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. 
SUMMARY 

Researchers studied the decomposition of abeous (K,Na) TPB slurries in 
concentrated salt solutions containing.potentia1 catalytic additives 
between 40 to 70 OC. The following statements summarize the results. 

I 

Comparison of several measure.s of NaTPB' decomposition indicates 
that the present simulant recipe does result in reaction similar 
to that observed previously in Tank 48H. Themeasures bclude , 

maxhum amounts 'and rates of production for several' decomposition 
species such as soluble boron and potassium, knzene, 
phenylbor'onic,acid and phenol. 

Using a simplified kinetic analysis, researchers calculate the 
activation energy obtained for decomposition of NaTPB in the 
slurries as' about. 43 f 20.kJ/mole in the temperature range of 40 
to 70 OC. This value' remains Lower than .that from ,copper only 
'rates and suggests another catalyst. 

Removing only solid monosodium titanate from the comprehensive 
recipe had no significant effects on NaTPB. decomposition relative 
fo that observed using the comprehensive recipe at.55 and 70 OC. 

Removing.both solid sludge additives, which contained about 80% of. , ~ 

the total noble metals Ru, Pd and Rh found in the comprehensive 
recipe, and solid monosodium titanate additives from the 
comprehensive recipe resulted in decreased NaTPB decomposition 
rates at 55 O C .  Magnitudes of decomposition products were also . 
decreased. The-NaTPB decomp.osition decreased 15% or less, 
compared to average soluble boron measurements at 55 OC from 
duplicate tests containing the comprehensive recipe. , , 

Similar comparisons from removing these mater,ials at 70 OC 
indicate a more significant decrease in NaTPB decomposition rates 
and decreased magnitudes of decomposition products. The decrease 
in NaTPB decomposition reached about 25% compared to soluble boron 
measurement8 at 70 OC from average*duplicate tests containing the 
comprehensive recipe. 

' \ ,  

. 

Duplicate slurries tested in the temperature range of 40 to 70 OC 
indicate variability of 2% to 25% and 3% to 17% in measurements of 
phenol and soluble boron, respectively. 
from relative standard deviations.calcu1ated from comparison of 
phenol and soluble boron concentrations at about 400, 1000 and 
1600 hr of testing. 

Measurable amounts of NaTPB solids existed in all slurries tested 
at 40 and 55 OC for 1600 hours indicating incomplete decomposition 
of the initial NaTPB solids. 
decomposition of NaTPB in certain tests at 70 "C. 

, 

This variability comes 

Similar analyses indicate complete 

Researchers detected insignificant amounts of potassium ion in 
filtrates of reacted slurries containing all potential catalytic 
additives at.40 OC for 1600 hours, indicating no detectable 
dissolution of the initial KTPB solids. 

. .  
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Analyses shoLed measurable amounts of potassium from f i l t ra tes  of 
reac ted  s l u r r i e s  c o n t a i n i n g - a l l  p o t e n t i a l  c a t a l y t i c  add i t ives  a t  
55 and 70 OC f o r  1600 hours, ind ica t ing  KTPB s o l i &  decomposition 
o r  d i s so lu t ion  of ,  about 1,920 mg/L and /4,656 mg/L' KTPB so l id s ,  
respect ively.  These l e v e l s  of KTPB s o l i d s  correspond t o  roughly 
5% and 103, respectively,  of t he  t a rge ted  s t a r t i n g  48,000 m g / ~  
KTPB s o l i d s  present  i n i t i a l l y .  

Prel$minary ca lcu la t ions  explain t h e  levels of so luble  potassium 
by t h e  temperature &pendent equilibrium of t h e  KTPB and NaTPB 
solids,  coupled with t h e  decomposition k ine t i c s  of so luble  TPB-, 
a t  t h e  higher temperatures of 55 and 70 "C. 

Recorrrmendatians 

A complete and thorough ana lys i s  of various k i n e t i c  parameters f o r  
t h e  data presented i n  Tab les  1 through 10 of t h i s  study should- 
occur. 

te t raphenylborate  and t h e  intermediates triphenylborane, 
diphenylborinic acid and phenylboronic acid. 

Researchers should perf  o m  rigorous calculations involving t h e  
temperature dependent equilibrium of KTPB and NaTPB solids coupled 
w i t h  t h e  decomposition k ine t i c s  of soluble  TPB' t o  show t h a t  the 
magnitudes of soluble  potassium analyzed f a l l  within the expected 
d i s so lu t ion  of s o l i d  KTPB. 

E f fo r t s  should analyze t h e  r e su l t i ng  composition data of 
' e ach  test i n  a comprehensive manner t o  obtain k i n e t i c  da t a  f o r  

. 

IN!FRODUCTION 

The In-Tank P rec ip i t a t ion  ( ITP)  process started radioact ive operat ion i n  
Tank 4 8 H  i n  August of 1995. 
(NaTPB) decomposition and benzene generation w e r e  encountered 
approximately -2-3 months after beginning ITP operations 
te t raphenylborate  exhibits known i n s t a b i l i t y  i n  t h e  presence of copper -3 
Recent work ind ica t e s  excess sodium tetraphenylborate i n  Tank 48H is  
suscept ib le  t o  decomposition, with t h e  r a t e - s t r o n g l y  influenced by 
temperature, 4 

Preliminary data reported i n  Ref. 1 ( spec i f i ca l ly  ' the  tests described i n  
JSeries 1 and 2 Sealed Stainless-Steel  Bot t le  T e s t s  on pages 51-59) 
i nd ica t e  t h a t  aqueous (K,Na)TPB s l u r r i e s  i n  concentrated s a l t  so lu t ions  
can p a r t i a l l y  decompose on t h e - s c a l e s  of severa l  hundred hours i n  the 
presence of simulated sludge containing noble metals, monosodium 
t i t a n a t e  (MST), various soluble  metals and organic additives a t  
temperatures of 70 'C .  
sealed s t a i n l e s s - s t e e l  bo t t l e s ,  w a s  evidenced by approximate complete 
loss of a l l  soluble  as w e l l  as insoluble  NaTPB present i n  the o r i g i n a l  
(K,Na)TPB s l u r r y .  The ca lcu la ted  losses  of both TPB' and s o l i d  NaTPB 
we,re based on comparison with t o t a l  measured soluble boron and benzene 
y ie lds .  The primany decomposition product was benzene. Other products 
analyzed i n  t h e  above tests included soluble  boron, phenylboronic a c i d  
(1PB) and t h e  relatively stable f i n a l  organic product phenol. 

High rates of sodiumtetraphenylborate  

Sodium 

Decomposition of t h e  s l u r r i e s ,  contained i n  air-  

/ 
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I 

This repor t  details t h e  decomposition of aqueous ( K , N a ) T P B  s l u r r i e s  i n  
concentrated s a l t  so lu t ions  using a more complete candidate catalyst 
recipe,  extended t e s t i n g  temperatures (40-70 "C) and test durat ions o f .  
-1500 hours (9 weeks). This study uses recent ly  developed High-pressure 
Liquid Chromatography (HPLC) methods for analysis of tetraphenylborate 
(TPB'), t r iphenylborane (3PB) and diphenylborinic acid (2PB). A i l  of 
t h e  present  t e sks  involve non-radioactive s3mulants and do not  include 
inves t iga t ions  of r ad io lys i s  e f f ec t s .  
include: . 

. 
The main object ives  of t h e  tests . 

es t ab l i sh ing  t h e  ex ten t  of TPB' decomposition'reactions a t  lower 
temperatures (i.e., a t .  40 and 55 OC) than previously tested, 

demonstf-ating t h a t  t h e  c a t a l y s t  recipe provides an a l l - inc lus ive  
o r  near-complete set of addi t ives  from which s t a t i s t i c a l l y  
designed NaTPB 'decomposition tests can follow, , I 

ver i fy ing  t h i s  simulant recipe r e s u l t s  i n  a reac t ion  t h a t  
approximates t h e  current  understanding of Tank 48H behavior i n  
December 1995,6 and 

inves t iga t ing  t h e  e f f e c t s  of both sludge so l id s -and  monosodium 
t i t a n a t e  (MST) s o l i d s  on tetraphenylborate decomposition - 

The following sec t ions  discuss  t h e  r e s u l t s  of t h i s  study. 
details t h e  overall '  test design and experimentalmethods.. 

Appendix A 

RESULTS AND DISCUSSION 

The ex ten t  of  tetraphenylborate decomposition i n  t h e  s l u r r i e s  w a s  
measured by the,fOllQWing methods. 
both analyzed f o r  benzene. Filtrates f r o m t h e  s l u r r i e s  w e r e  a l s o  
analyzed f o r  soluble  organic compounds and soluble  boron. Tables 1 
through 12 contain data sets f o r  a l l  twelve tests. 
depic t  t hese  r e s u l t s .  

F igures  1 t o  5 show plots of t h e  t o t a l  measured benzene versus time. 
Figures 6 t o  14 show p l o t s  of soluble  organic compounds and so luble  
boron versus  time. Figures 6 through 8 compare average values  p l o t t e d  
from dup l i ca t e  tests a t  40 t o  70 O C .  

measures of boron: measured t o t a l  soluble  boron determined from 
emission spectroscopy and cumulative soluble  boron based on t h e  sum of 

Benzene Production . 

The s l u r r i e s  and vapor spaces w e r e  

Figures 1 through 14 

' 

The p l o t s  include two d i f f e r e n t  

I measured TPB-, 3PB, 2PB and lPB.  . I - 

Figures 1 t o  3 show measured benzene f o r  the 'dupl ica te  systems tested a t -  
46, 55 and 70 OC, respect ively with ' the complete c a t a l y s t  system present  
( T a b l e  A-2). 
cons is ten t  showing a steady increase with the, reaching maximum values 
approaching.2,500 mg/L. 
considerable  v a r i a b i l i t y ,  reaching maximUm values approaching 
6,000 mg/L. 
before  and after incubation periods and gas chromatography (GC) 
c a l i b r a t i o n  before and a f t e r  each sampling, 

Benzene data  f o r  t h e  40 OC dupl ica te  tests appear 

Benzene data f o r  t h e  55 and 70  OC tests show 

Data recorded during these  tests included vesse l  weights 

The GC ca l ib ra t ion  data 



i nd ica t e  a v a r i a b i l i t y  of about 6% o r  less over t h e  t o t a l  1 6 9 0  hour 
durat ion of  these tests. Analysis of the  vessel  weights i nd ica t e  
poss ib le  benzene losses  during t e s t ing .  Researchers measured m a s s  . 
l o s ses  on t h e  order  of O d l  t o  0.3 grams between successive samplings f o r  
some-of t h e  tests a t  t he  hiGher temperatures of 55 and 70 OC. These 
magnitudes of weight loss account f o r  t h e  various decreases i n  benzene 
(i-e.,  about 1000 t o  3500 mg/L) p l o t t e d  i n  Figures 2 and 3. The 
observed benzene measurement v a r i a b i l i t y  a l s o  l i k e l y  r e s u l t s  fromnon- 
representa t ive  sampling of t h e  . s lur r ies .  . .  

v s t  Svstems 
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Benzene data f o r  additional tests using less complete rec ipes  a t  55 t o  
70 OC showed roughly the  same t r ends  as tests performed a t  similar 
temperatures of 55 t o  70 "C w i t h  a l l  addi t ives  present.  
benzene data p lo t t ed  f o r  these tests. These da ta  a l s o  reflect benzene 
l o s s e s  of about 1000.to 2000 mg/L s imi l a r  t o  those discussed above. 
a l l  tests shown i n  Figure 4, the .maxhm amount of benzene measured 
reached values  i n  the  range of 4,000 mg/L t o  6,000 mg/L. 
f o r  t h e  two s l u r r i e s  tested a t  55 and 70 OC with.no add i t ives  present  
show l i t t l e  benzene produced ( typ ica l ly  < 50 mg/L) compared t o  l e v e l s  
approaching 6,000 mg/L detected i n  s l u r r i e s  tested with add i t ives  
present .  Hence, these  benzene measurements do not conservdtively 
represent  t h e  t o t a l  benzene produced i n  these tests, given t h e  observed 
mass l o s ses  and measurement v a r i a b i l i t y  resul t ing ' f rom non: 
representa t ive  'sampling. 

Figure 4 shows 

I n  

Benzene da ta  

O n e  may a l s o  express benzene y ie lds  a s  generation r a t e s .  
through 12 provide these values, expressed in u n i t s  of pg/(L*hr), 
benzene generation r a t e s  r e s u l t  from dividing t h e  t o t a l  benzene measured 
a t  a given t i m e  by the  t o t a l  number of hours i n  t h a t  time i n t e r v a l  from 
t h e  s t a r t  of t h e  tests. The range i n  benzene generation rates genera l ly  
increases  w i t h  temperature although much s c a t t e r  e x i s t s  i n  measured 
benzene l eve l s .  The maximUm r a t e s  ranged from 1700-1900 pg/(L*hr) a t  
40 OC, 5500-7000 pg/ (.L*hr) a t '  55 OC 'and 630OL159O0 pg/ (L*hr) . a t  70 O C .  

Tetxaphenylborate Decomposition and Soluble Boron Production, 

Several  t r ends  occurred f o r  t he  expected increase i n  t h e  r a t e  of NaTPB 
decomposition with temperature from 40 t o 8 7 0  'C .  
increases ,  t h e  rate of loss  of soluble  TPB' increases,  t h e  peak 
concentrations of a l l  boron-containing organic intermediates occurs 
earlier i n  time and the  rate of boron appearance, measured as t o t a l  . 
so luble  boron i n  solution, steadily increases.  T h e s e  trends a.re shown 
i n  Figures 6 through 8 and the  data  are contained i n  Tables 1 through 6. 
Appearance of soluble  boron i n  the .  react ion mixtures ' in amounts greater 
than ' t h e  i n i t i a l  soluble  TPB-- ind ica tes  production of phenyl bora te  . 

inteknediates  and bor ic  acid either,from,decomposition of so luble  TPB' 
with subsequent d i sso lu t ion  of s o l i d  t e t r apheny lbora t e so r  from direct 
decomposition of t h e  so l id .  One can-measure soluble  boron d i r e c t l y  by 
ICP-ES (see Tables 1-12, 'Boron (ICP-ES) I) o r  by HPLC measurements'of 

.phenyl  bora tes  (see,Tables 1-12, 'Boron (from organics) I ) .  These two 
methods a r e  represented by the  equations below. 

