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Corrosion Control
- Dues Funded Projects at IPST

Corrosion and Materials Engineering Group
Institute of Paper science and Technology
Atlanta, Georgia

Dues Funded Research Projects
FY 1998-99

¢F018 - Recovery Boiler Corrosion

¢F019 - Corrosion Control in
Closed-Cycle Mills
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Corrosion in Kraft Recovery Boilers
(F018)

¢ Leveraged by “Corrosivity Monitoring of
Kraft Recovery Boilers” (DOE/AF&PA)

¢ Monitoring of Local Environments in
Kraft Recovery Boilers

¢ Effect of Smelt/Gas Interaction on
Waterwall Corrosion

¢ Electrical Resistance Probe for Corrosion
Monitoring

Corrosion Control in Closed-Cycle Mills
(F019)

¢ Objective: Identify Key Corrosion and
Materials Issues Which may Impact the
Successful Implementation of Various
Closed Mill Scenarios and Provide Support
to Maximize the Potential of these New
Technologies
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FO19

Corrosion Control in
Closed-Cycle Mills

(F019) - Tasks For 1998-99

¢ Corrosion in Closed White Waters

— Task 1. Crevice Corrosion Tests in “Closed”
White Waters

» Rank Materials for Localized Corrosion Susceptibility in Closed
White Water (Acidic and Alkaline Papermaking)

— Task 2. Salt Spray Tests For Mist (Fog) Areas.

» Rank Materials of Construction for Mist Areas or Splash Zones
for the “Worst Case” Closed White Waters.

» Use Six Materials Used in 1997-98 Plus Super Duplex Alloy 2507
or Ferralium
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(F019) - Tasks For 1998-99
(Cont.)

o Task 3. Determine White Water
Compositions That Will Reduce Corrosion
Fatigue Life of Suction Roll Materials
Significantly in Closed Mill Scenarios.

Chemicals in Closed White

Water System
From Fresh Chemical

Water Additions

Waste Water
Discharge

With @
Pulp &=
CH@S@@Y White %g@o .
Deg:)seits
Out with

Fiber
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Possible Effects of White-Water
Closure

¢ Higher Concentration of CI', SO, etc.
¢ Increase in Temperature

# Increased Scaling

+ Higher Soluble Organic Chemicals

¢ Increased Micro-Organism Activity
— Higher Microbial Corrosion
—More Slime
—More Odor

Simulated White Water for
Corrosion Tests

Simulated White Water Closur(ﬂ

I — ]
If White Water Concentrations Increase in Chloride Concentrations || Higher Concentrations of Thiosulfate
Increase From Closure
Or Due to Local Drying and Rewetting

Two times Concentrated White water‘ Two times Concentration of Chlori(LeI 1{ Five times Concentration of Thio

Five times Concentrated White wateri Five times Concentration of ChlorideJ

Ten times Concentrated White waterJ Ten times Concentration of Chloridel
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White Waters Used in This Study

Environment

Objectives of Coupon Exposure Test

& Material Behavior in Different Simulated
Closed White Waters

— General Corrosion Susceptibility

— Crevice Corrosion, Initiation Time, Probability
— Pitting Susceptibility, Initiation Time, Density
— Corrosion Susceptibility of Exposed Edges

— Effect of Cold Work on Initiation of Localized
Corrosion

— Effect of Surface Finish on Corrosion Susceptibilities
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Test Matrix for Immersion Tests

¢ White Waters with pH 4 and 9
¢ Temperatures 90°F and160°F

¢ Materials Tested
—304-L, 316-L, 317-L, 2205, SMO-254,
SMO-654, 2207
¢ Test Duration
—15 Days, 1, 2, 3, and 6 Months, 1 Year

Coupon Racks Used in This Study
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Constant Temperature Bath
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Results of White Water Chemical
Analysis (Changes With Time)

LabiD: Client1D: Fe Ni Cr Mo
(mg/L) (mglL) (mg/L) (mg/L)

