
ITP Materials Compatibility Issues 

by 
T. E. Skidmore 
Westinghouse Savannah River Company 
Savannah River Site 
Aiken, South Carolina 29808 

f 

SRT-MTS-335149 

i 

DOE Contract No. DE-AC09-96SR18500 

This paper was prepared in connection with work done under the above contract number with the U. S. 
Department of Energy. By acceptance of this paper, the publisher andor recipient acknowledges the U. S. 
Government's right to retain a nonexclusive, royalty-free license in and to any copyright covering this paper, 
along with the right to reproduce and to authorize others to reproduce all or part of the copyrighted paper. 



DISCLARMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recomrmndation, or favoring by the United States Government or any agency thereof. The 
views and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

This report has been reproduced directly from the best available copy. 

Available to DOE and DOE contractors from the office of Scientific and Technical Information, 
P.O. Box 62, Oak Ridge, TN 37831; prices available h m  (615) 576-8401. 

Available to the public from the National Technical Infomation Service, U.S. Department of 
Commerce~ 5285 Port Royal Road, Springfield, VA 22161. 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



Westinghouse Savannah River Company 
- EQUIPMENT & MATERIALS TECHNOLOGY 

aterials Consultation # 

September 8, 1993 

TO: E. K. Hansen, 241-152H 

FROM: 

ITP/Waste Management Engineering 

T. Eric Skidmore, 730-A 3 5  
Equipment & Materials Technology 
Materials Consultation Group 

Subiect Describers 

BENZENE 
GASKETS 
RADIATION EFFECTS 
SERVICE LIFE 
Retention: 5 years 

cc: T. L. Capeletti, 773-41A 
D. T. Rankin, 773-A 
E. J. Majzlik, 730-A 
N. G. Awadalla, 773-41A 
N. lyer, 773-A 
R. L. Bickford, 730-A 
G. Cauthen, 241-119H 
J. N. Brooke, 241-120H 
D.A. Pervis, 241 -152H 
S. D. Fink, 773-A 
C. F. Jenkins, 730-A 
W. L. Tamosaitis, 773-A 
SRTC Records, 773-A . 
Group Copy 
TES File 

SRT-MTS-935149 
IN-TANK P R ECI PlTATl ON 

ITP MATERIALS CO MPATlBlLlTY ISSUES tlJl 
P. 

v 
SUMMARY 

Based on review of published chemical resistance and test results, the Materials Consultation Group of 
E&MT recommends that line gaskets within the ITP process be made of EPDM-bonded Kevlae (DuPont 
aramid) fiber, Klinger C-7400 or equivalent. Under the conditions tested, Klinger C-7400 exhibited 
chemical resistance superior to that of NBR/Kevlar and SBR/Kevlar compounds. Existing Teflon PTFE 
components such as valve seats, packing, etc. for outside-cell operations are acceptable for a minimum 
15-year service life based on radiation exposure calculations provided by ITP engineering and published 
radiation resistance information. In general, EPDM O-rings and gaskets are acceptable for other 
applications such as pumps, valves, rotameters, etc. In applications where the concentration of TBP may 
exceed 1000 ppm, such as injection points, Kalrez@ (DuPont), Aflasa (3M), or equivalent compounds are 
recommended. Viton@ compounds are not compatible with high-temperature caustic or TBP-containing 
solutions. Details on chemical resistance test procedures, results, and radiation resistance are provided. 
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BACKGROUND 

E&MT/Materials Consultation was requested to evaluate the effects of benzene and TBP (Tri-Butyl 
Phosphate) on the existing gasket materials within the ITP (In-Tank-Precipitation) process. Based on 
information provided to E&MT/MCG, the SBR-bonded Kevlar gaskets found in service are in non- 
compliance with the governing P-code (P-112) for the system. P-112 specifies the use of 
SBRkompressed white asbestos gaskets or NBR-bonded Kevlar@ (aramid) as an alternative. The 
existing gaskets were apparently discovered to be in non-conformance during a shelf-life 
audithnvestigation by QA personnel. A Non-Conformance Report (NCR) was issued and dispositioned to 
allow the use of the existing gaskets for short-term test purposes (90-day duration). 

In addition to not meeting P-code requirements, new chemical additions to the ITP chemistry have made 
further review of gasket material compatibility necessary. Benzene, generated from the NaTPB (sodium 
tetraphenylborate) decomposition reaction is to be filtered through stripper columns. In order to control 
surface reactivity and foaming behavior, TBP is to be added to the process. TBP is a highly effective 
defoaming agent, but is also highly aggressive towards many polymeric materials. Although the TBP 
levels necessary to control the foaming behavior are assumed to be low (=lo0 ppm), relative effects upon 
many materials are unknown. Therefore, the compatibility of line gaskets, O-rings, valve seats, etc. 
required additional review. 