Soluble boron iICP-ES) :.= TPB' + 3PB + 2PB C 1PB + Boric A c i d  

- Soluble boron (HPLC'): = TPB' + 3PB + 2PB + 1 P B  

Tables 1 
The  

As. temperature 
' 

' 

* 

# . . '  

I 
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Table 13 summarizes t h e  i n i t i a l  rates, of NaTPB, decomposition ca l cu la t ed  
from these  boron measurements over the. first 168 h r  of t e s t i n g .  
t h a t  t hese  rates a r e  calculated using only two data  poin ts  involving 

, measured boron concentrations a t  0 and.168 hr.' The  two ,d i f f e ren t  boron 
rate measurement values agree. reasonably w e l l  f o r  each ind iv idua l  test 
a t  t h e  lower temperatures ii.e., 40 and 55 "C). - The,,data shown i n  Table 
13 f o r  t h e  dupl ica te  systems tested a t  40 t o  70 0C'with a l l  add i t ives  
present (see T e s t s  1 through 6 )  ind ica te  t h a t  t h e  so luble  boron - 

production rates increase with temperature. 
t h e  average rates increase from about 2.0 X ~ O ' ~  mole/ (Lfhr) .to 5.5~10'5 
mole/ (L*hr) t o  7 . 8 ~ 1 0 ' ~  mole/ (L*hr) f o r  t h e  respect ive temperatures of 
40, 55 and 70  OC. 
good prec is ion .  Howevel;, a t  40 "C and 70 OC t h e  range of t o t a l  boron 
appearance rates showra r e l a t i v e l y  la rge  v a r i a b i l i t y  Ii..e., 0.92 t o  3.08 
X ~ O ' ~  mols/(L*hr), a t  55 OC and 4.8 t o  10.8 X ~ O ' ~  mole/(L*hr) a t  70. "c) .  
The lower value of 4 . 8  X ~ O ' ~  mole/(L*hr) a t  70 OC demonstrates a low 
b ias  value , s ince  t h i s  value f a l l s  below t h e  average of about 5.5 xlO-5 
mole/ (L*hr) a t  55 'C. 

Using t h e  average rate values f o r  t he  40 and, 55 OC tests and t h e  higher 

increase by about f ac to r s  of 2.7X and 2.0X, respectively,  as t h e  
temperature increases  from-40 t o  55 OC and f r p  55 t o  70 OC. 
increases  i n  rate resemble the  standard k ine t i c  ' r u l e  of thumb' 
involving.roughly-a  2 X  increase i n  react ion rate f o r  every 1 0  OC 
i n c r e a s e , i n  temperature. 

The boron appearance r a t e s  based 'on measured phenyl borates  (i .e., HPLC) 
a t  70 OC show better precis ion than those based on ICP-ES a t  70  OC. 
However t h i s  HPLC-derived. average r a t e  of about 4 ~ 1 0 ' ~  mole/ (L*hr)  i's 
lower than e i t h e r  rate calculated from ICP-ES data  (i.e.,% 4.8 to ,10 .8  
X ~ O ' ~  mole/ (L*hr)) . 
borates  is a l s o  lower than the  average boron rate of -about 5.2 X ~ O ' ~  

poss ib le  explanation f o r  observed decrease, i n  boron appearance rates 
ca l cu la t ed  from t h e  boron measured as t h e  phenyl bora tes  a t ' 7 0  OC- could 
be t h e  accompanying r e l a t i v e l y  prompt. decomposition of t h e  intermediates  
3PB, 2PB and 1PB on t h e  time-scale o f , t h e  i n i t i a l  100  t o  200 hours of 
t e s t i n g .  For instance,  r e l a t e d ' t e s t i n g  on the  copper catalyzed 

' decomposition of these  intermediates a t  70 OC i nd ica t e  a l l  three 
in te .media tes  can decompose t o  f i n a l  organic products benzene and 
phenol \(i.e., organ5c compounds not containing boron) at reac t ion  
t i m e s  < 200 hours.8 

Table 13 g ives  negative values f o r  s.oludle boron appearance rates i n  t h e  

' with no add i t ives  present showed a s ign i f i can t  decrease i n  so luble  TPB-, 

Note 

B a s e d  on. ICP-ES boron data ,  

Note t h a t  t he  dupl icate  tests a t  55 "C show rather 

' 

. -  

' ,  

' ' r a t e  value f o r  t h e  70 O C  test, these i n i t i a l  boron appearance rates 

These . 

,This average rate a t  70 0C based. on measured phenyl 

,mole/(L*hr) ca lcu la ted  a t  55 ' O C  from t h e  measured phenyl borates .  One 

. con t ro l  samples. The.two cont ro l  sample's maintained a t  55 and 70 OC 

from an i n i t i a l  average value of 150 mg/L t o  about 6,O rng/L, over t h e  
first 96 hours of f e s t i n g  a t  elevated temperatures. ' The so luble  TPB' 
.values w e r e  r e l a t i v e l y  cons t an t - a t  60 mg/L observed from 96 hours y n t i l '  
t he  end  o f ' t e s t i n g  (see Tables 11 and 1 2 ) .   since t h e  or i -ginal  analyses 
(i.e.,, t h e  ' t i m e  zero' data)  w e r e  performed on f i l t r a t e s  from the  

temperatures, t h e  observed decrease ' i n  soluble  TPB-' over t h e  - f i r s t  96 
hours of t e s t i n g  a t  55 to-70  OC probably represents p rec ip i t a t ion  of 

' 

. i n i t i a l  s l u r r i e s  immediately a f t e r  s l u r r y  preparation a t  ambient 
. 
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so luble  TPB'. The soluble  boron data  a l s o  r e f l e c t  t h i s  i n t e rp re t a t ion .  
Data from Tables 11 and 12, p lo t t ed  i n  Figures 13 and 14 ,  i n d i c a t e  t h a t  
so luble  boron decreased i n  the  i n i t i a l  96 hr.  T h e  remaining boron da ta  

' vary atound ( 2 . 3  f 0 . 5 )  ~ 1 0 ' ~  mole/L f o r  55 OC and (2.1 f 0.5) x 10-3 ,- 

'inole/L f o r  70 O C .  

at; equilibrium a t  t h e  s t a r t  of testing. 
The above r e s u l t s  i nd ica t e  t h a t  t h e  s l u r r i e s  w e r e  not 

There appears a s i h i f i c a n t  decrease i n  soluble  boron f o r  t h e  las t  data 
set at. both temperatures a s  shown i n  Figures 13 and 14. 

, TPB' data does not r e f l e c t  t h i s  decrease, as was t h e  case f o r  t h e  
i n i t i a l  96 hour.t ime period. The var ia t ions  listed above i n  so luble  
boron f o r  t hese  cont ro l  samples a t  55 and 70 OC represent  much less than 
t h e  t o t a l  solirble boron increases  observed f o r  t h e  tests c o n t a i n i n g ' a l l  
addi t ives  a t  55 and 70 OC (i.e., soluble  boron l e v e l s  reached about 3 . 5  
x 10'2 mole/L and 4.3 x l ow2  mole/L a t  55 and 70  OC, respec t ive ly) .  

However, t h e  

Determination 

A s impl i f i ed  k i n e t i c  analysis9 of t h e  so lubleboron  rate data i n  T a b l e s  
1 through 6 w a s  performed, 
i n  a subsequent report .  One may est imate  t h e  average rate constant  f o r  
f i r s t - o r d e r  decomposition of -NaTPB from t h e  data f o r  increas ing  so luble  
boron. 
experiment ensures t h e  presence of s o l i d  NaTPB. Also t h e  i n i t i a l  boron 
appearance rates a r e  calculated over 168 h r  ( ins tead  of t h e  i n i t i a l  96 
h r )  s ince  t h e  above mentioned p rec ip i t a t ion  appears t o  have complete by 
96  h r  of t e s t i n g .  O t h e r  assumptions i n  t h i s  treatment inc lude  a rap id  
d i s so lu t ion  of s o l i d s  replenishes t h e  so lu t ion  with TPB- and t h a t  t h e  
decomposition of a mole of NaTPB produces a mole of so luble  boron, 
neglect ing any p rec ip i t a t ion  of t h e  ul t imate  borate  product, 
these  assumptions, dividing the  r a t e  of increase i n  so luble  boron by t h e  
i n i t i a l  ( sa tura ted)  TPB' concentration y i e lds  an apparent f i r s t -o rde r  
rate constant  €or t h e  decomposition of NaTPB. (Note: Given the lack of 
knowledge of the dissolution rates of Ham8 in these static systems, the 
derived rate constant nerves only as a crude measure for the data set. 
a i s  method of calculation w i l l  provide significant negative bias in the 
estimated rate constants.) t 

A rigorous ana lys i s  o f . t h i s  data w i l l  follow 

Res t r i c t ing  t h e  ana lys i s  t o  t h e  first -168 h r  of data i n  a given 

Under 

Two columns of Table 13 provide esthates f o r  these  f i r s t -o rde r  rate 
constants  f o r  t h e  respect ive sets of boron measurements (i.e., via HPLC 
o r  ICP-ES, respec t ive ly) .  
rate constants from t h e  ICP-ES data versus temperature. Figure 15 
ind ica t e s  an ac t iva t ion  ene'rgy f o r  NaTPB decomposition of about' 
43  f 20 kJ/mole f o r  the temperature range of 40 t o  70  OC. 

Figure 15 shows a p lo t  of t h e  logs of these  

The value of 43 kJ/mole for t he  ac t iva t ion  energy determined 'in t h i s  
study f o r  decomposition of NaTPB i n  t h e  presence of many p o t e n t i a l  ' 
c a t a l y s t s  including copper, remains lower than ac t iva t ion  energies  
determined from copper catalyzed TPB' decomposition i n  aqueous 
so lu t ions .  lo Activation energies reported i n  those s tud ie s  ranged 
between 8 6  kJ/mole and 140 kJlmole. 
a l s o  remain lower than recent ly  reported values determined f o r  copper 
catalyzed decomposltion of t he  intermediate species 3PB, 2PB and 1PB i n  
aqueous so lu t ions .  
ranged between 82  kJ/mole 'and 107 kJ/mole. 

The present  ac t iva t ion  energies  

Activation energies reported i n  those s t u d i e s  
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Several factors could contribute to the apparent reaction rates and thus 
affect the activation energies determined in this work. The temperature 

. dependent tetraphenylborate rate of dissolution, the presence of both ' 
organic tetraphenylborate solids and inorganic (sludge-and MST) solids, 
and the presence of potential catalytic species in addition to copper 
could all possibly contribute to the observed activation energy 
determination. 
effective catalyst than copper. 

The kinetic analysis of NaTPB decomposition discussed above strongly 
depends on the tgmperature dependent rate of dissolution of solid,NaTPB 
to form soluble TPB' in these 'slurries.ll A more complete and thorough 
analysis of various kinetic parameters for the data presented in Tables 
1 through 10 of this study will follow.12 These efforts'will analyze 
the resulting composition data of each test in a comprehensive manner to 
obtain kinetic data for tetraphenylborate and the intermediates 
triphenylborane, diphenylborinic acid and phenylboronic acid. These 
analyses include an empirically derived fitting term based on the 
measured rate of soluble boron appearance into solution. 

The lower activation energy suggests presence of a more 

I 

( Variability of Duplicate Seats 

The variability of duplicate tests in these studies establishes a basis 
' for analysis of future catalyst identification tests conducted under 
similar conditions. A measure of;the repeatability allows one to judge 
whether or not minor'changes, such as removing one or more potential 
catalysts species from a comprehensive recipe, has.a measurable effect 
on the'observed decomposition. 
conditions with minimal mixing during most of the reaction time. 
Continuous mixing of the slurry samples during testing would-improve 

Data previously shown in Table 13 
representing the initial soluble boron appearance rates (i.e., rates , 

calculated over first 168 ,hr) .for boron indicate poor precision between 
duplicate tests for two of the data sets at 40 and .70 OC. S h e  all of 
these systems used predominately ,static environments, a better measure 
of the variability in these tests,would consider decomposition product 
production rates over larger time'increments more representative of the 
todal 1600 hours of testing. 

The author reports .two measures of variability for duplicate tests 
performed at 40 to 70 OC. 
products phenol and soluble boron (i.e., these two product species which 
do not show formation and subsequent decay behavior similar to the more 
transient species 3PB, 2PB and 1PB) were compared fromthe dupricate 
slurries tested in the.temperature range of 40 to 70 OC at various time 
period3 (432, 1008' and 1600 hr) of the tests. .Table 14 gives these 
comparisons. Phenol concentration levels show relative standard 
deviations '(%RSD) in the range of 4% to 25% at 40 OC and 2% to 13% 
at 70 OC. The same %RSD measure is higher for the 55 "C phenol test 
data. The values of,phenol concentrations in Test 3 at 55 OC appear 
possibly low-biased data considering Test 4 at 55 OC gives final phenol 
values that fall within the average of the 40 and 70 OC final phenol . 

average concentrations. 

Boron concentration levels show relative standard deviations in the 
range of 6% to 15% at 40 OC, 3% to 14% at 55 "C and 16%.to 17% at 70 OC. 
Note that  agreement of the  55 O C  boron data further suggests a bias i'n 
the 55 OC data for phenol. 

'Note that the present tests used static 
' 

' precision of replicate tests. 

The final, relatively stable decomposition 

I .  

, '. . 

This measure of variability involying 



. 9  WSRC-TR-97-0046, Rev. 0 

s 

so luble  boron l i k e l y  better indica tes  NaTPB decomposition than t h e  
phenol measure s ince  soluble  boron d i r e c t l y  r e s u l t s  from decomposition. 
In  cont ras t ,  phenol forms as a r e s u l t  of severa l  intermediate 
decomposition s t eps  influenced by t h e  presence of oqgen .  

