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ABSTRACT

A graphite~tube resistance furnace was constructed and used in place
of a flame as the atomizer for atomic sbsorption spectroscopic analysis.
The applicability of the furnace technique is demonstrated. Optimum oper-
ating condltions were determined for several elements. The sensitlyities
obtained are comparable or better than those reported for other techniques.
" The preliminary data indicates that the method is especially suited to
those elements which form refractory oxides.




INTRODUCTION
Atomic absorption'spectroscopy has rapidly become a wideiy qsed method
of chemical analysis. Since its introduction (2, 10, 37, U44), it has grown .
_in'both‘scope and refineﬁent. It‘hgs been. extended to elements which are
difficulﬁ or'impossible.to.analyzezby ordinary'flame emission (12, 13, 1k,
,‘1}5;‘16;_MO);: Howefef, the full potentiél of #he atomic absorﬁtiqn method

'. ' has not been realized, primarily because of ‘the use of flames as atomizers.r
ot . a 8 '

Some ;f the more important limitafions'of %I;mes are:

1) The signal-to-noise ratio ié limitéd because of the high noise
level in the flame (6, 15).
2) There is possible iight scattering by solid end liquid particles
of sample in the flame (4, L42).
3) There is little control over the environment of the absorbing
atoms (11, 45). For example, in rare-earth analysis oxygen cannot be
eliminated because it is a component of the flame. |
4) The background is high over meny regions of the spectrum becaﬁse
of absorption by the flame gaseé and molecular species formed in the
flame (1).

' 5) The degree of disgociation of many compognds in the flames nor-

. mally used ié small (30).
6) Sensitivity is limited because of the shorf absorption path length
in the flame (53, 18).

Fuwa and Vallee and others (18, 43) have .attempted to increase the

.lThe term "atomization" refers to the production of an atomic vapor,
~composed of free atoms, while "mebulization" refers to the production of
an aerosol fog, composed of liquid particles. ’
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effectiveness of the flame.by using it with an absorpﬁion tube which in-
creases ‘the effective absorption path length. A total consumption burner
is inclined at an angie of fifteen to seventy degrees into the end of a
ceramic or metallic tube. Very high sensitivities have been reported for
this method, but it is limited by the possibility of liéht scattering and
absorption by the flame gases“and combustion products. Also, the absorp-
tion tube is colder than the fiame gases so there is deposition -on the walls
.:of the tubes. This reduces the reflect1v1ty of the tube and hence the sen-
f;s1t1v1ty. Itqmay also contribute to a’ memory effect. K | S

‘The need to replace the flame by some other sampling method has often
_been emphasized (29, 41, k42, b45). In practice two types of replacement
methods have been used. The cathodic~sputtering technique developed by
Walsh and co-workers (19, 36, 38, L5) and Goleb (21, 22) uses essentially
a second nollow—cathode discharge to obtain an atomic wvapor. This method
requires solid metal samples.

In the method of L'vov (30, 31) the atomizer consists of a graphite
crucible into which is inserted an electrode containing evaporated sample
on the tip. An atomic vapor is -formed by striking an arc between the elec-
trode and . an auxiliar& electrode. L'vov obtained very high sensitivities
for the elements he studied, including refractory elements.

The construction of 1aboratory furnaces has been described (7, 8 .25, ®
26, 27). However, only Mislan (32) has used a furnace as a means of atom- i
izing the sample for atomic absorption. His apparatus consisted of an
ordinary wire-wound ccmbustion furnace'fitted with a separate sidearm heat-

er. It was used only for the'determinatién of cadmium. The sensitivity -
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obtained was about‘the Same as previousl& réported using flémes.

In the present study a graphite-tube resistance furnace is used in
place of tﬁe fleme as the atomizer. This report giyes the results of ex-

periments performed to determine the best operating parameters and the

sensitivities obtainable for wvarious elements.