Based on information provided by ITP, normal operation will consisted of controlled exposure to benzene 
and TBP concentrations of 300 and 100 ppm, respectively, in an approximate 5M NaOH solution at 
temperatures as high as 50" C. Other compounds present in the filtrate solution were much lower in 
concentration and were not tested. In addition, levels as high as 1000 ppm benzene or TBP may be 
reached. It is assumed that the TBP will be maintained at a constant concentration to control foaming 
behavior. 

- 2  

METHODOLOGY 

Materials Reviewed 

The following materials were reviewed for TBP and benzene compatibility. Materials such as Teflon 
(PTFE) and flexible graphite (Grafoilm) were not tested due to known excellent chemical resistance. 

SBR-bonded Kevlar - Styrene-Butadiene-Rubber (SBR) has poor resistance to benzene even at 
P. 

moderate concentrations; TBP threshold levels are unknown. 

NBR-bonded Kevlar - Nitrile-Butadiene-Rubber (NBR) has better resistance to benzene than SBB but 
is known to have poor resistance to moderate concentrations of TBP; threshold 
levels unknown. Fiber-filled NBR compounds exist, but with higher NBR content. 

EPDM-bonded Kevlar - Ethylene-Propylene Diene Monomer (EPDM) has moderate resistance to 
benzene and TBP; severe swelling in pure benzene does occur. Mixed results 
obtained in the past with TBP; threshold levels unknown. 

Aflas (3M tetrafluoroethylene-propylene copolymer (TFUP)) has excellent 
resistance to caustic solutions and TBP; resistance to benzene is limited. 

Kevlar-filled Aflasa - 

Kalrez@ - 

Vion@ A - 

Nordel@ 

Kalrez (DuPont perfluoroelastomer) has excellent resistance to benzene, TBP, 
and caustic solutions. Kalrez is relatively expensive and limited in availability. 

All Won fluoroelastomers have moderate resistance to benzene and caustic 
solutions, but resistance to TBP is poor even at relatively low levels. 

DuPont's EPDM sheet material (unreinforced); Stores stock for general purpose. 
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Because threshold levels of TBP and/or benzene effects upon many polymeric materials are not known, 
several solutions were mixed in varying concentrations to fully encompass expected operating conditions. 
Previous work (Reference 1) has indicated that TBP levels as low as 25 ppm can cause significant attack 
upon some materials. Using a base solution of 5M NaOH, levels of TBP and toluene were vaned as shown 
in Attachment 1. Specific ma!erials tested are listed in Attachment 2. Toluene was used instead of 
benzene due to carcinogenic Bxposure concerns, but is considered to affect elastomers to the same 
degree. In addition, pure TBP and toluene compounds were also included to cover the "worst case" 
scenario at possible injection points. A solution of 5M NaOH only was also included to distinguish the 
effects of TBP and toluene from those of NaOH. 

Samples of each of the materials were photographed and measured for weight, thickness, and hardness 
prior to immersion in the various solutions for a 30-day period. Samples were sandwiched between 
stainless steel washers and immersed to simulate actual service and to eliminate contact between 
materials. All solution containers were immersed in a water bath and held at approximately 50" C. All TBP- 
containing solutions were changed out every 7 days to account for the breakdown of TBP into mono- and 
di-butyl phosphate compounds. Samples were removed after 30 days and allowed to dry for 1 hour prior 
to measurement of property changes. A Crane mechanical seal was also completely immersed in solution 
#2 (100 pprn TBP, 300 ppm toluene) for a 30-day period in order to determine the effects of swelling or 
degradation upon mechanical seal operation. A photograph of this seal prior to immersion is shown in 
Attachment 3. ". 
RESULTS 

Attachment 4 contains a summary of 30-day test results, detailing the change in properties for each 
material and its respective solution. Changes in weight and thickness are given as percentages of original 
values, while hardness changes are indicated by actual points lost or gained. Hardness measurements 
were taken per ASTM D2240-86; +/- 5 points is within tolerance for a given Durometer scale due to its low 
sensitivity. Therefore, a 5 point change in hardness is not considered significant. Along the same lines, a 
10-1 5% increase in thickness due to swelling is considered acceptable for most static applications. Where 
tight tolerances are expected, such as mechanical seals, design parameters must be reviewed more 
closely. 