Influence of Solid Additives on XaTPB Decomposition 

T e s t s  7 , to . lO inves t iga te  t h e  influence of s o l i d  sludge additives (i.e., 
Tests d and 10) and sol id  sludge and monosodium t i t a n a t e  (MST) additives 
(i.e., Tests 7 and 9) on NaTPB decomposition. Tests 7 through 1 0  
included both s e t s - o f  so luble  organic and metal addi t ives  shown i n  Table 
A-2 of Appendix A. Note a l s o  from Table A-2 t h a t  about 20% of  t h e  t o t a l  
noble metals Ru, Pd and Rh'come f r o m t h e  soluble  metal additives group 

t h e  comprehensive rec ipe) .  
below derive from data shown i n  T a b l e s  3 through 1 0  and p l o t t e d  i n  
Figures 7 through 12 and Figures 16 through 19. 

. increase i n  soluble  boron concentrations from Table 13 a l s o  aid in t h e  
discussion of these effects. i 

\ 

- (i.e., removal of sludge s o l i d s  does not remove a l l  noble metals from . 
The e f f e c t  of various addi t ives  discussed 

The i n i t i a l  rates of 

ts of 

For both t h e  55 and 70 OC tests, t h e  effects of MST addi t ion on TPB 
decomposition do not  appear s ign i f icant .  

a l l  add i t ives  present)  f o r  t h e  55 O C  tests f o r  comparison. 
shows l i t t l e  d i f fe rence  i n  t h e  k ine t i c  behavior and concentration 
magnitudes of both t o t a l  soluble  boron (ICP-ES) and t h e  phenyl bora tes  
(HPX). Figure 17 repeats some of t h e  data from Figure 12 ( T e s t  10, no 

MST added) and Figure 8 ( T e s t s  5 and 6, a l l  addi t ives  present)  f o r  t H e  
70 O C  tests f o r  comparison. Figure 17 shows l i t t le d i f fe rence  i n  t h e  
k i n e t k  behavior and concentration mdgnitudes of both t o t a l  solub-le 
boron (ICP-ES) and t h e  phenyl borates  (HPLC) . 

Figure 1 6  repea ts  some of t h e  
~ data from Figure 1 0  ( T e s t  8, no MST added) and Figure 7 ( T e s t s  3 and 4, 

Figure 16 

R e c a l l  t h a t  da ta  p l o t t e d ' a s  s o l i d  squares and open squares i n  both 
Figures 16 and 17 represent average values from dupl ica te  samples with 
some assoc ia ted  v a r i a b i l i t y  a t  each point  i n  t h e .  The data from each 
test without MST s o l i d s  a t  55 OC ( T e s t  8)  and 70 OC ( T e s t  1 0 )  f a l l  . 
within t h e  range of t h e  comparable average (plus o r  minus one s tandard 

comparisons suggested above using t o t a l  soluble boron data a t  various 
the intervals. 
s i g n i f i c a n t l y  a l t e r  these boron concentration levels. 

Similar  conclusions t o  those reached ab'ove arise from v i sua l  inspect ion 
of t h e  concentration p l o t s  and hy comparison of t h e  k i n e t i c  da t a  shown 

I n i t i a l  boron production rates appear similar, though higher, f o r  T e s t  8 
(no MST added) compared t o  t h e  average of dupl icate  T e s t s  3 and 4 ( a l l  
addi t ives  present)  f o r  t h e  55 O C  tests. Soluble boron production rates 
s e e m  similar, and a l s o  higher, f o r  T e s t  1 0  (no MST added) cocrrpared to 
the  average from dupl ica te  T e s t s  5 and 6 ( a l l  addi t ives  present)  f o r  the 
70 OC tests. 

* deviat ion)  ca lcu la ted  from t h e  dup l i ca t e , t e s t s .  T a b l e  15 gives  the 

Removal of t h e  solid,MST additive does not 
- 

, i n  Table 13. (Table 15 a l s o  provides t h i s  data f o r  co+arison.) 

, Processes involving energy deposit ion i n t o  systems containing c e r t a i n  
t i t a n a t e  mater ia l s  can produce c a t a l y t i c a l l y  ac t ive  surfaces  on the 
t i t a n a t e  so l id s .  The forms of energy deposit ion most of ten s tudied  
include either photolyt,ic o r  rad io ly t ic .  As indicated i n  the  

I .  
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in t roduct ion  of t h e  present study, t h i s  study did not allow f o r  any 
s y n e r g i s t i c  a c t i v i t y  due t o  presence of monosodium t i t a n a t e  i n  a 
r ad ia t ion  field. , 

of s w  

I 

For t h e ' s 5  O C  tests, t h e  e f f e c t s  of solid sludge additives on NaTPB 
decomposition do not appear s ign i f icant .  Figure 18 repeats some of t h e  
data from FiFre 9 ( T e s t  7, soluble  additives only) and Figure 7 - ( T e s t s  
3 and 4, all addi t ives  present) f o r  t h e  55 O C  tests f o r  comparison. 
Figure 18 shows ins lgn i f i can t  differences i n  t h e  k i n e t i c  behavior and 
concentrat ion magnitudes of both t o t a l  soluble  boron (ICP-ES) and t h e  
phenylBborates (HPLC). Recall  t h a t  data p l o t t e d  as s o l i d  squares and . 
open squares Figures 18 are average values from dupl ica te  samples with 
some assoc ia ted  v a r i a b i l i t y  a t  each point  i n  t h e .  
t h e  comparisons of soluble  boron concentrations a t  var ious. thne 
i n t e r v a l s  and i n i t i a l  appearance rates. 
t h e  comprehehsive rec ipe  had' t h e  effect of decreasing t h e  f i n a l  so luble  
boron l e v e l s  a t  55 O C  by only about 15% or less when compared t o  t h e '  
average values  from t h e  comprehensive c a t a l y s t  systems a t  55 O C .  

For 'the 7 0  O C  t e s t a ,  Figure 1 9  repeats some of ' the .data from Figure 11 
( T e s t  9, so luble  additives only) and Figure 8, ( T e s t s  5 and 6, a l l  

. addi t ives  present )  f o r  comparison. Figure 1 9  shows measurable 
d i f fe rences  i n  t h e  concentration magnitudes of t o t a l  so luble  boron 
(ICP-ES). (Table 15 a l s o  provides t h e  comparisons a b o v e r s i n g  boron . 
(ICP-ES) data.) Reinoval of s o l i d  add i t ives  fzom.the comprehensive 
recipe had the effect of decreasing so luble  boron l e v e l s  a t  70  O C  by 
about 25%, when compared t o a t h e  average values from t h e  comprehensive 
c a t a l y s t  'systems a t  7 0  O C .  

i n  Figure 1 9  a l s o . i n d i c a t e  t ha t  phenyl borate  species  pe r s i s t ed  a t  
1onger.t imes i n  T e s t  9 with soluble  addi t ives  only. This  i nd ica t e s  a 
less reac t ive  system compared t o  t h e  T e s t s  5 and 6 t h a t  contained t h e  
comprehensive c a t a l y s t  system. . I 

Similar  conclusions t o  those reached'above, a r i s i n g  from v i s u a l  ' 

inspection: of t h e  concentration p lo ts ,  can be reached by comparison of 
t h e  k i n e t i c  dat.a shown i n  Table..'13 (or  Table 15) .  A soluble  boron 
production 'rate 'of. 4.8 ' ~ 1 0 ' ~  mole/ (L*hr) a t '  55 O C  f o r  T e s t  7 (soluble  
additives only). i s  only s l igh t ly . lower  compared t o  t h e  average rate of 
5.5 ~ 1 0 ' ~  mole/ (Lfhr) from dupl icate  T e s t s  3 .and 4 containing a l l  
add i t ives  a t  55 O C .  A soluble  boron production rate of 3.8 ~10'~ 

,mole/(L*hr) a t  70 OC f o r  T e s t  9 (soluble  addi t ives  only) is lower 
compafed. t o  t h e  average rate of 7.8 ~ 1 0 ' ~  mole/ (L*hr) from dupl ica te  
T e s t s  5 and 6 cpntaining a l l  addi t ives  a t  YO "C. 

From t h e  above digcussion, ' e f f e c t s  observed in t h e  absence of solid 
add i t ives  (i.e., less ove ra l l  NaTPB decomposition as concluded from. 
coinparison of soluble 'boron values) are shown t o  be only marginally 
s i g n i f i c a n t  i n  t h e  -55 OC data  and .s igni f icant  i n  the -70  "C data when 
sludge s o l i d s  w e r e  excluded. 
t he  lack of sludge s o l i d s  in s t ead ,o f  the lack  of MST so l id s .  

Table 15 provides 

Removal, of s o l i d  addi t ives  from 

Comparison of t h e  phenyl bora te  data p l o t t e d  

1 

L t  follows t h a t  t h i s  e f f e c t  r e s u l t s  from 

. ' .  . .  

I 
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Researchers analyzed s l u r r y  samples a t  the  completion of t he  
decomposition tests f o r  t h e  presence of both NaTPB s o l i d s  and so luble  
potassium ion. 
analyzFd. T h i s  o r i g i n a l  s l u r r y  was maintained a t  ambient temperature 
ifor t h e  durat ion of the tests. 
small amdunt of (K,Na)TPB s l u r r y  w i t h  deionized w a t e r  (about 1 gram of 
s l u r r y  mixed w i t h  5 mL of watez), followed by ag i ta t ion ,  f i l t r a t i o n  and 
ana lys i s  of t h e  r e s u l t i n g  f i l trate f o r  TPB'. Di lut ion of t h e  (K,Na)TPB 

leaving t h e  much less soluble  KTPB as so l id .  Results f r o m t h e s e  tests 
i n d i c a t e  t h a t  not a l l  of t he  s o l i d  NaTPB was dissolved. For instance,  
the o r i g i n a l  s lur ry  tested i n  t h e  procedure above fndicated only about 
one t h i r d  of t he  targeted amount of NaTPB was found t o  be present  in t h e  
slu.rry. Table 16 repor t s  t he  r e s u l t s  of these s l u r r y  d i s so lu t ion  tests 
i n  a q u a l i t a t i v e  manner only (i.e., dissolved NaTPB present  (yes) or  not  
present  (no) above HPLC ana ly t i ca l  detect ion lMts of about 20 mg/L). 

The.origina1 s l u r r y  used f o r  a l l  test samples w a s  a l s o  

NaTPB so l ids  w e r e  analyzed by d i l u t i n g  a 

' s l u r r y  w i t h  w a t e r  would allow t h e  more soluble  NaTPB t o  r ead i ly  d isso lve  
I 

The  d i s so lu t ion  t e s t i n g  w a s  repeated i n  dupl icate  with the o r i g i n a l  
s lu r ry .  
disposed a t  t h e  time of t h i s  follow-up analysis .  
dilution water,'4O xnL compared to 5 mL previougly, was used in 
disso lv ing  t h e  1 gram s l u r r y  portions.  As shown i n  T a b l e  16, t h i s  
increased d i l u t i o n  m e a s u r e  of NaTPB so l id s  indicates 12,300 f 600 mg/L 
NaTPB so l id  present  i n  t h e  o r ig ina l  s l u r r y  (compared t o  only 7,200 mg/L 
NaTPB s o l i d s  measured f r o m t h e  previous s ing le  ana lys i s  of o r i g i n a l  
s l u r r y ) .  T h i s  l a t te r  measure appears more accurate .since a l a r g e r .  
d i l u t i o n  w a t e r  volume was used and the d i lu t ed  s l u r r i e s  w e r e  stirred f o r  
a t  l e a s t  12 hours before f i l t r a t i o n  and submission.for TPB' ana lys i s .  ' 

Unfortunately, t h e  reacted s l u r r i e s  from T e s t s  1 t o  12 had been 
A larger volume of 

The l a s t  column of Table 16 a l so  shows the  ca lcu la ted  equivalent  amounts 
of NaTPB represented by t h e  soluble  boron measured via- ICP-ES i n  the 
filtrates. These ca l cu la t ions - ind ica t e  that  6,240 mg/L a t  40 OC, 10,560 
mg/L a t  55 O C  and 13,680 mg/L a t  70 O C  s o l i d  NaTPB deconqosed during 
t e s t ing .  Comparing these  values t o  t h e  experimentally determined value 
of about 12,300 mg/L NaTPB solids i n  t h e  o r ig ina l  s l u r r y  indicates t h a t  
about SO%, 85% and 100% o f ' t h e  NaTPB so l id s  decomposed a t  40, 55 and 
70 OC, respect ively.  Note t h a t  t h e  13,320 mg/L t o  13,680 mg/L NaTPB 
s o l i d s  ca lcu la ted  t o  have dissolved/decomposed i n  t h e  70 OC tests 
s l i g h t l y  exceeds t h e  ca lcu la ted  12,300 f 600 mg/L t o t a l  NaTPB s o l i d  
experimentally determined (based on soluble  TPB' data) i n  the repeat  
analyses of the  o r i g i n a l  s lur ry .  
d i s so lu t ion  of KTPB s o l i d s  a t  t h e  higher.temperatures of 55 and 70 OC 
(see below). 

This difference may reflecc add i t iona l  

\ 

Researchers a l s o  obtained potassium analyses from f k l t r a t e s  of t h e  f u l l y  
reac ted  s l u r r i e s  Ci th  no d i lu t ions  involved. The o r i g i n a l  s l u r r y  was 
a l s o  tested. Table 17 shows t h e  r e s u l t s  from these  analyses i n  t h e  
first column of numerical data .  The second column of numerical d a t a  
indicate t h e  corresponding amounts of equivalent KTPB dissolved during 
t e s t i n g .  Table 17 a l s o  repeats some of the data  shown previously i n  

\ 
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Table 16 for equivalent NaTPB dissolved based on final soluble boron 
data for comparison. .Data shown in Table 17 indicate very little 
soluble potassium ion present in the original slurry, the control test 
slurries at 55 and 70 O C  containing no additives, and the slurries 
tested at 40 OC with additives present. 
levels of soluble potassium of less than about 3.7 mg/L in the slurry 
filtrates indicate that less than 36 mg/L of the oxiginal targeted 
48,000 mg/L KTPB solids dissolved over the 1600 hours of testing in 
either the control test slurries at-55 an 70 OC containing no additives, 
or the slurries tested at 40 "C with all additives present. Recall data 
in Table 16 show that there was excess NaTPB also present in these 
slurries. 