35-99-072-1 Baseline, 0.003 <0.013 <0.007 <0.016
Fresh pH=4.0,T 02
35-99-072-2 Baseline, 0.009 <0.013 <0.007 <0.002
Fresh pH=9.0,T 02
35-99-072-3 Strong, 0.030 <0.131 <0.071 <0.163
Fresh pH=4.0,T 02
35-99-072-4 Strong, <0.027 <0.131 <0.071 <0.163
Fresh pH=9.0,T 02 )
35-99-072-5 Baseline, 0.008 0.061 <0.007 <0.016
Exposed 3 days | pH=4.0,T 12
35-99-072-6 Baseline, 0.003 <0.013 <0.007 <0.016]-
Exposed 3 days | pH=9.0,T 12
35-99-072-7 Strong, 1.16 <0.131 <0.071 <0.163
Exposed 3 days | pH=4.0,T 12
35-99-072-8 Strong, <0.027 <0.131 <0.071 <0.163
Exposed 3 days | pH=9.0,T 12

Results of White Water Chemical
°
An aIYSlS (Fresh Solutions and After One Days)
Results (m g/L)
Sample | Rep. Chloride T Sulfate [Thnosulfate
Fresh Solutions
TO Tappi 4 T
TO Tappi 4 2z 167 375 38
TO Tappi 4 3 169 437 39
TO Tappi 9 T 167 428 33
TO Tappi 9 2 170 739 37
T0 Tappi 9 3 168 434 38
TO Strong 4 k| 1679 4352 407
T0 Strong 4 2 1706 4415 391
TO0 Strong 4 3 1658 4281 388
T0 Strong 9 1 1706 4525 388
T0 Strong 9 2 1692 4451 408
TO Strong 9 3 1659 4353 378
Afterone day (Coupons were exposed to these solufions)
T1 Tappi 4 T 778 357 5|
TT Tappi 4 7 73 347 30
TT Tappi 4 3 T77 735 37
T1 Tappi 9 1 170 451 40
T1 Tappi 9 2 173 455 41
T1 Tappi 9 3 177 447 39
T1 Strong 4 1 1720 4610 470
T1 Strong 4 2 17735 4633 399
T1 Strong 4 3 17715 4389 381 -
T1 Strong 9 1 1739 4613 407
T1 Strong 9 2 1765 4574 417
T1 Strong 9 3 1756 4520 392
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Results of White Water Chemical
°
An alySlS (Fresh Solutions and After Three Days)
Fresh Solutions
T00 Tappi 4 k| 208 925 46
TO00 Tappi 4 2 215 534 48
TOOU Tappi 4 3 712 579 46
T00 Tappi 9 1 2711 533 48
00 Tappi 9 2 209 524 48
TO0 Tappi 9 3 208 923 47
T00 Strong 4 1 2083 5303 487
T00 Strong 4 2 2066 5229 481
T00 Strong 4 3 2357 5392 505
00 Strong 9 1 2083 5255 485
TO00 Strong 9 2 20786 5448 471
TO0O0 Strong 9 3 2116 9223 483
After three days (Keptin Bath but without Coupons)
T0Z2 BL 4 i 211 507 46
T0Z BL 4 2 209 511 44
T0Z BL 4 3 220 536 47
TOZ BL ® T 206 510 45
T02 BL ® 2 208 517 42
T02 BL 9 3 210 520 44
T02 Strong 4 k| 2147 5303 505
T02 Strong 4 2 2201 5363 487
T02 Strong 4 3 2125 5238 497
02 Strong 8 T 2142 5250 502
T02 Strong 9 2 2117 5225 469
T02 Strong 9 3 2205 5437 508

Results of White Water Chemical
.

