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Title: Microbially Influenced Corrosion of Container Materials oy U) wer MNJQ' Va‘

e : - ot page 5.
Names of the individuals performing the activity:
Lietai Yang, Roger Dykstra, Geri Becker and Stuart Birnbaum (All signatures are in the back of
cover page of this book).

Objectives and the proposed approach or procedure:

Microbially influenced corrosion of alloys in solutions containing different microbes. Two types of
tests will be conducted, one is polarization test and the other is the corrosion rate measurement,
both in electrochemical cells.

Equipments and measurement parameters:
Polarization test will be carried out with a Model 1287A Solartron potentiostat.

Coupling currents from MAS probes will be measured with the Keithly 2182 nanovolt meter and
Keithley 7001 Mainframe Switch. The potentials from electrodes will be measured with a
Keithley 617 electrometer SN0679628. The pH will be measured with Orion EA940, SN 2330,

Software:

In-house developed visual basic code was used to control the two Keithley meters and to store
the data in a computer hard drive. The visual basic code was verified (see page 45, Scientific
Note Book # 423).

Test equipment calibration, accuracy, and precision requirements:

. The performance of the potentiostat must be verified according to latest TOP 22.
The Keithley meters (7001 and 2182) must be regularly verified according to TOP 22.

Keithley 617 electrometer, Orion EA940 pH meter, and thermometer: All of these meters must
have valid calibration stickers. ‘

Required level of accuracy:
Temperature: +3 oC, pH: +0.5, Potential +5 mV; Currents: 10 nA.

Potential Source of Uncertainty:
Temperature in room may change with climate. Additional heaters may be required in room
during the winter season. . -

Special personnel training or qualification requirements: } -
None - .
Material/chemical: v / |
Varies (see in-progress entries).
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Nee,§ 7.8 /4
2/4/03
304 loop testing
Mixed up the following solutions:
0.5 M NaCl
29.250 g NaCl with T liter H20 NaCl lot# 027168

0.5 M NaCl + 0.1 M Na2S203
29.246 g NaCl and 15.837 g Na2S203 with 1 liter H20

—\Zw:‘ﬂ"rfz" 39 -
1.0 M NaCl tw=issal Thilor
58.29 g NaCl with 1 liter H20

1.0 M NaCl + 0.1 M Na2S203
58.42 g NaCl and 15.83 g Na25203 with 1 liter H20

~ Used the following test equipment:

ReSramce Fotnes V3-620-53  Sevil ¥ ppacios |

" Test 1
- 0.5 M NaCL + 0.1 M Na2S203
. Initial Ph=7.714, finial pH =9.176

Ecor =-198 mV, Ept =184 mV
No corrosion observed, see graph for polarization curve.

. Test2

0.5 M NaCL (de-aerated)

~ Initial Ph = N/A, finial pH = 6.919

Ecor=-118 mV, Ept=71 mV

. No corrosion observed, see graph for polarization curve.

" Test3
~ 1.0 M NaCL
- Initial Ph = 6.448, finial pH = 6.883

Ecor =-173 mV, Ept =490 mV
No corrosion observed, see graph for polarization curve.
H

|

NaCl lot# 027168
Na2S5203 lot# 923931A

NaCl lot# 027168

NaCl lot# 027168
Na2S203 lot# 923931A

Ohaus scale Serial # 2883 Cal Due date: 29 July 03
= Kiethley Serial # 0579628 Cal Due date 22 Sep 03
FS pH/Ion Serial# 3340 Cal Due date 07 Aug 03

¥ gadapay D Aok

" Initial 3 tests were run on the Solartron Multistat model 1480, but software would not
- reverse at the correct current. Samples showed a lot of corrosion products coming off
~ samples and solution was very dark. Started test over using the Solartron model SI 1287.

Test 4

1.0 M NaCL + 0.1 M Na2S203

Initial Ph = 8.103, finial pH =7.176

Ecor =-198 mV, Ept = 184 mV

No corrosion observed, see graph for polarization curve
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0.5 M NaCl + 0.1 M Na2S203 Intitial pH=7.714

Final pH=9.176, Ecor = -198mV, Ept = 184 mV

Note: This sample was originally run on multi-channel
Had problems with multi-channel switch to single

channel. o -
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0.50
1 M NaCl, Initial pH = 6.448, Finial pH = 6.883
- Ecore =-173 mV, Ept = 490 mV
file is 304 loop test3c.cor
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Test 5

p]
-y

NS

0.5 M NaCL 100mL (de-aerated) + 0.94 g Na2S* 9H20 2 2 e SRR 3 ] T:, A—
T Initial Ph = N/A, finial pH = N/A PG \/ m{M = 20| m \Y —— 37 L
— Ecorr=-423 mV, Ept = 548 mV AL ‘ —— ] —
No corrosion observed, see graph for polarization curve. U _ -
This test reversed at 100 mA e — | SR
N Test 6 — % -
: ‘ -

