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nTeed ~ ~ ~ j ~ e e r s  were aware, from their experience, that boron e 
acity d ~ p e ~ d ~ d  upon the o x ~ ~ ~ n  to natural gas ratio at the 

oxygen to gas ratio was increased. However, ~ ~ c ~ e ~ j ~ g  the 
~ x y g ~ ~  to gas ratio e undesirable effect of i n ~ r ~ ~ i ~ g  nitrogen oxides edssians. 
The ~ ~ j e ~ ~ ~ v e  of the present work was to quantify the dependence of boron in f h e  gas on 
~ ~ o i ~ ~ i o ~ ~ t ~ c  ratio, in hopes &at better u ~ d e r s ~ ~ ~ n g  of the process ~~~t s ~ g ~ ~ § t  ways 

~~~~~~ of the system could be upt~mized with respect to both NOx and 
~ ~ i c ~ ~ ~ ~ ~  ~ ~ ~ s ~ ~ ~ ~ s .  

The t ~ c ~ ~ ~ ~ u ~  chosen to measure baron was l ~ e r - ~ n ~ ~ ~  
spark spectroscopy, which had been S U C C ~  
sodium in flue gas at the Gdlo Glass Co. plant ia3. 

y, et d., 2000; Wdsh and Moore, 2 
~ t t ~ ~ ~  ~u~~~~ garnet (NdYAG) 

xtare to be andyzed. The high electric field at the fwd point 
d ~ e ~ ~ r ~ t ~ s  a high ~ e ~ p ~ ~ a ~ ~ ~  ma spark, w ~ j c ~  vaporizes 

particles and drogdlets, dissociates molecules into atoms ~ l ~ t ~ ~ n i & ~ i ~  excites an 
ionizes the atoms. The light emitted as the electrons and ions r e c o m ~ i ~ e  and return 

g r ~ ~ ~ g  sp~ctro~eter .  The wavelengths of the peaks in the 
present and, by calibration in the laboratory using aerosols of known c u ~ ~ ~ ~ i t i ~ ~ *  the 

und states is collected and resolved ~ c ~ ~ r ~ ~ ~ ~  to wavele 
eetnxm identify 
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rks best for metallic elements, w ~ o ~  
more intense than those of non- 

a numb& of advant 
et&: (1) the meas 

~ / p ~ ~ ~ l e  mixture or han 
time resolution of the 

shots" are averaged to improve the signal to noise ratio, and (3) typic& 
~ e t ~ c t ~ o ~  limits for metallic elements in ~ ~ ~ u ~ a t e  matter are quite low, on the order of 

value depending upon the element aatd i ts mode of occunence 
r vapor and, if particulate, the size and ~ u ~ b ~ r  c ~ ~ c e n ~ t i o n  of the 

~ ~ o ~ ~ y  after a planning ~ e ~ t ~ ~ ~  in July 2000 at the p l a t  in C h 5 w c ~ i ~ ~ a ,  
le of dust from the electrostatic precipitator to Smdia €or analysis. A 
elemental analysis of the dust is given in A ~ p e ~ d ~ x  A. A s ~ ~ ~ ~ ~ n g  

of the sample, in Figure 2, shows a ~ g ~ o ~ e r a t e s  of very fine partic 
with neslrly sphen 

le samples an energy- 
le j ~ ~ ~ ~ ~ t ~ o ~  on the 

c o ~ ~ ~ ~ ~ t i ~ n ~  however, the ~ e ~ o d  does not work well for elements 
be detected were, 
iurn, silicon, and 

e very fine, O,f 
S Q W C ~  of the large 

~ ~ i c 1 ~  is ~ n k ~ ~ w ~ ,  but possible Sources are batch dust, droplets or particles ejected 
fsom the surface of batch piles during decompQs~~~~n,  and ~ ~ ~ ~ ~ n ~ ~ n  

eaical flue. Some of the large s ~ h e ~ ~ ~  particles are ev 

Ies are visible in Figure 2. 

particles have sizes of order 0.1 pn5 

analysis of i ~ ~ v j d u a ~  pmicles p ~ o v i ~ e s  

having low atomic weights, such af5 boron. The elements 
~~~~~~~~ with the most ~~~n~~~~ oxygen, sodium, sa 

~~i~~~ and chlorine were observed in some 
tliose produced by ~ o ~ d ~ ~ § a ~ ~ ~  of vapor. 

shells that could be seen in smne of the electron 

The ~ ~ t ~ ~ ~ i ~  elements present at highest ~ o n ~ e ~ ~ a t ~ o n  in the sampIe of dust taken 
~ t ~ ~ ~ ~ ~ ~ i ~  ~ ~ ~ c ~ ~ i t a t o ~  prior to the tests were sodium and boron ~ A ~ ~ n ~ x  A). 