An alySlS (Solutions After Three and Seven Days)
Solution after 3 days (coupons exposed In these Solns.)
T12 BL 4 T 207 507 40
T12BL 4 2 211 512 40
T12 BL 4 3 211 516 42
T12BL 9 1 199 501 43
T12BL ® 2 222 541 48
T12BL 9 3 210 523 48
T12 Strong 4 1 2062 5163 461
12 Strong 4 2 2254 5518 505
T12 Strong 4 3 2164 5290 485
T12 Strong 9 T 2017 5046 468
T12 Strong 9 2 2277 5587 523
T12 Strong 9 3 2183 5388 505
Solution after 7 days (Keptin bath butwithoutcoupons)
TO03 BL 4 1 204 521 44
TO03 BL 4 2 206 506 44
TO3 BL ® 1 199 516 44
T03 BL 9 2 797 510 42
TO03 Strong 4 1 7991 5082 474
TO3 Strong 4 2 2015 5149 484
TO03 Strong 9 1 2020 5126 472
TO3 Strong 9 2 2031 5117 475
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Chemical Analysis After Seven Days

(Coupons Exposed in These Solutions)

Solution after 7 days (coupons exposed in these Sols.)

t = solution from top; b = solution from Bottom
T13tBL 4 1 206 517 41
T13tBL 4 2 205 518 42
T13tBL 9 1 203 513 46
T13tBL 9 2 201 512 46
T13t Strong 4 1 2027 5046 460
T13t Strong 4 2 2033 5105 468
T13t Strong 9 ] 2075 5228 485
T13t Strong 9 2 2101 5334 491
T13bBL 4 1 297 545 43
Ti3bBL 4 2 215 548 43

3bBL9 1 213 543 49
TI3bBL 9 2 214 549 49
T13b Strong 4 1 2120 5429 478
T13b Strong 4 2 2158 5486 488
T13b Strong 9 1 2135 5557 508
T13b Strong 9 2 2165 5613 511

Coupons After 15 Days Exposure

2207

SMO-654

SMO-254

2205

317-L

316-L

304-L

Baseline Strong Sol 10 Baseline Strong Sol 16
pH4 pHY pH9 pHY
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Coupons After 15 Days Exposure

After Cleaning

2207

SMO-654

SMO-254

2205

317-L

316-L

304-L
Baseline Strong Sol 10 Baseline Strong Sol 10
pH 4 pHY pHY pH Y

Coupons After 30 Days Exposure
After Cleaning

2207

SMO-654

SMO-254

2205

30 DAYS

317-L

316-L

304-L

Baseline Strong Sol 10 Baseline Strong Sol 10
pH 4 pH9 pHY pH9
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Summary of Results

Coupon Exposure Tests

# 304-L Stainless Steel Showed Pitting
Corrosion Attack in All Tested White
Waters After 15 and 30 Days Exposure

¢ All 304-L Coupons had Crevice Corrosion
Attack after 15 and 30 Days Exposure

¢ 316-L Showed Crevice Attack in Strong
Acidic White Water.

¢ 316 and 2205 Showed Few Surface Pits in
Acidic White Water

Summary of Results
Coupon Exposure Tests (Cont.)

¢ 15 day and 30 Day Exposure Results Indicate
That the Surface Roughness Increases the
Susceptibility to Localized Corrosion, in
Terms on Density of Pits or Crevice Attack
Probability
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Objectives of Salt Spray Test

¢ Behavior of Different Materials in
Mist/Fog Areas in White Water
System
— General Corrosion Susceptibility

— Localized Corrosion Suscepibility

— Effect of Cold Work on Initiation of Locallzed
Corrosion

— Effect of Surface Finish on Corrosion
Susceptibilities

Coupons Used for Salt Spray Tests
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Fog Chamber for Salt Spray Testing

Matrix for Salt Spray Tests

& White Waters with pH 4
¢ Temperatures 95°F

¢ Materials Tested

— Carbon Steel, 304-L, 316-L, 317-L,
2205, SMO-254, SMO-654, 2207

¢ Test Duration
—15 Days, 1, 3, and 6 Months
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Salt Spray Test Parameters

