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Preface

This document contains the minutes for the March 25-27, 1991, mecting of the Tank Waste Scicnee
Panel. The objective of this document is (o provide an accurate recapitulation of the proceedings so that
the diverse views of the Scicnce Panel members can be documented. The content of this document has
been reviewed by cach of the Pancl members to ensure its accuracy. Editorial comments are clearly
marked in the text and are provided oaly for clarification. Because of this philosophy, this document may
contain provocative statements, opinions which may run counter to facts, facts which arc presented out of
the context of the tank chemistry and physics, and information that may later be shown as incorrect.
These meeting minuies, like the previous minutes and those which will follow, arc intended to chronicle
the Science Panel activities and progress toward understanding the chemicat and physicai mechanisms that
arc taking place in the waste tanks ai Hanford.

it
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Summary

‘The seventh mecting of the Tunk Waste Science Panel was held March 25-27, 1992, in Denver,
Colorado. The subject areas included the generation of gases in Tank 241-8Y-101, the possible use of
sonication as a mitigation method, and analysis {for organic constituents in core samples.

The following important resulis were presented and discussed:

* Ferrocyanides appear to be rapidly dissolved in IM NaOH. Thesc data suggest that
ferrocyanides would dissolve when highly alkaline wasies were pumped into the same tank and
sufticient mixing occurred.

» Upon standing in the laboratory at ambicnt conditions oxalate precipitates from simulated wastes
containing HEDTA. This suggests that one of the main components in the solids in Tank
241-8Y-101 is oxalate.

*  Hydrogen evolved from waste samples from Tank 241-SY-101 is five times that obscrved in the
olt gas from the tunk. No good explanation is yet available for this discrepancy.

*  The solubility of N;O in simulated waste 1s in the range 0.003 to 0.01 g N,O per kilogram of
waste per atmosphere of N,O. These dats suggest that mitigation of Tank 241-8Y-101 will not
cause & high release ol dissobved N,O.

*  When using @ slurry for radiation studics, a portion of the gencrated gases is very difficult o
remove. To totally recover the generated gases, the solids must first be dissolved. This result
may have an impact on mitigation by mixing if the gases are not refeased.

«  Using MColuheled organics in thermal degradation studies has allowed rescarchers to illucidate
much of the kinetic mechanism for the degradation of HEDTA and glycolate. In addition o
wome of the intermediate, more complex organic species, oxalate, formate, and Co, were identi-
licd. These data suggest that a large portion of the total organic carbon will be identified when
analytic methods are availuble,

*Analytic methods for orpanics in radioactive complex solutions such as that found in Tank
24-5Y-101 have been developed and others continue ta be developed. Development ot these
methods has been assisted by the resulis from other parts of the program; results from the
analyses of actual wyste have proven usctul in the other studics.
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Minutes of the Tank Waste Science Panel Meeting
March 25-27, 1992

Introduction

The seventh meceting of the Tank Waste Science Panel (Science Panel) was convened March 25, 1992,
in Denver, Cojorado at the Red Lion Airport Hotel. A list of attendees at this meeting is provided in
Appendix A; Appendix B lists the agenda followed at the March mecting.

Time at the meeting was allocated to prescntation and discussion of recent information and results
obtained in ongoing rescarch programs at Argonne National Laboratory, Georgia Institute of Technology,
Los Alamos National Laboratory, Pacific Northwest National Laboratory, and Westinghousc Hanford Co.
Subjecis discussed included the chemistry of ferrocyanide wastes; generation, retention, and release of gascs
from Tank 241-101-8Y; and the potential application of sonic cnergy in mitigating gas retention in
Tank 101-8Y. Current approaches 10 and schedules for mitigating pas retention and periodic gas releascs
from Tank 101-8Y were also revicwed.,

In the following text, the Scicnce Pancl activitics associated with cach of the items listed in Appen-
dix B are discussed.

Day 1, March 25, 1992
Ferrocyanide Tank Waste Chemistry (R, I Hallen, Pucific Northwest Laboratory)

The only new jtems concerning the chemistry of ferrocyanide wastes present in 24 of the 149 single-
shell tanks were presented and discussed by R. T, (Rich) Hallen, Pacific Northwest Laboratory. The
material used jn the presentation is included in Appendix €.

Solubilization of Ferrocyunides in Aqueous Base  Rich and his collcagues recently conducted extensive
tests to investigate solubilization of solid ferrocyanides by reaction with aqueous salutions of sodium
hvdroxide according to the toliowing reaction:

Na,Ni|Fe(CN), | + 2NaOH = Nuy[Fe(CN) | + Ni(OH), (1)

These studies were motivated by suggesuons made by D0 0. Campbell and C. Forsherg al a recent
Technical Advisory Panel mectings,

In their tests, Rich and coworkers varied widely severad reaction parameters including initial pH and
sodium concentration (001, 0.1, and LI M) and ionic strengih. Other reaction parameters 1o be examined
mclude temperature and cllects of added salts such as NaNOs, NaNO,, Na,PO,, Na,8O,, and Na,CO,,
Tvpicaily, a L-p portion of ferrocyanide solids was reacted with 30 mL of NaOH solution.



Meeting Minutes - March 25-27, 1991 Tank Waste Science Panel

In all cases, Reaction 1 tended to completion as determined by the total iron in solution. As
expected, the rate of the reaction was particularly rapid at higher temperatures and NaOH concentrations.
Indeed, at 25°C the reaction between the ferrocyanide solid and ' M NaOH was essentially complete in 1
to 2 h.

Infrared and x-ray diffraction analyses confirmed that solids remaining after reaction of the ferrocya-
mide solids with NaOH were Ni(OH), that did not contain any detectable ferrocyanide. Only preliminary
rellux experiments were analyzed for ammonia evolution during reaction of the ferrocyanide solids with
NaOH. Also, the aqucous solution from the dissolution reaction contained very little CN”, attesting 1o the
known thcrmodynamic stability of the Fc(CN)64' moiety.

Rich also commented briefly on analytical plans for the corc samples recently taken from Tank 112C.
Ferrocyanide solids were precipitated in Tank 112C as part of the 1954-1957 In-Tank Scavenging Program.
Tank 112C, from historical records, is belicved to contain the highest concentration of ferrocyanide solids
in any of the 24 waste tanks containing ferrocyanide. Rich stated that thermal properties of samples taken
from Tank 112C would bc examined using both DSC (Differential Scanning Calorimeter) and TGA (Ther-
mal Gravimetric Analysis) techniques.

Gaseous Products from Thermal Decomposition of Ferrocyanides. Rich also described results of recent
hench-scale experiments to determine, via GC-MS (gas chromatography-mass spectrometry) techniques, the
composition of the gases evolved when a synthetic ferrocyanide waste containing 2 moles of nitrate per
mole of ferrocyanide was decomposed in the iemperature range of 50 to S00°C. Experiments were per-
formed with rapid heating at the rate of 5°C per minute simulating TGA experiments. Material from this
presentation is included in Appendix D, ldentified gases inctude water, CO,, N,O, HCN, cyanogen
(CaN5), NO, and N»; the faticr two pases appear to evolve only al temperatures above about 200°C.

I 1najor amount of gas evolution is associated with exotherms observed in DSC analyses of solid
i trocvanide-nitrute mixtures. Some gas alse appears 10 be released at temperatures as low as 100°C with-
w1 any detectable exothermic reaction.

Day 2, March 26, 1992

Al ol March 26 was devisted to vugraph presentations by various speakers and ensuing discussion of
virious aspeets of the chemistry in Tank 101-SY. The following text presents and discusses important
resulls rom ongoing bench-scale studies with simulated and actual tank wastc.

Results from Tank 101-8Y Core Sample Analyses (D. L. Herting, Westinghouse Ilanford Co.)

1), L. (Dan) Herting provided an execllent summary of the complete results of analysis of cores taken
from Tank 101-SY during Window C (May) in 1991, The complete analytical data for these cores arc ¢on-
tained in the document WHC-SD-WM-DTR-(}24 Rev O. Dan’s presentation maierials arc tncluded in
Appendix E

Atnong the highlights of the analytical data were the following:

« The top 14 scgments of the core samples represent the conveeting dayer in the tank.
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* The orpanic content of the solids is about 50% higher than that in the liquid phase.

* The total organic content of the solids in the convecting layer is about the same as in the non-
conveeting layer.

* Solids in both the convecting and nonconvecting layers contain unexpectedly high amounts of
chromium.

* Analyses of individual segments arc not in good agreement with those of composite segment
samples.

* Considerable scatter in */Cs analytical data probably reflects difficultics in pipetting samples.

* The cyanide content of the liquid ranges from 90 to 390 micrograms per gram of waste and from
150 10 400 micrograms per gram of waste in the solids, The accuracy of the cyanide analyses is
still in question.

Bench-Scale Gas Generation Experiments (D). L. Tlerting, Westinghouse Hanford Co.)

Progress toward eventual bench-scale determination of the amount and composition of the gases
evolved from a sample of Tank }01-SY waste was described by Dan Herting. Dan stated that he and his
colleague, 3. C. (Jim) Person, arc currently planning to procure a flow-through apparatus, similar to an
exisling unit at the Savannab River Stie, for conducting off gas measurements with a small quantity of
actual Tank TOT-8Y wasic.

Ll the flow-through apparatus is available, Dan and Jim are conducting off gas generation meas-
Urcments in a static system with both actual and various simulated Tank 101-8Y wastes maintained at
HIOPC, under air o1 helium, for various times. The composition of the off gas thus produced is determined
using mass spectrometric wrabyses, Signilicant results {rom static gas generation tests with simulated
Tunk 101-8Y wastes containing cither HEDTA or plveolic acid are:

* Ammonid s geoerted inoall cases, even from simulated Tunk 1G1-SY containing no organic
material,

« N0 gas generation was observed (rom simulated wastes that did not contain NaAlO.,.

* White solids identified as sodium oxalate preeipitated from simulated Tank 101-SY waste ¢on-
tining HEDTA when such sofutions were aflowed to stand 2 weeks at 25°C. But, according to
Gene Ashby of the Georgia Institute of Technology, no precipitation of solids was observed
when similar sotutions under @ nitrogen atmosphere were allowed to stand.

< 10 sOme casces, ;\l(_OH]_% solids can precipitale from simulated Tank 101-SY wasic when it is
allowed 1o stand at room temperature and slter the simulated waste is claritied before standing.
. These two results Indicate that grear care must be taken when making up the so-called "Final
Word Solution." Notonly is the recipe important, but equally important are the sequence of
chemical additions und the conditions under which the solution/slurry is made and stored. Solu-
tions should be stored unly brictly before usc.
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*  Off gases from static experiments with both actual and simulated waste contained the expected
components, namely, H,y, N5, and N,O. Considerable variability in gas generation rates was
observed from experiment to experiment. Questions were rajsed at the meeting about the scnsi-
tvity of mass spectrometric analyses [or hvdrogen and nitrous oxide. Gene Ashby supgested that
gas chromatographic anaiytical data should be obtained 1o verity mass spectrometric results.

