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ABSTRACT

The hydrogen—nifrous oxide premixed laminar flame
was studied to determine the optimum conditions for‘its
usé in analysis. The flame background was compared to the
turbulénf hydrogen-oxygen and acetylene-oxygen flames.
Emission sensitivity was sfudied as a function of the
flow rate ratio of hydrogen to nitrous oxide. The flame
emission profile was also studied. The alkaline earth
elements were chosen for this study because of their
.desirable properties. The detection limits for the flame

were compared to those réported for turbulent flames.
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INTRODUCTION

In flame photometry, a solution to be analyzed is
introduced into a flame. The light from the flame enters
a monochromator to isolate the desired region of the
spectrum. A‘photocell and amplifier System measure the
inténsity 6f radiation emitted. Through knowledge of the
wavelength and thé inﬁensity of light emitted, the type of
element present ih a sample and its amount can be determined.

The following events take place when a'solution is
sprayed into a flame?

1. The solvent evaporates leaving particles of
salt, or other decomposition products. |
| 2. The salts br other products are vaporized and
'may dissociate into atoms, molecules, or radicals.

%, The vapors of the metal atoﬁs; or the molecules,
or radicals containing the ﬁetél atom; may thén be excited
by the energy of the flame. |

4. If fhe temperature of the flame is high enough,
enough enérgy may be present to ionize some of the atoms
and these.ions may‘be'excited.'

5. In the process pf emission the excited‘aﬁomsy
ions, or moleculeé fal1 back.to their ground.state‘and emit . .
radiétion; The radiation.emiﬁted will §onsist of lines for
atoms or ions and béﬁds_fof molecules. |

1



Flame photOﬁétry has several advantages ovér ofhér‘
,vformsiof analysis. It is a very fast method bf analysis,
because it ddes not generally require a prior chemical
séparation or other chemical tremtment. Small amounts of
samples are uséd and only about 1 ml of a sample is needed
per element”déterminea. It is useful in trace analysis,
especially with, the alkali and alkaline earth metals for

" which few good methods of analysis exist°

| In the past 30 years over a thouséﬁd articles and
-bodks have been publishéd'demonstrating the usefuiinéss

of flame photometry in analytical cheﬁistryv Mavrodineanu's
book "Flame'Spectroséopy“l is probably the moét‘complete
book on the éubjeét to date. Dean's book "Flame Phbtometry"2
and also the "Treatis on Analytical Chemistry" Part 1,
Volume 6° contain a large amount of information on the
subject. A few of the more recent reviews cénlbe‘found.ih‘v
refrences 4, 5, and 6.

The temperature of the flame is one of the most
imbofﬁant factors iﬁ the excitafion of elements. The
hotﬁer the flame, the'gréafer the number of atoms in the
excited state. A’good example 1s calcium. In & methane-
air flame, the Séﬂsitivity:is boor wnereas in tﬂe hotter
acetylene~air flame the Senéitivity is greatly increasedo"
TébleVl containé ﬁhe temperatﬁres of séme flameé uged in

flame photometry°



TABLE 1

TEMPERATURES'OF SOME FLAMES

Fuel ' Oxidant Temperature . in °C " Ref.
Hydrogen Air o 2100 7
Hydrogen OXygen- “ 2780 8
Hydrogen - Fluorine. - 4000 . -9
Acetylene  Air | 2300 10
hcetylene - Oxygen 3080 : 10
Acetylene. Nitrous'éx1dé o 2955 10

Flame teﬁpératﬂre not bnly‘effeCts excited state
atom.population; but‘alsé.fhe amount of ionization, which-
in' turn effects the amount of emission from a flame.
Tonization of elemén£s in a flame usually means that less
emission is observéda Ions can emit radiation but it is
les$ intense than the atomic line emission and is seldom
observed in flames.  The hotter the flame, the more easily
ionized are the elements with low ionization potentials.
Cesium, for examplé, emits strongly in an acetylene-air
flamevbutvonly weakly inAthe hotter‘acetyleneeoxygen flame.
Table 2 contains the ionization potentials of some elements

which are commonly determined by flame photometry.



