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Initial Scientific Notebook Entry for Cyclic Potentiodynadc 
Polarization Tests on Alloy 22 

Title: Cyclic Potentiodynamic Polarization Tests. 

Tests Performed by: Pavan Shukla, Div. 20; Brian Derby, Div. 18, Walt 
Machowski, Div. 18. 

Objectives: To determine the effect of environmental variations on the anodic 
dissolution of Alloy 22 and the possible susceptibility to stress corrosion cracking. 

Proposed approach or procedure for achieving the objectives: Conduct cyclic 
potentiodynamic polarization per ASTM G61 and determine the possible 
susceptibility to stress corrosion cracking using the approach described by Parkins 
(Ref: Stress Corrosion Cracking and Hydrogen Embrittlement of Iron Base Alloy, 
NACE-5, 601 -624,1977) 

Equipment: Electrochemical test cell, EG&G 263A potentiostat, CorrWare 
version 2.8d data acquisition software, thermocouple/thermocouple meter, 
temperature controller, pH meter, balances, Keithley electrometer, Coolant 
system. 

Potentiostat and CorrWare data acquisition performance verified using TOP-022 
Thermocouple, thermocouple meter, pH meter, analytical balances, and 
electrometers calibrated by SwRI calibration laboratory. 

_I - 

Materials: Alloy 22 heat 2277-3-3266. Additional materials to be identified prior 
to testing - 

Specimen Specifications: Cylindrical specimens, CNWRA drawing number 
20.01402.571.019 

Measurement Parameters: Temperature, Potential and 

Required Level of Accuracy: Temperature +2'C, Potential4 mV, Current +O. 1 
CIA. 

Uncertainty and Sources of Error: Current density calculated as current divided 
by sample area. Actual current density of corroding areas is not determined. Non- 
faraday charging current during polarization. 
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Cyclic Pc.~ntiosbtk Teat 

Reagents m e n u d  M0d.k OHAUS 
c8k I Jlrlor 

C w n t n  Electrode: Platinum Fllo 
Refennce Electrode: Fisher SCE 

0.r: 99.999% Nitrogen 
Ecorr: 
E#: - \TO& 

, 
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C22 CYLINDER HT#059902LL2 
SOLUTION 0.5M NaCl + 0.74M NaHC03 
TEMP=95C pH= 7.53 0.1 

___. C22P5NaCIP74NaHC03.cr 
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Cyclic Potentiostatic Test 

Objective: 

Reagents measured with 

Initial p ~ :  7 , 8  I 
Final pH: 9 . 6 7  

Model: OHAUS 
Cak 1/19 / G  < 
Model: Orion 
CAL: 7 / 9 / f 0  9 
pH Probe: #13-620-296 
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C22 CYLINDER HT#059902LL2 
SOLUTION 0.5 M NaCl + 0.74 NaHC03 
TEMP=95C pH=7.81 

-- C22P5NaCIP74NaHC03T2.cor - 
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Cyclic Potentiostatic Test 

Objective: 
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- C22P5NaCIP74NaHC03T3.cor 
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C22 CYLINDER HT#059902LL2 
SOLUTION 0.5 M NaCl + 0.74 M NaHC03 

SCAN RATE 1.667 mv 5 
TEMP=95 C pH=7.78 

/ 

- C22P5NaCIP74NaHC03T4.cor I \  

I (Amps/cm2) 
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Reagents measured with 

Initial PH: 7 6' I 
Final pH: . 0 

TEST TEMPERATURE: '3 if 

Counter Electrode: Platinum Flag 

Reference Electrode: Fisher SCE 

Gas: 99.999% Nitrogen 
Ecorr: -(I 6 3 . m d  
Ept: - 21 0 7r( J 

Model: OHAUS 
Gal: \ /  I q /e\' 
Model: Orion 

pH Probe: N3-620-296 
CAL: 7 /41 /oY 

Measured with Hg Thermometer SN: 

Gal: 4 / q 7 / 0 (  Due: 4/47/06 
9 d " / o  6 

Model: Keithley SN: O r 7 9 6 2 8  

Potentiostat: €6 8 C;; 6 3fi 



1 -4 I 

--+ 

C22 Cylinder HT # 059902LL2 
Scan Rate = 166.7 mv lsec 
Solution 0.5 M NaCl + 0.74 M NaHC03 
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C22 CYLINDER HT# 059902LL2 
Solution 0.5 M NaC10.74 NaHC03 
Scan Rate = 16.67 mv /sec 

- C22P5NaCIP74NaHC03T6.cor 
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1 Cyclic Potentiostatic Test 

Reagents measured with Model: OHAUS 
Cal: 

SN: 2883 
Due: 

Specimen Examination: 

Initial pH: 
Final pH: 

Model: Orion SN: 
CAL: DUE: 
pH Probe: #I 3-620-296 SN: 

TEST TEMPERATURE: 3 SOL Measured with Hg TJermometer SN: 
Cal: 9 /a7 f o  s Due: 4 /q 7 / 0  6 

9 3 /b 6 

Counter Electrode: Platinum Flag 
Reference Electrode: Fisher SCE 1 S-b2@ -sL SN: 

.- . - . _- _- 
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Solution 05 M NaCl + 0.74 M NaHC03 
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Objective: 
&bW& 

Specimen: 

\ 
Cvclic Potentiostatic Test 

______- 
Reagents measured with Model: OHAUS 

Cal: 

Model: Orion 

CAL: 
pH Probe: # I  3-620-296 

SN: 2883 
Due: 

SN: 
DUE: 
SN: 

SN: 

I-____- 

potentiostat: f G, 4 G, ? 6 3 A SN# 66bg 



- . . -  . . . . . . . . . .  . . . . . . . . . . .  .... . . . . .  Is!- 
. . . . .  - - .... .- . . . . . . . .  .. ................... 