+ [n one experiment with actual Tank 101-8Y waste, the amount of evolved H, was about five
times that of N>O. Two possibilities may explain this dillerence.

- The activation energies for gencration of H, and N.O are different.

- Small laboratory samples of Tank 101-8Y waste adsorb beta and gamma radiation differ-
citly than the waste in the tank, and the gencration of N,O 1s more sensitive 1o radiation
than is gencration of 1,

* When metallic iton was included in one experiment with simulated waste, the pas peneration rate
increased significantly. The generation rate of nitrous oxide appeared to be increased morc than
that of hydrogen.

Synthetic Tank 101-SY Waste Studies (1. R. Pederson, Pucific Northwest Laboratory)

Resuits from several studies being pertormed by S0 AL (Sam) Brvan and L. R, (Larry) Pederson with
simulated Tank 101-8Y wastes were described. Presentation materials are jncluded in Appendix F.

solubility of Nitrous Oxide. Larry and Sam have measured the solubility of N.O in both distilled
water and simulited waste al various temperatures. These tests were conducted 1o test the hypothesis that
increased solubility of nitrous vxide refative (0 that of hydrogen would explain the dilference in the
ohserved ratio of these two gases both from Tank 101-8Y and from thermal degradation iests with simu-
Lted wastes :

Larry's and Sam's resutts (or the solubility of nitrows oxide in distilled water are in execllent agree-
ment with the carkier (1980) literature values. The solubility of NLO i simulated Tank 101-8Y waste (not
containing any organic complexants) at H0°C s in the range G.003 (0 0.01 g N,O per kg waste per aimos-
phere NLO. This latter solubility is greater than that of hydrogen, put 100 small to explain the differences
between the vbserved N, (¥Ha ratio in the gas evolved from Tank 101-8Y and the ratio observed in the
gases from experintents with simufated waste. In addition, the solubility of NoO in waste solutions is sulfi-
ciently low that the imventory of dissolved N,O that could be released is inconsequential.

Physical Properties of Simulated and Actoal Tank 101-8Y Waste. Larry and Sam are continuing 10
measure various physical propertics, ¢.g., density; weight percem water; weight pereent centrifuged solids;
volume pereent settled solids; and shear strength of simulated Tank SY-101 waste. The data suggest that
the simufated waste slurrics are physically comparable (o the convecting layer in Tank 101-SY. Informa-
tion concerning physical propertics and their variation with dilwion and temperature are expected to be
useful in subsequent mitigation and remediation clforts.
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Effect of Hydroxide Concentration on Gus Generation Rates and Stoichiometries. In early work,
Dcicpard (1980) observed that the rate of gas generation {rom simulated Tank 101-SY waste was a func-
tion of its hydroxide jon concentration. Delegard reporied that the maximum gas generation rate occurred
at about 1.5 M NuOH.

Larry and Sam recently conducted experiments to extend Delegard’s early work and 1o determine the
ctfect of hydroxide ion concentration on the stoichiometry of gascous products. These bench-scale studics
were performed as part of a large program to investigate thermal oxidation of organic complexants at sub-
critical water temperature and pressure conditions.

tn their experiments, Larry and Sam heated simulated Tank 101-8Y solution containing either 0.3 M
EDTA or .3 M HEDTA and 1 10 7 M NaOH for various periods at 90°C. Total moles of N,, N,O, and
H, produced were determined. They noted that, under these conditions, small changes in hydroxide ion
concentration corresponded to large changes in the rate of gencration of gases, particuiarly nitrous oxide
and nitrogen. For example, N>O/H, mole ratios in 1the off gas from solutions containing HEDTA varied
from 1 to as high as 18 as the hydroxide ion concentration changed from (1.5 to 6.5 M.

While the hvdroxide ion concentration of the waste in the lank appcears to have been nearly invariant
with time, the importance ol these results becomes apparent when one realizes that small crrors in the
analvsis of the samples from the tank or in the make up of the simutated waste with respect to hydroxide
can have o major impact on the gas composition.

Sub-Critical Uxidation of Organic Materials in Tank 101-8Y. Larry and Sam reported on initial
results obained in an experimental approach aimed at determining il simple heating of the waste in
Tank 101-8Y to 206 10 300°C will oxidize contained organic materials 1o decomposition products that do
nOL generate gases at tnk wmperaturs,

The ininal goat ot this work is 1o idently organic decomposition products;, assess the capacity of
decomposition prodocts, feflowing heal pretreatiaent, o gencrite gases; and gain some knowledpe of the
kinctics al thernrad degradinion of selecied organic matenials,

The expernmental appraach foliowed involves heating & known amount, approsimately 200 mL, of
simubaied Tank HHE-SY woste contaming varions orpanic complexants and, in some cases, additional NaOH
e ERsteloy € vessels 1o 200 o 23000 tor about 2 he The off gas from such heating is sampled and
analvzed tor imumonii and other constituents, Subsequently, portions of the thermally-treated waste are
heated o 907C and the amount and composition ol gises evolved at this lower temperature are
detenmined.

[igbliphis of results abtained 0 date include:

*Aanmoni is o principal component ot the o gas when simulated Tank 101-8Y waste is heated
at 200 1o TR0

Simulited Tunk MH-SY waste contaaning cither HEDTA or EDTA generated particularly
farge amesunts o wamonie when heated at 200 00 2500,

N
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- Ammonia is gencrated on a 1:1 mole basis from nitrogen-containing organics.

- Substantial amounts of ammonia were generated from simulated Tank 101-SY waste that
did not contain any organic nitrogen.

* The effectivencess of thermal pretreatment at 200 © 250°C of simulated Tank 101-SY waste upon
the amount and composition of gas subsequently generated at 90°C is highly dependent upon the
concentration of NaOH in the waste.

- When additional (i.c., 2 or 3 times the npormal concentration) NaOH is present, thermal
pretreatment at 200 1o 250°C significantly rcduces gas gencration upon subsequent heating
of the pretreated waste (o 90°C.

- Larry indicated that some of the pretreated wastes were being analyzed in the hope of
determining dentity and amount of organic degradation products.

- Although the Scienee Panel is much impressed with these initial results for suberitical oxi-
dation of organic complexanis, s not yel clear to what extent, if any, this tcchnology can
or will be used 0 mitigaie or remediale gas gencration in Tank 101-SY. However, the
technology appears promising and appears 10 vicld information about the mechanism by
which the organics thermally decompose in Tank 101-8Y. Thercfore, the studices should
continue.

Radiolytic Generation of Gases from Synthetic Wastes (1), Meisel, Argonne National Laborutory)

D. (Daniy Meisel described the Tatest results of the Argonne National Laboratory group 1o determine
the amount and composition ol gases generated when simulated Tank 101-8Y wastes are irradiated ('r’”(jn).
Presentation materiads are included i Appendix G, Dani stated that the Argonne grouy was currently
interested in resolving three issues, namely:

1. How well do the experiments simulate conditions in Tank 101-8Y, both radiolvtically and
chemically?

2 What are the radiolvtic victds irom sturries as opposed 1o homogencous solutions?

v How does the rate of thermal generativn of gas [rom preirradiated simuldled Tunk 101-8Y wasle
differ from that ol wiste that has not been prefrradiated?

Concerning the Firstissue. D noted that the components in Tank 101-8Y are subjected 10 both
betaand alpha radiation where the dose rate is fow and the cumulative dose is high, In contrast, in e
laboratony radiations, components are irradiated by pamma radiation to low doses at high dose rates. But,
Prani and coworkers staled that the dose contribution from alpha radiation is negligible and that, because
of Compton Scattering clicets, bete and gamma irradiation are equivalent. Thus, Dani and coworkers con-
cluded that taboratory exporiments using ™Co radiation simulate very welt the radiobvtic conditions exist-
ine in Tank 101-SY. Dani noted. huwever, that the radiolytic chiemistry reseits are only as good as the
cliemistry of Tank TOT-SY i known; precise data for the (pe and coaceniraton of organic materialy in
Tank 101-5Y are sitl onavailable,

§)
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Dani also indicated that the rate at which simulated Tank 101-5Y waste absorbs radiation has only
minimai cftect on the G{,) but appcars to have a much larger cffect on the G(N,O). Data for N,O has
been extrapolated to Tow dose rates.

Dani noted that G{H-) generated in simulated Tank 101-SY waste shurries (solution plus sludge) irra-
diated at room temperature arc aboui a factor of two lower than yiclds from homogeneous solutions. This
result 1s accounted for on the hasis of a lower water content of the slurry. Hydrogen yiclds increase when
slurrics are irradiated at higher (cmperatures because of the increased solubility of the sfudge solids, In
contrast (o the results for Ha, rediolytic vields of N,O [rom slurrics are comparable to those [rom
homogeneous solutions.

Dant also reported on studies of enhanced thermal generation of H, and N;O from simulated
Tank 101-5Y waste solutions that have been preirradiated. (These additional studies were performed in
response 0 a December 1991 request trom the Science Pancl) In the latest tests, homogencous simulated
Tank H1-8Y solutions containing (initizlly) only one organic compound, i.¢., EDTA or HEDTA or citraic.
were irradizted (o total doses of about 40 Mrad. A simulated Tank 101-8Y slurry containing HEDTA,
EDTA, and citrate was also irradizted o a total dose of about 40 Mrad. Preirradiated solutions, alier
standing fram 5 to 40 days at room emperature, were heated to 60°C and the amounts of H2 and NQO
evolved were measured.

From data collected to date, Dani noted:

*  Pretrradistion substantially increases the rate of production ol Hy and N.O from both homoge-
neous waste solutions and also from waste slarries,

+  For homogencons solution, the rate of production of H, increased in the order
cilrate < HEDTA<EDTA while {or N.O the production rite increased in the order
citrate < FITA<HEDTA,

= Slorn particles appear w cakalyze the rate ot producion of bvdrogen.

+ Slurry particles appear o strongdy retndn both Bl aud NoO pases, but 115 08 released more
resdily,

Overal! radiob e vencration ol pises rom Tank 101-5Y waste s small (approximately a hulf) com-
pured 1o thermal reneration rates, Also. as Dand's results aftirm, thermat pencrition of gases [Tom sinw-
fated Tank 101 SY solutions is much more sensitive 1o the exact experimental conditions than s radiolvtic
nenerntion.