. GENERAL CONS IDERATIONS

Theoretical Foundations

.__ In atomic absorption analysis a parallel, modulated beam of radlatlon

ﬂiAéf canstant mntenﬁmty smitted by the element bemng deﬁermnned 18 passed

-'f‘through'an atomlc vapor of the same element. The atoms in thls vapor are’

' capable of absorbing -the 1n01dent radlatlon at the characterlstlc Wave-

lengths, and the degree of absorption 1s a measure of the concentratlon of .

the element (34, 35). The general absorptlon equatlon is given by

: I - :Foe_Kv_z
where - on= incident radiation of frequency v
Iv = intensity after absorption
Kv = absorption coefficient of the vapor at

frequency v
&4 = absorption path length

According to classical theory the integrated absorption is given by
2
Sxav=T5 yor
: v, T me v

where _ e = electronic charge
m = electronic mass
¢ = velocity of light-
N.. = number of atoms per cubic centimeter capable
of absorbing radiation in the frequency range
v to v + dv
f = osclllator S%rength (the average number of
electrons per atom capable of being exc1ted

by the 1nc1dent radiation

Thus for a transition initiated from the ground state, where Nbis for all
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":prdcticai purposes equal to Ny (the total number of atoms per cubic centi-

"meter), the 1ntegrated abSOrpclon is proportlonal to the concentratlon of

o free atoms in the absorblng medlum and 1ndependent of temperature.'

To measure the 1ntegrated absorptlon, the width of the absorptlon llné
must be considered. The factors which 1nfluence the w1dth are: 1) natural
width of the line, 2) Doppler broadening, 3) pressure broadening, and L)
Stark broadening. At temperabtures between 2000 and 3000°K, the width of an
absorption line.is of the 6rder of 0.0QA.. Since most spectrographs are in-
capable of such high resolution, it is not possible to measure the integrated
absorption. Instead the peak absorption is measured using a line source
which emits‘spectral linés of a smgller.half-width than the absorption line.

If it is assumed that only Dopplei broadening is lmportant in deter-

mining the width of an absorption line,® the absorption coefficient is

given by
2 1/2
K = 2) £n2> We N E
v Dv ™ me2
where - ’ Kv = absorption coefficient at the center of the

line

D ='Doppler line width at frequency v

Since the Doppler line width is proportional to the square root of the tem-
. perature (4), K, is not affected by small temperature changes and there is

& linear relation between absorption and concentration.

2In flemes this is not true, except at low temperatures, because of
pressure broadening. In a furnace of the type used in this work pressure
broadening should not be significant, except possibly at high temperatures.
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Sensitivities and Detection Limits

One of the prime advantages of the atomic absorption technique is the
high sensftivity obtainable for nany elements. TFassel (17) has recently
compared detection limits obtainable by both emission and absorption tech-
niques for a large number of elements. His data show that for meny elements
(including manganese, cadmlum, and copper) the sensitivity has not been ;
greatly improved by atomic absorptlon. ThlS is especially true for the re-~
fractory elements where the absorptlon method is often less sens1t1ve. The»»t
stable ox1des formed in flames by the refractory elements have mede the
detection of -these elements by emies1on and absorptlon very difficult.

.*in a hfgh-temnerature furnace oxygen can be eliminated from the sys-
: tem:b&-onereting'the'furnace_in en.inert;etmoSphere. Under such conditione
the refractory oxides cannot.form'for‘eleﬁents such as aluminum and;sone of
the rare earths. The sensitivities obtaineble will be much greater tnen
with the use of flames because most of the atoms will be present as free
atoms.

In actual practice there ‘are many parameters which affect the absorption
process such as: furnace temperature, sample'introduction rate, slit width,
lamp current, and type of solvent. A study of the atomic abserption tech-
nique using a high-temperature furnace must include an evaluation of the
effect of these parameters on the ebsorption process. Sensitivities can

then be determined for wvarious elements at the optimum operating conditionms,

enabling one to evaluate the relative practicality of the method.




EXPERIMENTAL

Instrumentaﬁion

T,ight Sources

Westinghouse single-element hollow-cathode lémps for erbium (WX5486),
holmium (WX5487), and dysprosium (WX5465), and multi-element lamps for
‘ copper;zinc-lead-cadmium (WL23146) and calcium-magnesium-aluminum~1ithium
(W23158), and a Beckman multi-element lamp for copper-zinc-iron-maganese
(186216) were used as light sources. The lamps were operated from a con-

stant-current power supply (Lambda Electronics Corp., Model 71-B).

Detector and Power Supply

" An RCA 1P28 photomulfiplier'tube was used as the detector. The power
supply used was originally constructed by Skogerboe (39) from a design de-

scribed by Box and Walsh (5).