. . . . . . . . . . . .  . ..... ............................... ...... - . ---.--- . -  - - - 

......................... .............. .................. -I-.-- . .~ -- 

.. -. .... - ..... ........ . .  . .  __ ..... ___-_I._" ___I___ 

0.75 

0.50 

w 

0 
--- 

-4 

I -1 

I 

I 
-- 
---4 

C22 Cylinder HT#059902LL2 
Solution 0.5 M NaCl + 0.74 M NaHC 
Scan Rate = 0.1667 mv/sec 

-_ C22P5NaCIP74NaHC03T8.co 
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TEST TEMPERATURE: qgoc 

Counter Electrode: Platinum Flag 

Reference Electrode: Fisher SCE 1 5 -620 - 52 ' 

Gas: 99.999% Nitrogen 

Ecorr: - qlq fi/ 
EPt - (4 5' N/ 

Measured with Hg Thermometer SI 
Gal: 'I /5v/d< 

Model: Keithley 6 13 
Cak 5$$7/0< 

Potentiostat: k~ + a 4 f # SN# 6d /LZS- 

Specimen Examination: 

Cyclic Potentiostatic Test 

Objective: . 
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C22 Cylinder HT # 059902LL2 
Solution 0.5M NaCl + 0.74M Na2C03 
95°C 0.1667 mV/sec 
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Reagents measured with 

Initial pH: 4, re db /a, d5 
Final pH: 4 ,c3 

TEST TEMPERATURE: 4fc 

Counter Electrode: Platinum Flag 

Reference Electrode: Fisher SCE 

Gas: 99.999% Nitrogen 

E P ~ :  - 11 *I/ 
Ecorr: -54 3 / 

Specimen Examination: 



1 Y  
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0.5 

n cn 
c, - s o  
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-1 .o 

C22 Cylinder HT X 059902LL2 
Solution: 0.5M NaCl adjusted to pH 10 wMaOH 
95°C 0.1667 mVlsec 

C22P5NaClpHlOTlOcor 
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Cyclic Potentiostatic Test 

SOLUTION: 

Ace f ivdg 
) $ . % ~ C J  

Reagents measured with 

Initial Weight: 12, fi33 >/$Model: Sartorius Genius 
Final Weight: 

Initial p ~ :  3 , ~  9 
94 3 4  Final pH: 

TEST TEMPERATURE: 45"lc 
Counter Electrode: Platinum Flag 

Reference Electrode: Fisher SCE 

Gas: 99.999% Nitrogen 
Ecorr: - r/ 
Ept: +- 7q 

Model: OHAUS 
Gal: ///Y)J- 
Model: Orion 
CAL: 7)dl)Jq 
PH Probe: #13-620-296 

SN: 12809099 
Due: /)&P.l- 

Measured with Hg Thermometer SN: 6 f$-@6 
Cal: q/iyhJH Due: q / A v #  G 

Potentiostat: F&~c& 3b38 

Specimen Examination: 
-_ 

-- 

I_ 

. - . . . .. . .. . - .. .. - .. --- ~ 
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C22 Cylinder HT # 059902LL2 
Solution: 0.5M NaCl + 0.74M NaHC03 
95°C 0.01667 mV/sec (slow rate) 

C22P5NaCIP74NaHC03Tll cor.cor 
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Reagents measured with 

Initial PH: 9,qL 
Final pH: 9' 43 

Model: Orion 
CAL: 
pH Probe: #13-620-296 

SN: 4uLrrU 4 )  G 
TEST TEMPERATURE: 45*c Measured with Hg Thermometer SN: & qg -10 & 

tal: Ir/S7/#f Due: Y/,c7/& 
Counter Electrode: Platinum Flag 

Reference Electrode: Fisher SCE 

Gas: 99.999% Nitrogen . 

j 3 - 62 0 -SA 

. .  
SN: c / /  9 

Specimen Examination: 
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C22 Cylinder HT # 059902LL2 
Solution: 0.5M NaCl + 0.37M NaHC03 + 0.37M Na2C03 
95°C 0.1667 mV/sec 

C22P5NaCIP37NaHC03P37Na2CO3Tl 
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Cyclic Potentiortatic Test 1 

- Reagents measured with ModekOHA S SN: 2883 
Cd: ,/Iy/y.c Duo: 71, u/or 

Initial p ~ :  8, G? Model: orion SN: 
Final pH: 4, / 3 CAL: ?/dl)@q DUE 7/&’6- 

pH Probe: Xl3-620-296 

Measured with Hg Thermometer SN: c4e-/O c/ 
Gal: 7 11.I /o s“ 

SN: y u h n  4b P 1 L, 

TEST TEMPERATURE: 4reC 
Due: Y /A>)O b 

Counter Electrode: Platinum Flag 

Refenncr Electrode: Fisher SCE / 3 wbJ@ &-a ’ SN: @bbN 9 
Gas: 99.999% Nitrogen 
Ecorr: - r y  I/ 
Ept: +Iua hl /  

Smimen Examination: 
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C22 Cylinder HT R 059902LL2 
Solution: 0.5M NaCl + 0.555M NaHC03 + 0.185M Na2C03 
95°C 0.1667 mV/sec 



Cyclic Potentiostatic Test A . .  
Objective: &ad ' W  

SN: 12809 99 
Due: ,.px/.s- 

Model: H S SN: 2883 
Cal: && Due: .//&j- 

Reagents measured with 

Initial pH: K@ 4 Model: Orion SN: 2930 
Final pH: 9,  f) CAL: 7&$v DUE: >/!!#r 

pH Probe: W3-620-296 SN: q&S/96 P l b  

TEST TEMPERATURE: q'("'c Measured with Hg Thermometer SN: 6 f f / - / d  6 
Gal: 9!!7/63' Due: 4/A7/64 

Counter Electrode: Platinum Flag 

Reference Electrode: Fisher SCE 

Gas: 99.999% Nitrogen 
Ecorr: - 3 A / Model: Keithley b)? SN: f l33&k 

/ 3 -6 $0 -SA SN: m c $ h / /  9 

Ept: +,c/rl*J Gal: ~)7/g l  

Specimen Examination: 
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W 

-0.5 
---.I_ 

... -. ..... 

C22 Cylinder HT # 059902LL2 
Solution: 2.OM NaCl + 0.38M NaN03 
95°C 0.1667 mV/sec 

- 

1 I I I I I I I I  I I 1  I 1 1 1 1 1  I I I I I I I I I  I 1 I I 1  I l l 1  I I I l l 1 1  . ._I___ -1 .o I I 1 1 1 1 1 1 1  
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--___ 
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w-...... . . . . . . . .  