The data obtained for provradiated solutions and slureies indicate that such prefrradiation produces
some unkoown but Tghly reachive intermediate which promotes thermal generation of gas. Experimentad
work both ar Argonne National Laberators and the Georgia Institute of Technolopgy needs 1o focus on
whentitving and characteniznyg the unknown intermediate,
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Mechanistic Elucidation of Chemistry in Tank 101-S8Y (E. C. Ashby, Georgia Institute of Technology}

E. C. (Gene} Ashby and his group of collaborators at the Georgia Institute of Technology are actively
investigating all facets of the thermal degradation of organic materials in Tank 101-SY. Gene described
the current status of tests being conducted with simulated Tank 101-SY waste. Presentation materials are
included in Appendix H.

Gene discussed recent results in five areas:

« kinctic studies

« isotopic labeling studies (13C and ON)
« formaldehyde studies

» other model systcms

+ analytical development.

Kinetic Studies. Gene presented extensive data for an experiment in which so-called "Final Word
Solution"® containing 0.0054 M glycolate as the only organie constituent was maintained at 120°C for
1582 h. The buildup in concentration of the principal aqueous-soluble glycolate decomposition products
(formate, oxalate, and carbonate ions) was followed along with the decrease in concentration of nitrite and
glvcolate ions, A mathcmatical cxpression describing these results has not becn derived.

A similar cxperiment was performed in which "Final Word Solution" containing 0.0053 M HEDTA as
the only organic material was heated at 120°C for 500 h. Again, the buildup of formate ion concentration
and the decrease in concentration of HEDTA and nitrite ion were followed.

In further studies, Gene and his collcagues also measured gas evolution rates when "Final Word
Solution" containing one of the following organic compounds was hcated at 120°C for times ranging from
40¥) to 1600 h:

» iminodiacetic acid

* N-methyliminodiacetic acid
» nitrilotriacetic acid

+ symmetrical EDTA

« unsymmetrical EDTA,

No evolution of gas was observed from simulated waste solutions containing either nitrilotriacetic acid
or unsymmetrical EDTA.

{a) 2.0M NaOll
2.24 M NaNO,
2.59 M NaNO,
1.54 M NanlO,
0.42 M Na.CO;
0.21 M organic
{now known as SY1-SIM-9113)
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Isotopic Labeling Studies. Simulated Tank 101-S8Y wastc containing HEDTA labelcd with 3C was
heated several wecks at 120°C. The '*C NMR spectra of the heated solution was monitored to delermine
thermal fragmentation products. Pertinent observations included:

* labeled formate and CO, (as carbonatc ion) and oxalate were deteciable afier a few days
heating,

* Labeled glycine, detectable after 34.5 days, was produced from the hydroxethyl labeled form of
HEDTA.

* A doublet consistent with the presence of jabeled iminodiacetic acid was present aller six davs
heating of carboxylmethyl-labeled HEDTA.

* One quarter to one halt of the HEDTA remained after 60.5 days heating.

Also uscd in their experiments was 3C-labeled giycolate (HOI?’CHEBCOE') ion in "Final Word Solu-
tion." Degradation products resulting from heating at 120°C for 25 davs were determined. ‘Thermal degra-
dation products were monitored by 3¢ NMR of heated waste samples. The disappearance of glyeolate won
followed first order kipetics. They also obtained evidence of complexing of aluminum by glveolate fons.
Thermal degradation products included formate, oxalate, and carbonate ions.

Formaldehyde System Studies. Gene and his coworkers carlier postulated a resction mechanism o
account for the gaseous products (c.g., Ha, N>O, und N5) evolved during chemical degradation of simulated
Tank 101-SY wastes containing either glycolate or HEDTA. An important postulate of these mechanisms
is that thermal degradation of ghyeolate and HEDTA produces formaldehyde. The lormaldeivde produced
rcacts with base (OH'} to form the so-called Cannizaro Intermediate (CHZOE"‘ ). The Cannizaro Interme-
diate can then cither react with formatdehyde o form methyl afcohol and HCO, or with water to produce
hydrogen gas, OH and HCO..

Contirmation of the predicated reaction mechanism s provided by the presenee of formate and oxa
late ions amang the thermal degradation products of Tank T01-8Y wastes containing ghveofate or THEDTTA
ions. Because of the importance of formaldehvde and its subsequent reactions in explaining thermal chem.
istry of Tank 101-5Y waste, Gene and coworkers recently conducted extensive studies of the reaction ol
HCHO with OF 1o generate M, Impoertant findings of these latter studies include:

The rutio HHCOO i about 1 jor the Hy-producing reaction indicating that water provides ul
least hadf of the hvdrosen atoms in the H,,

The order in fonmaldehyvde is about bat both 90°C and room temperature.

The hydrogen vield nereases as the HCHO concentration decreases indicating that the
H ,-producing mechanism s first order formaldehyde and FLO0

The bydrogen yvield mereases with hvdroxide ion concentration.

The rate of hydrogen ovobution decreases in the presence of p-hvdroguinone indicating the pros-
enee of radical internediotes,
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+ Tracc amounts of Cu(il) accelerate the hydrogen cvolution rate, indicating that an electron
transfer stcp could be involved,

» In the presence of hydrogen peroxide, hydrogen evolution is much faster, and the hydrogen vicld
is 1007% bascd on the amount of peroxide added.

= Other atdehydes without alpha hydrogen also produced a significant amount of hydrogen in the
presence of OH™

It is not possibie at this time 10 say whether the reaction is polar or frece radical in nature, however
the nature of the rcaction has no impact on the overall understanding of the chemical mechanism of pas
gencration in Tank 101-SY, bul may have application for somc basic scienfific issue.

Other Model Systems. Genc and his group also conducted thermal degradation studies of "Final
Word Solutions” each containing onc of two model compounds, N, N-diethylethanolamine or
N.N-dimethylgivcine. The model systems are simplified versions of EDTA and HEDTA. Thesc systems
are much simpler thun EDTA and HEDTA and facilitatc mechanistic interpretation of the reaction of the
-CH,CH,OH and -CH,COOH groups. Important results were:

N, N-dicthyiethanolanine
* H,, N,O, and methune are observed as gascous products.
« Formate and acetate ions are the most important products in the thermally degraded solution.

+  Oxygen is absorbed by the (est solution and only 20%. of the original amount of oxygen s left
alter 300 h.

N, Nedimetinvlgheine

«  Hydrogen is the most important gas observed in this reaction. Nitrous oxtde and methane arce
produced only in trace amounts (<0.1%).

Analvticul Development Studies. Quantitative analyses for EDTA and HEDTA have been accom-
plished @1 the Georgla Institute of Technology with the use of Dionex AS> and AS 1 columns. A CuCly
or NICH solution was added 0 the EDTA or HEDTA solution before analysis.

Some eltort was devoted o the analysis of the solids produced during the thermal reactions. When
glyeolate is the organic compound present in the thermal degradation of simulated Tank 101-8Y waste, the
insoluble solid generally contains a farge amount of oxalate. When the simulated Tank 101-5Y waste con-
tains other organic compounds, the insoluble solids contain very little oxalate.

Ultraviolet spectrophotometric analyses failed 1o find direct evidence for a complex between Al
and nitrite ion. An A{ND-NG. complex has been postulated in the overall thermal degradation reaction
nicchamsm scheme. Although (his complex was not detected, this most likely means the concentration is
very low, but sulficient to allow the nitrite 1o be added 10 the orgaric moicty.
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Day 3, March 27, 1992

The morning of March 27 was concerned with presentations by Steve Agnew, Los Alamos National
Laboratory, and Jim Colson, Pacific Northwest Laboratory. Jim’s presentation materials are included in
Appendix I, and Steve’s in Appendix 1.

Both presentations were concerned with experimental investigation of the potential application of
sonic energy to agitaie the contents of Tank 101-SY and thereby continuously release hydrogen and other
gases. The principal resuit to emerge from both presentations is that sonic energy introduced into simu-
lated Tank 101-SY wasic is rapidly attenuated and, thus, is relatively incffective in agitating either the
liquid or solids present in the wasie mixture.

Hanford Site Experimental Investigation of Ultrasonic Properties of Double-Shell Tank Waste Simulant
(I. Colson, Pacific Northwest Laboratory)

According 10 Jim, acoustic attenunation
* is very high
* incrcases with frequency
+ is not due o any void fraction
* dccreases with pressure
= 18 not strongly temperature dependent

* decrcascs with dilution.

Mitigation of Bubble Nucleation in Tank 101-SY with Ultrasound (S. Agnew, Los Alamos National
Lahoratory)

Steve’s studics with simulated wastes indicated the following:

* Alicnuation of ultrasonic cnergy in simulated waslic is not a straightforward phenomenon
because of the occurrence of several non-linear effects in the waste slurry.

= The velocity of the sound wave is strongly dependent upon pressure, temperature, and distribu-
tion of gas bubbles.

Steve also stated that future studies by the group at Los Alamos National Laboratory will be aimed at

= usc of higher power transduccrs to agitate Tank 101-8Y waste in the model tank more
completely

* determination of the slurry degassing threshold
* use of slurry sianding waves 1o determine sound attenuation and speed.
The Scicnee Panel members asked several pertinent questions and made several obscrvations during

and after Steve’s presentation, namely:

11
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+ The attenuation problem appears to be with coupling. Most industrial applications involving
sonic cnergy use cavitation to effect coupling. In the casc of Tank 101-S8Y waste, the cavitation
energy is very low because gas bubbles are already present. Therefore, we need to match
impedance.

+ The importance of gas bubbles cannot be over emphasized. Coupling to bubbles is not neces-
sarily bad unless coupling does not act to releasc bubbles.

The Science Panel also speculated about the wisdom of continuing the work with sonification as a
viable mitigation method. Resolution of formidable technical issues (e.g., attenuation) associated with
large-scale application of sonic energy to near-term mitigation of Tank 101-SY appears to be very time
consuming and cxpensive. Simpler mitigation methods, e.p., mechanical stirring, arc already available,

Organic Methods Development and Preliminary Data on Composite Samples from Tank 101-S8Y
(J. A. Campbell, Pacific Northwest Laboratory)

J.A. (Jim) Campbell provided thc Science Panel an excellent summary and update of the status of
identification and quantitation of organic constituents in composite samples of corc scgmenis taken from
Tank 101-8Y during Window C. Jim’s presentation materials arc included in Appendix K. Jim and his
fcllow workers obtained their data by derivatizing organic materials with boron trifluoride in methanel and
analyzing the concentrated chloroform extract of the derivatized sample with GC-MS.