TABLE 2

FIRST IONIZATION POTERTIAL

Element ITonization Potential, Volts
L . 539
Na , 5.14
K_ c 4.%4
Rb | - 4.18
Cs | . 5.89
Mg _ , 7.65
Ca | | 6.11
Sr . 5.69
Ba ‘ . 5.21

A premixed laminar flame has several advantages
©over a‘turbulent flame(a flame from a2 conventional total
 consumption burner). Theée are: N
1. A much lower flame baékgroundull
2. 4 more stable and more reproducible flame.
3. A higher burning temperature because large water
drops do not enter the flame.
One disadvantage is the threat of a flash back of the flame

into the burner chamber. This flash back occurs when the

burning velocity of the flame becomes greater than the



veloclity of the gasses leaving the burner. Table 3 shows
the burning veloéity Qf some of the common gaSseS used in
fiame photometry° 'EVery attempt to use,hydrogen—oiygen‘
mixtures.in:aiprémixed burner haé resulted in flash back
problems. 'The”inefficiency of premixed burners can be a
problem if only small amounts of samples are available.
Most of the solution in a‘premixed burner never reaches the

flame and is drained away and discarded.

TABLE 3

MAXIMUM BURNING VELOCITY OF VARIOUS GASSES

Maximum

: o Diameter of Burning )
Fuel . Oxidant "Combust;on Velocity Ref{
Vessel in cm - .
‘ in cm/sec

‘Hydrogen Air 1.0 40 12
Hydrogen - Oxygen 2.5 . 3680 ' 13
Hydrogen Nitrous Oxide 11.5 14
Acetylene Air 1.2 266 15
Acetylene Oxygen 2.5 2480 13
Aéetylene Nitrous Oxide | : 180 .16

. Compound formation is another factor to be consid-
ered in flame emission. For some elements oxide formation
severely hinders the atomic emission observed in flames.

Compound emission can replace atomic emission; nevertheless,



compound emission usually is not as sensitive or as
selective, because the energy‘emitted is spread over a
wide range of wavelengths. The refactory metals, €.8.,
©aluminum, magnesium, molybdenum,»titahium, tungsten, etcf

17

._shew severe oxide formation. ‘Knutsont! has shown that
magnesiuvm has enhenced atomic emission by'making the flame
fuel.rieh. A fuel rich flame is a reducing flame, and
therefore inhibts oxide formation. Fassel and associates
also have shown that this effect is observed for many of
the other elements which form stzble oxides.

Flame background is another factor which effects
the sensitivit& observed for some elements. Magnesium, for
example, has an atomic line at 285.2 mu and its sensitivityr
is severely effected by fhe bH band emission from the
flame. In flames containing hydrocarbon fuels, the emission
'frem some elements may be masked by carbon radical emission
or cyanogen band emission. Fuel_rioh ecetylene flames
are particularly bad in this reepect, The fuel rich
hydrogen—nitrous‘oxide flame has a low background in
comparison to the fuel rich acetylene—oxygen flame.

The hydrogen-nitrous oxide flame has several
iadvantages in flame photometry. The flame has a fairly
high temperature and should therefore be able to excite
many elements. The bﬁrning velocity is low enough to be
used safely in a premixed burner; this burner will allow

a much lower flame background and a more stable and



'feproducible flame than the turbulent total consumption
burners. The hydrogen-nitrous oxide flame can be used

in the fuel rich state with a fairly low background emission
as compared to the other flames available, and therefore
should inhibit "oxide" formation.

The purpose ofvthis‘research was td test these
advantages with two end results in view. It was desired to
learh something about the basic characteristics of the
flame, such as flame background, emission intensity as a
function of height in the flame, effect of the flow rate
ratio of hydrogen to nitrous oxide, etc. It was also
desired to determine theldetection limits of certain
elements in this flame for the purpose of analysis.

The alkaline earth elements were chosen for this
study for the folldwing reasons:

1. They can be usefully determined by atomic
emission.

2. They are in the same group in the periodic
table and show similar emission characteristics.

3. They form cbmpounds in thé flame which emit band
radiation.

4, Some of the alkaline earth elements readily
uwndergo lonization.