. . . . . . . . .  ........ _.._..___I_-- 
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Reagents measured with Model: OHAUS SN: 2883 

Initial p ~ :  2, q.3 Model: orion SN: 233@ 
Final pH: &, b(. CAL: 7/tl/@y DUE: T/??j\fld@ - 

Gal: lI,q/he Due: &k 

pH Probe: #13-620-296 SN: +4#6474b f 
TEST TEMPERATURE: q5‘& 

Counter Electrode: Platinum Flag 

Measured with Hg Thermometer SN: & 98-/&4 
Gal: JJI+- Due: 4/&4 

Reference Electrode: Fisher SCE 13 -4d8-5++ SN: m6L//  $? 
Gas: 99.999% Nitrogen 

Ecorr: - f / Model: Keithley &/? SN: r334)k 
Ept: -t rr*J Gal: K-j7/UCC Due: /I/r 6$#g- 

Potentiostat: A%+.& 263H SN# 64/~%- 
Specimen Examination: 

dwVLh7 



1 .o 

0.5 

-0.5 

-1 .o 

C22 Cylinder HT # 059902LL2 
Solution: 3.OM NaCl + 0.3M NaHC03 
95°C 0.1667 mVIsec 

C223POMNaCIP3MNaHC03Ti 5cor.cor 

1 o - ~  
I I I 1 I l l l l  1 I I I 1 1 1 1 1  I 1 1 1 1 1 1 1 1  I I I I I IIII I I 1 I I Ill1 I I I I I U  

10" I 0-7 10" 10-5 
I (Amps/cm2) 

1 o4 10" 



Reagents measured with Model: OHAUS 
Gal: q / y / H c  

Initial p ~ :  / b  8 L A  Model: Orion SN: 2 3 3 0  
Final pH: CAL: 7/AI /Oy DUE: 7/aI/@5’ 

pH Probe: #13-620-296 SN: 40&S/f6 p 16 
/g 4-1 

TEST TEMPERATURE: qflc Measured with Hg Thermometer SN: & 49- /07c/ 
Gal: q/&H5- Due: q/A>/flb 

Counter Electrode: Platinum Flag 

Reference Electrode: Flsher SCE / 3 -&?o SN: pd 64// 9 
Gas: 99 999% Nitrogen 
Ecorr: - t‘/) *w / 
Ept: v A 4  1/ Gal: 5/&7/0r Due: ///A d77D5- 

Model: Keithley 6 / 9 SN: 53?CL//p 

Potentiostat: L-G +,$- db 3# SN# 66/Ps- 

& W  Specimen Examination: 

w 
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-0.5 

-1 .o 
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C22 Cylinder HT # 059902LL2 
Solution: 3.OM NaCl + 0.3M Na2C03 
95°C 0.1667 mV/sec 

I I I I I I I I I  I I I I I I l l 1  I I I I I I I I I  I I I I I I I I I  I I I I 1  I I I I  I I 1 1 1 1 1  

10-7 1 ob 1 o - ~  1 o4 
I (Amps/cm2) 

_- 10-3 lo-* 

_- 

. . . .  .. ...___.....____.____I 
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Cyclic Potentiostatic Test 

Reagents measured with Model: OHAUS 
Gal: l / / V / 4 $  

SN: 2883 
Due: 7//lu/ps 

Initial p ~ :  7,&/ Model: Orion SN: 2 3 3 0  
Final pH: g, cjd CAL: 7/21/89 DUE: 7/d//p'f 

pH Probe: #I 3-620-296 SN'L(O~~lC7L P /b 
TEST TEMPERATURE: qfc Measured with Hg Thermometer SN: &qc-/o 6 

=ai: q/A7/ds- Due: , I / " C / ~ S /  

Counter Electrode: Platinum Flag 

Reference Electrode: Fisher SCE 

Gas: 99 999% Nitrogen 
Ecorr: - 3 d).(~, /f 

/ 3 - L 2 @  -3% SN: N d L  // 7 
Model: Keithley 6 /  9 SN: 5334fk 

t/d& (/ Gal: 5-/A 7 / w  Due: $A<)&C 

Potentiostat: A--& r & A6 $/9 SN# &/as' 
Specimen Examination: 
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-0.5 

-1 .o 

C22 Cylinder HT # 059902LL2 
Solution: 1 .OM NaCl + 0.05M NaHC03 
95°C 0.1667 mV/sec 

C221 POMNaCIP05MNaHC03Tl7cor. 

C22 Cylinder HT # 059902LL2 
Solution: 1 .OM NaCl + 0.05M NaHC03 
95°C 0.1667 mV/sec 

C221 POMNaCIP05MNaHC03Tl7cor. 

I I I I l l l l l  I I I 1 I I l l 1  I I I I l l l l l  I I I 1 1 1 1 1 l  I I I I I l l l l  I I f l u  

10" 1 o4 1 o-' 1 os 10-5 1 o4 1 O-'O 
-- 

I (Amps/cm2) 

. . . . .  .. ....... . .- ..... 
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- 
I 

Reagents measured with 

Initial p ~ :  38 d, 
Final pH: 9, flq 

Model: OHAUS 
Cat //,q/fl< 

Model: Orion 
CAL: >/*/fly 
pH Probe: M3-620-296 

TEST TEMPERATURE: S-f'C, Measured with Hg Thermometer SN: 4 @e/@ 

Counter Electrode: Platinum Flag 

Reference Electrode: Fisher SCE 

Gal: q ) A 7 / 8 r  Due: i~/Af/fl$~ 

/ 3 - 428 -&A SN: @ 4&l4  
Gas: 99.999% Nitrogen 

Ecorr: -344 1/ 
Ept: + l 7 C  wc(/ 
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C22 Cylinder HT # 059902LL2 
Solution: 1.OM NaCl + 0.3M NaHC03 
95°C 0.1667 mV/sec 

C221 POMNaCIP3MNaHC03T18cor.cor 

I I I I 1 1 1 1 1  I I I I l l l l l  I I I I 1 1 1 1 1  1 1 I 1 I l l l l  1 I I I I I l l1 I I I 1  I l l  
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Objective: 

Specimen: 

Cyclic Potentiostatic Test . 