objective of the fielid tests was to de t edne  &e mass flow rates of these 
~~~~~~~ of the oxygen tu natural gas ratio at the burners. 

h ~ ~ z ~ ~ ~ ~ ~  flue downstream €ram &e firmace and 
ipitator, in order to separate e€fects of burner a d j ~ s ~ ~ ~ ~ ~  on 

asu=ments w 

v ~ l a t ~ ~ ~ ~ ~ i ~ ~  and carryover from its effects on p r e c ~ ~ ~ t ~ t o r  p e ~ o ~ ~ ~ e .  
flow rate of flare gas at the Lf8S measurement points was estimated fro 

as velocity at the center of the duct at each location using a Pitotlst 
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~ ~ ~ e ~ ~ ~ n t s  were done at the CertainTeed ~ o ~ o r a t i o ~ ’ s  f i ~ e r ~ ~ ~ ~  i n s ~ ~ a t i o ~  
~ c ~ i ~ ~ a ,  California. The ~ ~ ~ u ~ ~ e n t  points were (1) in the ~ o r ~ ~ o n t a ~  Rue 
from the melting furnace, between the vertical flue at the exit of -the furnace 

and the caustic spray tower, a d  (2) d o ~ ~ s ~ e ~  from the electrostatic ~ r e c ~ ~ j t ~ t ~ r ~  
~ t w ~ n  the precipitator and the induced draft fan. A phot of the Llfzs ~ ~ s ~ ~ ~ e ~ ~  

ounted on the duct downstream from the electrostatic p or is shown in Figure J, 
larger view from a ~ ~ ~ f ~ r e n ~  direction, but at the same ~ o c a t i ~ ~ ~  in Figure 4, shows the 

