WSRC-TR-2001-00417, Revision O

RATE OF NOx EVOLUTION FROM SODIUM
NITRITE/BORIC ACID SOLUTIONS (V)

M. E. Stone

(RONSIBILy
IQ. J‘&
A s e O
Westinghouse Savannah River Company q’? &~ - =~ %
&
Savannah River Site I == = ‘—l
i L K% -
Aiken, SC 29808 A m W A __w

SAVANNAH RIVER SITE
PREPARED FOR THE U.S. DEPARTMENT OF ENERGY UNDER CONTRACT NO. DE-AC09-96SR18500



This document was prepared in conjunction with work accomplished under Contract No.
DE-AC09-96SR18500 with the U. S. Department of Energy.

DISCLAIMER

Thisreport 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 representsthat its use would not infringe privately owned rights. Reference herein to
any specific commercial product, processor service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endor sement, recommendation, 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

ther eof.

Thisreport has been reproduced directly from the best available copy.

Available for sale to the public, in paper, from: U.S. Department of Commer ce, National Technical
Information Service, 5285 Port Royal Road, Springfield, VA 22161,

phone: (800) 553-6847,

fax: (703) 605-6900

email: orders@ntis.fedworld.gov

online ordering: http://www.ntis.gov/support/index.html

Available electronically at http://www.doe.gov/bridge

Available for a processing feeto U.S. Department of Energy and its contractors, in paper, from: U.S.
Department of Energy, Office of Scientific and Technical Information, P.O. Box 62, Oak Ridge, TN
37831-0062,

phone: (865)576-8401,

fax: (865)576-5728

email: reports@adonis.osti.gov




WSRC-TR-2001-00417, Revision 0

Keywords: Boric Acid, Sodium
Nitrite, NOx, DWPF

Retention: Permanent

RATE OF NOx EVOLUTION FROM SODIUM
NITRITE/BORIC ACID SOLUTIONS (V)

M. E. Stone

Publication Date: August 30, 2001

A3
. . S - T
Westinghouse Savannah River Company O aAY Ay g
. . L w—m m e -
Savannah River Site g Tewm e wm 3
- EE WA -
Aiken, SC 29808 D WD

PREPARED FOR THE U.S. DEPARTMENT OF ENERGY UNDER CONTRACT NO. DE-AC09-96SR18500



APPROVALS

e Y

M. E. Stone, Author

Pt & EYL

R. E. Eibling, Technical Reviewer/

S. L. Marra, Manager

/O/'\/o\

Date

10/, //5/

Date’

sol=/a)

Date

1O-E-0O|

Date



TABLE OF CONTENTS

INTRODUCTION ..ot b bbb bbb
TASK OBJIECTIVE .. ettt n e
TEST METHODS ...ttt
RESUL TSttt n Rt e et e e
CONCLUSIONS ...t bbb
REFERENGCES. ... b bbb bbb
APPENDIX A. EXPERIMENTAL APPARATUS ...
APPENDIX B. SAMPLE RESULTSFROM SOLUTION MAKEUPS. ..o

APPENDIX C. CHARTS FROM MIXING TESTS ... ssssssssssssssssssssssenans



WSRC-TR-2001-00417
Pagelof 9

INTRODUCTION

The Defense Waste Processing Facility (DWPF) utilizes 40% sodium nitrite solution and
potentially could utilize 5% boric acid solutions. These solutions are stored under
ambient conditions within a common containment system inside the facility. The
maximum volume of each chemical in DWPF is 615 gallons of sodium nitrite and 180
gallons of boric acid. Sodium nitrite solutions release NO and NO> (NO) gas when
mixed with acids. The amount of NOy released if the boric acid and sodium nitrite are
mixed was measured to determine if the TEEL-1 limit of 2 ppm will be exceeded in a
49,000 ft2 volume,

The chemical equations that govern the reaction of boric acid with sodium nitrite are
shown below:

H3;BO;3 (aq)® H* (ag t HzBO;g_(a@
H" @ + NO2 @9 ® HNOz(aq

2HNO, (a9 ® NO( +NOz(g + H0

TASK OBJECTIVE

The objective of the testing was to determine the release rate of NOy from mixtures of
sodium nitrite and boric acid solutions.

TEST METHODS

The tests were conducted with 1 liter of sodium nitrite and 293 ml of boric acid solution
(/2328 scale). The solution was continuously stirred during the experiment to ensure
that all gases were removed from the solution as they were generated and that the boric
acid and sodium nitrite solutions were in intimate contact. A water jacket was utilized to
maintain a constant temperature during the experiment. The NO and NO, generated was
measured by an Enerac 2000E gas analyzer for one to two hours after the chemicals were
mixed. Calculations were then performed to determine the release rate from a mixture of
the full-scale volumes and the resulting NOx concentration in a 49,000 cubic feet
volume. The experimental apparatus is shown in Appendix A and sample results from
the solution makeups are shown in Appendix B.