Initial Weight: /o?, 6L.f/q& f 
Final Weight: / 2 , 8 3 / b c  J 

Model: Sartorius Genius 

Cal 5//,//>- 

SN: 12809099 
Due: ,l)ll)fl$* 

Reagents measured with 

Initial PH: '2 6 / 
Final pH: 4 ,d 4 

Model: OHAUS 
Ca': qI+7< 

Model: Orion 
CAL: 7 / A / / f l v  
pH Probe: #13-620-296 

TEST TEMPERATURE: 95°C Measured with Hg Thermometer SN: qf- 

Counter Electrode: Platinum Flag 

Gal: q)#$7/0r  Due: ,l/?k$#C 

Ecorr: - q/fh1/ Model: Keithley 6 /7 SN: 5 3 3 4 f B  
Ept: - A f f  h I/ Ca': 572yr Due: I q J  r/y- 

Reference Electrode: Fisher SCE / 3 *b 2 @ -sa SN: &766// 4 
Gas: 99.999% Nitrogen 

k z @ & -  SN# b b / o c  Potentiostat: 

Specimen Examination: 
++a- %-- 



1 .c 

0.5 

w 

-0.5 

C22 Cylinder HT # 059902LL2 
Solution: 1 .OM NaCl + 0.66M NaHC03 
95°C 0.1667 mVIsec 

C221 POMNaCIP66MNHC03TlScor.cor 

I (hps/cm2) 



I_ -̂ 

-.__- 

Cyclic Potentiostatk Test 

Objective: c/fk &J& 2 6 & I 

Initial Weight: /a, 3% b 7 
Final Weight: id. 33LC / 

5 Model: Sartorius Genius 

CaI 5--%kr 9 
SN: 12809099 
Due: ///./ar 

SOLUTION: 

Reagents measured with 

Initial p ~ :  //.2 3 
Final pH: / d ,  9p 

Model: OHAUS 
cai: I/hb.r- 
Model: orion 
CAL: 7/Ai/@Y 
pH Probo: #13-620-296 

TEST TEMPERATURE: Measured with Hg Thermometer SN: c 9gd/aL 
cai: q / r 7 / 8 ~  Due: t t /AJy&C 

Counter Electrodr: Platinum Flag 

Refenncr Electrode: Fisher SCE 1 3 -bd 6 - ' SN: H 6 6// 9 
Gas: 99.999% Nitrogen 

Ecorr: +Jgrh/  Model: Keithley ($/? SN: <.37.s//p 
Ept: -33L+J  Gal: xh 7/&< Due: ?//A Ld/@ 5- 

Specimen Examination: 
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1 .o 

0.5 

w 

-0.5 

-1 .o 
I o - ~  

C22 Cylinder HT # 059902LL2 
Solution: 1 .OM NaCl + 0.33M Na2C03 
95°C 0.1667 mV/sec 

C22 1 POMNaCIP33MNa2C03T20cor.cor 

10" I 0-7 I O "  10-5 1 o4 
I (Amps/cm2) 

10-3 1 o-2 lo-' 

....... ...... f ........ .. ..-.---I-.. 

- . .  . . .  -. ..... ......... . .  ..._I___I_ 

. . . . .  ._.._________I_ ......... ~ - ............ 



40 

_I__- 

Cyclic Potentiosbtic Test 

TEST TEMPERATURE: 952 

Counter Electrode: Platinum Flag 

Reference Electrode: Fisher SCE 

Gar: 99.999% Nitrogen 
Ecorr: --)VI.( I/ 
EQt: - qsL * I/ 

Potentiostat: t'c-+& A43A SN1 L w r  



1 .o 

0.5 

W 

-0.5 

-1 .o 

C22 Cylinder HT # 059902LL2 
Solution: BSW 
95°C 0.1667 mVlsec 

C22BSWr21 cor.cor 

1 o - ~  1 o8 1 o-' 10" 1 o - ~  1 o4 
I (Amps/cm*) 

10-3 1 o-2 lo-' 

. . . . .  ----..-I- 

............. 

. .  



SN: 12809099 
Due: ,~///Jk 

TEST TEMPERATURE: qf*c Measured with Hg Thermometer SN: 6 4$ 
Gal: q / A ? / ~  

18 
Due: I 1 /A 478 J 

Counter Electrode: Platinum Flag 

Reference Electrode: Fisher SCE 1 3 -& 3 0 -3-2 ’ SN: & b 6 I r  

Gas: 99.999% Nitrogen 

Ecorr: - J 7 J Model: Keithley b /  3 SN: 57 qfg 
Ept: - Ss-5 * /  Gal: c/!h >/Qf Due: ft/Ar/pj- 

Specimen Examination: n 



1 .o 

0.5 

-1 .o 

............... .... 

. . . . . . . . . .  

. . .  .......... __ .. 

C22 Cylinder HT # 059902LL2 
Solution: BSW minus NO3 and SO4 
95°C 0.1667 rnVlsec 

C22SBWnoNO3noS04T22cor.cor 

- I I 1 1 1 1 1 1 1  I I 1 1 1 1 1 1 1  I 1 1 1 1 1 1 1 1  I I 1 1 1 1 1 1 l  I I 1 1 1 1 1 1 1  I I 1 1 1 1 1 1 1  I I 1 1 1 1 1 1 1  I I I l l l L  

1 o - ~  1 o4 10-7 

........ 

.... .- 

..... -- 

1 o4 10-5 1 o4 
I (Amps/cm2) 

10-3 

. --- 
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Initial Weight: 13 33cJ 9 3 Model: Sartorius Genius 

Final Weight: / 2 , 3  5 & g CaI 5/ . /pC 8 
SN: 12809099 
Due: f l / / / j -  

Reagents measured with 

Initial p ~ :  4,7A 
Final pH: 9, g c  

Model: OHAUS 

Gal: h&,- 
Model: Orion 
CAL: 7 ' 4 0 y  
pH Probe: N3-620-296 

TEST TEMPERATURE: qflc 

Counter Electrode: Platinum Flag 

Measured with Hg Thermometer SN: C? q$-/d& 
tal: 41.2 >/uJ- 

Reference Electrode: Fisher SCE 1 3 +A@ - " SN: &9&// 9 

Due: /f/Jf/#J - 

Gas: 99.999% Nitrogen 
Ecorr: - y  qpw / 
Ept: -2 +(/ 

Specimen Examination: 
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1 .o 

0.5 

w 

-0.5 

-1 .o 

.............. -- 

.. ... . -  . 

. . . . .  . .-. 