Amplifier

To prevent the detéction of an& sample emission from the.furnace,
the incident light Was‘modulated at 39 c.p.s. and the amplifier tuﬂed to
'thié frequency. Thus.onl& the modulated signal ig amplified énd anyﬂl20
'. 'c.Q:s. siénal'due to artificial light or full-vave rectified ripple in the.
'émplifier poﬁer suppl& is rejected1 Ihe design of the amplifier is a mod- -

“ified version (39, 9) of that described byZKglmus and Sanders (24). .

Recorder
The recorder was a Bristol Dynsmaster (model 1PH560). It has two

chart speeds and a O to 10 millivolt full-scale deflection with one-third




second response.

Monochromator

The basic unit wes a Beckmen DU. It was equipped with e photomulti~-

* plier attachment.

Furnace
A graphite-tube resistance furnace was constructed to serve as the sam-
ple atomizer. It is capable of reaching temperatures in excess of 3000°C.

A schematic 'diagram of the interior of the furnace is given in Figure 1.

" Furnace Power Supply
The power to the furnace was supplied by means‘of_a P and H arc welder.

Tt has a maximum output of L50 amperes.

Nebulizer

ihe nebulizér used was of our own design and was constructed of glass.
A 500 milliliter round-bottom flask was used as a spray .chamber to facil-
itate the condensation of any large liquid particles before they could enter
fhe furnace. The nebulizer and spray chanber were connected tp the sidearm

of the furnace.

Optical Pyrometer

In order to accurately measure the high temperatures in the furnace, a
Pyro optical pyrometer (model 87C) was used. This instrument has three
centigrade temperamure renges: 780° to 1200°, 1000°. to 1900°, and 1800° to

3200°.
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Figure 1. Schematic Diagram of Furnace Interior
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Absorption Procedure

A chosen spectral line of the élement being investigated is located
éarefully on the monochromator. The light intensity is adjusted to one
hundred per cent transmittance by varying the photomultiplier voltage while
aspirating pure solvent. The amplifier gain is set at its maximum value.

The sample is then introduced and the absorption is recorded on the chart.

Standard Solutions

‘The stock solutions for maenganese, cadmium, copper; and aluminu@ were
prepared.ﬁyjdissolving the pure metal in an appropriate acid (hydrochloric
or nitric), evaporating to dryness or near-dryness, and diluting to volume
with absolute methanol. Thé rare~-earth stock solutions were prepared by
dissolving the pure oxides in‘pefchloric acid, evaporating to dryness, and
diluting to volume with absolute methaﬁol. The standard solutions for all
elgments were prepared by trahsférring volumes of stock solution (measured .

ﬁith_lambda, volumetric; or graduated pipets) to volumetric flasks, and

' ‘diluting tb.volume with absolute methanol.




RESULTS

Choice of Solvent

Three solvents were considered for use with the furnace: water, abso=~
lute ethanol, and absolute méthanol. The use of water was immediately re-
Jjected because it caused a rapid deterioration of the graphite absorption
tube around the saﬁple entrance. Absolute ethanol Was.used in the preliminary
work, but was abandoned for two reasons: l) a large depoéition of carbon
on the sbsorption tube was observed around the sample entrance; and 2) the-
solvent was converted into minute carbon particles in the furnace which
deposited inside the furnacé. These particles caused some light gcattering;,:_ﬁ
resulting in a corresponding decrease in the source intensity. Absolute
methanol seemed to be the best solvent. It is relatively inexpensive and
easily obpained. Some éarbon deposition is obser&ed on the absorption tube,
but thislis-aimost entirely compensated by the normal.deterioration of the
‘tube. Also, fofmation of carbon particles QOes not - occur, even at the low

temperatures used for some elements.

" Nebulization Rate

As the rat; of nébulizétion increases, the absorbance increases.
"::Eigufe 2 ‘shéws the type of cupvé'bbfainéd when absorbance is pldﬁtéa"égainst
flow rate of nebuliziné gas. There is a fwo fold reason for this: 1) at
higher nebulization rates there is more sample presént as an aerosoi fog
which can enter the furnace, and 2) the gas that nebulizes the sample also

‘carries it into the furnace. In practice the highest flow rate of argon
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Figure 2. Manganese Absorption as a Function of
Nebulization Rate.
used Was 1.56 liters per minute (reading of 13 on flow meter). The calibra-
tion data were teken at this value. For evaluating the optimum conditions
lower flow rates were used.

