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SUMMARY

Flame photometric deterxminations for calcium and strontium
aze an established portion of the routine work of this '
laboratory. The use of flame photometry provides the most
rapid and economical method of performing these detexminations.
but is subject to extensive lnterference problems. The
inherent instability of the instrumental system requlres
considerable operating skill to obtain acceptable xresults.

An investigation was made of a reversed-gas flow system
{to the atomizer-burner) to determine if improved operating
characteristics could be achieved in this manner. The results
show an increased flame temperature. without heating of the
atomizer-burner during operation, and an impressive increase
in flame stakility resulting from elimination of the deposition
of combustion products on the burner tip. The band spread
can be reduced by the inecrease in sensitivity which reduces
the interference problems.

By comparison with conventional burner operation., the
revaersed gas flow system resulis in markedly increased accuracy
and precision. Establishment of routine procedures using this
system is advised.



INTRODUCT ION

Certain elements introduced intec a high-temperature
flame will emit a characteristic visible spectrum. Tn flame
photometxic analysis, these characteristic radiations are
measuvred and compared to a standard to provide a guantitative
estimate of specific elements.
In the normal operation of the Beckman model DU flame

photometer., the sample is introduced into an oxyacetylene
flame with oxygen used as the spraying gas (fig. 1). The
flame is formed at the capillary tip, resulting in a heating
of the burner and consequent carbon and salt encrustment of
the capillary tip. These deposits are picked up in the flame.
causing fluctuations in the flame temperature and position,
resulting in an unstable system. The effect of this on normal
operation is to cause flame photometry to be largely an
empirical procedure compounded by inherent instability and
short operating intervals with extensive interference problems.
Nevertheless, flame photometry has proven to be a most
reliable and time saving procedure for the determination of
celcium, strontium, sodium, potassium and lithium on a
routine basis.
. A publication by Loken, Teal, and Eisenberyl proposed

a procedure for calcium using a reversed oxyacetylene flame.
The paper indicated that by modifying the standard Beckman
DU f£lame photometer to use acetylene as the spraying gas,
the problems inherent in normal operation are larxgely overcome:
that is, a higher degree of stability and repeatability of
the flame photometric system is achieved. It is the
purpose of this investigation to determine if this modiflcation
would result in improvement of the flame photometric procedures
that this laboratory has in use for calcium and strontium

analysis.
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The following apparatus was used fox thus

eckman model DU Spzctrophotomecer
Beckman $9200 Flams Attachment

precedure as per the manulacturer’s recommendalions

the exception that the gas lines inside the mancwm
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were altered, as pexr fig. 2, to use acetylene as the suiaying

PROCEDURE

The gauges on the oxygen and acetylene tanks are set al
15 p.s.f. and 12 p.s.d. respectively. Fhe acetylene ig izn
set at one half to two thirds the recommended CRYCSN BrOzgure
fox the burners the oxygen pressure 1s set at one to thres

- -

pP.3.d. and the clesed needle wvalve is ovened about ore half

turn. %he flame is lit. If it does not stay it. then the
oxygen Lg turned down., with special care not to get it tco
low findiceted by a very bright. white flame). The finz’
adjustment of gas pressures is then made. The blue centeu
cone at the flzme base should be freom 10 to 25 mm nigh. ¥Whe
water is sprayed through the burner. the center cone shovid
decrease to 7 mm or less. Five mm appears to be ar optimyx
hefght. The lager the centexr ccne, the larger the ansunt
of background light.
“re mirror is then adjusted to give a mEXI UK DOaULL
whtle & sample ‘s being sprayed. This is dome witi 0.7 g/l
czicivm oy strontium standardez Ca. Sr, K and Na standarda
were made uve in the following concentrations: 0.001 g/l
¢.00% ¢/L., 0.010 g/l, 0-015 g/l. 0.C20 g/, and 0.1 g/..
Standard curves were then run and interferences cizcked.

After finel adjustment is made. the OXYygen pragsure g

fd

malntained at L.2 p.s.i. and the acetyl ene pregsure at 7.0 ¢.¢
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The spectral lines at 422.7 m) are used for Ca. 4&0.7 fen L
5389.3 for Wa. and 7656.%8 for K. In each case thne Lackguousd
prerference is scanned over an area of approximataely L5
with the wavelength of interest in the center of the scan.