Solution: 0.5M NaCl + 0.493M Na2C03 + 0.247M NaHC03 
C22 Cylinder HT 8 059902LL2 

95% 0.1667 mVlsec 



Reagents measured with Model: OHAUS SN: 2883 

Initial p ~ :  ' 7 8  Model: Orion SN: a33 0 
Gal: ///4/0c- Due: , / , q / k  

Final pH: 9, 14 CAL: 'I/&//+ 1/ DUE: 7 / ! , / .  I' 
pH Probe: #13-620-296 

SN: 5ilYbflBL P'b 

Due: N /5'.4$ s- 

A 
TEST TEMPERATURE: 43 & Measured with Hg Thermometer SN: d 

Counter Electrode: Platinum Flag 

k' 
Gal: q / 3  >/N 

Reference Electrode: Fisher SCE / 3 - - J4& SN: mLG/, 4 
Gas: 99.999% Nitrogen 
Ecorr: - 3 q j  ,,,/ Model: Keithley ,$, / f) 

Potentiostat: LG *& dbjb SN# L / U r  

SN: rj >q/8 
c I L3s-u%J Ca': KIA 7/& 



.- 

I .o 

0.5 

W 

-0.5 

-1 .o 

C22 Cylinder HT # 059902LL2 
Solution: 1 .OM NaCl + 0.5M NaHC03 
95% 0.1667 rnVlsec 

C22 1 PONaCIPSNaHC03T24.cor 



Cyclic Potentiostatic Test 

Objective: $#$/A 6 3 6 c 

Specimen Examination: 

\ 

4 P d -  
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1 .o 

0.5 

w 

-0.5 

-1 .o 

. . .  _. . _- ..... _. - __ 

. . . .  

C22 Cylinder HT # 059902LL2 
Solution: 0.5M NaCl + 0.444M NaHC03 + 296M Na2C03 
95°C 0.1667 mV/sec 

---- ...... 

-- . . . .  
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Cyclic Potentiostatic Test 

Objective: e// 
m- 

Inithl Weight: /d# -?'540 ' h o d e l :  Sartorius Genius 
Final Weight: /J, 3 / h  2 CaI /-///Or 

Reagonts measured with 

TEST TEMPERATURE: 4 ck 
Counter Electrode: Platinum Flag 

Reference Electrodo: Fisher SCE 

Gas: 99.999% Nitrogen 
Ecorr: - 9 4 I/ 
Ept: - y q J  

Yodol: OHAU 

Model: orion 
CAL: >/A//&V 
pH Probr: 1yl3-620-296 

Model: Keithley 6 / 3 
Gal: 57'7)'~ 

. 



5 1  

. . . . . . . . . . . . . . . . . . .  ... .......... - . . . .  - - 

. . .  .~ . . . . . .  .. - .......--_I--.__.......I__--_I..__ 

. . . . . .  ......... . . . . . . . . . . . . . . . . . . .  . . .  - 

1 .c 

0.5 

w 

-0.5 

-1 .o 

C22 Cylinder HT # 059902LL2 
Solution: 0.5M NaCl + 0.4 
95°C 0.167 mVlsec 

C22P5NaCIP494NaHC03 

I (Amps/cm2) 

. . . . . . . . . . . . . . . . . . . . . . .  _. . .  __ 



Reagents measured with 

lnltkl pH: 
F i ~ l p H :  q ,  67 

4g2 TEST TEMPERATURE: 

Counter Electrode: Platinum Flag 

Reference Electrode: Fisher SCE 

Gas: 99.999% Nitmgen 
Ecorr: - qJ b/  

bt: -77 -/ 
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.~ 

. 

. 

I 

.. ... .. 

. .. . 

. . ~  . ,  

1 .o 

0.5 

n tn 
U - 
O O  L 
w 

-0.5 

-1 .o 

C22 Cylinder HT # 059902LL2 
~ ~ _ _  

Solution: 0.5M NaCl + 0.212M Na2C03 + 0.528M NaHC03 
95°C 0.1667 mV/sec 

- .- .... . ---- . .. ... . .. . I . . . - . . .. . . . ... - ... . , .-. -. 
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Reagents measured with 

TEST TEMPERATURE: 9.("c 
Counter Electrode: Platinum Flag 

Reference Electrode: Fisher SCE 

O..: 99.99996 Nitrogen 
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.............. - . __ - 

........... . .  

1 .o 

...... 

......... 

.~. . 

..... 

~ . 

~ ~ . . ~  

. . . .  

. . . .  

... 

. . . .  

- .  

0.5 

W 

-0.5 

-1 .o 

- 
C22 Cylinder HT # 059902LL2 
Solution: 3.OM NaCl + 0.15M NaHC03 
95°C 0.1667 mV/sec - 

C223PONaCIP15NaHC0328.cor 

1 o-a I 0-7 1 o4 1 o - ~  
I (Amps/cm*) 

1 o4 I 0-3 lo-* 
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_..._ _- ..^._.-..__-I____ I -̂I_ .. 

Cvclk Potentiostatic Test 

. 

. ____ 

qf i  TEST TEMPERATURE: 

Counter Electrode: Platinum Flag 

Reference El.ctrodo: Fisher SCE 

Specimen Examination: 
t 



n tn 
0 

W 

CI - 
2 

1 .o 

0.5 

0 

-0.5 

-1 .o 
I 0-9 

C22 Cylinder HT # 059902LL2 
Solution: 1 .OM NaCl + 0.494M NaHC03 + 0.246M Na2C03 
95" C 0.1667 mV/sec 

C22 1 PONaCIP494NaHC03P246Na2CO3T29.cor 

1 o-8 I 0-7 1 o4 I 0-5 

I (Amps/cm2) 
I o - ~  I 0-3 lo-* 

. . . . . . . . . . . . - .~ . . . . . _. - 



TEST TEMPERATURE: (p.pc 
Counter Ektrode: Platinum Flag 

Refomnco Eloctrodo: Fisher SCE 

Gas: 99.999% Nitrogen 
Ecorr: - U'f4 st/ 
m: +qo,I/ 

Spoclmon Examination: 
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I C22 Cylinder HT # 059902LL2 
Solution: 2.OM NaCl + 0.494M NaHC03 + 0.246M Na2C03 

n C ~ ~ ~ P O N ~ C I P ~ ~ ~ N ~ H C O ~ P ~ ~ ~ N ~ ~ C O ~ T ~ O . C O ~  
v) 
CI 

O 0 .  L 
W 

-0.5 - 

~. . 

.. 

. . ,.. . 

