloys that depend on a passive film for their
resistance to corrosion. Therefore, at least duplicate specimens
should normally be exposed in each test.

7.2 If the effects of corrosion are to be determined by
changes in mechanical properties, untested duplicate speci-
mens should be preserved in a noncorrosive environment at the
same temperature as the test environment for comparison with
the corroded specimens. The mechanical property commonly
used for comparison is the tensile strength. Measurement of
percent elongation is a useful index of embrittlement. The
procedures for determining these values are shown in detail in
Test Methods E 8.
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7.3 The size and shape of specimens will vary with the
purpose of the test, nature of the materials, and apparatus used.
A large surface-to-mass ratio and a small ratio of edge area to
total area are desirable. These ratios can be achieved through
the use of square or circular specimens of minimum thickness.
Masking may also be used to achieve the desired area ratios but
may cause crevice corrosion problems. Circular specimens
should preferably be cut from sheet and not bar stock, to
minimize the exposed end grain. Special coupons (for example,
sections of welded tubing) may be employed for specific
purposes.

7.3.1 A circular specimen of about 38-mm (1.5-in.) diam-
eter is a convenient shape for laboratory corrosion tests. With
a thickness of approximately 3 mm (0.125-in.) and an 8-mm
(~16-in.) or 11-mm (716-in.) diameter hole for mounting, these
specimens will readily pass through a 45/50 ground-glass joint
of a distillation kettle. The total surface area of a circular
specimen is given by the following equation:

A =7/2(D*— d*) + tuD + twd %)
where:
t = thickness,
D = diameter of the specimen, and
d = diameter of the mounting hole.

7.3.1.1 If the hole is completely covered by the mounting
support, the last term (zmd) in the equation is omitted.

7.3.2 Strip coupons 50 by 25 by 1.6 or 3 mm (2 by 1 by Y16
or 4 in.) may be preferred as corrosion specimens, particularly
if interface or liquid line effects are to be studied by the
laboratory tests (see Fig. 1), but the evaluation of such specific
effects are beyond the scope of this practice.

7.3.3 All specimens should be measured carefully to permit
accurate calculation of the exposed areas. A geometric area
calculation accurate to =1 % is usually adequate.

7.4 More uniform results may be expected if a substantial
layer of metal is removed from the specimens to eliminate
variations in condition of the original metallic surface. This can
be done by chemical treatment (pickling), electrolytic removal,
or by grinding with a coarse abrasive paper or cloth such as No.
50, using care not to work harden the surface (see section 5.7).
At least 0.0025 mm (0.0001 in.) or 0.0155 to 0.0233 mg/mm2
(10 to 15 mg/in.?) should be removed. (If clad alloy specimens
are to be used, special attention must be given to ensure that
excessive metal is not removed.) After final preparation of the
specimen surface, the specimens should be stored in a desic-
cator until exposure, if they are not used immediately. In
special cases (for example, for aluminum and certain copper
alloys), a minimum of 24 h storage in a desiccator is recom-
mended. The choice of a specific treatment must be considered
on the basis of the alloy to be tested and the reasons for testing.
A commercial surface may sometimes yield the most signifi-
cant results. Too much surface preparation may remove segre-
gated elements, surface contamination, and so forth, and
therefore not be representative.

7.5 Exposure of sheared edges should be avoided unless the
purpose of the test is to study effects of the shearing operation.
It may be desirable to test a surface representative of the
material and metallurgical conditions used in practice.
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7.6 The specimen can be stamped with an appropriate
identifying mark. If metallic contamination of the stamped area
may influence the corrosion behavior, chemical cleaning must
be employed to remove any traces of foreign particles from the
surface of the coupon (for example, by immersion of stainless
steel coupons in dilute nitric acid following stamping with steel
dies).

7.6.1 The stamp, besides identifying the specimen, intro-
duces stresses and cold work in the specimen that could be
responsible for localized corrosion or stress-corrosion crack-
ing, or both.

7.6.2 Stress-corrosion cracking at the identifying mark is a
positive indication of susceptibility to such corrosion. How-
ever, the absence of cracking should not be interpreted as
indicating resistance (see 4.1.7.6).

7.7 Final surface treatment of the specimens should include
finishing with No. 120 abrasive paper or cloth or the equiva-
lent, unless the surface is to be used in the mill finished
condition. This resurfacing may cause some surface work
hardening, to an extent which will be determined by the vigor
of the surfacing operation, but is not ordinarily significant. The
surface finish to be encountered in service may be more
appropriate for some testing.