As shown in Table 17 these l o w  

Potassium data for all final test samples with additives present at 
temperatures of 55 and 70 O C  indicate that varying amounts of the 
targeted original 4.0 w t  % KTPB solids (or 48,000 q / L  KTPB solids) 
dissolved during testing. These values approached 1,920 mg/L KTPB at 
55 OC and 4,656 mg/L KTPB solids at 70 OC. Note from Tables 3 through 
10 that the soluble TPB' values for these final test samples were all 
below the HPLC detection limits of about 20 mg/L. 
potassium found'in the filtrates (ranging from 6.6 to 506 mg/L) exceed 
the equilibrium values calculated from the KTPB solubility product 
'constant (Ksp) at 55 and 70 OC.ll Using the temperature dependent 
equation for calculation of Ksp for KTPB and the experimentally 
determined activity coefficients found in Ref. 11, one can show based on 
KTPB solubility alone that less than 2 mg/L of soluble potassium would 
be expected in these slurries. These calculations assume that all NaTPB 
has been decomposed. Table 17 shows that measured values of potassium 
approached about 209 mg/L and 506 mg/L, respectively, at' 55 to 70 OC. 

The amounts of 

' 

The presence of soluble potassium at the'measured levels in these 
slurries indicates either solid KTPB decomposition or decomposition of ' 

essentially all excess NaTPB with subsequent dissolution of KTPB solids. 
Preliminary calculations involving the temperature dependent dissolution 
equilibrium of KTPB and NaTPB solids11 coupled with the decomposition 
kinetics of soluble TPB' indicate that the xhagnitudes of soluble 
potassium analyzed fall within the expected dissolution of solid KTPB. 
Dissolution of solid KTPB would occur as the solid NaTPB fully depletes 
from these slurries by decomposition of soluble TPB' in solution. Note 
that the two tests showing highest amounts of NaTPB decomposition (i.e., 
Tests 5 and 10 at 70 OC in Table 16)<also show the highest amounts of 
analyzed soluble potassium (i.e., Tests 5 and 10 in Table 17). 

Zank 488 Data 
Comparison of Pm8-t  (lC,Na)TPB S l U Z q  I > e c - d t i O n  T e s t 8  w i t h  Pmvhus 

The main objectives of the present study w e r e  to establish the extent of 
tetraphenylborate decomposition reactions in the temperature range of 40 
to 70 OC over about 1500 hours of testing, and to demonstrate that the 
catalyst recipe tested provides an all-inclusive or near-complete set of 
additives from which statistically designed catalyst identification 
tests could f o l l o ~ . ~  
simulant recipe results in a reaction that approximates current 
understanding of 'fank 48H behavior in December of 1995. 
several measured decomposition products in the present tests with 
similar measurements from Tank 48H provide verification that the present 

. 

The present tests were conducted to verify this 

Comparison of 
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. , 
simulant rec ipe  does indeed r e s u l t  i n ' r eac t ion  s imi l a r  t o  t h a t  observed 
previously i n  Tank 48H. 

T a b l e  18 shows a comparison of re levant  data  f r o m t h e  present  tests a t  
40 t o  55 OC t o  da ta  obtained from Tank 48H. 
Table 18 come from a previous report (see-specifically Figure 3 and 
Table 2 from Ref. 1). 
t e s t i n g  period of about 1600 hours or 66 days. The Tank 48H data w a s  
co l l ec t ed  over an approxhate  t i r u e  per iod of s i x  months o r  180 days from 
October 12, 1995 u n t i l  A p r i l  15 of 1996 (see T a b l e  2 of Ref .  1). The 
magnitudes of a l l  species  shown i n  Table 18 represent maximum amounts 
produced over t h e  approximate the periods fndicated,  
shows estimated production r a t e s  of t h e  various species  over t h e  
appropr ia te  t i m e  periods f o r  comparison. 

- 

A l l  Tank 48H data shown i n  

Data in the present study were collected over a 

T a b l e  18 a l s o  

The organic  decomposition products benzene, 1PB and so luble  boron reach 
comparable concentration 1evels.when comparing data from Tank 48H t o  
data from t h e  present  s tud ies  a t  constant temperatures of 4.0 and 55 OC. 
I n  most cases, t h e  estimated rates of production f o r  t h e  var ious species  
a l s o  compare favorably. Phenol production in t h e  laboratory tests a t  40 
o r  55 OC, however, a t  l e a s t  tripled t h a t  of Tank 48H. This d i f fe rence  
presumably r e s u l t s  from higher l eve l s  of a i r  present  i n  t h e  a i r - sea led  
b o t t l e  tests r e l a t i v e  t o  t h e  more inerted-atmosphere i n  Tank 48H (see 
discussion below on 'Differences i n  Present T e s t s  Compared t o  Tank 
48H'). 

. 

- 
Potassium measures are comparable f o r  t h e  Tank 48H data and t h e  40 O C  
tests, whereas higher potassium rates w e r e  observed i n  t he  55 OC tests. 
Tank 48H recordedt-ratures ranged from 33 t o  52 O C  from August 31, - 
1995 t o  mid-November of 1995. The tank temperatures steadily decreased 
t o  about 25 OC by.dd-Deceqer  and remained a t . t h e  lower l e v e l  u n t i l  
Apr i l  of 1996. 
proves important when comparing data from Tank 48H t o  t h g p r e s e n t  
labora tory  tests,. Signif icant  increases  i n  so luble  boron, 1PB and 
phenol existed i n  Tank 48H a t  t h e  beginning of D e c e m b e r ,  1995 (see Table 
2 of Ref. l), ind ica t ing  some decomposition. Samples obtained from Tank 
48H on December 18 indicated t h a t  more than 95% of t h e  excess NaTPB had 
decomposed.l Thus most of t h e  decomposition appears t o  have taken place 
i n  Tank 48H during t h e  r e l a t i v e l y  high temperature t33 to 52 OC) period 
preceding t h e  mid-December  (and latter)  temperatures of 25 "C, 
Therefore t h i s  temperature range of 33 t o  52 OC compares reasonably w e l l  
t o  t h e  two present  data sets a t  40 and 55 OC used i n  T a b l e  18 of t h i s  . 
repor t .  The potassium data  f o r  t h e  55 OC tests espec ia l ly  reflect these  
comparisons when contrasted t o  the  amounts of potassium produceti i n  the  
Tank 48H samples o r  the  40 O C  data. 

The time-profile of temperatures recorded in Tank 48H 

Rates i n  Tank 48H remained much . 
8 -  

, lower because the  temperature remained low after consumption of excess 
TPB' . 

. qlthough t h e  present  tests simulate t h e  s l u r r i e s  and add i t ives  thought 
present  i n  Tank 48H, there  exists severa l  differences ' in t h e  present  
s t u d i e s  and t h e  conditions of Tank 48H. The present  inves t iga t ion  did 
not  involve any rad ia t ion  e f f e c t s  on t h e  thermal c a t a l y t i c  NaTPB 
decomposition. The rad ia t ion  field ca lcu la ted  i n  Tank 48H, about 24,000 
rad/day, would contr ibute  ' some 7 .25  x105 rads of accumulated dose over 
each m0nth.l The  e f f e c t s  of these l eve l s  of ion iz ing  r ad ia t ion  'on the 
chemical decomposition involving po ten t i a l  catalytic species present  i n  

. 

I 



current  tests has ye t  t o  be s tudied i n  t h e  temperature range of 40 t o  
55 OC, Previous testing1 a t  70 "C concluded t h a t  simulated doses did 
not  have s ignif icant  e f f e c t s  on NaTPB, decomposition using a po ten t i a l  
c a t a l y s t  recipe nearly identical t o  the  one used i n  t h i s  m o s t  recent 
work (see Table A-2) .  

Another d i f fe rence  i n  these tests was t h e  r e l a t ive  abundance of oxygen 
from a i r  contained within t h e  sealed s l u r r i e s  i n  t h e  laboratory tests. . 
About 5 t o  1 0  cc of a i r  w a s  introduced in to  these systems each time a n  
analysis.was performed. I n  contrast ,  Tank 48H atmosphere was 
predominately ine r t ed  with n i t rogen ' to  a t t a i n  a nominal 5 vol% oxygen. 
During t h e  'time period from e a r l y  October 1995 t o  A p r i l  1995, a i r  w a s  
present i n  Tank 48H.for only two r e l a t ive ly  brief - 5 day periods.  
During these  two periods i n  which nitrogen ven t i l a t ion  w a s  halted, t h e  
atmosphere w a s  measured t o  contain 20 vol% and 1 0  vol% oxygen, 
respect ively,  
about 5 vol% oxygen (see Figure 4 of R e f .  1). The effects of oxygen on 
t h e  copper catalyzed decomposition of TPB' i n  homogeneous aqueous 
so lu t ions  have recent ly  been r e ~ 0 r t e d . l ~ ; ~ ~  
t h e  o v e r a l l  decomposition of TPB' i n  t he  copper-only s tudies .  

A t  a l l  other times t h e  atmosphere w a s  measured t o  contain 

Oxygen w a s  found t o  i n h i b i t  

. .  
The s p e c i f i c  preparat ion,of  t h e  mixed (K,Na)TPB s l u r r y  systems a l s o  
differed i n ' t h e s e  invest igat ions conipared t o  Tank 48H processes. This 
study involved preparation of t h e  mixed (K,NalTPB s o l i d s  i n  a l k a l i n e  
so lu t ion  by adding concentrated soluble TPB' solut ions t o  a potassium- 
containing c a u s t i c  solution, thereby forming t h e  s l u r r y  targeted t o  
contain approximately 5.5 w t  % (K,Na)TPB sol ids .  T h e  s l u r r y  preparatiorl 
w a s  complete i n  about one hour. 
i n t o  t h e  s l u r r y  within about one hour. ' Finally,  t h e  var ious p o t e n t i a l l y  
c a t a l y t i c  additives (see Table A-2) were added i n  j u s t  prior t o  t e s t i n g .  
I n  Tank 4 8 H  a concentrated caus t ic  soluble TPB- sglut ion is t y p i c a l l y  
added t o  an  e x i s t i n g  s l u r r y  containing approximately 1 w t  P, (K,Na)TPB 
so l ids ,  i n  t h e  w a s t e  tank containing a l l  of t h e  po ten t i a l  c a t a l y t i c  
addi t ives  The tank contents are then. mixed t o  promote p rec ip i t a t ion .  
The details  of addi t ion and mixing order related t o  these  two d i f f e r e n t  
procedures, and any effects t h i s  order might have on the 'onse t  and rate 
of TPB' decomposition i n  t h e  presence of po ten t i a l  c a t a l y t i c  species,  
have not been studied. 

The remaining s a l t s  w e r e  then mixed 

CONCLUSIONS 

Researchers s tud ied  t h e  t h e r m a l e a t a l y t i c  decomposition , o f -  
te t raphenylborate  i n  m i x e d  (K,Na)TPB s l u r r i e s  contained i n  concentrated 
s a l t  so lu t ions  between 40 and 70 OC. The s l u r r i e s  contained additives 
thought t o  comprehensively represent feeds t o  Tank 48H. Comparison'of 
severa l  measures of. tetraphenylborate decomposition f o r  t h i s  s tudy and 
previous Tank 48H a c t i v i t i e s  ind ica tes  t h a t  t h e  present simulant rec ipe  
\does r e s u l t  i n  react ion swlar t o  tha t  observed previously i n  Tank 48H. 
The ac t iva t ion  energy f o r  decomposition of NaTPB i n ' t h e  s l u r r i e s  is 
43 f 20 kJ/mole i n  t h e  temperature range of 4 0  t o  70 OC.' 

Removing both s o l i d  sludge addi t ives  ,add s o l i d  monosodium t i t a n a t e  
additives from the,comprehensive poten t ia l  c a t a l y t i c  rec ipe  r e su l t ed  i n  
lower decomposition rates and decreased magnitudes'of so luble  boron 
products a t  70 OC.. The decreases i n  NaTPB decomposition w e r e  found less 
s ign , i f ican t  (i.e., e f f e c t s  less than 15%) a t  55 "C. The  effects w e r e  
about 25% a t  70 OC when compared t o  t h e  averages of dupl icate  tests 

.' . .  
\ 
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containing all additives. When only solid monosodium titanate was 
removed from the comprehensive potential catalytic recipe, no 
significant effects on decomposit'ion were observed relative to 
decomposition observed using the comprehensive potential catalysts 
recipe at 55 and 70 OC. 

' 

,, 

Thus the present tests suggest that solid MST additives do not 
contribute significantly to NaTPB decomposition.. From these prel-iminary 
tests, it can be assumed that solid sludge additives used in these 
particular experiments, which contained portions of, the total noble 
metals and a portion of the total copper, do increase NaTPB 
decomposition. The effects were less apparent at 55 "C. It remains to 
be seen whether these effects observed with the solid sludge are due to 
the increased amounts of copper, increased amounts of noble metals, o r  
whether the sludge solids provide a heterogeneous catalysis reaction 
site. 
without copper present will address these questions. 

Duplicate slurzies tested as static, unstirred systems with the 
compzehensive catalyst recipe in the temperature range of 40 to 70 OC 
indicate variabilLty of 2% to 25% and 3% to 17%\in measurements of 
phenol and soluble boron, respectively. This level of variability can 
be used to judge in future decomposition tests the relative effects of 
specific additives on the catalytic chemical processes. 
the text, boron analyses are considered a better measure of 
decomposition sinCe phenol production is influenced by oxygen content, 

Measurable amounts of NaTPB sol ids  were detected in slurries tested at 
40 and 55 OC f o r  1600 hours, indicating incomplete decomposition of the 
targeted starting 18,000 mg/L NaTPB solids. 
possible complete decomposition of NaTPB at 70 OC in certain tests. 
Theoretical amounts of decomposed NaTPB based on soluble boron analyses . 
in the fully reacted 70 OC tests approached 13,680 mg/L, which were 
slightly higher than the measured amounts of NaTPB equal to , 
'12,300 f 600 mg/L determined from dissolution of the original slurry. 