. 

... 

... I -. 

- 

. . . 

.- - .- _- 



60 

Cyclic Potentiorbtic Test 

Reagents measured with 

Model: orion , 

Counter Electrode: Platinum Flag 

Reference Electrode: Fisher SCE ) 3 -,$d 0 -5-2 ' I  SN: ~ k k / l 9  
Gas: 99.999% Nitrogen 

Ept: - u s  &d Gal: ,yL& Due: ,O/JC/O 

Potentiostat: 6-6 e& J f A  SNIT CL IPS' 

Econ: - 3 9 5  *r Model: Keithley 6 1 SN: <33Ll/8 

Specimen Examination: 



01 

1 .o 

0.5 

h 

c, 
m - 
O O  2 
w 

-0.5 

-1 .o 

C22 Cylinder HT # 059902LL2 
Solution: 0.2M NaCl + 0.494M NaHC03 + 0.246M Na2C03 
95°C 0.1667 mV/sec 

I (Amps/cm*) 
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Specimen Examination: 



1 .o 

0.5 

W 

-0.5 

-1 .o 

C22 Cylinder HT # 059902LL2 
Solution: 0.1 M NaCl + 0.494M NaHC03 + 0.246M Na2C03 
95°C 0.1667 mV/sec 

C22P 1 NaCIP494NaHC03P246Na2CO3T33.cor 

- 

o- l o - t ~  l o - ~ ~  lo-lo 10-9 10-8 10-7 10" 10-5 1 0 - ~  1 0 - ~  

A n 
1 0 - l ~  1 0 - l ~  1 l3 

I (Amps/cm2) 
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Cyclic Potentiostatic Test 

Initial Weight: /2,38 5s 3 %Model: S rto ius Genius 
Final Weight: /2,30 A-g? Cal r h f j d 3 -  

SN: 12809099 
Due: B/!f&'A/ 4 

Reagents measured with Model: OHAUS 
Cal: I ~ 5 -  .// 

SN: 2883 
Due: +!+C 



b5 

r 
C22 Cylinder HT # 059902LL2 
Solution: 0.5M NaCl + 0.246M Na2C03 + 0.494M NaHC03 
95°C 0.1667 mV/sec 

w 

-0.5 

i 



Cyclic Potenticstatic Test. 

Objective: cpp 



1.0 r--- - 

0.5 

w 

-0.5 

95°C 0.1667 mV/sec 
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1 
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0.5 

n cn 
U - 

w 

-0.5 

C22 Cylinder HT # 059 

i c 
~ C221 PONaCIP494NaHC03P296Na2CO3T35.cor 

I-- +/ 



Cyclic Potentiosbtic Test 

Initial Weight: 2 p 93 Model: Sartorius Genius 
Final Weight: 

Initial p ~ :  ],9P 
Final pH: 2, bp 

SN: 12809099 
Due: u/@C 

TEST TEMPERATURE: SN: c 17 9-10 

Counter Electrode: Platinum Flag 

Reference Electrode: Fisher SCE 

Gas: 99.999% Nitrogen 
15 -bda -52 SN: fl 6 6 / I  4 

Ecorr: dJ/rd 1/ Model: Keithley b / 3 SN: Ks> ./rk 
+ JBY *l/ Cd: q J 7 h s -  Due: /413//C 

Potentiostrt: E& +& &j)9 SN# 6 6 / 0 5  
Specimen Examination: 



1 .o 

0.5 

W 

-0.5 

-1 .o 

C22 Cylinder HT # 059902LL2 
Solution: SAW @ pH 2.0 

- 95°C 0.1667 rnVlsec 

C 22 S AWp h2 POT36. cor 

I I lllllll I I1111111 I I1111111 I I 1 1 1 1 1 1 1  I I1111111 I I1111111 I I1111111 I I lII1111 I I1111111 I I 1 1 1 1 1 1 1  I I1111111 I 1 1 1 1 1 1 1 1  1 I111 

P 

I 



cvclic potentiostatic Test 

SN: 12809099 
Due: ,I/&< 

Specimen Examination: 

JWlLtu 



1 .o 

0.5 

w 

-0.5 

-1 .o 

C22 Cylinder HT # 059902LL2 
Solution: 1 .OM NaCl + 0.296M Na2C03 + 0.4441111 NaHC03 
95°C 0.1667 mVIsec 

// C221 PONaCIP296Na2C03P444NaHCO3T37.cor 
0--- - f 

I 

4 
111111111 I I1111111 I I1111111 I I I l l l l l l  1 .1  1111111 1 11111111 UII1111I I I1111111 I I 1 1 1 1 1 1 1  I I1111111 I I1111111 I I1111111 1 I I l I U  
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Specimen Examination: A 



75 

j - 
1. 

O.! 

n 
v) 
c, - 
S C  
w 

-0.5 

-1 .o 

C22 Cylinder HT # 059902LL2 

95°C 0.1667 mVlsec 
. Solution: 2.OM NaCl + 0.444M NaHC03 + 0.296M Na2C03 

C222PONaCIP296Na2C03P444NaHC03T38.mr 

I 

4 

/ / / .  
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- 

Initial p ~ :  90-9 9 
Final pH: 9 

TEST TEMPERATURE: q& 

Counter Electrode: Platinum Flag 

Reference Electrode: Fisher SCE 

Gas: 99.999% Nitrogen 
Ecorr: ‘q@n / 
EPt: - 3 ~ , ,  1/ 
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1. 