7.7.1 Coupons of different alloy compositions should never
be ground on the same cloth.

7.7.2 Wet grinding should be used on alloys which work
harden quickly, such as the austenitic stainless steels.

7.8 The specimens should be finally degreased by scrubbing
with bleach-free scouring powder, followed by thorough rins-
ing in water and in a suitable solvent (such as acetone,
methanol, or a mixture of 50 % methanol and 50 % ether), and
air dried. For relatively soft metals (such as aluminum,
magnesium, and copper), scrubbing with abrasive powder is
not always needed and can mar the surface of the specimen.
Proper ultrasonic procedures are an acceptable alternate. The
use of towels for drying may introduce an error through
contamination of the specimens with grease or lint.

7.9 The dried specimens should be weighed on an analytical
balance to an accuracy of at least =0.5 mg. If cleaning deposits
(for example, scouring powder) remain or lack of complete
dryness is suspected, then recleaning and drying is performed
until a constant mass is attained.

7.10 The method of specimen preparation should be de-
scribed when reporting test results, to facilitate interpretation
of data by other persons.

7.11 The use of welded specimens is sometimes desirable,
because some welds may be cathodic or anodic to the parent
metal and may affect the corrosion rate.

7.11.1 The heat-affected zone is also of importance but
should be studied separately, because welds on coupons do not
faithfully reproduce heat input or size effects of full-size
weldments.

7.11.2 Corrosion of a welded coupon is best reported by
description and thickness measurements rather than a millime-
tre per year (mils per year) rate, because the attack is normally
localized and not representative of the entire surface.

7.11.3 A complete discussion of corrosion testing of welded
coupons or the effect of heat treatment on the corrosion
resistance of a metal is not within the scope of this practice.

8. Test Conditions

8.1 Selection of the conditions for a laboratory corrosion
test will be determined by the purpose of the test.

8.1.1 If the test is to be a guide for the selection of a material
for a particular purpose, the limits of the controlling factors in
service must be determined. These factors include oxygen
concentration, temperature, rate of flow, pH value, composi-
tion, and other important characteristics of the solution.

8.2 An effort should be made to duplicate all pertinent
service conditions in the corrosion test.

8.3 It is important that test conditions be controlled through-
out the test in order to ensure reproducible results.

8.4 The spread in corrosion rate values for duplicate speci-
mens in a given test probably should not exceed =10 % of the
average when the attack is uniform.

8.5 Composition of Solution:

8.5.1 Test solutions should be prepared accurately from
chemicals conforming to the Specifications of the Committee
on Analytical Reagents of the American Chemical Society® and
distilled water, except in those cases where naturally occurring
solutions or those taken directly from some plant process are
used.

8.5.2 The composition of the test solutions should be
controlled to the fullest extent possible and should be described
as completely and as accurately as possible when the results are
reported.

8.5.2.1 Minor constituents should not be overlooked be-
cause they often affect corrosion rates.

8.5.2.2 Chemical content should be reported as percentage
by weight of the solutions. Molarity and normality are also
helpful in defining the concentration of chemicals in some test
solutions.

8.5.3 If problems are suspected, the composition of the test
solutions should be checked by analysis at the end of the test
to determine the extent of change in composition, such as
might result from evaporation or depletion.

8.5.4 Evaporation losses may be controlled by a constant
level device or by frequent addition of appropriate solution to
maintain the original volume within =1 %. Preferably, the use
of a reflux condenser ordinarily precludes the necessity of
adding to the original kettle charge.

8.5.5 In some cases, composition of the test solution may
change as a result of catalytic decomposition or by reaction
with the test coupons. These changes should be determined if
possible. Where required, the exhausted constituents should be
added or a fresh solution provided during the course of the test.

8.5.6 When possible, only one type of metal should be
exposed in a given test (see 4.1.6).

> Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, see Analar Standards for Laboratory
Chemicals, BDH Ltd., Poole, Dorset, U.K., and the United States Pharmacopeia
and National Formulary, U.S. Pharmacopeial Convention, Inc. (USPC), Rockville,
MD.
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8.6 Temperature of Solution:

8.6.1 Temperature of the corroding solution should be
controlled within +1°C (*=1.8°F) and must be stated in the
report of test results.

8.6.2 If no specific temperature, such as boiling point, is
required or if a temperature range is to be investigated, the
selected temperatures used in the test, and their respective
duration, must be reported.