DISCUSSION 

Chemical Resistance 

Upon review of the test results, a number of observations and conclusions can be drawn. In test solutions 
1 and 2 (low TBP), VitonQ3 A exhibits significant swelling and degradation. Klinger (2-4401 (NBWKevlar) 
and C-7400 (EPDM/Kevlar) both exhibit only nominal swelling and changes in hardness. C-6401 
(SBR/Kevlar) exhibits greater swelling and softening than desired even for these low concentrations of 
TBP and toluene. As the TBP concentration is increased to 1000 ppm (solution #3), C-6401 (SBR) and 
Vitona A exhibit severe swelling. The high weight loss of NordelB in solution #3 is attributed to 
mechanical damage during sample removal and not direct chemical attack. 

As the ratio of toluene to TBP is increased (solutions 4&5), the effects of TBP are negligible. Only 
nominal changes in weight, thickness, and hardness were observed. As the TBP and toluene levels are 
balanced in solution 6, higher decreases in thickness are observed. These are attributed to sample 
retrieval techniques and not actual material loss during immersion, because other property changes are 
negligible. Solution 7 (5M NaOH) was used as a baseline in an attempt to distinguish TBP and toluene 
effects from those of NaOH alone. As shown in Attachment 4, p.2, Won A exhibits a significant decrease 
in thickness after exposure to NaOH alone. As compared lo much lower values for TBP- and toluene- 
containing solutions, this indicates that the known aggressiveness of NaOH toward Viton A may be 
inhibited by TBP and/or toluene. C-6401 (SBR) does not exit -it significant swelling in NaOH alone, but is 
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highly sensitive to even low concentrations of TBP and toluene. The high weight increase for Nordel in 
solution 7 is attributed to improper weighing of the sample; i.e. excessive solution was also included. 

In pure TBP (solution 8), C-6401 (SBR) and Vion A compounds are severely swollen and split, resulting in 
indeterminate weight loss and thickness changes. C-4401 and C-7400 exhibit moderate resistance, with 
C-7400 showing lower changes in hardness. Surprisingly, Nordel (unreinforced EPDM) showed only 
slight changes in thickness and weight loss, but with drastic reduction in hardness. Kalrez 1050 exhibited 
no significant weight change. . In pure toluene (solution 9), Mosites 2917 (Aflas) exhibited the greatest 
weight gain and hardness change along with moderate swelling. C-6401 (SBR) and Viton A showed the 
highest swelling, 42% and 30%, respectively. C-4401 and C-7400 exhibited only nominal changes, while 
Kalrez 1050 was practically unaffected. 

Teflon vs Radiation 

The estimation of service life of polymeric materials in radiation is a complex matter. When reviewing the 
literature, damage threshold values are inconsistently used. These values are defined as the radiation 
level at which measurable changes in select physical properties occur. However, these values do not 
always specify a Ohchange in the property nor do they indicate performance in a given application. 
Another commonly used value is the 25% damage threshold which defines the level at which 25% loss in 
a specific property is observed, usually tensile strength or elongation. Some properties are much more 
sensitive to radiation effects than others and the individual application must be considered. While damage 
levels are useful for service life estimates, they should not be used to fully evaluate actual performance. A 
material that loses 25% tensile strength, for example, may still function in its intended application. A good -. 
example is that of jumper gasket candidates recently evaluated (Reference 2). Elastomeric compounds 
with known thresholds in the range of 106-1 07 rads still sealed for multiple cycles after 108 rads exposure, 
although significant changes in hardness and flexibility were observed. 

--s 

Based on the radiation level calculations provided by ITP Engineering (Reference 3), a minimum service 
Me of 15 years is estimated for Teflon PTFE components. This estimate is primarily based on using 5 xlO4 
rads as the "cutoff" point for measurable radiation damage. This value should not be interpreted as the 
point at which the material will fail or no longer function adequately. It is simply the point at which significant 
measurable changes in physical properties are observed. Threshold values between 1-7 x 104 rads are 
found in the literature, depending upon the specific property measured. The 5 x l o 4  value was chosen 
based on the nature of most Teflon components where can tolerate some loss in tensile strength. It also 
accounts for expected downtime and absorption differences between Teflon PTFE and water used in the 
calculations. 

P Teflon PTFE components currently installed within the ITP system are judged to be suitable based on the 
radiation levels expected. If these values are shown to be in error, or too conservativeAture 
components should be evaluated on a case-by-case basis. Alternative materials such as Tefzel@ (ETFE, 
DuPont), PEEK (polyetheretherketone), Ryton@ (PPS, Phillips 66), and graphite could be used to 
replace Teflon PTFE components in high radiation fields, depending upon chemical resistance properties 
required. 