All of these factors can be studied as a function of the fuel
to oxidant flow rate rafio in ordef to study flame parameters

and determine optimum analysis conditions.



EXPERIMENTAL

A, ‘Matériais

‘The hydrogen, dxygen, and acetﬁlenevused in this
;:'study were obtalned fxom Alr Reduotlon Co. ‘Thé’nitroué
ox1de was obtalned from the Matheson Co.

AlL solutionsvwere‘prepared from distilléd water
which was subsequently‘éassed‘fhrough a mixed resih bed
ion exchanger(Crystal Lab. Deéminizer);' A11 éhemicals’
were Mallinckrodt Chemical Works "Analytical Reagent"
gréde; These éhemicals Were used without further purifi-
”catiOno Coﬂcentrated stock solutions were prepared for
each element tested and dilutions of these stock solutions
were uséd for‘all other solutibns° The éalts used and the
concentration of eéch stock solﬁtion can be found in

Table 4.

B. Equipmenf

A simplified block diagram of the apparatus used
can be found in Figure ig

Light from the flame was focused unmagnified on the
monochromator slits by an A. Jaegers Co. No. 5C2571 mirror
of 150 mm focal lenpfh‘and 82 mm diameter. A Jarrel Ash-
Co. Model 82 410 0.25 meter Ebert monochromator was used to
disperse the radiation from the flame, This monqchromator

8



TABLE 4

SALTS USED TO'PREPARE*STOCK SOLUTIONS OF THE ELEMENTS TESTED

Element

Salt Concentration in ppm'
AlK(SO4)2° 12H20 Aluminum 500
BaCl2° 2H2O + Barium 100
CaCO + HC1 Calcium 100
Qr(NO3)3° 9H20 Chromium 100
C0012° 6H20 Cobalt 100
Fe(SO4)(NH4)2° 6H20 Iron 100
Mg012,~6H20 Magnesium 5000
MnSO4° H2O Manganese 100
NiCl,. 6H,0 Nickel 100
KC1 ‘ Potassium 100

 NaCl Sodium 100
SrCl,. 6H.O - Strontium 100

2 2




Figure l.--Diagram of apparatus.
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 was equlpped w1th two gratlngs of 1180 groves/mm, one
blazed fox 300 mp the other for 6OO mp. The: eLflClenCY
of each grating was checked and showed that the best results

could be obtained by using the 300 mp blaze for wavelengths
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450 mp. Two sets of fixed slits were used Wwith thé mono~
Achromaﬁory one of 25 u ana the other of 100 p. The 25 n
slits produced a half band width of O°2Amu; the 100 n slits
produced ‘& half band width of 0.5 mp. |

An adaptor was made for the 1nput slit to the

‘lmonochromator SO that a Cornlng Glass ho, 0- 52 filter Wlth

a cut off of 340 mp could be placed in front of the slit to
eliminate second order 1nterferences. Two scan motors
allowed the wavelength passed by the monochromator to be
changed by 10 mp/minute and 25 mp/minute.

Radiation at the exit slit of thé monochromator
was détécted_with an RCA 1P28 photomultiplier tube contained
in a Jarrel-Ash Model 83-021 housing. Power to the detector
was supplled by a Kepco Model ABC 1500M power sSupply. The
supply voltage to the photomultlpller was kept constant at
1000 volts for most of the work but was varied to give the
best signal. to noise ratio when detection limits were
determined.

The electrometer for the deteétor system consisted
éf a @. A. Philbrick Researches SP2& operational amplifier,

The circuit diagram is shown in Figure 2. The operational



Figure 2.--Diagram of electrometer circuit.
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13
amplifiér was pdwéfed by.a I 15 volt power supply, regulated
with a Burr Brown Research Corp. Model 1515 dual régulator; g