Jim presented data for one of the four composite samples from Tank 101-8Y. Sample 961 was a
composite of segments 14 through 18 from the top of the nonconvective layer. For this sample, Jim and
his coworkers

+ noted 41 peaks in the total ion chromatogram of the chloroform extract

» entatively identified 25 of the 41 peaks

+ estimaled concentrations of the seven major componenis in Sample 961 as follows:

Peak Approximaie Cong,,
Number Component micrograms/gram

1 butanedioic acid 80
10 nitrosoiminodiacetic acid 708
14 citric acid 45
18 nitrilotriacetic acid 185
23 cthylenediaminetriacetic acid 115
28 cthylenediaminetetraacetic acid 237
29 N(2-hydroxycihyl)cthylene- 23

diamineétriacetic acid

12
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= cstimated that the seven major components account for only 10 to 20% of the total organic car-
bon (TOC) in Tank 101-SY,

Jim also stated that the complexants and complexant fragments identified thus far made up about
65% of the derivatizabic matcrial.

In continuing work, the plans are to

* apply ion chromatographic techniques and instrumentation to identify the remaining TOC,
Much of the latter may be present as an oxalate.

* procure a high resolution mass specirometer to confirm identification of compounds presently
only tentatively identificd

= imvestigate applicability of liquid chromatography to Tank 101-SY samples for quantitative analy-
sis of organic constituents

* investipate other derivatization reagents for use with Tank 101-8Y waste.

Finally, Jim and his associates also successfully applied GC-MS techniques 1o analyze for organic
materials in some samples of preirradiated simulated Tank 101-SY waste obtained in studies by Dani
Meisel at Argonne National Laboratory. Also, preliminary results obtained from ion chromatography
studies showed the presence of significant concentration of formate ion in preirradiated solutions.

Non-Agenda Items

Several items not listed on the formal agenda werc also addressed by the Science Pancl in Denver.
Relevant Savannah River Experience (N. I.. Bibler, Savannah River Laboratory)

N. E. (Ned) Bibler mentioned that several papers of possible interest to Tank Waste Science Pancl
members were presented by Savannah River Site authors at the recent Waste Management '92 meeting in
Tucson, Arizona. He handed out copics of some of these papers. Ned went on to also point out the
actual analyses of noble metals in Savannah River wastes agreed quite well with the values expected from
ORIGIN code caleulations.

Mitigation-Remediation Plans (I). M. Strachan, Paciflic Northwest Laboratory)

1. M. (Denisy Strachan very bricily summarized for the Panel highlights of a soon-to-be issucd report

detailing plans for mitigation of Tank 101-SY by stirring methods. Denis’ remarks occasioned considerable

comments and discussion by Pancl members. The gist of these comments will be summarized in a leter
from the Panct to J. L. Deichman, [Note added in proof: This letter was never issued. )

13
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Executive Sessions

The Tank Waste Scicnce Panel held Executive Sessions at the end of Day 1 and Day 3. These scs-
sions resulted in a number of action items by various Panel members. One action item was 10 write a
"white paper” on organic wastes at Hanford.

Experimental Plan

The Tank 101-8Y mitigation Project Experimental Plan was presented to the External Advisory
Committee on March 20, 1992. The presentation maierials are included here in Appendix L.
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AGENDA FOR THE

TANK WASTE SCIENCE PANEL MEETING

DENVER, COLORADO

MARCH 25 - 27, 1992

Wednesday, March 25

1:00
1:30

2:30
3:15

3:30
4:30

Ferrocyanide Program
Chemlicual Mechanlsms and Analyses

Introductory Remarks

Results from the Chemical Mechanisms of
Ferrocyanide Reactions and Precipitation
Results from the Development of Analytical
Techniques for Ferrocyanide

Break

Discussion

Executive Session

Thursday. March 26, 1992

8:00
8:30
8:40
9:15

10:00
10:15

11:00

12:00
12:30

Hydorgen Program
Chemical Mechanisms

Breakfast - at the meeting room

Introductry Remarks

Results from the December 4, 1991 Gas
Release Event

Summary of Results from the Tank 101-S8Y
Core Sample Anlayses

Break

Results from the Gas Generation Experimenis
at Westinghouse Hanford Co.

Results from the Studies at Pacific
Northwest Laboralory

Lunch - at the meeting room

Results from the Radiolysis Experiments at
Argonne National Laboralory

Results form the Experiments at Georgia
Institute of Technology

Resulls from the Development of Analytical
Methods of Organic Analyses

Break

Discussion of the Chemical Mechanisms
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Table 2-1. Summary of Analyses of Core Sample Facies Samples.
[A1]1 values in weight percent except DSC total exotherms
(cal/g) and “Cs (uCifg).] (2 sheets)
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Table 2-2. Estimated Weight Percents of Components Not Analyzed
{"Other" in Table 2-1).

Component Convective Layer Non-Convective Layer

cl” 0.9 0.8
po, ¥ 0.5 0.9
so.t 0.1 0.7

TIC 0.5 1.1

NH, 0.0 0.3

OH" 2.6 2.5

K 0.3 0.3

TIC = total inorganic carbaon

Table 2-3 shows a comparison between the segment average values and the
two dip samples from 101-SY analyzed in 1986 (see Appendix H). Also shown in
the table is the composition of the synthetic waste recipe used for a variety
of laboratory studies over the past year. In general, these comparisons show
that modeling studies and chemical studies done over the past year based on
historical (1986) sample results and on synthetic waste compositions are
valid, because the core sample results confirm what was already known about
the composition of the waste. Of course, the core samples provided
significant information that was unknown concerning waste homogeneity and

physical properties, and gave a more accurate picture of the waste
composition.

Compared to the 1986 values, the current nitrate values are lower and the
nitrite values are higher. This could be explained by radiolytic reduction of
nitrate to nitrite, The synthetic recipe is high in nitrate (relative to the
core sample results), but the nitrite is on target.

The TOC values for the convective layer segments are Jower than the 1986
samples, while the values for the non-convective layer are higher than the
1986 values. This could indicate a change to less soluble organic compounds
as a result of chemical decomposition of the organics over the five year
period. The overall average TOC content of the tank is remarkably close to
the 1986 sample results. The synthetic recipe was intentionally set to a
conservatively high level of TOC.

Sodium and aluminum are both slightly lower in the core samples than the
1986 samples. This may not be a statistically significant difference. The
synthetic values are on target. Calcium values are comparable, but the

chromium is much higher in the core samples. There was no calcium or chromium
in the synthetic waste. :

E.16
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Table 2-3. Comparison of Segment Averages with Historical Samples
(A1l Values in Weight Percent).
“ Non- " Synthetic

cosertve | e | comeciree | Jfatten | “riche

NOy 10.3 14.9 10.2 11.3 15.3
NO, 11.7 -~ 10.9 9.1 8.1 9.8
TOC 1.25 1.5 1.9 1.5 2.4
Na 20.1 25.5 21.2 22,0 20.2
Al 3.4 4.4 3.5 3.6 3.96
‘Ca 0.012 0.016 0.036 0.017 0.0
Cr 0.088 0.004 0.70 0.002 0.0

*See Appendix H.

2.4 COMPOSITE SAMPLES

Five composite samples representing the convective layer (composites 1
and 2}, the nonconvective layer (3 and 4), and the crust (5) underwent more
extensive analyses than the individual segmeat samples. Results of the
composite sample analyses are presented in Appendix B and are discussed in
detail in Section B. Tables 8-1 and 8-2 summarize the analytical results.
Some of the analyses done only on composite samples include the major anions

carbonate and hydroxide, the complete list of ICP metals, and the major
radionuclides.

The metal ions present in the waste occurred in the following order of
abundance: Na > Al > K, Cr > Ca > Fe > Ni > Mo, Zn. A1) other ICP metals
were present at concentrations of less than 50 ppm. The Na, K, and Al were
found about equally distributed among all waste fractions (1iquid, bulk

sample, centrifuged solids), while the remaining metals were clearly much more
concentrated in the solid phase than in the liquid phase.

The major alpha-emitting isotope was found to be *“'Am, which is present
at activities of about 200 nCi/g of waste in the nonconvective layer, and much
lower in the convective 1a¥er. The liquid fraction of the convective layer
contained less than 1 nCi “Am/g of liquid, while the centrifuged solids
(representing about 20% by weight of the Sonvective layer) contained about
50 nCi/g of so]igs. The activity of 3%2%py was consistently about one-tenth
the activity of ““’Am. Therefore, the convective layer could be considered a
non-TRU waste, while the nonconvective layer is a TRU waste.

. The amount of hydroxide in the waste averaged about 2.5 weight percent
OH", corresponding to a concentration of about 2.4 M NaOH. This is

L.17
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Table 3-4. Summary of Centrifuged Solid/Liquid Phase Separations at 60°C,
Weight % liquid Weight % solids*

Segment Cone #1 Cone #2 Average Cone #] Cone #2 Average
4 82.4 91.6 88.0 17.6 6.4 12,0
5 85.1 86.7 85.9 14.9 13.3 14.1
6 84.4 - B4.4 15.6 - 15.6
7 87.4 86.8 87.1 12.6 13.2 12.9
8 76.8 73.9 75.3 23.2 26,1 24.7
9 B2.5 82.0 82.2 17.5 18.0 17.8
10 81.1 80.1 80.6 18.9 19.9 19.4
11 80.5 84.0 82.3 19.5 16.0 17.7
13 80.8 82.7 81.8 19.2 17.3 18.2
14 49.8 - 49.8 50.2 -— 50.2

Average Segments 4-13 83.1 Segments 4-13 16.9

* - Keep in mind that "centrifuged solids" contain a substantial
fraction of interstitial 11quid, generally more than half, by weight.

WHC-SD-WM-DTR-024 REV 0

Table 3-6. Weight Percent Centrifuged Solids and Liquids at 60°C.
) Weight ¥ liquid Weight X solids
Composite
Cone #1 Cone #2 Average Cone #! Cone #2 Averaqe
1 6.4 66.9 64.2 38.6 33.1 35.8
2 62.0 52.6 57.3 47.4 38.0 42.7
3 21.0 21.4 22.2 19.0 76.6 77.8
4 18.8 - 18.8 81.2 — 81.2

Due to limited sample amount only one cone was processed for
composite number 4.