RESULTS

Two runs (Basdline Run 1 and 2) were conducted to determine the rate of NOy evolution
from amixture of 1 liter of 40% sodium nitrite and 293 milliliters of 5% boric acid at 25
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degrees Celsius. No evolution of NOy was detected from the sodium nitrite solution until
the boric acid was added. Figures C-1 and C-2 of Appendix C show the amount of NOy
emitted during the runs as a function of run time. As shown in the figures, the NOy
evolution rate peaked during the run then reached a steady state value during both runs.
NO; readings were very similar during both runs, and NO readings were similar if the
readings from the first run are adjusted for an offset noted during Run 1. The NOx
measured during the run contained approximately equal amounts of NO and NO,, as
predicted by the reaction stoichiometry and the two readings followed similar trends
during the tests.

The offset noted during Baseline Run 1was 8 PPM prior to the boric acid addition. After
the run, the NO reading remained at 14 PPM after the probe was removed from the
vessel. The calibration check also showed a 14 PPM offset from the initial calibration
when the instrument was checked after the run. An offset was not noted during Baseline
Run 2 before or after the run. The data shown in the tables and figures of this report
reflect the experimental result without adjustment for the offsets noted.

The time required for the NOy emission to peak was significantly different between the
two runs. The boric acid solution was warmed in a water bath prior to the second run,
resulting in less temperature drop when the boric acid was added. In addition, the time
required to completely mix the two chemicals was less for the second run. Two liquid
phases were present during both runs after the boric acid addition. The two phases were
completely mixed together after 45 minutes during Run 1 and 25 minutes during Run 2.
When the solution became homogeneous in appearance, the NOy emission dropped
rapidly from the peak values to the steady state values, as shown in Figures C-1 and C-2.
As shown in Table 1, the steady state generation rate would exceed the allowable
amounts even without the initial peaks.

The amount of NOy emitted during the test was calculated from the measured NO and
NO readings and the air purge rate (~510 ml/min) from the vessel. The amount of NOx
was then scaled up to full scale by multiplying the test result by the 2328 scaling factor.
This amount was compared to the amount of NOy allowed in DWPF by converting the 2
PPM limit in 49,000 ft* to an amount of NO alowed (2780 ml), as shown in Table 1 and
Figures C-3 and C-4.

Table1l. NOx Generation Rates

Run Generation Steady Full-Scale | Full-Scale Full- Timeto
Number after 1 State Generation Steady Scde Reach
Hour Generation after 1 State NO NO
Rate Hour Generation Limit Limit
Rate
ml of NOy ml/hour ml of NOy ml/hour ml minutes
Basdine 35 2.6 8200 6100 2780 21
Run 1
Basdline 2.4 19 5700 4400 2780 21
Run 2
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Two factors could influence the results. First, carbon dioxide absorbed by the boric acid
solution could have led to higher initial concentrations of hydronium ion than would
normally be present in boric acid solution by the formation of carbonic acid. This factor
could partially explain the peaks at the beginning of each run. However, carbonic acid
would be present in solutions made-up at DWPF, therefore the impact of the carbonic
acid should not be subtracted from the test results. The second factor identified was the
presence of the Inconel thermocouple in the solution during the run. Metal can catalyze
the decomposition of nitrous acid and lead to higher results. Just as the carbonic acid
would be present in DWPF, the impact of metal contact will be present in DWPF and
should not be subtracted from the test results.

Temperature was not intentionally varied during the test, but a2° C dip in temperature
occurred during the first run at arun time of 65 minutes. A four PPM dip in NOx
emission was noted at the same time and the readings returned to the previous values
when the temperature returned to normal. This dip indicates that temperature likely plays
asignificant role in the generation rate of NOy; however, sufficient tests were not
conducted to confirm or evaluate the impact of temperature. Ambient temperaturesin
DWPF could be higher than the test temperature (25° C), therefore the potential exists for
higher emission rates than noted during the tests.

CONCLUSIONS

The NOy TEEL-1 limit of 2 PPM could be exceeded after twenty-one minutes in a 49,000
ft2 volume if 180 gallons of 5% boric acid is mixed with 615 gallons of 40% sodium
nitrite solutions.
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APPENDIX B. SAMPLE RESULTSFROM SOLUTION MAKEUPS

Solution Sodium Boron Calculated Density | Wit% pH
Concentration | Concentration | Concentration Solids
mg/L mg/L wt % gl wt %
Sodium 168,000 - 38.8 1.299 39.8 8.58
Nitrite
Boric Acid - 9020 5.09 1.014 - 3.76
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Figure C-1. Measured NO, Concentrationsfrom Baseline Run 1
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Figure C-2. Measured NOy Concentrations from Baseline Run 2
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Figure C-3. Scaled NOy Generation Amount in Basdline Run 1
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Figure C-4. Scaled NOy Generation Amount in Baseline Run 2
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