lo’fo lO-—3 amps

The electfometer had a current range of 10~
for a full scale reading on a 100 na meter. This meter
had an internal resis%ance of 1050 and an accuracy of
0.5 percenf° Thé_eleofrometer,circuit had a time constant :
of one seéond on the most sensitive range° Either a Leedé |
and Norﬁhrup Model "H" AZAR or a Heath Model EUW-20M |
-recorder was ﬁsed as a,readout deviée in addition to the
metér. Under'these ¢6nditions the electrometer had. a full_“v’
scaie faﬁge’of 10741 to'lb;B amps . Because of the wide
’range 5f charﬁ speeds aﬁailable, the Heéth recordér was uséd"
o record the speétrafof’the flames;- | |
A‘diagram.of:the gas regulating system is presented
in Figure 3. Mafheson,ﬁﬁo stagebregulatdrs were used oﬁ |
the gas Cylinders‘With the second stages having ranges from
0-100 psi. Beékmanityéé 9220 regulators were used for fine
control of the pfessure to the rest of the regulating
system. The Béckman regulaﬁors were used without the rest
of the fegulator System when Beckman atomizer burners were
used for-comparison purposes. The needle valves were Nupro
type 2MA. The flow meters weré purchased from the Matheson
Co.(Cat. No. 622?3)5 The nitrous oxide flow meter was |
equipped with Tube No. 603 aﬁd the hydrogen flow meter’

with Tube No. 602. The flow meters were calibrated by

measuring,the-time:that it took the gas to replace the
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Figure 3.--Diagram of gas regulating systen.
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mercury in a 250 ml volumetric Fflask which was inverted in
‘mercury. ‘The Calibratiohvcurves are shown in Figure 4 with
flows corrected to one atmosphere pressure and 25o ceﬁti—.
grade. Manbmeters made from pyrex glass and filled with
mercuryVWere used to measure the pressures of the gasses
’coming from the flow metérs, Check valves from the Matheson
Co.(type 401) were used to protect the system in case of
flash back and explosion.

The burner was constructed from type 303 stainless
steel. The parts, shown in Figure 5, are as follows:

1. A Plastio safety window which would rupture in
case of a flash back.

2. A drain to remove excess sample from the
aspiration system. |

3. An inlet for‘hydrogen with a large diameter
“orifice.

4, “An,inletffor nitrous oxide with an orifice of
0.016 inches.

5. A syringe needle for sample injection with the
tip at a right angle and close to the tip of the inlet jet
for nitrouvs oxide,

6. Two burner heads were used, one with an orifice
diameter of 0.040 inches, the other with orifice diameter
of 0.052 inches.

Aspiration wa.s accomplished by passing the solution

>l

through a Hamlton Co. 2", 90° syringe needle type N726 at a



METER READING
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Figure 4.--Flow meter calibration curves.



Figure 5.--Burner diagram for premix flame.
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1
"right angle to the tip'of the nitroﬁs oxide jet,rrThe
.needlé-was‘positioned so that maximum aspiratioh was
obtained. An éttempt was made to aspirate with two gas
~Jjets, one'using'nitrous'0xide and one hydrogén, to determine
if this would improve the efficiency of aspiration. This

" proved to be ﬁnsatisfactory because it was impossible to
‘maintain fhe aspiration efficiency constant while the flow
rate of one of the gasses varied. When using two Jets if
éither flow rate waé changed the aspiration rate changed.,

By using only one jet foq@aspiration, the aspiration rate
was independent of the flow of gas coming from the non-
aspirating Jet.

For comparison'purposes Beckman burners were used’
for hydrogen-oxygen flames(Model No., 4020) and for oxygen-
acetylene flames (Model No. 4030). |

The height of the burners in relation to the slits
could be"variéd through a worm gear drive system to allow
the study of different parts of>the flame.

The épparatus for feeding the solutions to the
burner consisted of a Syringe Microburet Model No. SB2
manufactured by Micro-Metric instruments Co. The‘microé
buret was‘powered By an electric motor whose speed could be‘
‘adjusted by changing the gears in the drive system. The
syringe used in‘the microburet was a 10 ml glass type

with a Lur Lock‘fitting;‘.Thé syringe was connected to the



syringe needle in the burner through a piece of small
- diameter Teflon spaghetti. To complete the connection

several small fittings were made from brass.