O.! 

w 

-0.5 

-1.0 

C22 Cylinder HT X 059902LL2 
Solution: 0.2M NaCl + 0.444M NaHC03 + 0.296M Na2C03 
95°C 0.1667 mV/sec 

- 

I (Amps/cm2) 
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Specimen Examination: 

4 a 



0.5 

n 
u) = e 
w 

0 

-0.5 

C22 Cylinder HT # 059902LL2 
Solution: Simulated Acidified Water Q pH 2.0 
95°C 0.1667 mV/sec 

C22SAWph2POT40.cor 

I I I I I I I I I  I I I I I Ill1 I I I I I IIII I I I I l l l l l  I I I I 1  1 1 1 1  I I I L  

1 o - ~  1 o4 1 o - ~  1 o4 1 o - ~  1 o - ~  1 o4 
I (Amps/cm2) 
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, 

----A I 

I 

I 

Cyclic Potentiostatic Test . 
Objective: 

Bn 22 2 

Initial Weight: /d,qJj 4 8  
Final Weight: 13, 96 4x1 
SOLUTION: )c 2 L 

Model: Sartorius Genius 
Cal @/dc 

Initial PH: 4, +'I 
Final pH: 9, /@ 

Model: orion 
CAL 7/!Af/B.f 
pH Probe: #13620-296 

P TEST TEMPERATURE: /2'$ & Measured with Hg Thermometer SN: 98 -/ob 
tal: y137/6Sd Due: /~ /d. ; /Pb 

Counter Electrode: Platinum Flag 

Reference Electrode: Fisher SCE /$-&J fl -gd " SN: @@bd// 9 
Gas: 99.999% Nitrogen 
Ecorr: - 358- J Model: Keithley 4)f SN: 9##93& 
Ept: + i J q  / ca1: 5/!d7/6 S Due: 02&//4 

Potentiostat: @ v& a& 3fi SWI /6/8c 
Specimen Examination: 
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1 .o 

0.5 

w 

0 

-0.5 

C22 Cylinder HT # 059902LL2 
Solution: 0.5M NaCl + NaHC03 + 0.296M Na2C03 
45C 0.1667 mVIsec 

Y C22P5NaCLP444NaHC03P296Na2C03T41 .cor 



Cyclic Potentiortatic Test 

Objective: CpP % 23 
& 

TEST TEMPERATURE: L] 5 o& Measured with Hg Thermometer SN: 

Counter Electrode: Platinum Flag 

4 8  --/@ 4 
Gal: q/47/dS- Dw: / l / , f h b  

Reference Electrode: Fisher SCE / 3-42 8 -52 SN: bbt66// 9 

~corr: -2 r/ Model: Keithley /q SN: 70r/93b 
Ept: t l?4 Y L /  5 / d  ;./a,, Due: 5$~G/46 

Potentiostat: ke& ~g 264# sw b 6 / & 5  

I '  

Ga8: 99.999% Nitrogen 

Specimen Examination: 4 -  
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1.0 r 

C22 Cylinder HT # 059902LL2 
Solution: 0.5M NaCl + 0.444M NaHC03 + 0.296M Na2C03 
45C 0.1667 mVIsec ! 
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L 

Initial Weight: 13, f8/7’ 
Final Weight: / J ,  3 f a& 

Model: Sartorius Genius 
Cal ~ / + + ” & ~  

SOLUTION: &a L 

Reagent8 measured with Modol: OHAUS 
cal: 7/4,9S 

Initial p ~ :  9, 35‘ 
Final pH: q, dfa Model: orion 

CAL: 7bc/d< 
pH Probe: tl362O-296 

TEST TEMPERATURE: ?<e Mearured with Hg Thermometer SN: & 
c a ~ :  y/d’l/ds- Dw.: / t / b $ @ &  

Counter Electrode: Platinum Flag 

Reference Electrode: Fisher SCE 12  -bd/ -<A ” sN: 046// 9 
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I 

-- --. -_ 

C22 Cylinder HT X 059902LL2 
Solution: 0.5M NaCl + 0.444M NaHC03 + 0.296M Na2C03 
75C 0.1667 mVIsec 

- 
0.5 - 

n C22P5NaCLPWNaHCO3P269NaCO3T75CT42. cor 
tn 
c, - e 
W 

0 



Initial Scientific Notebook Entry for Slow Strain Rate Tests on Alloy 22 

Title: Slow Strain Rate Tests. 

Tests Performed by: Pavan Shukla, Div. 20; Walt Machowski, Div. 18. 

Objectives: To determine the effect of chloride, carbonate bicarbonate and nitrate 
ions on stress corrosion cracking susceptibility of Alloy 22. 

Proposed approach or procedure for achieving the objectives: Conduct slow 
strain rate tests on Alloy 22 sample in various test solutions containing chloride, 
carbonate, bicarbonate, and nitrate ions at different applied anodic potentials. 

Equipment: Electrochemical test cell made of glass and teflon, ESC 440-2 
multichannel potentiostat, Labview data acquisition software, temperature 
controller, pH meter, balances, FLUKE 87 XI electrometer, Coolant system, 
LVDT. 

Potentiostat and Labview data acquisition performance verified using TOP-022 
Thermocouple, thermocouple meter, pH meter, analytical balances, and 
electrometers calibrated by SwRI calibration laboratory. 

Materials: mill-annealed Alloy 22. 

Specimen Specifications: slow strain rate specimens, CNWRA drawing number 
20-03704-042-00 1 

Measurement Parameters: Temperature, Potential and Current, Load in Ibs. 

Required Level of Accuracy: Temperature +_2"C, Potential 1 mV, Current +O. 1 
CIA. 

Uncertainty and Sources of Error: Current density calculated as current divided 
by sample area. Actual current density of corroding areas is not determined. 

__ - 

-___ __ 

- --------.._____-- 



Ken Chiang . 
SwRI-CNWRA 

Fax: (210) 522-5184 
Phone: (210) 522-2308 

I I I I I I I I I  
I I 

ma i l :  Kchiang9swri.org 

SwRl DRAWING ## 20-03704-042-001 
___I___ 

-__ 
b 8A.N - - IwIu 

I/# - 28 M - 2A 

'q _I 
W 

d 
. _ . ,  3 

http://Kchiang9swri.org


SLOW STRAIN RATE TEST 

Objective: see page 9 6  
Specimen: MA Alloy 22 SwRI Drawing # 20-- 

0 3 3 PY-bL/;! 