8.6.3 For tests at ambient temperature, the tests should be
conducted at the highest temperature anticipated for stagnant
storage in summer months. This temperature may be as high as
from 40 to 45°C (104 to 113°F) in some areas. The variation in
temperature should be reported also (for example, 40 = 2°C).

8.7 Aeration of Solution:

8.7.1 Unless specified, the solution should not be aerated.
Most tests related to process equipment should be run with the
natural atmosphere inherent in the process, such as the vapors
of the boiling liquid.

8.7.2 If aeration is employed, the specimen should not be
located in the direct air stream from the sparger. Extraneous
effects can be encountered if the air stream impinges on the
specimens.

8.7.3 If exclusion of dissolved oxygen is necessary, specific
techniques are required, such as prior heating of the solution
and sparging with an inert gas (usually nitrogen). A liquid
atmospheric seal is required on the test vessel to prevent further
contamination.

8.7.4 If oxygen saturation of the test solution is desired, this
can best be achieved by sparging with oxygen. For other
degrees of aeration, the solution should be sparaged with air or
synthetic mixtures of air or oxygen with an inert gas. Oxygen
saturation is a function of the partial pressure of oxygen in the
gas.

8.8 Solution Velocity:

8.8.1 The effect of velocity is not usually determined in
normal laboratory tests, although specific tests have been
designed for this purpose.

8.8.2 Tests at the boiling point should be conducted with the
minimum possible heat input, and boiling chips should be used
to avoid excessive turbulence and bubble impingement.

8.8.3 In tests below the boiling point, thermal convection
generally is the only source of liquid velocity.

8.8.4 In test solutions with high viscosity, supplemental
controlled stirring with a magnetic stirrer is recommended.

8.9 Volume of Test Solution:

8.9.1 The volume of the test solution should be large enough
to avoid any appreciable change in its corrosivity during the
test, either through exhaustion of corrosive constituents or by
accumulation of corrosion products that might affect further
corrosion.

8.9.2 Two examples of a minimum “solution volume-
tospecimen area” ratio are 0.20 mL/mm? (125 mL/in.?) of
specimen surface (Practice A 262), and 0.40 mL/mm ? (250
mL/in.?).

8.9.3 When the test objective is to determine the effect of a
metal or alloy on the characteristics of the test solution (for
example, to determine the effects of metals on dyes), it is
desirable to reproduce the ratio of solution volume to exposed

metal surface that exists in practice. The actual time of contact
of the metal with the solution must also be taken into account.
Any necessary distortion of the test conditions must be
considered when interpreting the results.

8.10 Method of Supporting Specimens:

8.10.1 The supporting device and container should not be
affected by or cause contamination of the test solution.

8.10.2 The method of supporting specimens will vary with
the apparatus used for conducting the test, but should be
designed to insulate the specimens from each other physically
and electrically and to insulate the specimens from any metallic
container or supporting device used within the apparatus.

8.10.3 Shape and form of the specimen support should
assure free contact of the specimen with the corroding solution,
the liquid line, or the vapor phase as shown in Fig. 1. If clad
alloys are exposed, special procedures will be required to
ensure that only the cladding is exposed, unless the purpose is
to test the ability of the cladding to protect cut edges in the test
solution.

8.10.4 Some common supports are glass or ceramic rods,
glass saddles, glass hooks, fluorocarbon plastic strings, and
various insulated or coated metallic supports.

8.11 Duration of Test:

8.11.1 Although duration of any test will be determined by
the nature and purpose of the test, an excellent procedure for
evaluating the effect of time on corrosion of the metal and also
on the corrosiveness of the environment in laboratory tests has
been presented by Wachter and Treseder (4). This technique is
called the “planned interval test,” and the procedure and
evaluation of results are given in Table 1. Other procedures that
require the removal of solid corrosion products between
exposure periods will not measure accurately the normal
changes of corrosion with time.

8.11.2 Materials that experience severe corrosion generally
do not ordinarily need lengthy tests to obtain accurate corro-
sion rates. However, there are cases where this assumption is
not valid. For example, lead exposed to sulfuric acid corrodes
at an extremely high rate at first, while building a protective
film; then the rates decrease considerably so that further
corrosion is negligible. The phenomenon of forming a protec-
tive film is observed with many corrosion-resistant materials.
Therefore, short tests on such materials would indicate a high
corrosion rate and be completely misleading.

8.11.3 Short-time tests also can give misleading results on
alloys that form passive films, such as stainless steels. With
borderline conditions, a prolonged test may be needed to
permit breakdown of the passive film and subsequent more
rapid attack. Consequently, tests run for long periods are
considerably more realistic than those conducted for short
durations. This statement must be qualified by stating that
corrosion should not proceed to the point where the original
specimen size or the exposed area is drastically reduced or
where the metal is perforated.