E.18
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Table 6-1. Summary of Analytical Results for Window C Crust Samples,
{2 sheets)
Traatment/ Auger semples by riser rumber Sludge waight semples units
anelysis 228 Top | 22880t 1| ] e aa| ] m] e
Direct
xH,0, grav 20.2 20.8| 29.1 4.8 231 ta) () (s) (a) Wt X
.0, TGA 18.9 19.9] 31.8{ «0.8| 23.4 16.2 3.7 17.0 16.3 wt %
ph 13,3 12,9 - -- .- -- -- .- - -
TOC-PAL 1,55 1.45 1,55 0,95 - -- .- .- .- wt X
psc -42 -60 -66 -28 -3 -62 -4b -4k -3  calsg
Water digest
Toc 2.10 1.86] 1.92] 1.8 1.54 - 1.82 1.84 2.5 e X
Tic 1.67 1.18] 1.00| 1.58| 1.05 - 0.83 2.43 2.26 wt X
NH3/NH, + <0.04 «0.04 <0.04 0.05 0.04 -- .- - .- Wt %
13ce 430 %o 310 320 350 a 145 470 stol  acize
£ «0.10| <0.04| <0.04| <0.10| <0.10 - <0.01 .- - ut %
o 0.90 2.3) 12rp 0.86] 0.9 - 0.9 (b} . ut X
MO 14,40 17.10{ 16.05] tz.40| 14.00 .- 15.30| 12.80 18.50 e X
POE' 0.90 0.49| o0.%0 1.28| o.8s - <1.40 - - ut X
saZ” 1.06 .56 25| 1er| . 0.96 (b) .- wt X
wo, 13.90|  .7s| 10,43 8.05| 12.10 -- 11.70 15.20|  15.00 wt X
Acid digest
13es 70 s0]| 350 .- 370 -- - - -] keizg
By, 0.1 «0.12] <0.11 <31 .- - «0.7 .. - | acizg
Na 24.1 2.6 22.5 19.5| 2.2 . 3.2 25.40 [.5. we %
Al 4,04 .31 3 2.3 3.80 - 3.64 4,62 1.5. wt X
Ca 0.02 0.02 ©.03] 0.0} 0.02 . 0.05 0.04 1.5, Wt X
cr 0.47 0.40 o.58 051 0.3s - 0.58 0.36 1.s. ut X
Fe 0.07 0.03[ 0.0 o0.4| 0.03 .- 0.04 0.15 1.5. wt X
Mass balance | 101.6{ 104.7) 99.8( 100.1 98.0 - 105.1 103.5 Y
lon 0.84 0.86| o0.98| 0.8 0.93 - 1.01 0.83 - ..
haisnce{c)

Mass Balance = wt % H,0 grav + 3+TOC + 5+TIC + C1~ + NO; + PO +

SO} + NOj+ Na + 2.2#Al1 + Ca + Cr + Fe + 2.1

E.19
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Table 6-1. Summary of Analytical Results for Window C Crust Samples.
(2 sheets)
Treatment/ Augar samples by riser number Sludge waight samplen nite
malysis 224 Top| 224 Bor| 13| 1a 164 24 | 134 | 1a| 164
Fusion
] 670 $30 580 570 &90 - 1700 - -- aCt/g
AT 0.18 2.05 0.4 L 1] 002 - 0.42 -- -- aCi/g
137y 435 375 310 310 500 - 955 . -] acize
1] &0 Bé 123 i) 12 - 230 == - F 1T ]
0,70, 0.012| o.010| o0.02¢] o0.012] o.007 --| o.028 .. --|  acize
L1 0.115| o.wz| o.198| o.v37{ .12 -] o.22s . -~ atize
L «w.s| 0.6 «0.7] «0.3] 0.3 . 0.8 .- --|  scisg
Te 0.4 0.42 0.3 0.26 0.42 - 0.0002 -- - aCi/a
Izil «0,015 1.4 <0.07 «<0.01 0,04 -- «0.02 inc inc sCi/g
Sr 20.9 22.9 .2 26.8 23.2 -- n.z i imc aCi/g
0SC » differential scarmning celorimetry
grav = gravimetric
[.5. » imufficient sasple
TIC » total inorganic carbon
T0C = total organie carbon, Westinghouse Nanford Compeny thermel cosbustion method
TOC-PHL =

(b)Used ave

total orgsnic carbon, Pacific Northusat Laboratory chemical onidation method
(a)Used X ugo, TGA velues for maes balance whare praviamtric valuea not determined.

(c)Ses text, Section 6.0.

E.20
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Ion balance is the ratio of cation equivalents to anion equivalents, and
should equal 1.00. Sodium represents the only significant source of cations,
because potassium, the second most abundant cation, contributes about 1% as
much as sodium. Therefore the total equivalents of cation is calculated by
dividing the weight percent sodium by its atomic weight:

Cation Equivalents = Na/23

The calculation for the total equivalents of anions is more complex:

Anion Equivalents = TOC/36 + TIC/6 + Cl/35.45 + NO,/62 + 3+P0,/95
+ 2%50,/96 + NO,/46 + Al/27 + 2.1/17

The factor of 1/36 for TOC accounts for an average of one negative charge
for every three carbon atoms in typical 101-SY organic compounds such as
Na,HEDTA. The factor of 1/6 for TIC accounts for two negative charges per
carbon atom in carbonate. The factor 2.1/17 accounts for the estimated
hydroxide contribution as discussed above.

The mass balance results in Table 6-1 are generally well within the range
acceptable for these kinds of analyses, though they are consistently high.
The jon balance results are, conversely, consistently low. This indicates
that one or more of the anion values may be consistently overstated by a small
amount. The ion balance is particularly sensitive to errors in TIC, because
the equivalent weight for carbon is only 6 g, compared to 62 g for NO; and
46 g for NO,. For example, changing the TIC for sludge weight sample l1A from
2.43% to 1.5?% (which is the average of the other crust samples) would lower
the mass balance from 103.5 to 98.2 and would raise the ion balance from 0.83
to 0.96, which is much more reasonable.

6.1 DIRECT SAMPLE ANALYSES

Weight percent water was determined by oven drying at 120°C (see "Percent
Water" in Appendix D) and/or by TGA as discussed in Section 5.0. In one case,
it was also determined by Karl Fischer titration. Agreement among the methods
was very good in most cases (Table 6-1.) One exception was Auger 11A, where
the TGA value is six weight percent higher than the gravimetric (oven drying)
method. The mass balance calculation at the bottom of Table 6-1 uses the
gravimetric value for percent water, unless there is only a TGA value. Thus,
the mass balance for sample Auger 1lA could be higher than that shown in the
table if the TGA percent water is correct. The mass balance of 100.1 implies
that the gravimetric value is more likely correct for this particular sample.

The pH values shown in the table are lower than one would expect for a
sample as high in caustic as these are thaught to be. However, Appendix O
points out the uncertainty in the pH values near either end of the pH scale,
especially for very high ionic strength, high sodium samples.
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Table 7-9. Weight Percent Total Organic Carbon (Hestinghoﬁse Hanford
values} in Segment Samples.

Sample Duplicate Liquid Solid | Weighted

Segment phase combined

Trial 1 [ Trial 2] Trial 1 | Trial 2 | average phase average

) 1.08 1.06 1.18 1.20 1.13 1.74 1.20

5 1.22 1.24 1.20 - 1.22 1.59 1.27

6 1.12 1.17 -- - 1.14 1.63 1.22

7 0.73 - 1.15 1.18 0.94 1.88] 1.06

B 1.03 1.06 1.15 e 1.09 1.60 1.22

9 1.29 1.26 1.13 - 1.20 1.93 1.13

10 1,05 -- 1.17 1.22 1.12 1.87 1.26

11 1.09 -- 1.27 -- 1.18 1.94 1.31

13 1.16 -- 1.11 1.13 1.14 1.80 1.26

14t 0.81 0.82 -- -- 0.82 1.90 1.36

Convective layer averages: 1.10 1.79 1.25

Sample- Duplicate
Segment Bulk sample average
Trial 1 {Trial 2§ Trial 1 | Trial 2

14b 1.67 1.69 1.72 -- 1.70
15 1.91 -- 2.01 1.88 1.93
16 1.92 -~ -- - 1.92
16R 1.97 1.94 1.87 1.91 1.92
17 2.04 - 2.00 - 2.02
18 2.11 - 2.09 1.94 2.06
19 1.92 1.76 1.91 -- 1.88
20 1.96 - 2.08 -- 2.02
21 2.01 1.93 1.88 1.83 1.91
22 1.89 - 1.92 - 1.91
20A 1.88 1.80 1.85 - 1.85
21A 1.88 -- 1.85 -- 1.87
22A 1.91 1.90 1.83 - 1.87
Nonconvective layer average: 1.91

E22
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Figure 7-3. Distribution of Total Organic Carbon.
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8.0 CHEMICAL AND RADIOCHEMICAL ANALYSES
OF CORE COMPOSITE SAMPLES

Composite samples were made by blending together pertions of individual
facies samples in the same propertion, by weight, as the facies were found in
the core sampie. A full complement of chemical and radionuclide analyses was
performed on each of the composite samples.

Five composite samples were prepared from the one full, 22-segment core
sample taken in Window C. The facles that were used to prepare each composite
are shown in Table 3-5. Briefly, they are: composite 1, segments 4 - B;
composite 2, segments 9 - 14 Top; composite 3, segments 14 Bottom - 18;
composite 4, segments 19 - 22; and composite 5, solid fraction of segment 2.
Thus, composites | and 2 represent the convective layer, while 3 and 4

"represent the nonconvective layer, and composite 5 represents the crust.

Composite samples 1 - 4 were prepared for analysis in the same way as the
convective layer segment samples, by heating the samples to 60 °C and
centrifuging. Appendix E shows logic diagrams for the sample breakdown
procedures used. In addition, bulk samples froem composites 3 and 4 were
analyzed to provide direct comparison to the individual segment analyses. For
the nonconvective layer segments, the decision was made not to analyze the
centrifuged solid phase. Because there were about B80% centrifuged solids at
60 °C, there was essentially no difference in composition between the
centrifuged solids and the bulk sample (see Table 3-6).

Tables B-1a and 8-1b show a summary of the liquid phase analytical
resuits (chemical and radionuclide, respectively) for the composite samples.
The results for the centrifuged solids and bulk samples are shown in
Tables 8-2a and 8-2b. These tables give the averages of replicate analyses of
duplicate samples. In some cases, additional samples were prepared and
analyzed due to discrepancies in the initial results. Results of all the
individual analytical determinations are in Appendix B. Mass balance and ion
balance in Tables 8-1a and B-Za were caiculated in the same way as described
in Section 6.0. .

Some of the analyses performed on individual segment samples were not
repeated on the composite samples. They include thermal analysis (DCS/TGA),
weight percent water, and TOC. However, several species were analyzed in
both segment and composite samples, including nitrate, nitrite, 13 Cs, and
five ICP metals. These analytes provide a comparison between the composite
samples and the average of the segments used to form each composite. Some of
these comparisons are shown in Table 8-3., The last column in this table is
the standard deviation determined from the segment analyses, and is taken from
Tables 10-5 and 10-6. '

Overall, the agreement between segments and composites is reasonably
good, but there are some exceptions. The concentration of nitrate in the
1iquid phasé was much higher for the composite samples than the corresponding
segment samples. The amount of nitrate in the centrifuged solids was too
variable to assign an average value for composites 1 and 2. For example,
values reported for composite 1 centrifuged solids were: 26.3, 26.9, 7.8,
33,7, 8.3, 7.2, 15.2, and 14.6% NO;" by weight (as shown in Appendix B). Some

E.24
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Table 8-1a. Chemical Analysis of Composite Sample Liquid Phase
(Weight Percent Except Cyanide).