~~~~e~ of the duct in the vicinity of the m e ~ u r ~ ~ e ~ t  point and the i ~ § ~ ~ e n t  rack 
~ o ~ t ~ ~ i ~ ~  the laser power supply and spectrometer. This sack must be w 
so of the laser and optical system in order that the ~ n f u ~ a t ~ o n  carried by 
the laser spark not be de@ 
~~~~~~e ~ ~ ~ ~ t e ~  on the duct to the spectrometer. 

d in its ~ a n ~ ~ j s s i o n  by opticdl fiber from the i ~ ~ ~ ~ e ~ ~  

There is only one boron emission line, at 249.7 nm, in &e region of the spectrum. 
is close to a strong 

arbon, which is always present at high c ~ ~ ~ ~ ~ t r a t i ~ ~  in the products of 
tion. There was concern about whether or not the boron and carbon 

d well enough to obtain high quality data for boron. As a result of 
e laboratury prior to the tests and fine t~~~~~ at; the site, excellent 

wits achieved, as shawn in Figure 5, by adjusting the time delay 
e spark before beginning tu collect %he emitted light, and by 

a $ j u ~ ~ i n ~  the duration of the interval over which the signal waks integrated. Some 
~ ~ r i ~ c e  o€ the boron signal intensity was required, but not enough to compromise the 
~ ~ a l i ~ ~  of the data. Silicon also ernits at several w a v ~ l ~ n ~ ~  ~~~~~~l~ longer than the 

uf the boron peak, as also shown in Figure 5, but the silicon c ~ n c e ~ ~ a t ~ o ~  
was nut high  en^^^^ for these peaks to interfere with the  at^^^ of the area under 
the: boron peak. 

S i n s t ~ ~ e ~ t  (220 to 900 nrn). This 

S signal int~~si t ies  from boron in the horizo 
lions there were much higher than could 

flue indicated that the 
run in the ~ a b o r a t u ~  

s. Because the calibration relating c o ~ ~ e ~ ~ a ~ o ~  to intensity ~ ~ ~ n ~ t  
be ~~~~e~ to be linear at high ~ ~ ~ c ~ n ~ r ~ t i o ~ s ,  only relative values of boron 
~ ~ ~ c e n ~ a t ~ ~ ~  could be d ~ t e ~ ~ ~ ~ d  at that location. The boron ~ ~ n ~ e n ~ ~ ~ ~ ~ n s  at the 
e l ~ c t ~ ~ ~ ~ ~ c  ~ ~ g c ~ ~ ~ t ~ t o r  outlet were within the range covered in the ~ ~ l ~ b r ~ t ~ o n  

rocedure. 

- 6 -  



- 7 -  



- 8 -  



350 

I t 1 1 t 1 1 .  
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ned by s ~ p e ~ ~ ~ ~ s ~ ~ g  the ~~~~v~~~~ 
e, showing good separation of the boron peak 



Tkc most intense emission line of s o d i u ~ ,  at 589.0 nm, is n o m  
S; however, the co~cent~at~on of ~ Q d i u ~  in the h 
n from this line (and also from a sli 
emission from s~~~~ in the hotte 

atoms at the spark o ~ n d ~ .  In &e 
emiision peak no longer has a ~~~~-~~~ 
the calibration ~ r ~ ~ d u r e .  
work at the test site and 
€ r a ~ ~ i t ~ o ~  between higher 
d, was chosen for the 

Other s ~ d i u ~  p 

568.2 nrn line was ~ e ~ ~ - ~ ~ a v e ~  under 
as in the case of b 

than could be 
~ ~ ~ c ~ n ~ r ~ ~ i o ~ s  could be obtdned at that localion. In contrast, the sodium levels at the 
~ r e ~ ~ ~ ~ ~ ~ ~ o r  outlet were low, so the usual 589.0 nm emission line was used for the sodium 
~ e ~ ~ ~ ~ ~ ~ e n ~  at that location. 

~ o ~ z ~ ~ t ~  flue, 
the calibration rig in the l a ~ ~ r a t o ~ ~  so only relative s 

The ~ a ~ d ~ ~  tern left Livemore on Monday ~ o ~ ~ ~ ~ ,  August 28, 2 
the help of many peaple from CertainTeed, began the set up of the equipment on the 
~ o ~ ~ ~ n t a ~  flue the same day. The followi~g day was devoted to ~ r e l i ~ n ~ y  
~ e ~ ~ ~ ~ ~ ~ ~ n ~  ~ t i ~ ~ z ~ t i ~ n  of the ~ ~ s ~ ~ ~ e n t  settin 
ad jus t~ent~  des above. The measu in the ~ o ~ z o n t ~ l  
made QII August 30 and the e ~ ~ i ~ ~ e ~ t  moved to duct d o ~ n s ~ e a ~  from &e 

electrostatic ~ r ~ ~ ~ i t a t o ~  (10 
~ ~ ~ i ~ ~ e ~ ~  was packed up and taken back to 
e Sandia group stayed behind to record &e 

tted from the co~bustion space on Friday and ~ ~ ~ r d a ~ ~  ~ e ~ ~ e ~ b e r  

ns) were made on 

The p ~ ~ e d ~ r e  €or a run was to set the oxygen to gas ratio at a desired value, then 
e stack became steady, usudly 20 to 30 minutes. 

x, s o ~ ~ t i ~ ~ ~  more, sets of LE33 data were collected in the range of 
c ~ n t ~ i n i n ~  the boron peak, each set  con^^^^^^ of the average of the emission 

t r ~ ~ e t ~ r  was then changed to the range 

wait until the NQx r e a ~ i ~ ~  in 

again recorded. The 
rmge c ~ ~ t ~ n ~ n ~  the , when time penaltte 
x sets)  we^ recorded for boron. Ln the latter cases, afl. at the 
are two separate: sets of ~ e ~ u ~ e ~ e ~ t s  for boron at the same test 

c ~ ~ ~ i ~ ~ n .  The o x ~ ~ e ~  to gas ratio w 
r e ~ e ~ ~ ~ d .  A ~~~~~~m of three peopl 
furnace ~ o n d j ~ i o ~ s ,  one from Sandia to collwt the LEX3 

given in Table I. 

then changed to a new vdue, and ahe proc 
ere required: one from GertainTeed to set 

a, mother from Smdia to 
o n d ~ ~ o n ~  during the are the gas velocity and record the process data. 
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r &e emission peak for an element is p 
, since the spark volume is fixed, 
c of atoms per unit v o ~ ~ ~ e ~  of 

'"he ~ r o p o ~ i o ~ ~ ~ ~  constant is dete 
signals from sprays of ~ ~ ~ e o ~ s  solut 
covering the range of interest. ~ o ~ ~ ~ e ~ ,  the 
of view of emissions is not the c o ~ ~ ~ ~ ~ a ~ o n  of an ~ l e ~ e ~ t ,  but its 

mass Row rate, w ~ ~ c h  is equal to e product of its c o ~ c ~ n ~ a ~ ~ u n  and &e v o l ~ ~ e ~ c  flow 
rate of gas. 

The v ~ ~ ~ ~ e ~ ~ c  flow rate at each ~ ~ ~ ~ ~ e ~ e ~ t  point and mn ~ Q ~ d i ~ o n  was 
e s ~ ~ ~ a t e ~  from ~ ~ ~ ~ r ~ ~ e n ~  of the difference between the static and 

the centerline of the duct, using a P ~ t o ~ s ~ a t ~ ~  prob 
and inclined ~ ~ o ~ e t ~ r .  The Pitotistatic pressure 

where p is the density of the gas and u i s  its velocity. "he average gas velocity over the 
cross section ~f each duct was estimated using a conelation derived from the Reyno 

imam velocity for hXiy- the ratio of average velocity to 
lar ducts (Green and Maloney, 19 

in the ~ o ~ z ~ ~ t ~  flue, where there 
am from the m e ~ ~ r e ~ ~ n t  p 

~ ~ a ~ ~ o ~  at the uu et from the elec 
a short distance ~ ~ s ~ ~ e ~  from the 

r, square cross section at th 
t foeation and a 
the induced draft 

s 4 and 3, respectively. 

of the gas de~sity, for calculation of the velocity ushg Equ 
ge sf its absolute static pressure alnd t e ~ ~ ~ ~ u r ~ ~  both of 

i ts  average molecular weight, which depends 
ion of the Reynolds number requires the gas 

is compkated by the fact that an ~n~~~~ qu 
m from the location in the flue at whic 

. The melting furnace was at slightly pcr 
r outlet, just upstream from the induced 

which also depends upon C O ~ ~ ~ ~ t ~ U ~ .  ~ ~ ~ ~ n a ~ Q ~  of 

~ a x i ~ ~ t e ~ ~  - 8 in. w. c. (Table 1). 

sitian and total flow rate were es 
id, low, guess was made of the air i 
actual conditions of temperature and pressure in the duct were 
r, natural gas, oxygen, batch oil, d batch gas flow rates and 

using the ~ o l ~ o w i ~  
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~ o ~ ~ o s i t ~ ~ n s ,  plus the steam ~ e r i v ~ d  from quench water and ~a~~~~ soda ~ o ~ ~ t i ~ ~ .  
ses of the natural gas and batch oil 

cluded n ~ ~ o ~ ~ n ,  0 
~~~~~e~ during each run, the values are 
The ~ o ~ ~ ~ s ~ ~ o n  of the r e ~ u l t ~ n ~  flue gas, 