8.11.4 If anticipated corrosion rates are moderate or low, the
following equation gives the suggested test duration:

Hours = 2000/(corrosion rate in mpy) 2)
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TABLE 1 Planned Interval Corrosion Test
(Reprinted by permission from Chemical Engineering Progress, June
1947)

Identical specimens all placed in the same corrosive fluid. Imposed
conditions of the test kept constant for entire time f+ 1. Letters, A, A
1, A1, B, represent corrosion damage experienced by each test
specimen. A; is calculated by subtracting Afrom A,, ;.

Occurrences During Corrosion Test Criteria
Liquid corrosiveness unchanged A; =B
decreased B < A
increased A;< B
Metal corrodibility unchanged A, =B
decreased A, < B
increased B < A,
Combinations of Situations
Liquid corrosiveness Metal corrodibility Criteria
1. unchanged unchanged A =A,=B
2. unchanged decreased A< A =B
3. unchanged increased A =B < Ay
4. decreased unchanged A =B < A
5. decreased decreased A< B < A
6. decreased increased A> B < A
7. increased unchanged Al < A =B
8. increased decreased A< B> A
9. increased increased A< B < A

Example; Conditions: Duplicate strips of low-carbon steel, each 19 by 76 mm
(% by 3 in.), immersed in 200 mL of 10 % AICI3-90 % SbCl; mixture through
which dried HCI gas was slowly bubbled at atmospheric pressure. Temperature
90°C.

Apparent
Interval, Mass Loss,  Penetration, Corrosion
days mg mm (mils) Rate, mm/y
(mpy)
Ay 0-1 1080 .043 (1.69) 15.7 (620)
A, 0-3 1430 .057 (2.24) 6.9 (270)
Aui 04 1460 .058 (2.29) 5.3 (210)
B 3-4 70 003 (0.11) 1.0 (40)
A, calc. 3-4 30 .001 (0.05) 0.5 (18)

Example: A, < B < Ay
.001 < .003 < .043 (0.05 < 0.11 < 1.69)
Therefore, liquid markedly decreased in corrosiveness during test, and formation
of partially protective scale on the steel was indicated.

where mpy = mils per year (see 11.2.1 and Note 1 for
conversion to other units).

8.11.4.1 Example—Where the corrosion rate is 0.25 mm/y
(10 mpy), the test should run for at least 200 h.

8.11.4.2 This method of estimating test duration is useful
only as an aid in deciding, after a test has been made, whether
or not it is desirable to repeat the test for a longer period. The
most common testing periods are 48 to 168 h (2 to 7 days).

8.11.5 In some cases, it may be necessary to know the
degree of contamination caused by the products of corrosion.
This can be accomplished by analysis of the solution after
corrosion has occurred. The corrosion rate can be calculated
from the concentration of the matrix metal found in the
solution and it can be compared to that determined from the
mass loss of the specimens. However, some of the corrosion
products usually adhere to the specimen as a scale and the
corrosion rate calculated from the metal content in the solution
is not always correct.

8.12 The design of corrosion testing programs is further
discussed in Guide G 16.

9. Methods of Cleaning Specimens after Test

9.1 Before specimens are cleaned, their appearance should
be observed and recorded. Location of deposits, variations in
types of deposits, or variations in corrosion products are
extremely important in evaluating localized corrosion, such as
pitting and concentration cell attack.

9.2 Cleaning specimens after the test is a vital step in the
corrosion test procedure and if not done properly, can cause
misleading results.

9.2.1 Generally, the cleaning procedure should remove all
corrosion products from specimens with a minimum removal
of sound metal.

9.2.2 Set rules cannot be applied to specimen cleaning,
because procedures will vary, depending on the type of metal
being cleaned and on the degree of adherence of corrosion
products.

9.3 Cleaning methods can be divided into three general
categories: mechanical, chemical, and electrolytic.

9.3.1 Mechanical cleaning includes scrubbing, scraping,
brushing, mechanical shocking, and ultrasonic procedures.
Scrubbing with a bristle brush and mild abrasive is the most
popular of these methods. The others are used principally as a
supplement to remove heavily encrusted corrosion products
before scrubbing. Care should be used to avoid the removal of
sound metal.