0.5 M NaCL 100mL (de-aerated) + 0.94 g Na2S* 9H20
Initial Ph = N/A, finial pH = N/A S 3q.1wmY
Ecorr = -423 mV, Ept = 548 mV

T Corrosion observed black deposits coming off loop, see graph for polarization curve. e I
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File: LPR_03_April22a_Processed

: -
LPR File saved by COrrWare ) . .
o ST File: LPR_03_April22b_Processed
CORRW POLARIZATION RESISTANCE 3% o An WY CMA cer Pgr 4(557 —0S-APIESh— -
CorrWare for Windows: Version 2.4b ~ 4 o e
Polarization Resistance, [0 OC,-0.4 OC,Reverse,0.1667mV/S,LPR_03_0422a_LPR.cor][default] LPR_03_0422a_D i )

. e ’ ! ’ —~— — : s MO — s LPR File saved by COrWare {6 N Y S,@Q, é' -
Date: 04-22-2008 Time: 08:52:52 : CORRW POLARIZATION RESISTANCE 2% Cowpan b UU(A Paa-R 63 —
Time(Seco ECorr_1(V Rp_1(Ohms*ctICorr_1(A/ Rate_1(MF ECorr_2(V Rp_2(Ohms*cm2) ICorr_2(A/ Rate_2(MF - CorrWare for Windows: Version 2.4b _—

0 -1.14E-01 8.32E+02 3.12E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 - —___Polarization Resistance,[0 0OC,-0.4 OC,Reverse,0.1667mV/S,LPR_03_0422b_ LPR cor][default] LPR_03_0422b_Data.cor (app~
453 -7.31E-02 5.72E+02 4.54E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 Date: 04-22-2003 Time: 09:14:29 B
509 -8.41E-02 3.81E+02 6.82E-05 0.00E+00 0.00E+Q0 0.00E+00 0.00E+00 0.00E+00 R N Tlme(Seco ECorr_1(V Rp_1(Ohms*cr ICorr_1(A/ Rate_1(MF ECorr_2(V. Rp_2(0Ohms*cm2) ICorr_2(A/cRate _2(MPY)
0 -2.70E-01 3.90E+05 6.67E-08- 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 -
o Moasured 2 s 1356 -2.40E-02 2.07E+04 1.26E-06 0.00E+00 -8.24E-02 3.03E+05 8.59E-08 0.00E+00 —
' . easure!
0.00 = 4-76985ER03X = 8 AIBBBE0 o (easurec) . 3865 -3.10E-01  6.22E+05 4.18E-08 0.00E+00 -3.23E-01 6.11E+05 4.25E-08 0.00E+00 o
2 _ o .
-0.05 ___~__»___________u__‘#‘____ﬁkA______B_:]'§95_9_2E91 ___________________ [ . y = 7.16548E+05x - 2.60687E-01 & Measured
—_ * PY 1.00 319 525E 01 . R
S 010 TSI S 0 — - - - e — 0.80 Linear (Measured)
w 080 b — = m o e e — oo - ——— ——
~ - 040 4 = — o m T  Lo-—--o o
015 4 - - - - T I e T T T o I I R gt il e
— 0004 ---------—;$Ro SN oo
-0.20 , : . . . . . 1 ‘ T " 020 | ®__ - ® - —
00E+00 20E06 40E-06 6OE0S BOE-06 10E05 12505 14E-05 16E-05 18E-05 2.0E-05 - 00 - L LIIIIIITIIIITIIIIIIIIIIIIIIIIIIIIIIII
I (A/emA2) -0.80 ' ' ' ' T
e -5.0E-07 0.0E+00 5.0E-07 1.0E-06 1.5E-06 2.0E-06 -
0.00 2.0E-05 N Aom?2) _—
-0.05 4 1 1.5E-05 e m— 0.20 2.0E-06
S 10, i;' 1 0.10 1 1.56-06 __ ]
< 0. - 1.0E-05 $ s 0.00 1 1.0E-06 2; r—
-0.15 - i 50E:06 — e p—— o 010 150807 3
) -0.20 ‘ S I
-0.20 0.0E+00 T -0.30 + 0.0E+00 -
0 100 200 300 400 500 600 700 . -0.40 - ' , ' ' ; ; -5.0E-07
; 0 1000 20Q0 3000 4000 5000 6000 7000 —
Time (Sec) o
- t Time (Sec)
: o~ f T
\ J"\/ 0 X -~
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File: LPR_OS_ApriIZZc_Processed ‘
S % 5 )