Insignificant amounts of potassium ion were detected in filtrates' of 
reacted slurries containing potential catalytic additives at 40 OC for 
1660 hours and in filtrates of reacted slurries containing no additives 
at 55 and 70 O C  for 1600 hours. 
excess NaTPB. 
from filtrates of reacted slurries containing potential catalytic 
additives at both 55 and 70 OC for 1600 hours, indicating a maximum KTPB 
concentration of about 1,920 mg/L and 4,656 mg/L KTPB, respectively. 
These potassium amounts result from either decqmposition of KTPB solids 
or TPB- decomposition and subsequent KTPB dissolution. These tests 
suggest that'about 4% and 10% of the theoretical 4.0 w t  % KTPB solids 
(or  48,000 mg/L KTPB solids) decomposed after 1600 hours of testing at 
the respective test temperatures of 55 and 70 OC. 
calculations involving the temperatu're dependent solubility equilibrium 
of KTPB indicate that decomposition of TPB' and KTPB dissolution 
processes may adequately explain the observed concentrations of soluble 
potassium at these higher temperatures of 55 and 70 "C. 

Current catalyst identification tests using sludges formulated 

I - 

As suggested in 

Similar analyses indicate 

This is consistent with the presence of 
Similar analyses showed measurable amounts of potassium ' 

. 

Preliminary 

f .  
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Table 1 . Test 1: 40 'C, Soluble orgar 

Rate Data 00 hrs -1.63E-08 , mole/(L*hr) 00 hrs 6.63E-06 2.05E-05 mole/(L*hr) ' 
. 168 hrs - 3.08E-05 3.85E-05 moW(L*hr) 
288 hrs 2.lbE-06 2.86E-OS mole/(L*hr) 

168 hrs -1.34E-08 mole/(L*hr) 
288 hrs' -1 .l 1 E000 mole/(L'hr) 

Reactlon Tlme 
(hr) 

0 
96 
1 6 8 .  
288 ~ 

432 
672 
1008 
1296 

Rate Data 96 hrs -1.27E-06 mols/(L*hr) 08 hrs 8.87E-08 6.66E-00 mole/(L*hr) 
188 his -9.32E-07 molo/(L*hr) 108 hrs 0.17E-00 , 1.60E-05 ' mols/(L*hr) 

288 hrs .-1.02E-00 mols/(L*hr) 288 hrs 1.66E-05 2.00E-06 mole/(L*hr) 

(mg/Li 
Benzene 

45 
39 

3 79 
3 25 
348 , 

- 862 
* 1274 

2165. - 

' 

1608 2034 

Benzene 
Rate 

(ugw-w)  

0 
1988 
072. 
701 

1210 
1830 
1237 

I 

1 2 1 8 . .  

D an metals, Solld 1 

(rnolelL) 
- lPE 

. 4.70E-04 
3.20 E-04 
2.51 E-04 
1 S7E-04 
8.14E-05 
7.52E-05 
4.39E-05 

1.25E-05 
O.OOEtO0 

rdgo and MST sddlllvor 

(mole/L) (mole/L) 
3PB 2PB 

2.64E-04 1.42E-04 
5.63 E-04 . 0.8 6 E-04 
1.428-03 3.33E-03 
1.23E-03 3.49803 
1 .16E-03 2.21 E-03 
9.54E-04 1.24E-03 . 
4.71 E-04 8.63E-04 
2.48E-04 7.77E-04 
1.1 1 E-04 4.63E-04 

(molelt) 
Pel4 - 

1.04E-04 
1.1 6E-03 
2.61 E-03 
4.41 E-03 
4.07E-03 
3.61 E-03 
2.46E-03 
1.62E-03 
0.43E-04 

(molelL) 
Phenol 

7.23E-04 
1.03E-03 
2.94E.03 
4.32E-03 
6.26E-03 
8.85E-03 
0.WE-03 
1.33E-02 
1 ME-02 

Soluble Boron (mole/L) 

eecOn(tCP-ES)- (from O ~ ~ M ~ C S )  
(mole/L) Boron 

4.18E-03 1.05E-03 
4.71 E-03 3.02E-03 
0.38E-03 7.61 E-03 
1.04E-02 0.29E-03 
1.31 E-02 ' 8.43E-03 
1.74E-02 6.08E-03 
2.OOE-02 3.83E-03 
2.22E-02 2.64803 
2.26802 1.62E-03 

Equivalent 
NaTPB(mg/L) 

1431 
1013 
3203 

' 3652 
4408 . 
6057. 
0820 . 
781 3 .  

. 7736 

. ~J 

. f. 

Tiblp 2 Teat 2: 40 "C, Solublr organlcr and mrtalr, 8011d rludge and MST.rddHtv08 

Reactlon .Tlme 
(hr) 

0 
9 6  

- 168 
28 8 
432 
672 
1008 
1206 
1608 

(mo/Lj 
Benzene 

45 ' 

6 8  
247 
280 
51 2 
1182 
1610 
2271 ' 

1343 

Benzene 
. Rate 

(ud(L'hr) )  - 
240' 
1202 
818 
1081 ' 

. 1092 
1462 
171 8 
807 

(molelL) 
IF5 

4.76E-04 
3.64E-04 
5.20E-04 
1.82E-04. 
1.63E-04 
1.13E-04 
.5.04E-05 - 
2.82E-05 

,O.UOE+OO 

(molelL) 
3PB 

2.04 E-04 
4,'96E-04 
8.22E-04 
9.9SE-04 
1.07E-03 
0.08E-04 
4.83E-04 
2.40E-04 
1.07E-04 

(mole/L) 
2PB 

1.42E-04 
3.42E-04 
1.28E-03 
2.99E-03 
2.44E-03 
1.61 E-O? 
8.31 E-04 
6.40E-04 
4.1 3E-04 

(mole l t )  
PBA 

1 B4E-04 
4.84E-04 
1.26E-03 
2.88E-03 
4.03E-03 
3,90E-03 
2.47E-03 

' I  .80E-03 
9.19E-04 

(molelL) 
Phenol 

7.23E-04 
1.1 OE-03 
1.WE-03 
2.04E-03 
4.3OE-03 
7.23E-03 
0.lOE-03 , 

1.21 E-02 
1.34E-02 

SOIUHB Bbron 
(moten.) 

ewOn(lcP.ES) 
4.18E-03 
4.19E-03 
6.72E-03 
8.6OE-03 
1.06E-02 
1.68E-02 
1.73E-02 
2.01 E-02 

* 2.07E-02 

* .  

(mote/L) Equkihmt 
Boron NaTPE(mOn) 

(from organla) 
1.05E-03 1431 
1.68E-03 . 1434 
3.86803 1058 
7.05E-03 2073 

. /  7.71E-03 3033 
8.4OE-03 6322 
3.82E-03 6030 

,261 E-03 6878 
1 ME-03 7000 



fable 3 Test 3: 65 *C, Soluble organlca and metals, Solld sludge and MST addltlvon 

Rate Data 98 hrs , -2.61 E-08 molel(L*hr) , . 96 hrs 4.74E-06 4.88E-05 molel(l'hr) 
168 hra -2,28E=08 molei(L*hr) . , 168 h n  6.6lE-05 4.SlE-05 molel(L*hr) 

0 
90 

168 
288 
432 
072 
1008 , 
1206 
1608 

(mgW 
Benzene 

45 
80 

976 
1046 ~ 

1105 
353 
524 
4880 
2279 

Benzene 
Rate 

(ugl(L'hr))' 

458 
6542 
3470 
2503 
468 . 

. 475 
3808 

- 

1389 , 

(rnolll) 
TPB-. 

4.70E-04 
1.82E-04 
1.32E-04 
3.45E-05 
O.OOEtO0 
O.OOEtO0 
0.00Et00 
0.00Et00 
0.00Et00 

(mollL) 
3PB 

2.04E-04 
1.52E-03 
1.1 8E-03 
6.24E-04 
1.66E-04 
0.00Et00 
0.00Et00 
0.00Et00 
O.OOEtO0 

(mollL) 
2PB 

1.42E-04 
,3.58E-03 
3.98E-03 
2.89803 
1.27E-03 
4.1 3E-04 
2.27E-04 . 
7.1 1 E-05 
4.80E.05 

(mollL) 
FBA' 

1.64E-04 
3.42E-03 
5.83E-03' 
9.09E-03 
1.1 1 E-02 
6.648-03 
7.09E-03 
1.57E-03 
3.1 2E-04 

(mollL) 
Phenol 

7.23E-04 
2.92E-03 
&ODE-03 
4.88E-03 
SROE-03 
7.41 E-03 
7.34E-03 
9.34E-03 
1.04E-02 

Soluble Boron 
(mo ten) 

-(lCp-Es) 
4.1 8E.03 
9.70E-03 
1 -34E.02 
1.67E-02 
1.95E-02 
2SOE.02 

- 2.98E-02 
3.30E.02 
3.50E-02 

(molell) EquMent 
Boron NaTPB(rngR) 

(from ocganlu) 
1.05E-03 1431- 
&70E-.03 3320 
1.1 1 E902 4580 
1.25E-02' . 6700 . 
1.20E-02 0000 
9.05E-03 0222 
7.31 E-03 10143 
1.65E-03 11000 . 
3.81 E-04 1 1876 

Rate Data 06 hrs 3.078-00 molel(L*hr) 98 hrs 6.75E-05 7.97E-05 motel(l'hr) 
168 hrs -2.05E-08 molel(L'hr) 108 hrs 6.49E-05 6.00E-OS mole/(l;*hr) 

288 hts 4.33E:-05 3.09E-05 molel(L*hr) 288 hrs -1.53E-08 - rnolsl(L*hr) ' \  

b 
C Tablo 4 Test 4: 55 "C, Soluble organlcr and metals, Soltd sludge and hlST add11608 

' _- 
Reaalon Time 

, (hr) . (mgW 
B@lZ@lQ 

0 45 - 90 * 72 
168 842 I 

' 288 1252 . 
432 1677 
072 1660 
1008 1031 
1206 5282 
1608 1959 

Benzene 
Rate I 

( uQl(L'hr)) 

201 
4744 
4101 
3,540, 
2463 
978 ' ~ 

4041 
1100 

- 
(mollL) 

TPB- 
4.76E-04 
2.26E-04 
9.71 E-05 

,5.64E.05 
0.0OEt00 
0.00Et00 
O.OOEtO0 
0.00Et00 
O.OOEtO0 

(mollL) (mollL) 
3PB 2PB 

2.64E-04 1.42E.04 
1.1 BE-03 1.OOE-03 
1.5OE-03 2.88E-03 
1.2OE-03 1.83803, 
4.58E-04 1 .OOE-O3 
0.00Et00 1 .ll E-OS 
6,37E-05 1.24E-04 
0.00EtO0 1.84E-04, 
0.00EtO0 1.02E.0'4 

(mollL) 
PBA 

1.64E-04 
2.33E-03 
4.06E-03 
4.1 2E-03 
2.62E-03 
9.1 OE-04 
3.36E-04, 
3.638.04 
O.OOEtO0 

(mollL) 
Phend 

7.23E.M 
.2.048-03 
4.45E-03 
7.09E-03 
9.12E-03 
1.28E-02 
1.21 E-02 
1 &E-02 
1.47E-02 

SoluHe Boron 
(molek) 

-(lCp:ES) 
4.1 8E-03 
8.74E-03~ 
1.38E-02 
1.76E-02 
2.04E-02 
2.60E-02 
2.65E-02 

* 2.95E-02 
2,85E-02 

(rnolell) Equivalent 
Boron NaTPB(mgfL) , 

(from org~ka)  
1.05E-03 1431 
6.73E-03 2000 
8,a2~-03 4600 

0027 7.2OE-03 
' 4.08E-03 6000 

8776 1.02E-03 
6.14E-04 9072 
6.17E-04 1 0098 

,1.02E-04 9741 

C 



. 
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Table 5 Test 5: 70 *C, Soluble organlcs and metals, Solld sludge and MST sddlllves 

1.07E-06 9.65E-08 moJe/(L*hr) 
4.80E-05 3.62E-05 molel(L*hr) 
4.67E-05 0.68E-08 mole/(l'hr) 

Ram Data 96 hrs -2.16E-06 molel(l'hr) 
168 hrs -2.2OE-06 molel(L'hr) 
288 hrs -1.6OE-08 molel(L'hr) 

Reactlon TIme . 

(h? 

. O  
9 6  
168 
288 
432 
672 
1008 
1206 

, 1608' 

(,m!m 
Benzene 
' 45 

47 
1664 
1471 - -  
1271 

308 
3338 

,4423 

328 

Benzene 
Rate 

(WW'hr)) .. 
21 

0756 
4951.' 
2838 

1 451 
. 350 
2541 
2723 

(mollL) 
TPB- 

4.76E-04 
9.71 E-05 
1.57E-05 

0.00Et00 . 
'O.OOE+OO 

O.OOEtO0 
O.OOE+OO 
0.00Et00 
O.OOE+OO 

(mollL) 
3PB 

2.64E-04 
7.89E-04 
2.81 E-04 
0.00Et00 , 
O.OOE+OO 

O.OOE+OO 
0.00Et00 
O.OOEtO0 

1.1 1 E-04 

(mollL) 
2PB 

'1.42E-04 
2.67E-03 
1.67E-03 
4.62E-04 
1.38 E-04 
2.31 E-04 
8.44E-05 
5.78E-05 
3.11 E-05 

(moti )  
PBA 

1.64E-04 
5.81 E-03 
6.75E-03 
3.Q3E-03 
2.65E-03 
1.03E-03 
Q.Q2E-O,4 
6.81 E-04 
7:87E-04 , 

(mollL) 
Phenol 

7.23E-04 
4.76E-03 
7.75E-03 
1 .O4E-02 
1.08E-02 
1.14E-02 
1.20E-02 
.1.40E-02 
1 A2E-02 

Solutle Baron (molelL) Equlvalent 

Bomn(lCP-ES) :from organlca) 
(molelL) Baron NaTPB(mgn) 

4.18E-03 1.05E-03 1431 
1.5OE-02 9;38E-03 ' 5427 
2.23E-02 8.72E-03 761 7 
2.76E-02 4.39E-03 041 2 
2.89E-02 . 2.69E-03 9882 
3.59E-02 1.37E-03 12277 
3.72E-02 1 .O8E-03 1 2725 
4.18E-02 7.38E-04 14306 
4.33E-02 8.1 8E-04 1481 3 

1.22E-04 8.88E-06 mole/(L*hr) 
168 hrs -2.74E-08 molel(L*hr) , 1.08E-04 4.57E-05 motel(l'hr) 
288 hrs -1.65E-06 molel(L*hr) 8.1OE-05 1 .l BE-05 mole/(l'hr) 

RateData 96 h n  -3.95E-08 molel(L'hr) 

0 

?.. 