v i s ~ ~ ~ ~ t ~ ,  and these were used, along with the Row rate, to evaluate the ~~y~~~~~ 
d calculate a new vdue far the ~ o ~ u ~ e ~ ~  flow rate from the 
fference on the c ine. If the two flow rates were not in a@ 
ate of the air in1 was increased by a small 

until the v ~ ~ ~ ~ e t ~ ~  flow rates from the feeds md fro 
to w i t ~ i n   le enor. The i ~ ~ r ~ ~ ~ ~ t s  in 
i t e ~ ~ t ~ o n  was not ~ e c e s ~ ~ ~ .  The computer c 

sities of the gas mixtures were ~ v ~ u a t e d  using the method ~ e ~ c r ~ ~ e ~  
, ~ n c ~ ~ ~ i ~ ~  contributions fmm nitr~gen, oxy 

The values for the gas flow rates in the ~ o r i ~ o n ~ ~  Rue and at the 
o u t ~ ~ t ,  gal  late^ as ribed above, are shown a5 ~ n ~ ~ o ~ s  of the o x y ~ e ~  to gas ratio ilm 

re6. Thenume values are given in Tables 2,3,4, and 5, where they are used for 
the c a ~ c u ~ a t i ~ ~  of boron and sodium flow rates from the LIBS c ~ n ~ ~ ~ ~ ~ ~ ~ ~ ~  

son of the flow rates at a c o ~ ~ n  temperature 
shows ~~a~ the flow the ~ r h e ~ i p ~ t ~ ~ ~ r  outlet was ~~~c~~~ 2~~ larger 
rate in the ~ o ~ ~ o ~ ~ ~  flue, duc to the c o n ~ b ~ t ~ ~ ~ ~  of s t e m  from the caustic 
and a~ditiona~ air entering the flow d ~ w ~ ~ t r h e a ~  from ?&he ~ o ~ ~ o ~ ~ ~  flue. 

The NQx emission reading from e stack gits moni 
recorded at each run condition. The values are vtxl in the last colu 

ence on the oxygen to natural gas ratio is shown in Figure 7. 

- 14- 
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X in St 

gure7. ~~~~~~~ oxides in the stack gas as a function of the oxygen to ~ a ~ ~ r ~  
ratio. 
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ation and mass flow rate at the outlet from 
fe 3. The ~ ~ ~ ~ ~ ~ ~ a ~ o n s  and flow rates are 

those of ~ ~ e ~ e n ~ ~  boron, not othetical baron co I If one wished, for 
e orun were pr~sent as ric acid, its mass flow 

mated by ~ u l ~ ~ ~ ~ ~ ~  the boron mass by the ratio of t 
€ 3 3 0 2  to the atomic weight QE boron, 
co~s~an t  flow rate of boron in the ~ u ~ z o ~ ~  flue, the flow rate at the 
BWS a marked dependence on the oxygen to gas ratio, as shown in 
n flow rate decreases by roughly 30% cm going from m oxygen to 

~t~~~ ~ ~ e c ~ ~ i t a t o r  

le, to ~ ~ ~ r n e  that all of 



1 1.85 14.0 1 0.53 90.9 3.4 

2 2. 13.1 I 0.28 6.629 86.9 1.9 

3 1.9 0.43 6.52 x 9.2 

4 13.43. 0.40 6.201 83.2 2.5 

5 1.7 13.?4 0.5 1 6.105 83.9 3. I 
6 15.63 0.46 5.780 0.7 2.7 

7 295 0.20 6.4 17 83.1 1.3 



~ _ _ .  . 

1.6 1.7 1.8 1 .SI 2.0 

5 I r I * 
1.5 1.7 1.8 f .9 2.0 
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ran at PI. 

1.7 1. 1.9 .Q 
atural Gas R 

re 10. ~ ~ ~ ~ ~ ~ e ~ c ~  of boron mass flow rate at the electrostatic p ~ c i ~ ~ ~ ~ ~ o r  outlet on 
oxygen to natural gas ratio. 



to a ratio of 1.85. The curve shown in the figure is a least squares fit of a 
s e ~ o ~ d - o r d ~ r  ~ ~ l y n o ~ i ~  to the data, and suggests that the boron mass flow rate begins to 
increase again at higher oxygen to gas ratios. The upward trend at high oxygen to gas 
ratio should be viewed as tentative, however, because the scatter of the data is too great to 

port such a conclusion, 

absence of any significant trend in the flow rate of boron leaving 
gure 9, i n s ~ e c ~ o n  of Figure 10 i n d i c ~ t ~  that the efficiency with 

from the Rue gas by the e~~c t ros t a t i~  ~ ~ e ~ ~ ~ i t ~ ~ ~ r  ~ncreased as 
as increased from 1.6 to 1.85, then p sed through a ~ a x i ~ u ~  

near an oxygen to gas ratio of 1.85. Considering the trends of x and boron edssions, 
res 7 and 10, respectively, the C ~ o w c h ~ l ~ a  PIant ~ersonnel have done quite a good 

job of ~ ~ ~ ~ t i f y i ~ g  the o p t i m u ~  oxygen to gas ratio at which to operate the furnace. 