2 l

The seasitivity is adjusted to give a di

n

erence of appraxlrataely

10% transmission between standards.
RESULTS

The following changes in operating characteristies ol
the Reckran DU flame photoaeter were observad as a resgult of
revexsling the cxygen and acetylene feed to the atcmizer~buiner.

1. “he oxygen pressure is reduced f£rcm one<=half Lo
wwo~thiszds of that required by conventional opzration. “thig
results in a decreasaed flow rate of the sample gclution and
less ¢f 2 cooling effect in the flame. An apparently highay
temperacure flame results which increases the iastrument
sensitivyity and intrcduces a background interference from the
CH ang 02 band34 in the visible and near-ultra viclet spectral,
regions. This interference can be eliminated by provpex
adjustnert of the focusing m¢rr©rs {fig. 3). Then propeiliy

focused - the slit width can be reduced by a facter cf teun &s

2, The flame is Formed at a disgtance of 4-5 wm above Lhe
burasr Tip. The kurner remaing cold, carbon and salt
encrustnent of the burner tip is eliminated and the Snstrument
systex zhows a marked increase in operating stabiliity. i
effect this indicates that the reversed oxyacetylene fiam
modification will permit prolonged operating time, significanily
reducing warm up time and maintenance reguirements.

3. "Table 1 znd 2 demonstrate the reproducibility. The
Backman iustrument manualg states that a mean deviation oF
+ 0.3 transmittance scale divisions is acceptable. The

«

reversed fiame therefore has an excellent reproducibililiy



b

with a mean deviation of + 0.0%9 transmittance scale divisions.
Not only is‘the reproducibility good on a short term basis,
there is a low mean deviation of i+ 0.28 mg on strontium
standards run on 10 different days. This is compared with

a mean deviation of + 2.23 mg Sr with the conventional flame.
Because of the slower aspiration rate, standaxrds last much
longer .

CONCLUSION

The comparative study of conventional and reversed
oxyacetylene flame photometry indicates that the reversed
system yields a greater sensitivity with reduced background
interference., a higher order of precision, and longer periods
of operation. The combined effect is to provide a greater
confidence in the results and an increase in productive
capacity for the flame photometer without adding to the cost
of the equipment. Routine procedures for calcium and strontium
are presently being modified to take advantage of this
modification.
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Figure 1. Schematic Drawing of oxyacetylene
Flames in Beckman oxvacetylene burner
A. With acetvlene as spraying gas - Reversed

B. With oxygen as spraying gas - Conventional
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Figure 2. Arrangement of covnections in Beckman mancmeter

housing for reversed svstem
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TABLE Z. I Sempls Tun 10 Timez in One Operation
Transmittance Scale Eev:acwﬁ ﬁrﬂm
Reading Average
671 0.0 0.9
67.3 0.0 Maean Devi aulon~16~ = 0.09
67.0 0.%
7.1 0.C 0.09 Transmittance Scale Livision
66.9 0.2
66.9 0.2 Conditions -~ Sr Carxiewr
66.9 0.2 460.7 m|l - Wavelengtn
67.3 0.2 .05 mm - S8lit wWidth
67.1 0.0 Max iaum - Sensitivity
67.1 0.0 2L.2% T ~ Spread Batwesn
- — 0.015 and C.020
Average 67.1 Sum 0.9 1.2 pos.i. - Oxygen
7.0 pe8.i. ~ Acztylene
TABLE ¥X. 1 Sampie Run 10 Different Days
my Sz Beviation from
Average
6<-14-63 79.5 0.3
6-17-63 7%.0 0.8
6-18-63 80.0 0.2
6-19-€3 86.0 0.2 2.8
6-19-63 79.5 0.3 ‘Mean Deviation = fﬁ» = 0.28 ng Sr
6-20-63 80.0 0.2 !
6-=24~63 80.0 0.2
6-25-63 80.0 0.2
5-25-63 80.0 0.2
6-25-63 80.0 0.2
Average 79.8 Sum 2.8
Notes: It was necessary to find the mean deviation in

mg Sr rather than % transmittance because of
the different set of conditions each day.