LPR File saved by COrrWare ) 3 gé_ W N M’L CQM S,Q/Q \DW E_S -
CORRW POLARIZATION RESISTANCE SEZA 7;7_,
CorrWare for Windows: Version 2.4b T N q N ﬂﬁm doﬂ S g2 //“ )
0.1667mV/S,LP R_03_04220_LPR.cor][default],LP R_03_0422¢c_Data.cor (ar e
Date: 04-22-2003 Time: 12:29:20 J— / 7/
. ms*cm2) ICorr_2(Ak Rate_2(MPY) ‘ 0 m I2
tubts) ~ o0 YA

Polarization Resistance,[0 0QC,-0.4 OC,Reverse,

Time(Seco ECorr_1(V,Rp_ 1(Ohms*ct 1Corr_ 1(A/ Rate_1(MF ECorr_2(V. Rp_2(Oh
0 -2.39E-01 2 04E+05 1.16E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O. 00E+00 *
966 -4.37E-02 .527E+04 4.94E-07 0.00E+00 -1.38E-01 4.74E+05 5.48E-08 0.00E+00 : L . f‘ :
3472 -2.31E-01 5 71E+05 9.60E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O. 00E+00 . ’ ' ,
| ~ T — T/e/03

y = 1.73499E+05x - 1.61823E-01

) ’
RP-wr-2-08896E-01

& Measured
e | inear (Measured)

s
S ot g e—— e ¢ O /
-1.00 , . - : : | /
-4.0E-08 -2.0E-06 0.0E+00 2.0E-08 4.0E-06 6.0E-06 8.0E-06 /
| (Alem”2) . : /
0.10 8.0E-06 - /
0.00 1 6.0E-06 .
< 010 4.0E-08 g )
= 1 20E06 & v /
-0.20 L 1 0.0E+00 E«
-0.30 1 -2.0E-06 / A
-0.40 +- . . . : . . . . . -4.0E-08 -
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 /

Time (Sec)
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Sensor Data . : xm
Sensor 304-#11. Ch1 Ch2 Ch3 Ch4 Chs Ché Ch7 Chs V)
=
A connected to-ll-2 -4.240| nA 4.394] nA 5.083] nA 4537 nA 3.284| nA 4.336| nA| 6.468] nA | 6.622| nA )
-0.731] nA 1.358| nA 3.248| nA 0.811| nA 1.571| nA 0.118| nA| 1.900| nA | 3.754| nA o~
2.228{ nA 2.660] nA 2.101| nA 2.322| nA 1.064| nA 2838/ nA| 2754 nA| 3.425| nA rQ_ \
Average -0.914 nA 2.804 nA 3477 nA 2.557 nA 1.973 nA 2431 nA 3707 nA 4600 nA <«
Ch1 Ch2 Ch3 Ch4 Chs Ché ch7 Chs CU
B connected to-li-3 5477) nA |  -7.084| nA 5100l nA|  -4604| nA| -3697| nA | -6213| nA}| -2935| nA -5.391] nA
.4.036| nA| -3.203| nA 3420 nA] 2110l na| 2679] na | -3.187| nA| -1.858] nA -3.798| nA
-3.448] nA | -5.983| nA 3560 nA| -3019{na| 7865 nA| -3102|nA| -3.025 nA -3.159] nA
Average -4.320 nA -5.457 nA -4,063 nA -3.244 nA -4747 nA 4167 nA -2.606 nA -4116 nA
Sensor 304-#12 Ch1 Ch2 Ch3 Ch4 Chs Ch 6 Ch7 Ch 8
A connected to-I-4 -0.064| nA 0.448| nA -1.101| nA 02311 Al -0532] nA | -0.570{ nA| -0.254| nA | -0.992] nA
-0.656| nA | -0.158| nA 2144l na| 0264/ na| -0731| na | -1.060| nA| -0.459| nA -1.868| nA
-0.360] nA 0.120] nA 1654l nal -0065| na| -0834] nA| -0.826|nA| -0.494] nA -1.440| nA
Average -0.360 nA 0.137 nA 1633 nA 0033 nA  -0699 nA  -0819 nA -0402 nA -1.433 nA
Ch1 Ch2 Ch3 Ch4 Chs Ché Ch7 Ch8
B connected to-lI-5 -0.444] nA | -0.163| nA 0.188] nA| -0.108/ nA|  -0.021] nA 0.094| nA[ 0.010] nA | 0.280] nA
-0.118] nA 0.133] nA 0.088] nA 0.170| nA 0.203] nA 0.234| nA| 0371 nA | 0411} nA
-0.111] nA 0.098] nA 0.009{ nA 0.177| nA 0.185| nA 0.222| na| 0.230] nA| 0.291] nA
Average -0.224 nA 0.023 nA -0.030 nA 0.080 nA 0.122 nA 0183 nA 0204 nA 0327 nA
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