The authors are not aware of any explanation for the variation in co~lection 
s t ~ i ~ h ~ o ~ e t ~  of the combustion products. Evidently the vapor pressure 
species at the temperature in the electrostatic ~ r e c i ~ i t a ~ ~ r  deperads 

the oxygen or carbon monoxi content of the gas. This question w ~ ~ t s  
~ n v e ~ ~ ~ ~ t i o n  using one of e e ~ u i l i b ~ u ~  codes developed to calcul 
t ~ ~ ~ o ~ y n ~ c  properties of rnix&n=s of inorganic c Q ~ p o u ~ d ~ *  such as ChernSage, 
F*A*C*T, WSC, or ~ ~ A T A .  

The sodium ~ o n ~ e ~ ~ a t i o n $  in the horizontal flue were higher than 
ium ~ Q n ~ ~ ~ t r a t i Q n  that could be mn in the calibration apparatus in the 

S signals from sodium in the flue could not be converte 
ations. ~ e t e ~ ~ n a t ~ o n  of relative values was, however, possible by c o ~ ~ a ~ ~ ~ o n  

of the sodium emission intens~t~es for the various fun condi~ions. The results are given in 
Table 4 and shown g r a p ~ ~ c ~ ~ y  in Figure € 1. In contrast to the trend for boron in the flue, 
sodium increased s i g n ~ ~ c a ~ ~ y  with increasing oxygen to gas ratio. Evidently, the vapor 

r at 

ization could have been due, say, to an increase in mass transfer 
from the glass surface to the bulk furnace gas as burner and flame giis velocities 
i n c ~ e ~ ~ ~ ~  because such an effect is expected to be small and because no such trend was 
observed in the boron ~ e a s u r ~ ~ e n ~ .  

cies at the sur€ace of the molten borosilicate glass is 
r rich combustion conditions. It is difficult to imagin the 

Sodium flow rates at the precipitator outlet were very low and highly variable, as 
shown by the results in Tabk 5 and Figure 12. Sodium emissions were below 0.01 
 our in all cases. Because the variability in the sodium mass flow rates was so great, 
the standard ~ e v i ~ t ~ o n $  of the ~ e a ~ u r e ~ e ~ ~ s  have little ~ e ~ i ~ ~ ,  so the error 
Figure 12 show the ranges of the m e ~ u ~ e ~ e n t s  ~ ~ ~ j ~ u ~  and ~ ~ n i ~ ~ ~  values) 
instead. 
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un Iz/n.g. Na Conc., arb. units Gas mow 
No. v/v ave. stet. dev. actual m3js we. std. dev. 

2 

3 

4 

5 

6 

7 

1.85 

2.0 

1.9 

1.8 

1.7 

1.6 

1 35 

1.0867 0.0148 6.488 

6.629 

1.0265 0.01 12 6.521 

0.9993 0.0082 6.201 

6.105 

0.8737 0.02w 5 ‘7 80 
0.9673 0.0 f 0’7’ 5.417 

7.051 ,096 
6.9 1 

6.694 .a73 

6.197 0.05 x 
6.148 0.093 

5.050 .I 18 

6.207 0.869 
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pendence of sodium rnms flow rate in the horizontal flue on oxygen to , 

natural gas ratio. Relative, rather than absolute, mass flow rates are given because the 
sodium ~ ~ ~ ~ ~ ~ ~ a t i o ~  was outside the range that could be run in the laboratory ~ ~ i ~ r a t i ~ ~  
apparatus. 
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e rate of caustic sada injection into the flue gas and the ensit' of the S o l ~ ~ o ~  
ed on the ~ o n i ~ ~ r s  in the control room. The values were re 

€ the runs when rn 
ut they are not inc 

~ e ~ e ~ t ~  were being made at the elec~os~atic p 
XI the readings f r ~ m  in Table 1 because there was no 

mn to run, The flow rate was 1 gaIlmin and the density 
tratisn of 8.3 wt%. 'The sodium feed rate ~~t~~~~ from t 
ed on this figure alone, ~ e g ~ e ~ t i n ~  any ~ o ~ ~ ~ b ~ ~ ~ ~ ~  

~ ~ f a t i l ~ ~ a t ~ ~ n ,  an ~ ~ p r Q x i ~ a t e  upper bound of 0 
rate at the exit ~ r e c i ~ i ~ a t o r  (Figure 121, one wou 
of the e l e~ t~os t~ t i c  ~ ~ ~ c i ~ i t a ~ o ~  for coIlection of sodium was greater than about 99.9 

sodium from 

we asumc, because the sodium mass flow rate at the ~ r e c ~ p ~ t a t ~ ~  outlet w a  so 
d there was present iis ~ ~ ~ ~ b o ~ c  acid, then, using the 
2 of 4.1 determined earlier and the aver 

low, that dl of the boron o 
conversion factor from B to 

c ~ n t ~ ~ ~ t i ~ ~  of metaboric acid to particulate matter at the ~reci~i ta tor  outlet under this 
c ~ ~ ~ i t i o ~  would have been 0.27 bhour. 