ASSUMPTIONS 

During this evaluation, several assumptions were made. First: accumulation of specific chemical 
compounds was not addressed. A 30-day immersion period was chosen, however, in order to evaluate 
immediate vs longer-term effects and to quantify changes in physical properties. Second: synergistic 
effects due to chemical mixtures are impossible to predict without actual testing. Various combinations of 
TBP and toluene were used in order to account for some effects, but effects from all other compounds in 
the process solution were not evaluated. Third: radiation dose calculations made by ITP take into account 
the effects of geometry, volume, and expected operation schedules. These calculations are considered 
to be relatively accurate considering the diff icuk nature of predicting actual in-service conditions. The 5 
x lO4 threshold level used as the "cutoff point for the service life of Teflon PTFE is conservatively based 
on "in-air " applications, and radiatic'i resistance in vacuum or liquid has been shown to be higher. 
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RECOMMENDATIONS 

EPDM-bonded aramid (Kevlar) fiber gasket material (gasket code G-83) is recommended for the 
line gasket applications within the ITP process. Klinger C-7400 or equivalent is recommended. 
Filled PTFE gaskets (G-49A 8 6) may also be used, especially near high concentrations of TBP 
(injection points, ex.). 

. 

O-rings and seals in process components can be made of NordelQ (EPDM), Aftas@, Kalrez@ 
or equivalent compounds. Won@ is not recommended for long-term service due to poor TBP 
resistance. 

In-cell, remotely-operated applications such as jumpers should use either Mosites 291 7, Klinger 
C-7400, or their respective equivalents. Multiple use is not considered a high priority, as in 
canyon operations. Specific chemical resistance should be reviewed. 

Teflon (PTFE) components already installed are judged to be suitable for a minimum of 15 years 
service, based on radiation exposure calculations provided by ITP. Alternative materials should 
be considered for applications where higher radiation levels are expected. Specific applications 
should be reviewed on a case-by-case basis. 

Radiation monitoring equipment should be installed at seled locations in order to provide 
accurate in-service data for process components andlor personnel. This information would be 

- useful in the event of process upsets, unusual occurrences, or component failures. 
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Material 

C-4401 

C-6401 

C-7400 

Black Gold 9784 

Mosites 2917 

Vitone A 

Kaireze 1018/1050 

CraneplastB 

I 

achment 1 

List of Mate rlals Tested 

bllanufactu re[ DescrlDtron 
Kllnger SBR-bonded non-asbestos 

Klinger NBR-bonded non-asbestos 

Kllnger EPDM-bonded non-asbestos 

JM Clipper Kevlar flber-fliied NBR 

Mosites Rubber Kevlar fiber-filled Afiase (TFE/P) 

Dupont (resln) unrelnforced fluoroelastomer 
(hexafluoropropylene copolymer) 

DuPont (resin) unreinforced perfluoroeiastomer 

John Crane EPDM O-ring for Crane - - 5  

mechanical seals 
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sf?mmA 
1 

2 

3 

4 

5 

6 

7 

8 

9 

Bese 

5M NaOH 

5M NaOH 

5M NaOH 

5M NaOH 

5M NaOH 

5M NaOH 

5M NaOH only 

--. ..-...--.. TBP only 
.------..---- ... -------I- 

Almammu 
1 

10 PPm 

100 ppm 

1000 ppm 

10 PPm 

100 ppm 

1000 ppm 

Toluene 

300 ppm 

300 ppm 

300 ppm 

1000 ppm 

1000 ppm 

1000 ppm 

....---.-. 
Toluene only 

.: 
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Photo!? raDh of mecha nical seal D rior to imme rslon IO-rina Inter nail 
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Attachment 4 - Summarv of Chem ical Res istance Test Results (D .11 
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Attachment 4 - Summarv of Chemical Resistance Test Results [ ~ . 2 1  

~ ~~ 

Viton A 1 1.03 1.071 3.98 0.06 -0.07 ' 30.36 70 7 5  5 

Kalrez 1050 1 0.20 0.20 I 0.00 I 0.07 I 0.07 I 0.00 I 80 1 80 0 

60 -20 
Nordel 1 0.79 1 0.79 j -0.16 0.08 I 0.11 44.74 7 0  6 0  -10  
291 7 1 3.90 4.58 j 17.36 0.14 0.17 23.53 8 0  
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