. Composite number

Analysis N > 3 p
N0 16.1 15.0° 11.9 12.2
NO, 13.7 13.0° 9.9 8.7
cr 0.89 1.02° 0.92 0.70
Fr - -- 0.07 0.04
PO} 0.53 0.56° 0.91 0.91"
S0 0.13 0.05° 0.08 0.28
TIC 0.26 0.66° 1.60° 1.60
T0C 0.94 0.94" 1.14 0.94
NHy /NH; 0.0} 0.01 0.02 --
OH” 2.82 2.82° 3.08 1.98
CN" (ppm) 90 91 90 394
Na 19.3 17.7 21.1 17.9
Al 3.07 2.75 3.38 2.96
Cr 0.Q06 0.005 0.013 0.022
Fe -- 0.003 0.006 --
Ca 0.046 0.058 0.052 0.119
K 0.361 0.312 0.380 0.338
Mo 0.011 0.009 0.012 0.009
Ni 0.004 0.003 0.010 0.006
n 0.009 0.005 0.009 0.022
H,0 (b) : 36.53 35.73 36.13 36.13
Mass Bal 101.4 96.4 103.5 96.6
Ton Bal 0.89 0.85 0.87 0.82

*¥alue not determined: assumed to be same as compasite from same layer
(in order to calculate mass and charge balance).
alue not determined; assumed average of segment samples for convective
layer {assumed nonconvective 1iquid equal to convective layer liquid
average). :
One or more duplicate sample results discarded.
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Table 8-2a. Chemical Analysis of Composite Bulk Samples and
Centrifuged Solids (Weight Percent Except Cyanide).

Centrifuged solids Bulk samples

Analysis 1 2 3 ¥4 15
NOj 8.7 a.7° 10.5 10.4 12.8
NO, 11.1 13.9 10.5 8.3 8.5
cl 0.73 0.68 0.76 0.93 0.65"
F 0.03 -- -- -- 0.17*
PO, 0.50 0.44 0.81 0.90 1.08°
507" 0.20 0.24 0.67 0.71 0.89°
TIC 1.02 1.18 0.99 1.15 1.38
ToC (b) 1.70 1.89 1.97 1.93 1.96
NH, /NH, 0.19° 0.26° 0.31 0.37 <0.09
OH” 2.12° 1.58 2.52 2.42 1.69
CK™ (ppm) 152¢ 117 389 409 469
Na 22.0 22.5 20.3 22.13 20.1
Al 2.52 2.71 3.57 3.7 1.86
cr 0.20 0.22 0.58 0.71" 0.76
Fe 0.015 0.029 0.054 0.061 0.116
Ca 0.128 0.127 0.066 0.044° 0.054
K 0.267 0.508 0.310 0.301 0.241
Mo -- -- 0.009 0.009 --
Ni 0.011 - 0.0319 0.026° 0.027
In 0.005 — 0.007 0.007 0.005
H,0 (a) 35.03 35.03 34.04 32.52 33,65
Mass Ba) 97.0 101.7 100.2 99.5 101.9
[on Bal 1.13 1.07 0.93 1.04 0.89

*Wt. %X H,0 for Composites 1 and 2 taken from segment data in Table 7-7b;
for Compos1tes 3 and 4 taken from segment averages (see Appendix B);
Composite 5 determined directly.

5T0C values for Composites 1 and 5 determined directly; other values
taken from segment averages {Table 7-9).

Average of values from corresponding segments.

‘Bulk sample, not centrifuged solids.

*One or more duplicate sample results discarded.
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Table B-3. Comparison of Composite Sample Amalytical Results with Averages
of Corresponding Segment Sampl; Results. Values are in weight percent

except for , which is in uCi/g.
Analysis Phase Composite Composite Segment a®
# sample average
1 16.1 12.3 0.65
Liquid 2 5.0 10.1 '
! : 8.7 0.67
NO}. Solid ? [ 8.7 . :
3 10.5 10.4 0.67
Bulk 4 10.4 10.0 '
1 13.7 12.8 112
Liquid 2 13.0 11.2 '
1 11.1 10.5 0.74
- d .
NO, solt 2 13.9 9.6
3 10.5 9.2 0.7
Bulk .
! 4 8.3 9.1
i 19.3 20.3
Liquid 1.24
2 11.7 19.9
Na 1 22.0 20.9
Solid - 0.93
2 22.5 20.6
k] 20.3 20.8
Bulk 0.93
4 22.3 21.7
1 403 469 118
Liquid
q 2 427 458
1 328 382 "
Solid
Biese 2 329 407
] 3 360 370 a4
k
Bu 4 319 364
'DupTicate sampie resuits varied too much to assign an average value.

®Aanalytical standard deviation for segment samples, from Tables 10-5
and 10-6.

“Average of water digest, acid digest, and fusion values.
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Outline

Nitrous oxide solubility measurements

Physical properties of synthetic vs. actual waste; effect of
heating and dilution

Nitrous oxide/hydrogen product ratios as a function of
hydroxide 1on concentrations

Sub-critical oxidation of organic compounds in synthetic
wastes




















































































































































































Conclusions

ISSUE 1 - Simulation quality:
* Very good simulation of the radiation; not so good for the

chemistry.

ISSUE 2 - Radiolytic yields from slurries:

* Hy yields in the slurry significantly lower than from
homogeneous at RT (because of lower H;O content and
higher NOy).

* Yield significantly increase with temp. (probably because
increased solubility). |

* Little changes in N20 yields and in observations from

homogeneous.

ISSUE 3 - Preirrad., Thermal Generation, Retention etc.
* Particles retain Hyz and N2O very strongly.
* Slurry particles catalyze Hy production.
* Preirrad. increases rate of H2 and NoO production. For H»
EDTA > HEDTA > Citrate. For N2O HEDTA>EDTA>Citrate.

* Ratio of H2/N20 will depend on preirrad. dose.

FUTURE:

* See plan.
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HOCH,COO" + Final word solution —--vev- > HCOO + C04~ + CO, (CO5™)

Glycolate Formate Oxalate Carbonate
-00CCH, _CH,COO"
\NCHZCHZN + Final word solution -------> HCOO- + C,04= +
4 h CO; (CO3™)
'OOCCHZ CH2CH20H 2 3
HEDTA

Final word solution

NaOH - 2.0M
NaAlO, - 1.54 M

NaNO; - 2.59 M
NaNO, - 2.24 M
Na;CO; - 0.42 M
Organics - 0,21 M

H.3
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Table 3 Organic Components

iminodiacetic acid®

symmetrical ethylenediaminediacetic acid®

glycine

sarcosine®

N-methyliminodiacetic acig®

nitrilotriacetic acid®

unsymmetrical ethylenediaminediacetic acid®

glycolate

HEDTA

4 TDA * experiment still in progress
® S-EDDA

® N-methylglycine

“ NMIDA

' NTA

® y-EDDA

® Experiment run for 357.5 hours

® Experiment run for 403 hours

HAS
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PROPOSED MECHANISM OF THERMAL
DEGRADATION OF GLYCOLATE

1) AI(OH), + NO, = Al(OH),-O-N=0" + OH-

2) AI(OH),-O-N=0 + HO-CH,-CO, =2 AKOH), + O=N-O-CH,-CO,
3) 0=N-0-CH,-CO, = NO' + O=CH, + CO,

4) O=N-0-CH,-CO, + OH- - NO" + H-(C0)-CO, + H,0
§) 2NO = N,0,?

6) N.O,? + H,0 = HN,O, + OH

7) HN,O0, — N,O + OH’

8) N,O + Al(OH),-O-N=0O" - N, + AI(OH),-O-NO,

9) N,O + NO,; — N, + NO;

10) CH,=0 + OH = HO-CH,-O

{1) HO-CH,-O' + OH' & O-CH,-O" + H,0

12) O-CH,-O' + H,0 - H, + H-COO" + OH-

13) H-(CO)-CO, + OH" 2 0O-CH(OH)-CO, # (0),-CH-CO,

14) (0),-CH-CO, + H,0 - H, + 0,C-CO, + OH'



t-Bu-0NO

+

HO-CHZ2-COOCHI—/——===

t-Bu-0OH + NNO-CHZ-COOCH3

Figure 17

ONO-CHZ-COOCH

N20+H

2

+ CO, + HCOO™  + fo's oXe00)

Figure 18

H.27




Decomposition of C-13 Labeled HEDTA
To determine thermal fragmentation products.

Synthesis of labeled compounds:

Alkylation of labeled H,NCH,CH,NH'*CH,'3*CH,OH (from 1,2-
diaminoethane and labeled ethylene oxide) with BrCH,CO,H.

Alkylation of H,NCH,CH,NHCH,CH,0OH with Br'*CH,'*CO,H.
Experiment:

Heat simulated waste mixtures prepared with labeled HEDTA’s and
monitor '*C NMR spectra. Intensities measured relative to external
benzene-d;.

0 rvations:

Labeled formate and CO, (as carbonate) and oxalate were
detectable from both labeled forms after a few days.

Labeled giycine was detectable after 34.5 days from the
hydroxyethyl labeled form; its concentration continued to increase.

At 60.5 days unlabeled glycine was also detectable. The ratio
of unlabeled glycine to labeled glycine was estimated to be
6:1 at this time.

One quarter to one half of the HEDTA remained after 60.5
days (estimated from ion chromatography and NMR,
respectively)

A doublet consistent with the presence of labeled IDA was after
about six days in the carboxymethyl labeled form.