9.3.2 Chemical cleaning implies the removal of material
from the surface of the specimen by dissolution in an appro-
priate chemical solution. Solvents such as acetone, carbon
tetrachloride, and alcohol are used to remove oil, grease, or
resin and are usually applied prior to other methods of
cleaning. Chemicals are chosen for application to a specific
material. Methods for chemical cleaning after testing of spe-
cific metals and alloys are described in Practice G 1.

9.3.3 Electrolytic cleaning should be preceded by scrubbing
to remove loosely adhering corrosion products. A method of
electrolytic cleaning is described in Practice G 1.

9.3.3.1 Precautions must be taken to ensure good electrical
contact with the specimen, to avoid contamination of the
solution with easily reducible metal ions, and to ensure that
inhibitor decomposition has not occurred.

9.4 Whatever treatment is used to clean specimens after a
corrosion test, its effect in removing metal should be deter-
mined and the mass loss should be corrected accordingly. A
“blank” specimen should be weighed before and after exposure
to the cleaning procedure to establish this mass loss (see also
Practice G 1). Careful observation is needed to ensure that
pitting does not occur during cleaning.

9.4.1 Following removal of all scale, the specimen should
be treated as discussed in 5.8.

9.4.2 The description of the cleaning method should be
included with the data reported.

10. Interpretation of Results

10.1 After corroded specimens have been cleaned, they
should be reweighed with an accuracy corresponding to that of
the original weighing. The mass loss during the test period can
be used as the principal measure of corrosion.
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10.2 After the specimens have been reweighed, they should
be examined carefully for the presence of any pits. If there are
any pits, the average and maximum depths of pits are deter-
mined with a pit gage or a calibrated microscope which can be
focused first on the edges and then on the bottoms of the pits.
The degree of lateral spreading of pits may also be noted.

10.2.1 Pit depths should be reported in millimetres or
thousandths of an inch for the test period and not interpolated
or extrapolated to millimetres per year, thousandths of an inch
per year, or any other arbitrary period because rarely, if ever, is
the rate of initiation or propagation of pits uniform.

10.2.2 The size, shape, and distribution of pits should be
noted. A distinction should be made between those occurring
underneath the supporting devices (concentration cells) and
those on the surfaces that were freely exposed to the test
solution (see Guide G 46).

10.3 If the material being tested is suspected of being
subject to dealloying forms of corrosion such as dezincification
or to intergranular attack, a cross section of the specimen
should be microscopically examined for evidence of such
attack.

10.4 The specimen may be subjected to simple bending tests
to determine whether any embrittlement attack has occurred.

10.5 Tt may be desirable to make quantitative mechanical
tests, comparing the exposed specimens with uncorroded
specimens reserved for the purpose, as described in 7.2.

11. Calculating Corrosion Rates

11.1 Calculating corrosion rates requires several pieces of
information and several assumptions:

11.1.1 The use of corrosion rates implies that all mass loss
has been due to general corrosion and not to localized
corrosion, such as pitting or intergranular corrosion of sensi-
tized areas on welded coupons. Localized corrosion is reported
separately.

11.1.2 The use of corrosion rates also implies that the
material has not been internally attacked as by dezincification
or intergranular corrosion.

11.1.3 Internal attack can be expressed as a corrosion rate if
desired. However, the calculations must not be based on mass
loss (except in qualification tests such as Practices A 262),
which is usually small but on microsections which show depth
of attack.

11.2 Assuming that localized or internal corrosion is not
present or is recorded separately in the report, the average
corrosion rate can be calculated by the following equation:

Corrosion rate = (K X W)/(A X T X D) 3)

where:

= a constant (see below)

= time of exgosure in hours to the nearest 0.01 h,
area in cm? to the nearest 0.01 cm?,

= mass loss in g, to nearest 1 mg (corrected for any loss

during cleaning (see 9.4)), and

= density in g/cm’, (see Appendix X1 of Practice G 1).

S
I

11.2.1 Many different units are used to express corrosion
rates. Using the above units for 7, A, W, and D, the corrosion
rate can be calculated in a variety of units with the following
appropriate value of K:

Constant (K) in Corrosion
Rate Equation
3.45 x 108

Corrosion Rate Units Desired
mils per year (mpy)

inches per year (ipy) 3.45 x 10°
inches per month (ipm) 2.87 x 102
millimetres per year (mm/y) 8.76 x 10*
micrometres per year (um/y) 8.76 x 107
picometres per second (pm/s) 2.78 X 108
grams per square metre per hour (g/m3-h) 1.00 x 10* x DA
milligrams per square decimetre per day (mdd) 2.40 x 108 x DA
micrograms per square metre per second (ug/ 2.78 X 108 x DA

m2-s)

A Density is not needed to calculate the corrosion rate in these units. The density
in the constant K cancels out the density in the corrosion rate equation.