.065 lb/hour at. the oxygen to gas ratio of 1.85 (Table 3 an 

-29-  



The influence of burner adjustment on v~latili~ation and capture of boron and 
ratios from 1.6 to 2.0, 

from quite rich to a p p ~ o x ~ ~ a t e ~ y  stoichiometric. The vol~t i l i~at~on of boron, ~ e ~ ~ ~ e d  in 
units of total mass per unit time or units of mass per unit of melting area per unit time, 

ent of the oxygen to natural gas ratio at the burners, to within a ~ p r o ~ ~ ~ a ~ ~ ~ ~  
-I- 7%, over this m g e  of burner adjustment. Sodium ~ ~ l a t i ~ ~ ~ ~ t i o ~ ~  on the &her hand, 
~ ~ ~ r e a ~ e ~  by a ~ ~ ~ o x i r n a t e ~ ~  40% over the same interval. The boron mass flow at &e exit 

cipitator decreased by 30% over the range of oxygen to gas 
hen increased slightly at the higher ratios of 1.95 

n flow rate entering the precipitator was newly inde~ende~t of oxygen 
r observation suggests that there was a ~ ~ i ~ ~ r n  in the efficiency of 

~ e ~ ~ ~ i ~ a ~ o ~  for collection of boron near the oxygen to gas ratio of 1.85, under the 
actual collection ~ f ~ ~ i e n c ~  far boron could not be 

e values of boron ~ o ~ c e n t r a t ~ ~ ~  entering the ~ ~ e c i ~ ~ ~ a t ~ r  
flow from the electrostatic ~ r ~ c ~ ~ i t a t ~ ~  was highly 

r under all of the c o ~ ~ i t ~ o ~ s  at which data were o b ~ a ~ ~ ~ d ~  
ratios from. 1.6 to 1-95 A very ~ o ~ ~ e ~ a t i v e  estimate 
ctrostatic precipitator for ~ l l ~ c ~ o ~  of ~ o ~ i u ~  above 

ere invest i~ate~ in the range of ~ x y g ~ ~  to natural g 

n to natural gas ratio of 1.9 was 9.6 l b ~ o u ~ ;  at a 
ratio of 1.85, it was 38 to 46 lbkour. A minimum in 'she boron flow rate leaving the 
e l e c ~ o ~ t a t ~ ~  p r ~ i p i t a t ~ r  was observed at the oxygen to gas raeo of 1.85, Under &is 
c ~ n ~ ~ t i o n  the c ~ ~ ~ b u t i o ~  of metaboric acid to particulate matter is estimated to have 

n only 0.27 ~ b ~ o u r ,  From the point of view of NOx and particulate ~ a t t e r  e~ssions,  
e ~ x y ~ e ~  to gas ratio of 1.85, already identified as the baseline o ~ ~ r ~ t ~ ~ ~  condition by 

illa f l a t  engineers, appears to be very close to the true Q ~ ~ ~ ~ ~ .  

An i ~ v ~ ~ ~ ~ a t i o ~  of the spectrum of light emitted from the ~ o ~ b ~ s t ~ o ~  
showed that e~iss ion  from BO2 at 547 nm was too weak to provide a measure 
spatid ~ i ~ t r i b u t ~ o ~  of boron species in the ~ o ~ b ~ ~ t i o n  space. Emission lines 
~ ~ ~ r ~ c ~ ~ ~ s ~ c  sf  the observed, in order of their in tens it^: sodium, 

re sophi~t~c~ted  a ~ p ~ ~ ~ ~ e s ,  e.g. ~ ~ ~ r - i ~ ~ ~ ~ e d  
rnent of BOlL are pssible, but these ~ h Q ~ ~ d  be ~ ~ v e ~ t i ~ ~ t ~ d  first 

- 3 0 -  



The f o ~ l ~ w ~ n ~  are suggested as worthwhile extensions of the work. 

1. The e ~ ~ i ~ ~ ~ ~ u r n  vapor pressure of boron species under c o ~ ~ ~ t ~ o n ~  in the 
or could be‘studied using m e  of the ~ o ~ r n e ~ ~ ~ ~ ~ y  ~ y a ~ ~ a ~ l e  c 
handle solid and molten metal oxide nzixhres 

e Qb~ectives ~ ~ ~ l d  be to answer the fol low~n~ questions: 

apparent increase in the collection efficiency for boron wi 
Q gas ratio, in the absence of any s i ~ n ~ ~ ~ ~ t  change 

~ ~ ~ ~ ~ x i ~ e  contents of the gas from the point of view of ~ ~ i ~ u l a t e  removal? 
outlet gas t e ~ ~ e r ~ ~ r e s ?  m a t  are the o ~ t ~ ~ u m  o x ~ ~ ~ n  and 

b. %Vhat effects would increasing or decreasing the caastic soda feed rate have on 
e c o l ~ ~ c ~ ~ o n  efficiency for boron? 

ould decreasing the gas temperature at the entrance to 
~ ~ e c ~ p i t a t ~ r  be likely to make a signigcmt i ~ ~ r ~ ~ e ~ e n t  in collection ~ ~ ~ c ~ e ~ c y ?  