Thermal Decomposition Products from
C-13 Labeled HEDTA

¥ M
~0,C —*\ ya CO2  Formate, Carbon Dioxide
N /\/N Oxalate
Yot O, IDA

"02C— Yo CO2"  Formate, Carbon Dioxide
‘N /\/ N Oxalate
SE “—-CO,~ Glycine

*denotes C-13 enrichment; NMR detection of products

Formate - HCOO-

Carbon Dioxide - CO2

Oxalate - C2042-

IDA - HN{CH2COOH)2

Glycine - H2NCH2COOH
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CARBON-13 CHEMICAL SHIFTS {ppm) IN FINAL WORD SOLUTION WITH C,D, AS AN EXTERNAL STANDARD

EDTA _" £1.95 £9.13 59.2¢6 180.81
HEDTA £51.47 52.09 £6.75 58.45 £9.11 5939 180.71 180.9%
"ED3A 45,71 52.5(0 £4.99 59.92 180.62 180.99%
NTA 59.16 £$9137 §9.59 180.48
IDA £2.19 180,61
‘s-EDDA 47.63 52.43 180.62
u-EDDA " 371.81 58.20 §9.74 £9.77 £9.92 180.50 180.60
"N-ME 4231 45.63 51.57 5626 56.11 61.89 179.86 180,56
s-EDDA
“N-ME 42.60 §52.65 54,43 £9.88% 62.15 180.53 180.80
ED3A
HIDA £7.43 §7.49 57.54 £7.61 £8.34 £9 .89 180,64
"DMG 44.66 44.13 63.31 179.48 _
‘GLY 45.05 182.68
GLY. ACID 61.86 183.07
"N-ME 34.83 5429 180.65
GLY
“N-NE 42 .86 61.79 18022}
IDA
ED 431.49
N-ME 34,90 39.91 53.03
ED
HED 4028 £0.79 50.96 6023

i "EDMA 40.06 50.73 5210 180.56

l ‘N-ME 34.99 40.18 44 14 5£3.03 178,50

*Chemical shifts for these com pounds are measured with respect (o sodium carbonate of the fnal word solution; chemical shilt of sod
carbonate in final word solubon is oblained with C,D, as an enernal standard

Table 1
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EDTA - Ethylenediaminetetraacetic acid

HEDTA - N-(hydroxyethyl)ethvienediamine-N.N'-tnacetic acid
ED3A - Ethyvienediaminetriacetic acid

NTA - Nitnlotriacetic acid

IDA - Iminodiacetic acid

s-EDDA - Ethylenediamine-N.N'-diacetic acid

u-EDDA - Ethylenediamine-N.N-diacetic acid

N-ME s-EDDA - N-(methyl)ethvlenediamine-N .N'-diacetic acid
N-ME ED3A - N-(methyl)ethyienediaminetriacetic acid

HIDA - N-{(hydroxyethyi)iminodiacetic acid

DMG - N,N-(dimethyl)glycine

GLY - Glycine

GLY ACID - Glycohic acid

N-ME GLY - N-(methyl)glycine

N-ME IDA - N-{methvihiminodiacetic acid

ED - Ethvlenediamine

N-ME ED - N-(methvl)ethvienediamine

HED - N-{hvdroxvethvi)ethvlenediamine

EDMA - Ethvienediamine-N-monoacetic acid

N-ME u-EDDA - N-(methyl)ethylenediamine-N,N-diacetic acid

H.37



Thermal Decomposition of ED3A-ED3A Lactam

Objective:

To examine products derived from thermal decomposition of ED3A and its
rate of decomposition relative to HEDTA.

Experiment:
Simulated tank mixture including ED3A-lactam heated at 120 °C.,

Observations:

After 18 days the evolution of hydrogen appeared to have ceased.
NMR (C-13) indicated that no ED3A-lactam (or ED3A) remained.
Formate, glycine and oxalate were identified as products.

From IC analysis 0.33 equiv. of formate and 0.2 equiv. of oxalate were
present in the solution.

H.38



Decomposition of C-13 Labeled Glycolate
HO"CH,"*CO,

Objective:
To determine products derived from glycolate in situ.

Experiment:

Heat simulated waste mixture prepared with labeled acid and monitor

C NMR spectrum. Intensities measured relative to external benzene-
dﬁ-

Observations:

Evidence for complexation of glycolate by aluminum; necessity of
aluminum for decomposition not yet determined.

Formate, oxalate and carbonate are observed as products.

Disappearance of glycolate is first order.

H.39
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Origin of Nitrous Oxide and Ammonia In Thermal
Decompositions of HEDTA and Derived Organics

Experiment;

Simulated tank mixtures prepared with 1) 99% labeled '®*NO," and
'"*NO, 2) 99% '®NO,, and 3} 99% '°NO, heated at 120°

Experiment 1) was performed under air and under helium; 2) and 3}
under helium only

Headspace gases analyzed by mass spectroscopy

Dissolved gases passed through (CH,},CHC{O]CI to trap NH, as the
imide

Conclusions:

Fully labeled N, and N,O constitute the majority of the nitrogen
containing products that are detectable by mass spectrometry in all
reactions involving '°NO,.

No label is incorporated in N, or N,O when only '°NO, is used.

Peaks at m/e 45 and 29 are present in the mass spectra of gases
under all conditions; these are consistent with '®N'*NO or "*N'*NO,
and "“N'®N. However, the relative intensities of the m/e 45 and 29
peaks and their intensities retative to the peaks from the fully
labeled gases are not the same under all conditions which raises
doubts as to their assignment.

No '®N incorporation into the imide was detectable under air. No
imide was detected from the experiment done under helium,

H.42
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FORMALDEHYDE

- STOICHIOMETRY OF THE REACTION.
The ratio H;:HCQO- is approximately 1:1 for the hydrogen-producing reaction.
This indicates that the hydrogen molecule does not originate from formaldehyde
only (for the ratio should be 0.5:1), but that water provides af least half of the
hydrogen atoms necessary to produce H,.

- ORDER IN FORMALDEHYDE AT DIFFERENT TEMPERATURES.
The order in formaldehyde is approximately 1 at r.t. and 90°C, indicating that
one formaldehyde molecule is involved in the rate-determining step.

- RATE OF HYDROGEN EVOLUTION (CH;0 vs. CD,0).

An important isotopic effect (> d4) was observed, clearly Indicating {hat the
hydrogen-carbon bond is involved in the determining step of the reaction.

- YIELD OF HYDROGEN AT DIFFERENT CONCENTRATIONS OF CH;O.
The hydrogen yield increases as the formaldehyde concentration decreases,
both at r.t. and 60°C, indicating that the hydrogen-producing reaction is
unimolecular respect to formaldehyde, and competes favorably at low {CH,0]

with the Cannizzaro (bimolecular) mechanism.

- EFFECT OF BASE CONCENTRATION ON THE HYDROGEN YIELD.
As the concentration of base increases, the hydrogen yield increases. This
is due to the fact tbat when [OH"] increases, the concentration of free aldehyde ~
(which is necessary for the Cannizzaro reaction) decreases, thus allowing the
hydrogen-producing reaction to predominate.

- REACTION IN THE PRESENCE OF p-HYDROQUINONE.,
The rate of hydrogen evolution decreases in the presence of p-hydroquinone,
indicating the presence of radical intermediates.

- EFFECT OF CUPRIC ION.
Trace amounts of cupric ion accelerate the hydrogen evolution, indicating that
an electron transfer step could be involved.

- REACTION IN THE PRESENCE OF HYDROGEN PEROXIDE.,
In the presence of hydrogen peroxide, the hydrogen evolution is much faster, and
the hydrogen yield is 100% based on the amount of hydrogen peroxide added.
Several mechanisms have been proposed in the literature in order to explain
these results.

H.47



- HYDROGEN YIELDS FROM ALDEHYDES IN THE PRESENCE OF BASE.
All investigated aldehydes without alfa hydrogens produced a significant
amount of hydrogen in the presence of base, while propanaldehyde (which has
two alfa hydrogens) produced only trace amounts of hydrogen.

- PROPOSED MECHANISM.
Polar or electron transfer mechanisms could be involved. The second one could
be either an initial electron transfer from the Cannizzaro intermediate to water
followed by a hydrogen atom abstraction, or a chain reaction initiated by smail
amounts of bydrogen atoms produced by the thermally induced decomposition of
formaldehyde.

- DEUTERIUM TRACER EXPERIMENTS.
Though initially the deuterium labelling seemed to be an easy way to determine
the mechanism of this reaction, its usefulness was seriously compromised because
of an exchange reaction between hydrogen an deuterium oxide. At 90°C D, was

the major gas observed when the reaction was carried out in the presence of
D,0/0D-. Though H, was intitially the most importiant gas observed at r.t., this
result could not be reproduced, and HD and D, where observed as the major

products in later experiments. All these results can be explained taking into
account the Hy/D;0 exchange, wbich produces H1) and D,.

H.48



REACTION OF FORMALDEHYDE IN THE PRESENCE OF BASE

0 o o o
UCH + OH- —= HCH HCH
OH 0-

0 uCo- + CH;OH
HC

0"

HCH

-
H,0

0
H
HCO- + H, + OH-

H.49



STOICHIOMETRY OF THE REACTION

[CH,0];, [NaOH] %H, %2HCOO" %CH,0H
4.10* 19 102.4 97.0
2.107 17 41.1 71.3 27.0

7%2HCOO" - %CI11,01 = 71.3 - 27.0 = 44.3=41.1 = %H,

H.50



Table. Order in Formaidehyde at Different Temperatures
P e

S ——

[NaOH],M [Cﬂ,O] |M T,.C order*

18 002w 1 28 + 1 1.09

7 0.0210 0.1 9 + 1 0.91
T

* Calculated by measuring the initial rates of H, evolution at different (CH,O], and then taking
the slope from the plot In (initiai rate) vs. In((CH,0)]. .

H.31



% hydrogen

RATE OF HYDROGEN EVOLUTION: CH(2)O vs.
CD(2)O ([NaOH}=15 M, [formaid]=0.05 M)
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Yield of Hydrogen at Different Concentrations of Formaldehyde.

[CH,0] 2.10° 2.107 2.10° 4.10* 4.10°
%H,* 1.4 8.2 34.5 61.1 103.8
« H,* 6.5 30.8 157 102.4 99.0

T = 60°C, [NaOH] = 11 M.
*T = r.t., [NaOH] = 19 M,

Effect of Base Concentration on the Hydrogen Yield.

T, °C [CH,0], M [NaOH], M %H,
60 0.2 | 0.1
60 0.2 15 ! 14.2

H.53




hydiogen evaived, ml

REACTION OF FORMALDEHYDE WITH BASE
IN THE PRESENCE OF p-HYDROQUINONE

50— -
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40+ - = _ -
351 | a a A A
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[ |
g A
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gas (mi)

REACTION OF FORMALDEHYDE WITH BASE.
EFFECT OF CUPRIC JON ON GAS EVOLUTION.

35+
304
25+

20+

5 10 15 20 25 30 35

Tt (min)

O Nomal

*mbﬂl

CuCl, + 2 CH,0 + 4NaOH - Cu’ + H, + 2 HCOONa + 2H.O + 2 NaCl
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REACTION IN THE PRESENCE OF IYDROGEN PEROXIDE

2 CH,0 ~ H,O, - 2NaOH - 2 HCOONa + 2H,0 + H,

WNaOHY] | (CH,Ol (H,0,] ®HCOO %CH,OH | %H."