Tabla 7 tes t  7: 55 'C, Soluble organics and metals addltlves 

Rate Data Dt3 hrs -2.28806 mols/(L'hr) 8.82E-05 5.77E-05 mola/(L'hr) 
168 hrs . -1.77E-08 rnolel(&'hr) 4.45E-05 4.48E-06 mole/(Phr) 
288 hra -1.28E-08 mole/(L'hr) 3.17E-05 2.93E-05 mole/(L'hr) 

0 .  
D6 
168 
288 
432 
872 
1008 s 

1298 
1608 

, 

. ( m w j  
Benzene 

45 
118 
938 
1502 
1726 
2589 
1874 
4835 
3081 

fable 8 Test 8: 65 "C, Soluble arganlca snd mrtab addlfhraq Wild sfudgo Addlthror 

0 - .  
96 
168 

, 288 
432 
872 

I 1008 
1208 
1808 

(mi/L) 
Benzene 

45 
101 
1230 
1682 
1147 
845 
762 
5369 
3981 

-Benutm, 
Ratr 

(ugl(L'ht1) 

S83 
7054 
5884 
2551 
1100 
701' 
41 00 
2435 ' 

.. 
(mollL) 

TP& 
4.76804 
1.72E-04 
&ME-05. 
D.?OE46 
O.OOEtO0 
0.00Et00 
0.00EtOO 
O.OOE+OO 
o.oOEtOO 

(mollL) 
' 3PB 

2.64E-04 
1.4SE-03 
1.23803 
2.8DE-04 
3.72E-05 
0.00Et00 
0.00E400 
0.00E400 I 

0.00Et00 

(mollL) . 
2PB 

1 A2E.04 
4.09E-03 
4.9DE-03 
3.81 E-03 
9.64E-04 
2.04E-04 
1.1 1 Ea04 
6,qSE-OS 
4.80E.05 

(mollL). (mollL) 
PBA P W  

1 A4E-04 7.23804 
3.49E-03 .3.00E-03 
6.93803 - 6.27E-03 
9.73E-03 , &ODE-03 
l.16E-02' I 7.23E-03 
8.04E-03 8.73E-03 
4.67803 9.52E-03 
9.19E-04 1.12E-02 
S.26E-04 1.20E-02 

Soluble Baron 
(rnolelL) 

eorOn(lCP-ES) 
4.18E-03 
1.20E-02 
, 1 A7E-02 
1.98E-02 
2,'l SE-02 
2.85802 
3,28E-02 
3.71 E-02 
3.61 E-02 

h, 
0 

(moleR). Equlvalent 

(from organlcr) 
Bonn NaTPB(mgA) . 

1.06E-03 1 43 1 
9,21 E-03 41 1 1 
1.22E-02 6706 
1.38802 8786 ' 

1.28E-02 7368 
8.24E-03 10104 
4.78803 11 158 
9.SSE-04, 12881 
S.74E-04 12026 

.8.18E-05 8.50E-05 molel(L'hr) 
7.44E-Ob . 8.65E-05 mole/(L'hr) 

288 h n  -1.62E-08 mole/(L'hr), 6.43E-06 4.44E-05- mole/(L'hr) 

Rate Data 98 hta -3:17E-08 rnole/(L'hr) ' 
, 188 hrrr -2.48E-08 mole/(L'hr) 

L 

4 
I 

' 0  
0 
Ita 

, 'cn 

P 
(D 
4 . 
0 



Table 9 Test 9: 70 'C; Soluble organlcs and metals addlttvos . 

Rate Data 96 hrs -2.68E-06 mole/(L*hr) 3.78E-05 3.56E-05 molel(L*hr) 
. ,  3.76b05. 3.03805 mole/(t'hr) 188 his -1.70E.08 I molel(L*hr) . 

288 hr8 -1.22E-08 molel(L*hr) 
r 

Reaction Tlme 
(hr)' 

Rate Data 98 hrs -2.48E-06 molel(L'hr) 7.95E-05 4.07E-05 mole/(L'hr) 
9.36E-05 4.77E-05 mole/(l'hr) 168 hrs -2.57E-06 molel(L'hr) 

288 hrs -1.22E-06 molel(L*hr) 7.29E-05 1.9QE-05. . mole/(L*hr) 

0 
9 8  
188 
288 . 
432 
872 
1008 
1296 
1608 

. c 

0 

(m g/L) 
Benzene 

45 
67 

1110 
1763 
21 00 
2496 * 
1299 
5943 
3606 

Benzene 
Rate 

(W(L'hf)) - 
229 
6339 
5885 
4757 ' 

3647 
1244 
4551 . 
2215 . 

(mollL) 
TPB 

4.76E-04 
2.2QE-04 
1 .Q l  E-04 
1.25E-04 
6.64E-05 
O.OOEtO0 

- 0.00Et00 
0.00Et00 

~ 0.00Et00 

(moliL) 
3PB 

2.64E-04 
1.89E-03 
2.77E-03 
3.25E-03 
2.73E-03 
1.07E-03 
1.73E-04 
5.37E-05. 
0.OOEtOD 

(mollL) 
2pB 

. 1.42E-04. 
1.43E-03 
1.6OE-03 

~ 1.G4E-03 
1.638-03 

. 1.86E-03 
I 9.46E-M 

1.95E-04 
1.51 E-04 

(mollL) 
PBA 

1.64E.04 
9.1 OE-04 
1.57E-03 
1.88E-03 
2.03E-03 
2.22E-03 
1.60E-03 
0.00Et00 
0.00Et00 

(mollL) . 
Phenol 

7.23E-04 
2.68E-03 
4.41 E-03 
6.02E-03 
8.32E-03 
7.06E-02 
7.24E-02 
1.47E-02 
7.51 E-02 

Soluble Boron (motell) Equivalent 
(m o le/L) (mollL) NaTPB(mglL) 
Eoran(lCP-ES) on(from organlcs) 

4.18E.03 1.05E*03 1431 
7.81 E-03 4.46E-03 2673 
1.05E-02 6.14E-03 3594 . 
1'27E-02 6.79E-03 4342 
1.63E-02 6.45E-03 6569 
2.36E-02 5.1 5E-03 8082 
2.85E-02 2.72E-03 8066 
3.128-02 2.4QE-04 10687 
2.94E:02 1 .Si E-04 10056 

Tabli  10 Toat 10: 70 oC,.Soluble organlcs and metals, Salld sludge rddlttves 
- .  

Reaction flme 
(hr) (mglL) 

' Benzene 
0 A5 

8 8  571 
1 8 8  2723 
288 2331 
432  827 

9 672 917 
TO08 591 ' 

1296 - 5994 
1608 . 3849 



. .  

' -2.61E-08 mole/(L'hr) -9.88E-08 -2.61 E06 molel(L*hr) 
-8.lOE-06, ' -1.64E-06 mofe/(L'hr) 

RateData 86 hra 

-4.1 1 Em08 -9.67E-07 molel(L*hr) 
168'hrs -1.64E-06 mole/(L*hr) 
288 hra -9.67E-07 .rnole/(L*hr) . x  . 

I - 

Table .ll Teat 11: 55 'C, No Addlthrea 

' 

F 

. 

. w  
4 

0 
0 
sb 

' I  

. 
7 
(D c 
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- Table 13. Preliminary Kinetics Data for (K,Na) TPB Slurries Tested 
at 40 to 70 ' C .  

pseudo firs+ -Pseudo firstb 
m l a t i v e a  order Rate Total Solublec Order Rate 

T e s t  Temp. Additives Boron Rate Constant, k' Boron Rate Constant, k' 
t (OC) (mole/ (L*W I e - 1 )  (mole/ (L*hr). 1 (h& 

(xlb-5) (x1~-s'5) 

1. 
2 

3 
4 

5 l  
6 

7 
8 
9 
10 

119 
129 

40 d 
40 d 

55 d 
55 . d 

70 d 
70 d 

55 " e 
55 f ,  
70 . e 
70 f 

55 h 
'7 0 h 

' 3.85 
1.56 

6.00 
4.51 

4.57 
3.62 

4.48 
6.65 
3.03 
4.77, 

-0.16 
-0.16 

0.0808 
0.0327 

011260 
0.0946 

, 0.0959 
0.0759 

0.0941 
0.1396 
0.0637 
0 .loo1 

<o. 0001 
<0.0001 - I 

3.08 
,0,92 

5.49 
5.61 

10.80 
-4.80 

4.45 
7.44 
3.76 
9.36 

-0 -366 
-0.81 

0.0579 
0.0199 

0.1003 
0.1025 

0.1930 
0.0882 

0.0820 
0.1345 
0.0699 
0.1685 I 

<0.0001 
<0:0001 - 

c 

d 
e 
f. 

g 

h 

Cumulative boron i n i t i a l  production rates ca lcu la ted  from boron produced i n  
first 168 hours as boron-containing organics from HPLC analyses .of  t h e  
s l u r r y  f i l t r a t e s . .  Note rates are based on only t w o  dat&points  ( t i m e  = 0 
and 168 hy) . 
Obtained from equation, Rate = k[TPB-I [Catalyst]" = k '  [TPB] , 
where k' = k[Catalyst]" u s h g  data from t h e  first 168 hours. 
Note: This method of calculation provides a s i g n i f i c a n t  negat ive bias i n  
t h e  .estimated rate constants; , . 
Total  so luble  boron i n i t i a l  production r a t e s  ca l cu la t ed  from boron produced 
i n  first 168 hours a s - t o t a l  soluble  boron from ICP-ES analyses  of t h e  
s lurxy  filtrates. 
and '168 h r )  ., 
Soluble organics, soluble  metals, s o l i d  sludge and s o l i d  MST added.. 
Soluble organics, soluble  metals. 
Soluble organics, so luble  metals and s o l i d  sludge added (NO MST) . 
The negative values f o r  soluble  boron appearance r a t e s  i n  thbse 
con t ro l  samples r e s u l t  from the  obse'rved decrease i n  so luble  TPB' 
over t h e  i n i t i a l  96 hours of t e s t ing .  
Contyol samples, containing NO addi t ives .  

< . .  

Note rates are based on only two*data  po in t s  (time = 0 

\ 
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1 , 

Table 14. Reproducibility Of Duplicate Tests. a 
I 

I Phenol 
I (mg/L) 

Test Temp. Additives ' 
f ,  (OC) 

Boron 
(mg/L) 

The, h r  
(432) (1008) (1608) 

1 40 b 589 932 . 1346 - 1 4 2  215 244 
2 40 b 413 865 1264 1 1 4  187 2 2 3 .  

Aver age 501 898 1305 128 201 233 
Standard Deviation 124 47 57 20 20 1 4  

%Relative Standard Deviation 25 5 4 15 1 0  6 

3 55 I b 526 691 981 210 32.0 378 . 
4 ' 55 b 858 1142 1381 220 286 307 

i 

Average 692 916 1181 215 303 3 4 3  

* %Relative Standard Deviation 34 35' , 24 3 - 8  1 4  
Standard Deviation. 234 319 282 1 7 -  24 49 

I 
~ 

5 70 b 1020. 1217 1520 312 402 468 
6 7 0' b 852 1202 1482 2 45 322 374 

Average -936 1209 1501 - 279 362 420 
Standard Deviation 119 11 26 47 57 66 

%Relative Standard Deviation 13 1 2 1 7  1 6  1 6  

a .Data shown comes from previous.Tables 1 through 6 for final 1600 
hours of testing. 
95% confidence level as calculated by M%crosoftQ EXCEL Version 4.0 
spreadsheet funct ion.  ' ,Relative Standard Dev.iation d e f i n e d  a s .  
((Standard Deviation/Average) x 100). 
Solubie organics, soluble metals, solid sludge and solid MST added. 

Standard deviations represent 1 sigma'value at 

- 
P 

. 
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8 Table 15. Effects of Removing Solid MST Additives or Removing 
Solid Sludge and Solid MST Additives on NaTPB . ' 

Decompdsition . 
Boron (ICP-ES, mg/L) Boron Ratea 

T e s t  Temp. Missing T h e ,  hr . (mole/ (L*hr) ) 
If (OC) Additives (432) (1008) (1608) (XI 0-5 

5.5 
5.6 

3 55 ~ ( a l l  present) 210 32 0 378 
4 55 ( a l l  present] 220 286 307 

' 8  55 w/o MST 233 352 380 
7 55 w/o-  sludge and MST 192 268 . 287 

5 
6 

10 
9 

70 
70 

( a l l  present) 
( a l l  present) 

70 w / o  MST 
70 . w / o '  sludge and' MST 

402 468 . 312 
245, ~ 322 , 374 

309 
176 

420 
. 286 

477 
,317 

7.4 
4.8 . 

10.8 
. 4.8 

9.4 
3.8 

a Total soluble. boron i n i t i a l  production rates calculated from boron 
measured i n  first 168 hours as  t o t a l  soluble boron f r o m  ICP-ES analyses 
of the slurry f i l t r a t e s .  
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Table 16. NaTPB Solids Based on Soluble TPB' Analyses and Soluble' 
Boron Analyses. 