’E. A ~ e ~ ~ r ~ ~ e ~ t  campaign similar to the present one could be conducted, using 
LIBS to measure boron and sodium at the outfet from the electrostatic p r e c ~ F ~ t ~ ~ ~ r  as 
~ u ~ c t i Q ~ s  of the caustic s a injection rate into the spray tower t s u ~ ~ e s t ~ o ~  by Jeffrey T. 

were done, the fo~~owing should be taken into ~ o ~ s i ~ e ~ a t i o n :  
n), to d e t e ~ ~ ~ e  the optimum injection rate consistent with emissions limits. 

a. The flow in the duct d o w ~ s t r e ~  from the e~ectrostatic ~ r e c ~ ~ ~ t ~ t Q ~  is not 
likely to have the profile characteristic of fully devel 

c o r ~ ~ l a t ~ Q ~  of average and ~ ~ x i ~ u ~  velocities to ~ s t i m ~ t e  
flow rate from a single ~ ~ ~ ~ r e ~ e n t  at the centerline is q ~ ~ s ~ ~ o ~ a ~ l ~ .  

A special ~ i ~ o ~ s t ~ t i ~  probe should be obtained to measure the profiles of gas 
velocity in the duct dong two ~ e ~ e n ~ c ~ l ~  paths. Because the ~ e l o ~ ~ ~ ~ ~  here 

e low, the ~ i t o ~ ~ t a t i c  head is very low, SO the best possible means of ~~~~~~~~ 

e pressure difference should be i ~ e ~ t i ~ ~ d .  

nt could be made that the ~ o n ~ ~ n ~ r a t ~ ~ n  of the caustic s 
be ~ ~ ~ ~ a s e ~  and the flow rate of solution increased, even if the ~ n ~ ~ c ~ ~ ~  rate of 
sodium ~ ~ ~ r o ~ ~ ~ e  is not changed, if the cooling provided by a ~ d i ~ o n ~  water 
would have a beneficial effect on c o ~ ~ e c ~ o ~  effkiency. 

- 31 ” 
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~ ~ ~ ~ t ~ ~ ~ v ~  analysis of electrostatic pre 
collected on August 3 1, 



CEU Client No.: 2751 

Dust € T Q ~  Borasilicate Melting Furnace; 7-18-00 

a 

' co ENTML: This CEU report infomation is to be used only fox: account 275163. 



Cfienr No.: 275163-0 

Sample 1: CT-2 Slag from. flue of borosilicate glass melting furnace; 7-18-00 

-00 

t%o) for the ELEMENTS EX 
are composition affected. 

1.0% - K 0.01% - Ba,Na,Sb,Zr 

0.3% - F ~.~~~ - A ~ , C ~ , ~ ~ , ~ , ~ i ~ ~ i , ~ i  

are listed below. They are 

: Li was not tested for. Li may be present. 

60 : This CELS report infornation is to be used only far account 2'75 163 e 



ed by ~ ~ e ~ ~ o ~ r ~ ~ ~ ~ ~  analysis. Analyses are divided into three categories: 
AND ~A~~ EAR 

Analysis for the Noble Metals a 
Analysis. They can be r ~ ~ ~ e ~ t ~ ~  by the group or by the element of interest. 

r Rare Earths must be requested, if needed. They are not paft of &nerd ~ ~ ~ ~ ~ a t i ~ ~  

Ag, Ai, As, B, Ba, Be, Bi, Ca, Cd, Ce, CQ, Cr, Cu,Fe, Ga, Gs:, In,K, ~ ~ , ~ ~ ,  
Mo, Na, Nb, Ni, P, Pb, Sb, Si, Sn, Sr, Ti, V, Zn, Zr. (If requested) Ta-O.l%, Te-O.l%, T1-0.01%, W-O.3-1% 

ELEMEN DEEeTTQN 96 E~~~~ ~E~~~~~~ 
Ce 0.1 Nd 0.3 
DY 0. i Pr 0. 1 

Iif 6. I Er 0. t SC 0.0 1 
In 0,001 ELI 0.01 Srn 0. I 
Ir 0.01 Gd 0.03 Tb 0.03 
Pd Ha 0.03 TS7.I 0.01 

La 0. 1 'ir' 0.003 
0.03 LU 0.01 Yb 0.m 1 

Rh 0.00 1 
wu 0.03 

S ~ ~ ~ ~ ~ ~ ~ n t ~ ~ ~ t i v ~  ~ ~ ~ ~ ~ r ~ ~ a ~ ~ i c  Analysis RESULTS are reported as weight percent of the 
To convert weight percent element to weight percent oxide, MULTIPLY the percent efemen 
in the iabk below. 