Note 1—If desired, these constants may also be used to convert
corrosion rates from one set of units to another. To convert a corrosion rate
in units X to a rate of units Y, multiply by K,/Ky for example:

15 mpy = 15 X [(2.78 X 10°)/((3.45 X 10%)]pm/s

= 12.1 pm/s “4)

12. Report

12.1 The importance of reporting all data as completely as
possible cannot be overemphasized.

12.2 Expansion of the testing program in the future or
correlating the results with tests of other investigators will be
possible only if all pertinent information is properly recorded.

12.3 The following checklist is a recommended guide for
reporting all important information and data.

12.3.1 Corrosive media and concentration (any changes
during test).

12.3.2 Volume of test solution.

12.3.3 Temperature (maximum, minimum, average).

12.3.4 Aeration (describe conditions or technique).

12.3.5 Agitation (describe conditions or technique).

12.3.6 Type of apparatus used for test.

12.3.7 Duration of each test.

12.3.8 Chemical composition or trade name of metals
tested.

12.3.9 Form and metallurgical conditions of specimens.

12.3.10 Exact size, shape, and area of specimens.

12.3.11 Treatment used to prepare specimens for test.

12.3.12 Number of specimens of each material tested, and
whether specimens were tested separately or which specimens
tested in the same container.

12.3.13 Method used to clean specimens after exposure and
the extent of any error expected by this treatment.

12.3.14 Initial and final masses and actual mass losses for
each specimen.

12.3.15 Evaluation of attack if other than general, such as
crevice corrosion under support rod, pit depth and distribution,
and results of microscopical examination or bend tests.

12.3.16 Corrosion rates for each specimen.
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12.4 Minor occurrences or deviations from the proposed test
program often can have significant effects and should be
reported if known.

12.5 Statistics can be a valuable tool for analyzing the
results from test programs designed to generate adequate data.
Excellent references for the use of statistics in corrosion studies
include Ref. (5-7) and in Guide G 16.

13. Keywords

13.1 accelerated; immersion; laboratory; mass loss; metals;
pitting
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THE EFFECT OF TIME VARIATION ON CORROSION BEHAVIOUR OF
ASTM A36 IN SEAWATER FROM WEST BANGKA OF BANGKA
BELITUNG ISLANDS, INDONESIA

Randi G.P. Pratama, Diah Kusuma Pratiwi*, Nurhabibah P.E. Utami

Department of Mechanical Engineering, Faculty of Engineering, Universitas Sriwijaya, South Sumatera,
Indonesia

ABSTRACT

Corrosion hazards in marine environmental construction have been studied. ASTM A36
can be widely used in various industrial sectors and oil extracted offshore. The main
objective of this study is to analyze the influence of variation immersion time to corrosion
behaviour ASTM A36 by using seawater from Bangka Barat Regency, Bangka Belitung
Islands as a corrosive media by performing Brinell hardness test, measurement of weight
loss and corrosion rate, and and confirm the data obtained with the formed of
microstructure. The results revealed that immersion time of 144 hours produced the highest
corrosion rate of 27.97 Mpy and but has the lowest hardness number 136,924 BHN.
Microstructural observations found the presence of brownish yellow and black (magnetic
Fe3;04) corrosion patterns increased along with the increasing immersion time due to the
lack of oxygen concentration during the specimen corrosion process.

Keywords: ASTM A36, Corrosion rate, Immersion time, Seawater, Fe;O4

1 INTRODUCTION

ASTM A36 is a structural steel that is flexible
enough to be used in many structural applications.
It has a good ductility, strength and toughness
characteristics. With all the advantages, ASTM
A36 is included in the structural class at the
American Society of Testing Materials as the most
commercialized material in the world due to its
very flexible use in all conditions, both in industry
and oil extracted offshore [1]. ASTM A36 belongs
to the class of low carbon steel which is also
known as mild steel. This material has a carbon
percentage ranging from 0.25 to 0.29% and an
iron percentage of 98%. The requirements for the
tensile strength value of ASTM A36 are shown in
Table 1 while the chemical composition of ASTM
A36 is shown in Table 2 below:

Table 1. Requirements for the strength value of ASTM
A 36 based on Standard Specification for Carbon
Structural Steel [2]

UTS ,ksi (Mpa) | 55-80 (400-500)
Yield Strength | ,ksi (Mpa) 36 (250)
Elongation % 23

Table 2. ASTM A 36 chemical composition
requirements based on Standard Specification for
Carbon Structural Steel.