19



RESULTS

,A° Chafact@ristics of the Preﬁix Burner

A graph showing the relationship between the flow
rate of nitroué oxide énd intensity of sodium emissibn is
presénfed in Figure 6,_ Thevgréph indicates that a flow of
at least 6;O”ml/seéohd must be used to cause any aspiration
of a sample into thé flame. With the flow rate of nitrous
 ,oXide,at about lO ml/second, it was found that the burner
had an aspiration efficiency of‘about 4 bercen’c° The
’efficiency was determined by weighing the sample put into
4the_burner and the amount drained éway° This is only an
apprQXimate_humber due-to the large errors‘involved in its-
determination. Thé burner had a large hold up voluﬁe of
solution and did notvdfaih evenly every time.

The QSpiratiqn éfficiency of thé burner was also
“'dependent on the Concentration of other'elements in éolutibn,
Figure 7 shéws‘the relationship between the intensity of
sodium emission énd»molarity of KC1 in theé solution. The
observed intensity was corrected for the amount of sodium
in the KCl ag an impurity. ‘The effect of adding a large
amount of potassium to the solution shguld be to increase the
: sodium‘emission observed. Potassium was easily ionized in
yfhe flame and the electrons from this ionization should
depréss the ioniéafion of sodium atoms resulting‘in an

20



50}

40} 7
[ge]
pd
£ 0
(0N
S ©
>-—
'._
2 0

/)
= 20}
=
¢
Ot
©)
O 5 0 15 20

leo IN ml/sec

Figure 6.--Flow rate of nitrous oxide versus

aspiration efficiency.



INTENSITY OF 1 ppm Na

50t

S
~ O

W
O

N
O

22

] 2 3 4 5
MOLARITY OF Kl

Figure 7.--Concentration effect on aspiration.



'increase in atomic emiSsion;',The opposite was obeerre&;
Tnis,decrease-in‘sodiun'emiseion wnen'an inert selt”ués
‘added was'therefore probably'cauSed by ohanges;in denSit&?

‘viscosity, -and surface tension of the solution.

B. Flame Characteriétics

The hydronen—nltrous ox1de Ilame is a sllgntly Whlte,lj::tﬁ

_almoet,colorless flane.: 'Lhe 1nner cone appears at the
'pottom offthe flame'as an area‘tnat has a hlgher~lum1nosity-'
‘tnan the rest of tne flame,p The inner oone has the’eane
color as the outer cone° | |

| Figure 8 snows tne varlatlon of the nelgnts of the.
inner end outervcones of the Ilame w1th tne ratlo-of the
flow rates of hydroven to nitrous oxideo'.During a givenr :
eXperlment tne nltrouo ox1de flow rate wes held constant

: Whlle the helght of the 1nner cone of the flume stayed

- fairly constant, the total helght of the flame contlnued to;

© rise falrly rapldllJ as‘une flow rate of the hjdrogen o

‘ 1ncreaeed ihe total helght of the- fleme depended on the
rate of air dlffu31on 1nto tne Llame to ourn any excess'r
o hydrogen and also the tlme for tne gasses to completely
react in the flame. Tne inner cone height of the flame

) varled w1tn the volume of gassee comlng out - of the burner
head and w1uh the burnlng ve1001ty of the hydrogen—nltrous
;ox1de mlxture° Thus the inner cone heloht cranged less

,rapidlyfuith flow.rate than the outer cone height. h
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rThe.speotra of several different flames can be seen
vin‘Figures 9, 10, 11, and 12. These spectra were taken E
using 25 @ slits with a 4 mm vertical window at a. scan rate
of 25 my/minute. At 450 mp the gratings were switched from
thev3OO mp blaze to the 600 mp bleze. The Corning filter
to eliminate second order distortioné was also placed in
front of the entrance slit at 450 mp. No solvent or
solutions were aspirated into the flamés in these runs.