I 

Final 
I .  * 

Test, Temp. 'Additives ' NaTPBa 
# . *("C) Present' in 

Slurry 

Equivalentb 
NaTPB Dissolved 

(mg/L) 

1' 
2 

3 
4 

5 ,  
6 

7 
8 
9 
10. 

11 
.i2 

40 
40 

55 
55 

70 
I 70 

55 
55 
70 
70 

. 55 
70 

C 
C 

C 
C 

c .  
= :  
d -  . 
e 
d .  
e '- 

f 
f . .  

i . .  
b 

6,240 
5,640 

. 1.0,560 
8,280 

13,320 
10,440 

7,680 
10,560 
8,640 

13,680 

(g) 
(9) 

, 

Equivalent j 
NaTPB Dissolved 
(mg/L) 

Original Slurryh 1185a- , 7,200 . 
,original Slurryh 
Original Slurryh 

242i 
282i 

11, 880 
12,720 

a ,  

b 

C 

d. 
e 
f 
g 

h 

i 

3 

Determined from HPLC analyses of filtrates obtained from mixing 1 gram 
,slurry amounts with 5 mL of deionized water. 
gased on ICP-ES analyses, of soluble boron in filtrates using a nominal 
slurry density of 1.2 g/mL. These values represent knount of equivalent 
solid NaTPB &.ssolved during testing. 
soluble organics, soluble' metals, solid sludge and ̂ solid MST added. 
Soluble organics, soluble metals 
Soluble organics, soluble metals and,solid sludge,.added (no MST). 

. 

. 

Control samples containing'no additives. . .  
Soluble boron analyses in these two samples indicate no significant 
change (about 704 & 170 mg/L equivalent NaTPB).from 96 hr to the end 
of testing. 
Obtained from excess slurry used in original tests preparation 
stored,at ambient.temperature for the duration of testing. 
Determined from, HPLC analyses of, filtrates obtained from mixing. 1 gram 
slurry amounts with 40 mL of deconized water after stirring in sealed 
containers for 12 hours. 
Based on HPLC.analyses of filtrates. 
_equivalent solid NaTPB in the (K;Na)TPB slurries. 

These values represent' amount of 



WSRC-TR-97-0046, Rev. 0 27 

T&IA 17. Analyses for  ~oluble Potassium Ion from (K,N~) TPB 
I Slurries Tested at 40 to 70 OC. 

- Fi'nal 
' Potassiuma EqkvalenCb Equivalent c 

T e s t  Temp. Addi t ives .  i n  Filtrates KTPB NaTPB 
x ' ("C) (mg/L) Dissolved Dissolved 

(mg/L) (mg/L) 

1 
2' 

40 
.4 0 

d 
' .d 

2.7 
2.2 

3 6. 
24 

6,240 
5 r  640 

10,560 . 
8,280 

.ss 
55 

1r 326 
' 60 

' 3  
4 

d 
d 

144.0. 
6.6 

, 5  
6 

70 
70 

d 
d 

420 20, 
209.0 ' 

3,984 
1,920 

84 
1,.920 
444 

, '  4,656 

. ,  

13,320 
10,440 . 

7 55 
8 55 

10 70 
9 70- 

7,,680 

8,640 
13,680 

10,560 
e 
f 
e 
f 

- .  8.9 
209.0 % 

48.0 
506.0 

11 
12 

55. 
7 0 .  

3.5 
2.7 

36 
, 24 

NA j Original  S l u r r y i  ' 0.2 - < 2  
, .  

, a  

a 
b 

Determined from.Atomic Absorption analyses of s l u r r y  f i l t ra tes ,  
Based on Atomic Absorption analyses for .  soluble  potassium ion i n  
f i l t r a t e s  using a nominal s l u r r y  densi ty  of 1.2 g/mL. These values 
represent  amount of equivalent s o l i d  KTPB t h a t  ,was dissolved during 
t e s t i n g  . 
Data repeated from Table 16. based on ICP-ES analyses of so luble  -boron i n  
f i l t r a t e s  using a nominal slurry dens i ty  of 1.2 g/rnL. These values  , 
represent  amount of equivalent s o l i d  NaTPB dissolved during t e s t i n g . '  
Soluble organics, ' soluble  metals, s o l i d  sludge and solid'MST added: 

Soluble organics, soluble  xhetals and s o l i d  sludge added ("9 MST) . 
Control samples containing no addi t ives .  
Soluble.  boron analyses i n  these two. samples ind ica t e  no s i g n i f i c a n t  
change (about ,704 f' 170 mg/L.equivalent NaTPBl from 96 h r  t o  t h e  
end of t e s t ing .  ' 

Obtained from excess s l u r r y  used i n  original- tests preparat ion 
s tored  a t  ambient temperature f o r ' t h e  duration 'of tes t ing.  
Soluble boron was not analyze3 from t h e  excess  S lur ry  used i n .  t h e  
origina-1 tests. 

e Soluble organics, :soluble m e t a l s .  . 

g 

' 

j 
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, .  

, % -  

, Table 18. Comparison of Previous-Tank 48H Data with Present . ' (K, Na) TPB Slurry Decomposition Data 

Tank'48ka . Present, Testsced 
. (25-52 "C) b%- ' ( 4 0  "C) (55 PCI 

. 6300 

2160' 

t 2200 

1600 

5200 

1600 

2.92 1.37 3.25 

Potassium 1-6 2-3 

1600 

6-209 . 

1'600 

0.004-0.130 

1968 

(0.5-3.0) E-3 (1.2-1.. 9)E-3 

,1000-1800 ' 

1600 

1000 1200-1300 Phenol 

4320 1600 

*, 

0-63-1.12 4.23 0.75-0.81 

1400 

432 

. 1PB 1900 600 

432 2280 
' 7  

/ 

0.83- 1.39 3.24 

300-370 I Boron 500 

1584 

220-240 

160Q 1600 

0.144 -15 0.19-0.23 
, -  

a D a t a  for Tank 48H obtained from Figure 3 (temperature range) h d  ' 

Table 2 (species concentrations) in Ref. 1. The magnitudes of a l l  species represent 
m a x h i m  amounts produced over the approximate time periods indicated. 
Tank 48H xecorded t-ratures ranged from 25 t o  52 O C  from August 31, 1995 t o  
April 27, 1996. Note however, f r o m  Ref.  1 that  Tank 48H tenperatures ranged from 
33 to 52 OC from Auqust .31; 1995 to 

Data for the 4 0  "C studies obtained from Tables 1 and 2 for  tests containing f u l l  set of 
.additives. 
approximate time *periods iqdicated. 

Data f o r  the 55 O C  s t u d i e s  obtained from T A l e s  3 and 4 for  tests containing f u l l  set of 
additives. 
approximate time periods indicated. 

nid-November of 1995. 

The magnitudes of a l l  species represent maximum amunts produced over t h e  

The mgnitudes of a l L  spcies represent maximum amunts produced over the 
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' i  
Figure  1. Benzene Production for Tests 1 and 2 at 40 O C  ' 

with All Additives, , 

\ *  

b Figure 2. 

5000 t 
E 4000 
i ,  

t E" 
0 - 

3000 
L. 
L 
I= 
0)  .g  2000 
0 

1000 

9 
' 0 300 600 900 1200 1500 1800 

Time, hr I 

Benzene Production for- Tests 3 and 4 at 55 0C with All 
Additives. 

6000 

5000 

i 3 4000 - 
S 
0 - Z 3000 
L w 
S 
0)  g 2000 
0 

' ' 1000 

0. 
300 I 600 900 1200 1500 1800 

Time, hr 

- Benzene, T4 
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F i g u r e  3. Benzene Production for T e s t s  5 and'6 a t  70 0C w i t h  All 
Additives. 

I 6000 
70 O C I  ' 

5000 

. E '  
'0 - 5 .3000 

r: 2000 

c , m  u 

0" 

4- Benzene,T5 

~* enzene. T6 

. 1000 

0 
0 300 600 900 1200 1500 1800 . 

Time, hr 

Figure  4 .  B e n z e n e ' P r o d u c t i o n  for T e s t s  at 55 ahd 70 OC w i t h  
I 

- 
, E i t h e r  Soluble Additives O n l y  ( i . e . ,  Test 7 and 

T e s t  4) 'or Soluble Additives plus Sludge Solids 
(i.-e., T e s t  8 and T e s t  10). 

/ 

1 .. 
6000 

55 OC (T7,T8) 

70 O C  (T9,TIO) " 5000 

i 
4000 

1 .  

-7 Benzene, T7 

'- Benzene, T8 

4 Benzene, T10 

1000 

0 
' ' 0  300 600 900 1200 1500 - 1800 

Time, hr 
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* I 

. .  

Figure 5 .  Benzene Production for Control Sample Tests 11 and 12 
a t  55 and 70 OC, respectively, with No Additives 
Present. 

, 

0 
0 300 <600 900 1200 1500 1800 

Time, hr 

I 
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Figure 6. Average Tetraphenylborate, InterIt'LediateS and Product 
Concentrations versus Time for Duplicate Tests 1 and 2 
at 40 OC with.All Additives. 

4.5OE-02 

0 cf 2.5OE-02 

2.OOE-02 
- L 

' C  m 
1.50E-02 e 1.00E-02 
5.OOE-03' 

O.OOE+OO 

TPE . _Jt- - 3PB - 2PB - PBA 
- *- Phenol 

* Boron(lCP-ES) - Boron(from 
organics) . 

0 300 600 900 1200 1500 1800 , 

Time, hr 

Figure 7. Average Tetraphenylborate, Intemediates and Product 
Concentrations versus T h e  for Duplicate Tests 3 and 4 
at 55 "C -with All Additives. 

3.50E-02 

,3.00E-02 

,2.50E-02 

2.00E-02 

1.50E-02 

I .00E-O2 

5.00E-03 

o:ooE+oo 
0 300 600 9 0 0  1200 1500 1800 

Time, hr 
\ 

- TPB- 

3PB 
t - 2PB 

& " P B A .  ~ 

1- Phenol - Boron( ICP-ES) - Boron(frorn 
organics) 
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Figure 81 Average Tetraphenylborate, Intermediates and Product 

Concentrations versus Time for Duplicate Tests 5 and 6 
at 70 OC with All .  Additives, 

1 
L 

4.50E-02 

4.00E-02 

3.50E-02 

3.OOE-02 

6 2.50E-02 

2.OOE-02 
0 - 
L 

C ~ 

a, 
1.50E-02 

O" 1.OOE-02 
+- , Eoron(from ' 

organitis) 5.OOE-03 

0 .O 0 E+OO \ 

0 300 600 900 1200 1500 1800 

Time, hr 

1 .  ' 

I 

.. 

I .  
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Tetraphenylborate, Intermediates and Product. . 
Concentrations versus Time for Test 7 at 55 O C  with 
Soluble Additives O n l y .  

4-50E-02 11551 
4.OOE-02 

' 3.5OE-02 
m - 
0 3.OOE-02 E 

2.50E-02 
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.- 

Tetraphenylborate, Intermediates and Product 
Concentrations versus Time <for Test 9 at 70 O C  with 
Soluble Additives Only. 
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Tetraphenylborate, Intermediates ' and Product ' 
Concentrations versus T h e  for Control Sample Test 11 
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Figure 13. 
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Figure 15. 'Arrhenius Plot of ln(initia1 soluble boron rate) 
wefsus Inverse ,Temperature. 
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Figure-  16. 
, I  

I 

Figure 17.  

Soluble Boron (ICP-ES) and Phenyl Borate (HPLC) 
Concentration's versus Time for T e s t  8 at 55 OC w i t h  
Soluble Additives P l u s  Sludge Solids (w/out MST) 
Compared to  Averages f r o m  Duplicate T e s t s  3 and 4 at 
55 "C w i t h  A l l  A d d i t i v e s .  
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Figure  18, Soluble Boron (ICP-ES) a d  Phenyl Borate (HPLC) - 
Concentrations versus Time for Test 7 at 55 OC with 
Soluble Additives (w/out sludge and MST) Compared to 
Averages f r o m  Duplicate Tests 3 and 4 at 55 OC with 
All Additive's. 
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Figure 19. Soluble' Boron (ICP-ES) and Phenyl Borate (EPIC) 
Concentrations versus T h e  for Test 9 at 70 O C  
with Soluble Additives (w/out sludge and MST) 
Compared to Averages f r o m  Duplicate Tests 5 and 
6 at 70 O C  with All Additives. 
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APPENDIX A 
TEST DESIGN AND EXPE-AL METHODS AND ANALYSES 

A t o t a l  of 12 s l u r r y  samples w e r e  tested. The test matrix, sample 
preparat ions and ana ly t i ca l  methods are described below. 

The test matrix f o r  s i x  s l u r r y  p lus  addi t ive samples (Vl-6) was 
i d e n t i c a l  except f o r  t h e  d i f f e r e n t  temperatures of 40, 55 and 70 OC (see 
V1-6 of Table All. Each (K,NalTPB s l u r r y  consisted of t h e  simulated 
s l u r r y  i n  Concentrated s a l t  so lu t ion  containing t h e  soluble  m e t a l , ,  
soluble  organics, and s o l i d  sludge and MST addi t ives  shown i n  Table A2.  
The non-radioactive rec ipe  given i n  Table A2 best approximates t h e  Tank 
48H rad ioac t ive  s l u r r y  (See spec i f i ca l ly  Tables 2, 8, 9 and 12 of 
Ref. 1). As noted i n  T a b l e  A2, t h e  NaTPB, f rac t ion  of t h e  (K,Na)TPB 
s o l i d s  is purposely made higher ( targeted t o  contain 1.5 w t  % NaTPB 
solids or  about' 18 ,000  mg/L NaTPB solids) relative t o  t h e  measured 0 . 6  
w t  3 NaTPB value i n  Tank 48H s lu r ry .  T h i s  was done t o  assure  an 
adequate amount.of &cess NaTPB so t he  extent  of react ion can be 
monitored i n  t h e  planned decomposition tests. These samples, vl-6,  w e r e  
tested i n  dup l i ca t e  a t  each'temperature. T e s t s  w e r e  conducted i n  
u n s t i r r e d  160 mL carbon-st&el a i r -sealed containers (i.e., s t a t i c  
systems). A l l  vesse ls  i n i t i a l l y  contained 100  mL of s lu r ry .  