Solution: ~ L 

Specimen Visual: A 
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1500 

1200 

900 

600 

300 

0 

Slow Strain Rate Test 
0.5M NaCI; 0.74M Na2C03 

SSRT #1 

95°C; +200 mV v Ag/AgCI Max Stress 697 MPa 

I I I I I I I I I 

0 30 60 90 120 150 180 210 240 270 300 
(Thousands) 

Time (seconds) Mill Annealed 
A 
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SLOW STRAIN RATE TEST 

Objective: see page 3 6 
Specimen: MA Alloy 22 SwRI Drawing # 20-868626fstfeef- - -  

63104-N2-cZ,/ 
I 

Reagents measured with 

T/C or Thermometer: SN m 3  
Gal: r/ 4$7s’ 

Specimen Visual: 



Slow Strain Rate Test 

1500 

1200 

900 

600 

300 

0 

0.5M NaCI; 0.37M Na2C03; 0.37M NaHC03 

+200mV 95°C 

S S Q T - &  
Max Stress 749 MPa 

I 
0 30 60 90 120 150 180 210 240 270 300 

Time (seconds) 
(Thousands) 

Mill Annealed 
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SLOW STRAIN RATE TEST 

- Objective: see page ~6 
Specimen: MA Alloy 22 SwRI Drawing # 20-03704-042-001 

Specimen Visual: 

b e =  
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i 

1500 

1200 

900 

600 

300 

0 

Slow Strain Rate Test 
BSW 

+lo0 mV 95°C 

SSRT#3 

I I I I I I I I I 

0 30 60 90 120 150 180 210 240 270 300 

Time (seconds) 
(Thousands) 

Mill Annealed A 

. 



SLOW STRAIN RATE TEST 

Objective: see page 06 
Specimen: MA Alloy 22 SwRI Drawing # 20-03704-042-001 

Solution: 

Reagents measured with Model: Mm.5 SN: tkgt-5 

Counter Electrode: ?$ Reference Electrode: 

Cal: p+- Due: I/&/) 

feL, CalCheckvSCE: b 3 3 k r /  , 

TIC or Thermometer: SN m3 
cal: &hd 
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Slow Strain Rate Test 

n 

P - 
3 
0 - a  
W 

1500 

1200 

900 

600 

300 

0 

BSW 
95°C +300mV 

SSRT#4 

Max Stress 629 MPa 

TTF 56 Hrs 

J l  I I I I I I I I 

0 30 60 90 120 150 180 210 240 270 300 

Time (seconds) 
(Thousands) 

I Mill Annealed 
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Test 46 
Alloy 22 File: C22 P NaCIP37NaHC03P37Na2CO3P2NaN03t4 

I (Amps/cm*) 
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1 

TEST TEMPERATURE: SN: 6 fs  -id 
Due: ~ l / t ~ f ~  c 

Counter Electrode: Platinum Flag 

Reference Electrode: Fisher SCE / f *a -$f ‘ I  SN: bbLL/f 
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C22 Cylinder 

Fils. C22PSNaCiP37NaHC03P37Na2C03P2NaN03147.cor 

- - _- - -- 
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f l  
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Initial Scientific Notebook Entry for Passive Film Chemistry Tests on 
Alloy 22 

Title: Passive Film Chemistry Tests at Constant Potentials. 

Tests Performed by: Pavan Shukla, Div. 20; Brian Derby, Div. 18. 

Objectives: To grow a passive film on Alloy 22 surface in basic saturated water at 
95 "C, and to analyze the oxide layer for chromium oxide in the passive film. 

Proposed approach or procedure for achieving the objectives: Subject Alloy 
22 sample at constant potential in basic saturated water solution for seven days. 

Equipment: Electrochemical test cell, EG&G potentiostat, 
thermocouplekhermocouple meter, temperature controller, pH meter, balances, 
Keithley electrometer, Coolant system. 

Materials: Alloy 22. Material heats to be added prior to testing 

Specimen Specifications: CNWRA drawing number 20.06002.01.322.01 5 

Measurement Parameters: Temperature, Potential and Current as a function of 
time of specimen during test. 

Required Level of Accuracy: Temperature +2OC, Potential +1 mV, Current fO. l  
PA. 

Uncertainty and Sources of Error: Current density calculated as current divided 
by sample area. Actual current density of corroding areas is not determined. Non- 
faraday charging current during polarization. 

-___ 

-_ 
1 
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PASSIVE FILM CHEMISRTY 

q $ W  Objective: sc 
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75. BB 

6. 88 

55.88 

8:pFcBsyI - 

I I I 

-5.a 
+.e 156.8 m e  358.9 458.8 558. e 658.8 

t (5) "18' 
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Heat#: 2 1 1 7 - 3 - 3 z G G  

C N m  C N m  
Pavan Shukla Ext.6534 
E mail: pshukla@swri.org 

~rawinS# 20.06002.01.322.01 5 

I 

P 

i 

! 
1 

mailto:pshukla@swri.org
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PASSIVE FILM CHEMISTRY TESTS 
Specimen: C-22 heat# 2277-3-3266 
CNWRA Drawing # 20.06002.01.322.015 

Solution: Basic Saturated Water 

Gas: f%&$:ith 99.999% N2 

Duration / Time: ?Days 

Test # & Test Potentials 

Temp: 95c 

P J e p  

50mV 

1 OOmV 

200mV 

400mV 

tuI, - IO1 
110 - 1 1 1  

vs. SCE 4 b  

vs. SCE fb 

vs. SCE 



PASSIVE FILM CHEMISRTY 

Objective: 5 t ‘L pb I OJ 



1 inalrlsis muare, Y. 2.38 
- 

File Status: MRWL 
Tiw F4n: li:61:17 
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TEST TEMPERATURE: 

Initial p ~ :  I\. 376 

Final pH: I 

Reference: 
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-%.E 
I 

I 

3. ? x4 .8  

t (51 

m e  558.8 
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PASSIVE FILM CHEMISRTY 

cd  4k l Q Y  Objective: Se 
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kh1 A2&2 CornKim hlysis Scn'tiare, Y. 
filerme: b:FfCBS114 
?stat: vstltll ver 2 
PS POTENTIETATIC File Status,: W 
Bate hi: 12-19-85 Ti* Bm: 4:4?:4.4 

C W i ,  !iu CT pms 9 !nitial Pnt: !P 'mE-3 Y 
Cmd, Pot. CP pass U Tirestep 1 T1 684.8E3 5 
lnitial Delay ID 5 s Stop hl so Pass 

JiwPt .  Tp 281.3 s rhr. R3nse CR Auto 
k. PI Points W 3W 

2.38 

LinesyK. LS IR lbde IR m 
Rise Tiw RT high stability Filter FL I %& 
llorkirrs El#, K %lid W. E k .  R 9 I  241.5E-3J 
-le h a  $U ,?5,24 cD"2 Equiv. Ut. M 26.84 9 
Density DE 8 . M  9/11 I W W D  m J n 0  
be-! Circuit r_r! -1sP.E.3 V 

Cowent: lllw 22 pa55iw film chistry b3.4 5% test3 

I 