EN" @KIT as the oxide). 
a ~ ~ r ~ ~ ~ a t e  factor fisted 

A1203 
As203 
&205 
€3203 
BaO 
Be0 
Bi203 
cau 
CdQ 
GeO2 
eo304 
Cr2O3 
CuQ 
cu20 
Dy2O3 
Er203 

1.07 
31.89 
1.32 
1.53 
3.22 
1.12 
2.78 
2.11 
1-40 
1.14 
1.23 
1.36 
x Ai5 
1.25 
1.13 
1.15 
1.14 

ELI203 
FeU 
Fe2O3 
Ca203 
Gd203 
c3eo2 
PbQ 
kb203 
Hf02 
I 2 0 3  
IC20 
La203 
Li20 
Lu203 

MnO 
Mn02 

1.16 
1 29 
1.43 
1.34 
1.15 
1.44 
1.08 
1.15 
1.18 
1,12 
1 20  
1.17 
2.1s 
1.14 
1 .66 
1.29 
1.58 

MOO3 
Ha20 
Nb205 
Nd203 
NiO 
P2OS 
PbO2 
Pr2Q3 
Ru04 
RuQ2 
Sb203 
Sb205 
Sc203 
si02 
Sm2Q3 
sa0 
sa02 

1 .so 
1.35 
1.43 
1.17 
1.27 
2.29 
1.15 
1.17 
1.63 
1 .32 
1.28 
1.33 
1.53 
2.14 
1.16 
1.13 
1.27 

1.18 
1.22 
1.18 
1 2 5  
1.67 
1 .w 
1.12 
1.14 
1.31 
1.63 
1 .?9 
1.17 
1.26 
1.27 
1.14 
1 "24 
1.35 

C~~~~~~ This CELS report information is to be used only for account 275163. 



Y ANALYSTS REPORT 



NCYTE: The ~ e ~ ~ o ~ o ~ ~ ~ y  used measures the elemental c ~ ~ ~ e ~ t r a ~ ~ ~ n .  The results are reported in oxide 
fOl-IXk. 

Major ~ u ~ ~ ~ n ~ ~ ~ ~  - Levels r2%: 

ccuracy is generally +/- 0.5 to 1, relative % of absolute value. 

i.e. far a level of 30.096, the absolute standard deviation will range between 0.15% and 6.30% 

Accuracy is +/- 1 to 5, relative 9% ~ ~ ~ ~ ~ Q l ~ t e  value. 

Note: The relative error will be less as the value appradches the 2% level. 

Le. for a level of 1.0%, the absolute standard deviation will range between 0.01% and 0.05% 

Accuracy is 4- 2 to 20, relative % of absolute value. 

ole: The relative error will be higher as the value approaches trace levels.. 

i.e. for a level of 0.196, the absolute standard deviation will ran between 0 . ~ ~ ~ ~  and 0.02 

~ U ~ ~ E ~ ~ L ~  This CELS report information is to be used only for account 275163. 
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PG&E . . . Your Energy Connection1 



er 17, 2000 

~~~~E ID: 
GA-4 8-31-00 

REPORT OF YSIS 

SrnFrn, wt t 0.01 
ASH, wt % 0.03. 
OXYGEN, wt: % 0.01 

TOTAL 100.00 

SPECIFIC GRAVITY, 6OF/60F 0 . 8 3 0  
&PI 39.0 



C 

code for caIculation of the y ~ ~ ~ ~ e t ~ ~  f h w  rate of gas from a 
t on the centerline of a ~ I ~ ~ - d e ~ ~ l o ~ e d  flow in a cire 

ledge of the natural gas, oxygen, batch, eullet, fuel oil 
and their c ~ ~ ~ ~ s i ~ i o n s ~  but in the presence of an u~~~~~ total flow 

lers, camera cooling, spray a t o ~ ~ z a t i ~ ~ ,  and  le^^^^^ air. 



.. 
c 

a 

'1 u 
c, 

"cl 

2 

z 

M 
nf .. 

It  

.c 
x 

m 

"rn 
""E -\ 



b 
I: 
N 
Q w 

u) 
\m bt 

Ei 
'1 
II 
.rl 

c 

N 
0 
!d 
f 

b, c w w 
-* 

w 
U 

+ 
?% 

.. 
w 
\ 

CI 

N 

.. .. 



. 
B) 

.. 
.p$ I. 

- . %  
* (I. 

ul 
Is. 
m E 

B 
VI 
\ 
Is. 



- A  . .  
we- 
* *  

* c c, 
9 , .  + - 1. 

.. 
I. .. 

+ 

*+ .  

n tl (do 
V G C :  

It It 

c1 

W 
*( 

-- 



4 

ri 
v - .. 

0 -I-? 
F: .- 

.- 
A 

4-. 

0 .r, 
E: .- 



N +  
v 

._1 

6 .--. 
ln 

0 

8 a 

3 
Q 
QI 

Q 

4 E 
E .- 
0 -  I .. N,+ a,, 

a 

0 "R + 
d 

* -  , 4 
;3 *. . .. 



CLI 

? *  
0 -n 

G 
I- 

.c 

*. 
A 
r_ 

VI 

0 

8 a 

-Pi 
F1 
6 
v 

b 
pi 

i t  

a n  
.d 
.I4 

.. 
N 
0 
3 E 
if 

-n 

i2 

.m Ii 
it  irl .A I1 

h 

m *  
0 'P) 

G .- 
Pa+ 
v I(. 



I t  If + 
.rl 

.L .. - -- 


	lem
	Boron
	urn
	ations


	eferences