In the analysis of thé spectra one must consider
thét the bhotomultiplier response starts to fall off above
650 mp and is very poor above 700 . Air(oxygeh) begins :
to absorb'the radiatién emitted below 200 mp and almbst éll'
of the radiation emitted byithe flame is absorbed at 175 mu.

| Figure 9 shows the flame background from a turbulent
flow hYdfogen—oxygen flame. Figure 10 shows the spectrum of
the inner cone of a fuel rich hydrogen—nitroﬁs oxide flame,
and Figure 11 shows the outer cone of the same flame. Many
similarities are'nOted between the hydrogen-oxygen and
hydrogén—nitrous oxide-flames;' Most of the features in both
the hydfogen—diygen fléme and in the hydfogen—ﬂitrous
oxi@e'flames are due to OH band emission in the flame. The
one éxtra.peak ét 3%6 mp in Figure 10 is due to NH emission.-
The OH band emission is greater in the inner cone of the
hydrogen—hitrdus oxide flame; the band between 285 mp and

295 mp is particularly intense.,



Figure 9.--Flame background for fuel'fiéh‘hydrogen—

oxygen flame.



700

400

-

300

600

500

200

101

e © <+ ~ o

ALISNILNI JAILLVI3Y

26

WAVELENGTH IN mpu



Figure 10.--Flame background for inner cone of fuel

rich hydrogen-nitrous oxide flame.



27

S
=
o
)
O
o 3
vw m
Z
I
—
w
pd
wl
m
Q
S Z
+ 2
O
O
0
O
-O
o~

101

o0 O <+

ALISNILNI 3NN



Figure 11.--Flame backgrocund for outer cone of fuel

rich hydrogen-nitrous oxide flame.,
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Figure 12.--Flame background for fuel rich acetylene-

oxygen flame.
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From the comﬁarison of the relative intensities
of the different Specfra, it can berseen.thatla premixed
hydrOgen—nitroﬁs oxide flame has a very'low background’in:
comparison to that bf‘the’fuel rich turbulent acetylene-
oxygen flame shown in Figure 12. The Czand CN band emission
are more intense fhan_the OH emission in the latteriflame, |
The discontinuity in the acetylene-oxygen spectrum at 450 mp.i‘
| ié due to the switohing‘of grating and inseration of the'

filter,

C. Emission Characterisbics

| The main factors that effect flame emission are
- compound formation, ease of excitation, ease of ionization,_
and the rate éf sample ihtrqduotion. The first three of =
these effects'are strongly influenced by flame temperature.
The temperature of«the‘hydrogén—nitrous éxide fiame‘is‘a
maximum when the ratio of the flow rafes of hydrogen to
ni%roﬁs oxide isbbetween about l,O(Stoichiometric flamé)
and 1.1, The témperafure:of the flame decreases +to eithefv
+ side of thié range. | ; |

~Compound forméﬁién in a:flaﬁe can loﬂefvthe atomic

emission observed,: Fof stabié(compOﬁnds,such as oxides; |
fluoriaes, nhydroxides, etéog_theVenergy necessary to
dissociate the Cbmpoundé may bé’large so that little atomio'

emission will be observed. Compounds can emit radiation
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but it is in the forﬁ of band'emission and usually not as
intense as etomic emission.
-The‘temperature or energy necessary to exeite atoms
or compounds which emit light at a short wavelength will
be greéter,than the eeergy necessary to eicite atoms that:
emit;light at a long waveiength° A high teﬁperature may;
v not‘be'aﬁ advéntage for some elements,_because ionizationl
‘may become a predominate factor in a hot flame.
 Sample introduetion into a flame is mostly a :
mechanical'probleﬁgu,SampleHintroduction will have fhe'
fdlleWing‘effects‘oﬁ the flame: |
Y The more semple'ﬁhat can be placed in the flame
per unit'time, the greater the emission. | |

2. 'The more water, if water is used as solvent,

- plaeed’in the flame the greater thevcooling of the flame

- and the 1ess'emissienn '
| ’“3. A lower flame background is observed when water
’iecused as solvent because of the coollng of the flamea'
| ‘ 4;i A higher flame baCkground is observed when

erganic‘seivents'are uSedfbecaﬁee of carbon radicel and

_cyanogen emission. | | | |
-~ No attempt was made to adjust- sample 1ntroductlon'
1nto the flame to glve maximum emission. : /
FlguresHIB, 14, 15, ana 16, show the relatienship'

_ betﬁeen the emission observed from the»alkaline_earﬁh

‘elements and the ratio of fuel to oxidant flow rates. -
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Figure 13.-~Magnesium emission versus hydrogen to

nitrous oxide flow rate ratio.
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»,Anélogousidata for'sodium,are presented in Figuré 17.