Plates Width (mm)
(%) <20 | 20- | 40-65 | 65-100 | >100
40

Carbon 025 | 025 0.26 0.27 0.29
(c), max

Mangan 0.18- 0.18- 0.18-

(Mn) 1.20 1.20 1.20

Fosfor 0.04 | 0.04 0.04 0.04 0.04
(P), max

Sulfur (S), | 0.05 | 0.05 0.05 0.05 0.05

max

Silicon | 040 | 040 | 015- | 015 | 0.15-
(Si) max | max 0.40 0.40 0.40

Copper | 0 | 020 | 020 0.20 020
(Cu),

Damage due to corrosion that occurs in
thermodynamic system between the environment
and metal is a serious and challenging problem
faced by the manufacturing, petroleum and
various industries, especially construction in the
marine environtment . Most industrial component

*Corresponding author’s email: pratiwi.diahkusuma@unsri.ac.id

https://doi.org/10.36706/jmse.v8i2.69
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[3] designs cannot be created without considering
the effects of corrosion over the lifetime of the
product. In addition to acid and oil, the other
factors such as air humidity, water, salinity,
chemicals, ammonia and acid pH are the most
important corrosion agents [4].

Based on previous research [5] It is very clear
that the corrosion rate is strongly influenced by
environmental factors, pH, pressure time and
temperature. Environmental factors in seawater
are not only influenced by salinity, oxygen
dissolved and marine biota but also by the
content of chemical elements caused by the
mining process and waste disposal into the sea. Pb
content due to mining activities in the waters of
West Bangka is around 0.1748 mg/L which is
higher than the quality standard for Pb content in
seawater for marine biota 0.008 mg/L [6] .

The main objective of this study is to
investigate the effect of immersion time on the
corrosion rate of ASTM A36 with seawater
corrosion media from Bangka Barat Regency,
Bangka Belitung Islands. The results of the
research on variations in immersion time of 48, 96
and 144 hours were analyzed by performing
hardness tests and microstructure observations.

2  METHODOLOGY

ASTM A36 corrosion test specimens were
prepared with dimensions (length 100 mm, width
50 mm, and thickness 10 mm). Specimen
preparation was carried out by cleaning using
distilled water and then weighing the initial
weight. The process of corrosion of the test
sample was conducted by the Total Immersion
method in seawater corrosive media. Based on the
ASTM G31-72 standard regarding to Standard
Practice for Laboratory Immersion Corrosion
Testing of Metals, the time required for the
corrosion process to be carried out optimally is at
least 48 hours so that in this study the immersion
time was 48 hours, 96 hours and 144 hours.

Table 3. Chemical composition of corrosive media

Test Parameters Units Results
Dissolved solid (TDS) mg/L 31,3
Salinity ppt 27
Temperature °C 24,1
Conductivity uS/cm 47,9
pH - 7,00
Dissolved Oxygen mg/L 8,9

20
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Figure 1. The sites of seawater corrosive media

The sites of seawater corrosive media and the
test results of its chemical composition are shown
in Figure 1 and Table 3. Microstructure
observation was conducted by using Optical
microscope. Samples preparation are; cutting,
mounting, polishing and etching with 2% Nital.

Hardness testing was conducted by using
Brinell method to analyze changes in the hardness
value of ASTM A36 based on variations of
immersion time in corrosive media. The loading
used is 3000 kgf. Hardness Brinell Number
(BHN) obtained by using Equation 1 below.

2F
BHN = nD(D—VD2—d?) M
Calculation of the corrosion rate was
conducted by comparing the changes of thickness
and weight reduction of the specimens before and
after the immersion process in corrosive media for
48, 96, and 144 hours. Calculation of corrosion
rate shown by equation 2 below [7]:
(K x4awW)
CR (mpy) - (A XT xD) (2)
where; W = weight loss (gr), K = Constan factor,
D = Density (g / cm3), A = area of sample (cm?),
T = time exposure of the metal (hours).

3 RESULTS AND DISCUSSIONS

Based on thickness measurement of the
specimens in Table 4, the results show that the
immersion time is directly proportional to the
thickness reduction of the specimen after the
corrosion process. The longer of immersion time,
the longer the interaction of the specimen surface
with the corrosive media, the more corrosive ions
are formed and attacked the surface of the
specimens [8]. Based on the data obtained, it
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shows that the longer immersion time will initiate
the higher weight loss of the specimen . The
highest weight reduction occurred in the 144 hour
specimen with the weight loss of 1.016 g, while
the lowest weight loss occurred in 48 hours
specimen with a weight loss of 0.372 grams, as
shown in table 5.