2 0.20 0.11 96 0 99.5

2 0.20 0.02 21* traces® 21.4*

"Yiedd basedd on formpldehys,
‘Resudis after 30 mummtson of reaction,

o- o
Hzé + HO, - H,c.l - OH + OH"
on on
0" o
l I
OH- + HC -~ HC +OH"
on  om
0"
2 H,c.l - HOCH,00CH,OH - 2 HCOOH + H,
o

Wirtz, K; Bonhoefler, K. F.; Z. Physik Chem., 328, 108-112 (1936).
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Hydrogen yields from aldehydes
in the presence of base.*

aldehyde I %H, ll

benzaldehyde 16.9
glyoxalate 29.0
pivalaldehyde 30.1
formaildehyde 41.1
propanaldehyde | 1.6

*T = $4°C, [NaOH] = 17 M, (RCHO] = 0.017 M

in all caves,

PhCHO CHO-COONa  (CH,),CCHO CH,CH,CHO

benzaldehyde glyoxalate pivalaldehyde propanaldehyde

H.57



DEUTERIUM TRACER EXPERIMENTS

o oD H,
HCH + D,0 DH
o D,
90°C: D,> > HD,H,
rt (H,> > HD,D,)

HD,D,> >H,

H.58



PROPOSED MECIIANISM FOR HYDROGEN GENERATION FROM
FORMALDEHYDE IN THE PRESENCE OF BASE

0- oI~ 0-

1 I ]
HCH + OHF === IICH HCH
ol o-
Polar
O:J 0
HCH + HOH nCo- + H, + OH-
ary 2

0-

Electron Transfer

A-
> i 7
H(%II + HOII—"H‘ I II- Ol — HCO- + H; + OH-
0 O
B-

HCIIO — H- + -CHO

ClHO — H- + CO

0O- P-
i
o + HCHI — 1L + -CII
\ ]
o 0
?-
CH + B0 ——= HCOO" + OH- + H-
0-



SUMMARY

0 o om o

HCH + OIF == IiCH HCH
I

oH O

0
!
nco- + CH0H

n
HCH
0-

II(:ZII
O-
{
0]
HCO- + Hy + Ol

MECHANISM: Polar

Free Radical
STUDIES: Isotopic Labeling

Concentration of hase
Concentration of formaldehyde
Kinetics

Stoichiometry

Radical Traps

Effect of Transition Metal Ions
Effect of Hydrogen Peroxide
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MODEL SYSTEMS

- MODEL SYSTEMS.
The model systems are simplified versions of EDTA and HEDTA. These systems
are much simpler than EDTA and HEDTA and should allow one to determine
the reactions of the -CH,CH,OH and -CH;COOH groups without being affected

by the others groups found in EDTA and HEDTA which complicate the
mechanistic interpretation of the results,

N,N-DIETHYLETHANOLAMINE IN FINAL WORD SOLUTION.

- GAS EVOLUTION MEASUREMENTS.
Gas absorption is ohserved until approximately 400 hs. After that period, the gas
evolution starts.

- OXYGEN ABSORPTION.
Oxygen is absorbed by the solution and only 20% of the original amount of
oxygen present is left alter 300 hs. Though the oxygen evolution could not be
followed after tbat time, an extrapolation predicts that all the oxygen should
be consumed at approximately 400 hs.

- HYDROGEN, NITROUS OXIDE, AND METHANE PRODUCTION.
Hydrogen, nitrous oxide, and methane are observed as gaseous products. Though
hydrogen is initially produced at a faster rate than nitrous oxide, its production
slows down at approximately 300 hs. while nitrous oxide doesn't diminish its
production rate even after 1000 hs,

- FORMATE AND ACETATE PRODUCTION.

Formate and acetate are the most important products observed by 1H-NMR. A
small amount of formate is observed since the beginning of the reaction due to
impurities present in the final word solution (presumably due to carbonate).

N,N-DIMETHYLGLYCINE,

- HYDROGEN EVOLUTION,
Hydrogen is the most important gas observed in this reaction. Nitrous oxide and
methane are produced only in trace amounts (< 0.1%).

- PRODUCT YIELDS AT 956 hrs.
The quantities of starting material and oxygen consumed, and hydrogen and

H.61



(R = alkyl)

H.62

MODEL SYSTEMS
-OOCCH, _CILCOOr 00CCH, _CILCOO-
LY
NCH,CH,N " NCH;CH,N
-~ ~
-00CCH, CII,CO0" -00CCH, CH,CH,0H
EDTA HEDTA
R\ 9 R\
NCH,CO- NCH,CH,OH
R’ R
R\
NCH,CH,NCH,CH,0H
/
R
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gas evolved, mi

N,N-DIETHYLETHANOLAMINE IN FINAL WORD SOLUTION

Gas Evolulion Measurements

20 —
O

18-

16

]
O
141
12+
I

1

] I

(CH3CH;);NCH,CH,OH
8-—1
I
6 : O = 1
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Gas Evolved (%)

16

N,N-DIETHYLETHANOL AMINE IN FINAL WORD SOLUTION
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Product (%)

N,N-DIETHYLETHANOLAMINE IN FINAL WORD SOLUTION
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NQ

N CH,CH, OR —_—— N CH, CHOH
e T2 / L&y
CH, CH, Chy CH,
o )
]
QHaf‘—ﬂ ?9 Chy~CH >y cncp on -
\N <H CH OH —e 2 HAD + NO
2 2
CHy —CH = B0 L chcwo c
3 =N cn, cH,0H on- hy ! + QHCH, NHCH,CH OH
C.H3"-CH1
Col —~
CH Q0
(:,H_Scno — 3
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Hydrogen Evolved (%)

N,N-DIMETHYLGLYCINE IN FINAL WORD SOLUTION
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N,N-DIMETHYLGLYCINE IN FINAL WORD SOLUTION

Compound  (CH3)pNCHC00- HCOO- Hj 0O, (absorbed)

% (956 hs) 86.6 16.3 14.0 17.1
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RELATIVE INTENSITIES N,:Ar IN DIFFERENT SAMPLES.

SAMPLE N,:Ar in sample N;:Ar in background
N,O:tH,=1:1 16:1 67:1
N,O:H,=1:5 18:1 67:1
N,O:H,=1:10 18:1 67:1
HEDTA/air 42:1 67:1
DIMETHYLGLYCINE/air 8:1 63:1
GLYCOLATE/air 12:1 67:1

Mass spectral analyses of N;O and H; mixtures

N,0:H, Relative intensities Response factor
N,OtH,
1:1 21.8:1 21.8
1:5 4.00:1 20.0
1:10 2.10:1 21.0
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Search for Complex Formation between AlI(III) and NO,

An attempt was made to find direct evidence for a complex between AI(IIl) and

nitrite ion, utilizing UV spectrophotometry in the region in which NO, absorbs.

Nitrite has an absorption maximum at 354 nm, and concentration conditions were
chosen for measurements at this maximum.

In sample solution, the concentration of nitrite was kept constant(0.03M) and the

concentration of aluminate changed from 0; 0.03; 0.1; 0.5 to 0.96M.

The spectra of the five solutions were identical within experimental error for wave-
length between 320 and 400 nm. there were slightly differences in the region 255 -
320 nm, where absorption by blank solution is significant.

Thus, no direct evidence for complex formation was found in these experiments.

H.7



IC Analysis of Solid from Thermal Reactions

Analysis of the inscluble solid formed in a thermal reaction was done
as part of the measurements to obtain mass batance in the reaction, The
amounts of substances in the solid make only a small contribution to the
overall mass balance, but the composition of the solid could be of importance
in determining the behavior of the system.

When glycolate is the organic component in the thermal reaction, the
insolubie solid generally contains a high percentage of oxalate. The unusual
behavior in the Gly-300 run (with short reaction time) might be accounted
for if the concentration of oxalate in solution had not yet become great
enough to form solid.

Formulas are given for two compounds, reported in the Titerature as
formed in basic sojutions containing A1{III} and C2042_. Qur conditions are
much more concentrated in NaOH and in A1{II1I) than the literature conditions,
however. Analyses for Al and Na, and use of powder diffraction should heip

characterize these solids.

When other compounds are the organic components, the percentage of
oxalate in the solid is zero or very low. Oxalate was found in the liquid

phase of some of these runs, but the amount was always Tow.
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IC Analysis of Solid from Thermal Reactions

Kinetic Run Weight Oxalate Nitrate
(grams) (%) (%)

B - 26 Gly/Air 726.5 hours | 0.496 54 trace
B - 11 Gly/He/Cr 1540 hours | 2.6 34 5

B - 4 Gly/Aur/Cr 1434 hours 0.54 1 2

A - 126 Gly/Air 1060 hours | 0.88 52 4

Gly - 300 Gly/Air 310 hours 0.051 0 14
Gly - 400 Gly/Air 406 hours { 0.083 39 4

Gly - 500 Gly/Air 514 hours | 0.081 42 6

Gly - 600 Gly/Air 672 hours 0.17 42 5

Gly - 800 Gly/Air 981 hours | 0.36 27 8

Gly - 900 Gly/Air 1250 hours | 0.43 30 4

Gly -1000 Gly/Air 1474 hours | 0.50 30 6

Two known aluminum oxalate compounds are shown as following:

Al(OH),(C,0,) 3H,0

NaAl(OH),(C,0,) 3H,0

C,0.7:25.7%

C,0.> : 38.9%
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IC analysis of Solid from Thermal Reactions

Kinetic Run Weight Oxalate Nitrate
(grams) (%) (%)
A - 50 HEDTA/Air 1770 hours 0.86 2 26
A - 55 HEDTA/He 540 hours 0.24 0 10
B - 19 U-EDDA/AIr 403 hours 0.104 0 8
B - 33 U-EDDA/AIr 203 hours 0.446 0 5
B - 60 IDA/He 281 hours 0.171 0 8
B - 95 DMG/Air 304 hours 0.102 0 10
B - 73 NTA/Air 357.5 hours 0.091 0 9
B - 77 Sarcosine/Air 908 hours 0.935 0 14
B - 69 IDA/AIr 1139 hours 0.33 1 10
B - 85 MIDA/AIr 1060 hours 1.24 1.2 7
H - | HEDTA/Air 200 hours 0.11 0 11
H - 3 HEDTA/AIr 300 hours 0.05 0 13
H - 4 HEDTA/Air 400 hours 0.10 0 9
H - 5 HEDTA/Air 500 hours 0.15 0 8

H.74




Quantitative analyses for EDTA and HEDTA have been accompliished with
the use of Dionex ASS5 and AS10 columns. Before analysis a CUCI2 or NiC]z
solution was added to the EDTA or HEDTA solution, with the metal cation and
epTAt (or HEDTA3_) in a 1.2:1 ratio, based on the initial starting material

concentration. The pH of the splution was adjusted to about 11.

Two chromatograms are shown.

H.73



A-55 HEDTA/He (AS10 column)

Cr

(HEDTANi)'

B-45 EDTA/Air (ASS5 column)

cl’

8.5%

o (EDTACu}®
=

0
«

NO;

11.39

10.93

@»
g ]
Lt}

NoO;

S
B
{

H.76

NO,“

30 .36

















































































































































































































































































































































































































































