¢ Temperature = 95°F

+ Solution = “TAPPI D”
—200 ppm CI- ‘
— 500 ppm SO
— 50 ppm S,05*-
— pH=4.0

+ Flow Rate = 0.2 gal/hr

Summary of Results
Salt Spray Tests

+ None of Exposed Materials, Except for Carbon Steel,
Showed Any Signs of General or Localized Corrosion
After 15 Days of Exposure

+ Carbon Steel Coupons, Exposed to the Salt Spray of
White Water, Showed Heavy General Corrosion

+ Mill Scaled Surface Had Large Areas Without Any
Corrosion Attack Whereas Polished Surface Was
Evenly Attacked

— Probably Due to Protective Oxide Scale on Mill Scaled
Surface
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Carbon Steel Coupons Exposed to
Salt Spray After 15 Days Exposure

Mill Scaled Surface of Carbon Steel
Coupons Exposed to Salt Spray 15 Days Exposure
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Polished Surface of Carbon Steel Coupons
Exposed to Salt Spray 15 Days Exposure

Fatigue Crack Growth Rate Tests
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What is Expected ?

Crack Growth Rate —

A K (Stress Intensity) —»

Corrosion Fatigue Test Matrix

for 1999-00
Material Material Material Material Material
A B C D E
Baseline TAPPI-D l . I I l
Strong Sol.-10 [ | | ] | |
High CI-10 | | | | E

- Alloys Requested or To Be Purchased -
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Monitoring of Corrosive
Environment in Kraft Recovery
Boilers (F018)

Preet M. Singh
Corrosion and Materials Engineering Group
Institute of Paper science and Technology
Atlanta, Georgia

Objectives of This Study

o Certain Areas in Recovery Boilers
Show High Corrosion Rates

¢ Other Areas in Same General
Location do not Show Corrosion

¢ What is the Difference in these Two
Areas?

Confidential Information - Not for Public Disclosure (For IPST Member Company's Internal Use Only)
I



Monitoring of Local Environments
in Kraft Recovery Boilers

o Important Variables for Waterwall

Tube Corrosion

— Waterwall Surface Temperature

— Local Gas Composition Near Tube

— Local Smelt Composition

Monitoring Site Selection

¢ Stone Mill at Missoula Volunteered

¢ Two Sites Based on Wall Thickness
Data

—Corrosive Area

—Non-Corrosive Area
¢ Place for Instrumentation
¢ Non-Interfering with Operations
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Instrumentation and Gas-lines
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Areas of Interest Inside Boiler

AL

Fireside Tube Surface
“Non-Corrosive” Area
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Fireside Tube Surface
“Corrosive” Area

Sampling Ports After Installation

Corrosive Area”

Temperature
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Temperature Measurements

¢ Thermocouples Embedded in Membrane

¢ Data Recorded by Data-logger Every 5
Minutes

Thermocouple

Temperature Results
Normal - 1st day - High Corrosion Area

270

265 -
260 |

255 ¥\
- WWMW
245

240

Temperature (°C)

0 200 400 600 800 1000 1200
Time (min) -

[—#6 —#7 —#8 —#9 ._#1o]
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Temperature Results

Normal - 1st day - Low Corrosion Area
280

275 -

270 -

265 -

260 -

Temperature (°C)

255 AL

250 -

245

0 200 400 600 800 1000 1200

Conclusions From Temperature Data

& Temperature Cycles is not a Corrosion
Controlling Factor in This Part of Recovery
Boiler

¢ Embedded Thermocouples and Data
Logging Equipment are Able to Measure
Temperature Changes

& Temperature Data Collection is Continuing
(Every 5 Minutes for Last Two Months)
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Gas Sampling And Analysis

¢ Ceramic Tubes Used For Gas Sampling
# Lines Made out of 304 or 316 SS

¢ Coarse and Fine Filters Used to Avoid
Particulate Contamination in Lines and

Gas-Chromatograph

Gas-line With Filters

“Corrosive Area”
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1 ft. Away From The Membrane
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