Table 4. ASTM A36 thickness reduction

Thickness

Immersion Initial after Thickness
Material . Thickness reduction
time (mm) Corroded (mm)
(mm)
48 10,16 10,14 0,02
AT 96 10,16 | 10,10 | 0.06
144 10,16 10,06 0,10
Table 5. ASTM A36 Weight reduction
. Immersion Wy W, AW
Material | e (gr) (ar) ()
48 377,613 | 377,241 | 0,372
ASTM T 96 [ 376,449 | 375,644 | 0803
144 379,458 | 378,442 | 1,016
Table 6. ASTM A36 Brinell Hardness number
Material Immersion time BHN
As received 140,390
48 139,628
ASTM A36 % 137,729
144 136,924

Hardness number of ASTM A36 decreases
along with th e decrease in the ductility value of
the material which is measured by the length of
time immersion as shown in table 6. The
formation of corrosion  direct effected to
decreasing the quality of the metal becomes
brittle, rough, and easily crushed. Figure 2 shows
the different of ASTM A36 corrosion rates based
on different immersion times. Based on the data
obtained, 144 hours of immersion time has the
highest corrosion rate 27.97 Mpy. There was no
significant change in the value of the corrosion
rate of the 96 hour specimen with a value of 27.03
Mpy. The lowest corrosion rate was recorded in
the 48-hour specimen with a corrosion value of
25.23 Mpy. As previously mentioned, the
corrosion rate of seawater on the specimen surface
is initiated by hydrostatic pressure, organic
materials, salinity, temperature, pollution, oxygen
solubility and pH of seawater [9]. Unprotected
surfaces exacerbate corrosion rates and initiate the
faster surface degradation [10].

© JMSE 2021
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Figure 2. Corrosion rate ratio

The presence of ferrite (o) and perlite phases
in the ASTM A36 specimen are shown in Figure
3. The ductile and malleable ferrite phase is
present in a white colored pattern with a carbon
solubility of 0.008% at room temperature. While
the pearlite (P) phase which is present in a black
pattern has strong and hard properties with its
solubility in iron carbon of 0.8% [11].

S

Figure 3. Optical Microscope characterization
of ASTM A36 before corroded

The correlation between corrosion rate and
microscopic phenomena that occur in ASTM A36
specimens based on variations in immersion time
was observed by using an optical microscope with
a magnification of 450x as shown in Figure 4.
Based on the data obtained, there are differences
in the appearance of the microstructure of the
sample which is influenced by the presence of

21
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Figure 4. Optical microscope characterization of
ASTM A36 with variation immersion times (a) 48
Hours (b) 96 hours (c) 144 hours

Figure 4(a) shows the presence of uniform
corrosion which is the most common attack in
various work environments and also responsible
for any material reduction in industry [12]. The
size of the corroded area is in line with the length
of time exposure of the metal to corrosive media.
it shown by the increasing size of the corrosion
shape as the increase of time exposureto the
corosive media (as shown in Figures 4(b) and 4(c).

96 and 144 hours specimens as shown in
Figures 4(b) and 4(c), a brownish-yellow pattern
was formed which gradually turned darker to
uniform corrosion perfectly formed along with the
length of immersion time [13]. The presence of
brownish-yellow rust and black rust based on
research [14] are form of the Fe304 phase which
is a magnetic iron oxide due to lack of oxygen
during the corrosion process. the reaction results
in the formation of brownish yellow rust
involving the iron oxide itself. The longer
exposure time of specimen with corrosive media,
it will initiate the formation of new corrosion layer
on entire surfaces. The corrosion rate is closely
related to the decrease of hardness value on the
sample surface followed with the reduction in
ductility.

22
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4 CONCLUSIONS

ASTM A36 with immersion time of 144 hours
produced the highest corrosion rate of 27.97 Mpy,
while the 48 hours specimen has the lowest
corrosion rate of 25.23 Mpy. The hardness value
is inversely proportional to the immersion time
where is the longer the specimen immersion time,
the lower the specimen hardness value itself. The
presence intensity of brownish yellow and black
corrosion patterns (magnetic Fe304) increased
along with the increasing immersion time due to
the lack of oxygen concentration during the
specimen corrosion process.
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