Each set bf points was measufed usihg a constant nitfousv
~oxide flow rate(10 ml/seéond) and -varying the hydrogen flow
rate. The intensities were measuréd at the heighf above
ﬁhe(burner that gave maximum emission.

| | TABLE 5

FLOW RATE RATIO OF FUEL TO OXIDANT
FOR MAXIMUM ATOMIC EMISSION

Element Wavélength in mp Ratio VH2/VN2O
Magnésium » 285.2 ’l,l
Célcium 422.7 1.3
Strontium 460,17 1.3
Barium : 553.6 1.7

For the elements in Table 5, there is a correlation
between excitation energy(atomic emission wavelength) and
the flow rate ratio of hydrogen to nitrous oxide for
maximum sensitivity. A similar correlation holds for
ionization potentials as‘noted in Table 2. This table
indicates that the emission of elements that are easily .
ionized'and eﬁit radiation at a long wavelength is favored
iﬁ a cool fuel rich flame.  The lower flame temperature
5decreases thejextent of ionization and thereby increases

'the number of atoms available for atomic emission. For
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nitrous oxide flow rate ratio.



38
elements ﬁhatbare not easily ionized and emit at a short |
wavelength, émission is favored in a hotter flame. The
hotter flame is needed to excite these elements.

Figure 18 represents the effect of adding an

easily iohized element(potassium) to a solution of bariume-
. The electroﬁs released by the ilonization of potassium atoms
will depress the ionization of the barium atoms. The
effeot of the addition was to decrease the intensity of the

~ion iine of bariﬁm until it was no longer observed, and to

~sligntly inCreasé the barium band and atom line emission.
This is as’expepted° By decreasing the number of bariumy

, ions, the'number of atoms and‘molecﬁles capable of excitation‘
\Lahd éﬁiSsion is increésed.’ Comparing Figure 16 and Figure_v'J
: .18,-the:¢grves_éré almoét identical except for the slighf
"ihcréase_in.émiSSion due to dépreésion‘of the ionizatioﬁ

’ ofnbérium by potassium. |

AiIf‘one eXamines the vertical dimensioh of a fléme,
the‘flamé’tempéfaturé would probably increase from the
bufner to a maximun neér the tip of the inner cone and then
would slowly decrease. If the oxidant flow rate were held
constant and the flame made more fuel rich, the height
of‘the inner cone would increase slowly. The region of
maXimum temperature would also move farther above the burner.
| The portion Qf'the flame sampled was varied by

adjusting’the burner height relative to the monochromator

system;v Figure 19 shows a graph of the ratio of hydrogen
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Figure 18.--Barium emission in KC1l versus hydrogen

to nitrous oxide flow rate ratio.
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to nitrous oxide flow rates Versus height for maximum
-emission for thé alkaline earth elements. The deviations
from the lines were about 1 mm, probably due mostly to
inaccuracies in height measurement. As seen in Figure 19, -
magnesium is excited higher in the flame and therefore‘in’
a hotter portioﬁ of the flame thah the ofher‘elements
studied. Barium is excited in.é cooler flame, calcium
and stroﬁtium are intermediate. The reason for this was

The rise in the maximum emission height

gi#en previously.
ags the flame becomes fuel rich, is caused by the rise in
the height~éf the maximum temperature region of the;flame
above the bﬁrnerl A

A comparison of Figures 8 and 19 shows that the
region of maximum sensitivity is considerably above the
tip of‘fhe inner cone. Two possible explanations are as
 fbllows: The slits were about 1.5 cm in height and the
distance ébove the burner for maximum Sensitivity‘was
ﬁeasured to the center of the slits, The slits in effecf
averaged the emission over a fairly wide region'of the.
flame. The position of maximum emission and the actual
_position of peak emission need not be the same. Alsb the
sampies introduced into the flame may not have béen\
completely vaporized. and excited by the time thét they
reaohéd ﬁhe maximum temperature region of the.flaﬁem