Additional s l u r r i e s  i n  concentrated s a l t  solution, one containing only 
soluble  metal 'and organic addi t ives  of Table A2 (no sludge nor MST 
s o l i d s  present)  and one containing a l l  addi t ives  of Table A2 except MST, 
w e r e  tested a t  t h e  higher ' temperatures of 55 and 70 OC (see V7-10 of 
Table Al)..  
effects of s o l i d  addi t ives  .on t h e  extent  of TPB react ion.  , 

These tests were,designed t o  provide h f o n k t i o e  on t h e  

Single (K,Na) TPB s l u r r i e s  ie .concentrated s a l t  so lu t ion  sample 
containing no p o t e n t i a l  so luble  (metals o r  organic's) nor s o l i d  (sludge . 
o r  MST), add i t ives  shown i n  Table A2, i.e., 'control,,samples', w e r e  
included f o r  comparison purposes a t  t h e  two higher temperatures o f  55 
and 70 OC (see Vll-12 i n  Table A l ) .  

A l l  containers  w e r e  cleaned before t e s t i n g  by r i n s i n g * w i t h  deion'ized 
water, contact ing w i t h  - 1% n i t r i c  ac id  f o r  - 1 h r ,  r ins ing  with 
deionized water, heat t r e a t i n g  t o  - 580>-°C f o r  a t  l e a s t  8 h r ,  and l a s t l y  
soaking i n  0.5 M NaOH f o r  a t  l e a s t ' 8  hr. 

, .  

1 -  
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Table A-1. Reaction Conditions of 
, , Decomposition Studiesa 

Temperature Soluble Soluble 
Organics I Metals 

Test # 

1 
2. 
3 
4 
5 
6 

7 
8 
9 
10 < 

11 
12 

' 4 0  

55 
55 
.70 
70 

55 
55 
70 
70 

55 

. 4 0  

, ' 70 

WSRC-TR-97-0046, Rev. 0 

(K, Na) TPB Slurry 

" Solid . 
Sludge 

no. 
yes 
no 
Yes 

no 
no ~ 

Solid 
hST 

no 
no 
no 
no 

no 
no 

a All tetraphenylborate slurry prepared to ,be 5.5 wt %.total (K,Na)TPB 
solids with 4.0 wt % KTPB (or 48,000 mg/L KTPB), and 1-5 -wt % NaTPB 
(or 18,000 mg/L NaTPB) . , .  



L 1 -  

I' 

44. , WSRC-TR-97-0046, Rev. 0 - .  

. I  

T a b l e  A-2. Tank 48H Non-Radioactitre Simulant Test Matrix for 
(K,Na) TPB Slurry Decomposition Studiesa 

Salt Content Soluble Metal Additives Sofid Additives 
(MI ' -(mg/Ll (wt %) 

. .  
4.7 M Na+ 1.7 Cu(I1) 0.8 Ru(II1) 1 0.2 w t  % Sludge 
2.7 M OH' &2- MO (VI) 0.4,. Pd(II)b 0.2 w t  % MST 

0.69 M NO3' - 16 S i ( v 1  0.6 Ag(1)  
0.17 M A102- 0 .4  Cd(I1) , 0'.04 .Co(II) 

2.2 Hg(1I) 0.01 M s042' 1 Se(V1) 
o .i9 M ~032- 0.04,As(IV) 12.2 Ca(I1) 
0.014 M C1- 8.8 Zn(I1) 0.1 Sr(1'I) 
0.008 M F- 1.2 Pb(fI1 0.05 La(II1) 
0.006 M P043' 2.6 Fe(II1) 0.3 Ce(IV) 
0.003 M TPB' 2.1 Sn'(r1) 

0.70 .M N02- 60 CriVI) 0.2 &(III)'b 

. '  

P re-dried 
Organic Additives Sludge SimulantC ' 

Component ( w t  % of . Concent rat iond 
(mg/L) 

(mg/L) 
dry sludge.) . . 1 

720 Benzene A1 4.8 96 
150 Diphenylmercury ' I' , Fe 28.8 57 6 
125 Triphenylboron . Mil 5.9 .' 118 
125 Diphenylboronic Acid RU -* ',0.23 , .  4 . 6  
1,25 Phenylboronic Acid Pd 0 -11 2.2 

I 125 Phenol R h '  0 -06 I ..2 
150 Biphenyl Cr 0 -2 4' 
50 'Isopropanol ' ,cu ' 0.1 2 ,  

0.1 2 
50 

Mg 

.. 6 
Ni 2.5 
Pb 0.3 
Zn 0 -2 4 
Zr 2.5 ,SO 

, .  

5 Methanol 

a Tetraphenylborate slurry prepared to be 5.5 wk % total (K,Na)TPB 
solids with 4 . 0  wt % KTPB (or 48,000 mg/L KTPB) and 1.5 w t  % NaTPB 
(or 18,000 mg/L NaTPB) 
Palladium and rhodium soluble metal additives were not included as 
soluble additives i n  any of the previous, TPB sealed-bottle catalyst 
tests reported i n  Ref. 1. 
additives as soluble species in the present tests increases their 
magnitudes by: 
(((0.4 mg/L(sol&le), + 2.2 msjL(solid))/2.2 &/L(solid)) -11 x 100 - 18% for'Pd, and 
( ( ( 0 . 2  g/L(sol&le) + 1.2 mg/G(solid))/1.2 q / L ( & i d ) )  ,711 X 100 = 17% for Rh. 

Note that inclusion of, these metal 

='Sludge composition qriginally reported in' Ref. 1. 
8 .  

These concentrations' for sludge components based 'on presence of solid 
sludge at 0.2 wt 3 in the simulated slurries. 
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Samples from all slurries were analyzed to provide measurements of ' 
various components initially present. 
slurries was performed on a frequency of approximately every 2-3 days. 
All vessels were removed f r o m  the controlled temperature environments 
and immersed in water baths to cool them to ambient temperature 
immediately before sampling. 
shaking hediately prior to gas-phase and slurry sampling. 
vessels containing the slurry samples were weighed prior to and 
immediately after sampling. 

A typical sampling extracted S 0 . 5  cc gas sample of the vapor-space 
within the sealed vessel and removed approximately 4 mL of slurry 
(- 1 mL analyzed for liquid benzene and - 3 mL filtered -- 0.45  pm 
filter -- to provide filtrate for soluble organics, soluble boron, and 
pos2ible soluble metal analyses). Ambient air, approximately equal to 
the gas or liquid amount withdrawn, was introduced into the sealed 
vessels immediately before each sampling. This was to prevent any 
depressurization of the sealed vessels due to multiple gas and slurry 
removals over the duration of the tests. 

Subsequent sampling of the 

The slurries. were mixed by vigorous 
All test- 

The experimental program to measure the decomposition of NaTPB in 
slurries used the following critical measurements. 

volume Solutions were made from reagent grade chemicals by 
weighing on calibrated balances checked daily before use (WPTS Operating 
Procedure #IWT-OP-011). The weights used for balance checks were 
calibrated at the SRTC Standards Laboratory. 
made with glassware with accuracy verified by gravhetric methods using 
'water as a standard (WPTS Operating Procedure #IWT-OP-009)--. 

Volume measurements were 

\ -  

Samples were maintained at the specified test,ing ' 

temperatures by placement in laboratory. ovens. 
air-space of the ovens were detedned by thermometers constantly kept 
in place within the ovens in very' close proximity to the set of test 
vessels. Thermometers used were calibrated,by SRTC Standards. Laboratory 
using NIST-traceable procedures. 
thermometer temperatures were recorded on appropriate.data sheets 
located at each oven. These temperature data sheets were kept upon 
completion of the tests as a permanent record in laboratory notebooks. 
The frequency of temperature monitoring and control was adequate during 
normal daily laboratory hours to assure a constant thermometer - 
temperature reading within the range of k 2 O C  of the specified test 
temperature. Temperature monitoring and control during normal . 
laboratory daily hours was conducted by researchers and technicians. 
Temperatures were also recorded on night-shift and weekendFshifts by 
SRTC Control Room personnel as requested by a 'night-sheet' records 
request that was officially filed with SRTC,Control Room staff. 

Temperatures within the 

The oven display temperature and 

ce Li-whv (HPLC) Organic components were . .  
measured by HPLC methods from aqueous portions of the filtrate 40.45 p 
filter). 
Section ( A D S )  of SRTC. ADS activities were controlled in accordance 
with the ADS QA program:14 

Researchers used the following sample preparation and HPLC analysis 
'procedure : l5 

These analyses were performed by the Analytical Development 
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A 1 mt aliquot of each caustic solution to be analyzed was buffered with 
-2.5 mL of potassium phosphate buffer solution, and then diluted to 
10 mL with acetonitrile. The resulting mixture was mixed !inverted 
several times) for several minutes to facilitate the extraction of the 

organic-phase were then injected into two different HPLC units (HPLC 11 
and HPLC #2). 

, organic,components into the acetonstrile. Ali&ots (5-10 pL) of the 

HPLC P l  (TPB-, 3PB and 2PB Analysis) :. TSP 'IC,' acetonitrile-ammonium 
phosphate buffer eluent, Whatman ODS-2 column (TPB' retent-ion = 5.5 
minutes, 3PB retention = 11.5 minutes, 2PB retention = 7 . 8  
minutes). 

HPLC #2 ,(1PB and Phenol Analysis): Hewlett Packard LC, 
acetonitrile-water eluent, Chemco-5-ODS column (1PB retention = 
10.5 minutes and phenol retention = 14.6 minutes). 

v - 
The GC instruments. was calibrated for benzene wit,h gravimetriqally 
prepared standards-from reagent grade benzene (WPTS Operating Procedure 
@#IWT-OP-007). Both gas-phase (from within the sealed carbon-steel 

, vessels) and liquid-phase (from small, S l-mL, aliquots of the mixed 
slurries) benzene were measured.. Gas-phase.benzene measurements were 
estimated by transferring a known volume of gas from within the sealed 
carbon-steel.vessels to a sealed secondary container (typically 20-60 mL 
glass vi'als) of known volume. Injections from the secondary container 
were made directly into the GC instrument. 

Liquid-phase'benzene measurements were conductea by transfe'rring a 4-mL 
aliquot of the mixed slurry fromthe carbon steel vessels.rlnto a sealed 
secondary container. .This container was a 4-mI,glass vial fitted with.a 

, screw-top lid. .The slurry was transferred in the 4-mL sealed glass vial 
to a separate laboratory cont'aining the GC instrument. 
sample was then mixed by shaking, uncapped and sampled by transferring a 

I small 2 l-mL portion via a calibrated micro-pipette to a sealed 1.0 L 
glass bulb container. 
liquid 'coating' of the inner vessel walls to promote maximum 
liquid/vapor surface area within the bulb. 
5'0.250 cc gas aliquot was injected into the GC for\benzene analysis. 

I All benzene measurements were typically performed within 4 to' 8 hours of 

Benzene'was measured by gas chromatography (GC) . 

The 4 mL slurry 
, 

' 

This.bulb was agitated/swirled to ensure complete , .  

. Frornthis sealed bulb a 

slurry sampling. ' . /  - 
le Boron S D e k  The,filtrates of' selected samples were analyzed 

for total soluble boron content to determine the extent of (K,Na)TPB 
solids (NaTPB and possibly KTPB solids) decomposition in the slurries. 
Total' soluble boron was determined by- ICP-ES. 
diluted by a fac.tor of six with deionized water. 
boron sample was submitted with each set of boron analyses. 
element, high purity boron-containing 'standard contained boron at 
(20 mg/L L- O.S%),in'a 2 % HN03 aqueous solution and was analyzed 
undiluted. 
consistently biaseki high by about 15% (average analysis from, 
9 samples = (23.1 11.8 mg/L).),. ~ 

All filtrates were 
A single standard 

. This multi- 

The analyzed boron content for this. standard was 

I .  

B Det- frQm Dissolution of S- i 

An initial batch slurry 
for solid NaTPB by fixing about 1 gram of well mixed slurry with 5 mL of 
deionized water. 

and final test sample slurries were analyzed 

The l-gram slurry samples were obtainpd from the 
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s l u r r i e s  as they.were being stirred (reacted s l u r r i e s  w e r e  t r ans fe r r ed  
from t h e  carbon steel  reaction vessels  i n t o  glass beakers) i n  attempts 
t o  obtain a representat ive s a m p l e .  
being s t o r e d  f o r  about 2 4  hours unstirred,  w a s  f i l tered and analyzed for 
so luble  TPB' by HPLC analysis.  These analyses w e r e  performed t o  measure 
both t h e  i n i t i a l  ( f romthe  or ig ina l  batch s lu r ry )  and f i n a l  amounts of 
s o l i d  NaTPB i n  t h e  s l u r r i e s .  
tests, t h e  analyses w e r e  repeated i n  duplicate for t h e  batch s l u r r y  
only, using a l a rge r  d i lu t ion  volume of 40 mL deionized water and 
s t i r r i n g  of t h e  d i lu t ed  s lu r ry  f o r  about 18 hours i n  a sealed container  

The,resul t ing di luted s lu r ry ,  a f t e r  

After review of t h e  r e s u l t s  from these 

before f i l t r a t i o n  and HPLC analysis f o r  TPB-.' 

Pot ass ium 
An i n i t i a l  batch s l u r r y  f i l t r a t e  and a l l . f i n a 1  test sample f i l t r a t e s  
w e r e ,  analyzed f o r  soluble potassium ion content using At.omic Absorption 
Spectroscopy t o  determine the  extent of RTPB s o l u b i l i t y  i n  the aqueous 
phase of t h e  s l u r r i e s .  
s l u r r i e s  as they were being stirred i n  attempts t o  obtain a 

These s lu r ry  samples w e r e  a l s o  obtained f r o m t h e  

representa t ive  samp,le . 

" I 

\ 

- 
I 
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