For the elemeﬁtslin Table 6; a correlation exists

between excitatiOn‘energy and the lew rate ratio of fuel
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to oxidant for_maximum band emission. The change in
emission with flow rate was not as great aé that of the
atomic line emisgion and was fairly flat for most of the
elements. The‘brder followed,that of iﬁcreasipg wavelength
and ease of excitation as in atomic line emission. This
was as expected. Surprisingly the emission was a maximﬁm
in a fuel rich flame. The hydroxide or hydroxyl radical
was thought to be the favored species to be exci‘tedol
‘This woﬁld indicate that the hydroxide formation was
favored in a‘fuél riéh flame. Thisrdoes not eliminate the
possibility offoxide formation in a more oxidizing flame.
TABLE 6

FLOW RATE RATIO OF FUEL TO OXIDANT
FOR MAXIMUM BAND EMISSION

Element Emittert Wavelength in mp Ratio VH /VN 0
‘ 2 2

Magnesium MgO or MgOH 3835 & 371 1.3

Barium ~  BaOH 515 15

' Calcium  CaOH 554 1.6
Strontium SrOH . 606 1.6
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D. Detection Limits

From Table 7 the détection limits in the hydfogen—
nitrous oxide flame can be’compafed to the detection limits
réported for turbulent flames° The detection limits
observed are close to those reported by others. The
detection limits reported for the hydrogen-nitrous oxide
. flame could be lowered if the aspiration efficiency of the
burner could be imprbvedct The making of an effective
aspiration system is an‘art, and extreme care and a great
deal of experimentation must be used in its constructibn°
The poor deteétion limit for magnesium was caused in part
by the.monochromator which was unable to resolve the
ma.gnesium linefand one of the strong OH lines. A better
monqchromator wouid im?rove all fhe detection limits
-reported. | | | |
| Optimum excitation conditions were not determined
for elements dther‘than,the alkaiine earths" Thus thé
detection limits listed in Table 7 do not necessarily
represent the lowest obtainable for non-alkaline earth

elements.



DETECTION LIMITS OBSERVED FOR SOME ELEMENTS

TABLE 7
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H, - N.O Flame

Element X , = T, ‘Others. Ref.
mp Detection Limit

‘ in ppm
Iron 372.0 5.0 1.0 21
Manganese =~ 493.1 0,2 0.1 19
Cobalt 353%.0 9.0 4,2 19
Nickel 352.5 4.0 1.6 19
Magnesium  285.2 10 0.6 20
Calcium 122.7 0,07 0.08 19
Strontium 460;7 0.06 0.07 19
Barium 553.6 2.5 1.0 19
Aluminum 392,.6 500
Sodium 0.001 19

589

0.004




. SUMMARY

In general the hydrogen—nitrous oxide flame has a
lower flame background than hydrocarbon flames used in |
flame'photémetry, A fuel rich_hydrogen—nitrous'oxide flame
Vhas\a much lower flame backgrdund than a turbulent fuel
rich acetylene4oxygen‘flame. Since many elémenfs are mosf
sensifive in a fuel rich enviroment, the hydrogen—ﬁitréus
oxide flame has a considerable advantage. |

Thevhydrogen—nitrous oxide flame has the  advantage
' that}it‘can be used premiked; The burning velocity of.
'hydrogen—nitrous oxide is low enough to be used safely
in a premix burner. Flash back is the largest disadvahtage
to-bremixedfflames&and the hydrogen—nitrous,oiide flame
overgdhéé-most of,fhis hazard. | |

The premixed-hydrogenénitrous oxide flame has the
advantage that the flame is very reproducible and stable.
Besides being reprbduéible and stable, the flame has a
Vefy low noise level and a low flow rate of gasses. These
~advantages make the-flame,vefy.desirable to work with and
more economicél than turbulent flames.

" For ‘the elements studied,.the-maximum emission
was observed in a fuel rich flame. All the elements studied
gave maximum emission above the inner cone of the flame.

45
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The ratio of atomic line to bénd emission w,és greatest in a
| fuel rich poftion Qf the flame with the detec‘tibn limits
being ébOﬁt ,équal to those observed for turbl;len’c flames.

I
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