A slight change in the nebulization system was used in the work with
the rare earths. These elements required a higher furnace temperature for
maeximum absorption, and at those temperatures the sample could not be drawn
into the nebulizer by capillary action. Hence no nebulization occured.

This is probably due to some type of radiation pressure which keeps the lig-
uid particles of sample from entering the furnace. To overcome this diffi-

culty a syringe pump was used to introduce the sample into the nebulizer.
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The sample introduction rate was 1.65 milliliters per minute. The flow rate

of argon was the same as before.

Furnace Temperature

For each element studied there was a furnace temperature at which max-
imum absorption was observed. A curve showing the relation between absorb-
ance and temperature for manganese is given in Figure 3. The shape of this
curve is very similiar to those observed for the other elements. The absorb-
ance always increases until a maximum is reached, and then it gradually de-
creases. The explanation of these phenomena is not absolute. However, it

is believed that a rational explanation can be put forth which accounts for

A
o) O
.6
5
1100 1200 1300 1400 "~ 1500

Centigrade Temperature

Figure 3. Manganese Absorption as a Function of Furnace
Temperature.
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these facts.

The'rise in-the curve is the time during which the production of free
ground-state atoms occurs in the furnace. The processes involved are the
separation of the metal atoms from the solvent and the dlssoc1atlon of any .
compounds formed in the furnace oy the metal atoms. At the point of max-
imum absorption the metal aﬁome are now present as free atoms, most of them

" being in the ground-state. - The fact that this meximum differs for each

o element is &ue concelvably to a dlfference in the energy requlrements of .

E‘Jfree-atom productlon. There are three processes which contrlbute to the
succeeding decrease in absorption as the temperature is further 1nereased:‘
1) the number of absorbing atoms per cubic centimeter in the furnace de-

~ creases due to the increased kinetic energy of the atoms, 2) the number of
atoms in the ground-state deoreases because some of the atoms are excited
to higher energy states by the furnece, and 3) some of the atoms may be |

ionized, thereby further lowing the ground-state population.

" Monochromabor S1it Width

) fhere is no general rule which can be stated with regard to the rela-
tion between slit width and absorbance. Copper, erblum, holmlunb and
dysprosinm showed a.continual'increase in absorption as the slit width was
decreased. No change was.ob-ser‘ved for cadmium as the slit width was varied.
Mangariese and aluminum.showed mazximum absorption at relativel& large slit
widths. It appears that beoause_of the brightness of-the.rnterior of thel.

furnace{ the line intensity of the hollow-cathode lamp is a strong
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influencing factor. If the signal-to-background ratio is poor the slit
width must be large and vice versa. A similar situation was observed by

Skogerboe (39) when he used flames as line sources.

Lamp Current

The absorbance was measured as a function of lamp current for each
element except the rare earths. The usual relationship, i.e., increasing
absorbance with decreasing current, was not observed. Rather, there was
either no change in the absorbance as the current was varied, or an increase

in absorbance with increasing lamp current. The latter effect was shown

Table I. Optimum Absorption Conditions

- S?it g v Lajip Wavelength
lement Width Tempsrature Current (k)
(o ) (°c) (ma)
Manganese 0.06 1250 10 2794
Cadmium 0.02 1000 10 2288
Copper 0.02 1720 12 3247
Aluminum 0.095 2140 17.5 3093
Holmium 0.01 ca.23003 20 4103
Dysprosium 0.01 ca.23%003 15 Lo11
Erbium 0.01 ca.2300% 18 4008

3These values were obtained using a syringe pump to introduce the
sample.

“Obtained without a syringe pump.
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by copper and aluminum. A probable explanation is that the intense light
emitted by the furnace causes a poor signal-to-background ration. This
ratio is improved by increasing the lamp current. The relationship between
absorbance and lamp current was not investigated for the rare earths be- |
cause oﬁerating current was not available for the hollow-cathode lamps of
these elements. It was decided to operate the lamps at the current values

uged by Skogerboe (39).

Sensitivities and Detection Limits

The sensitivity is defined (23) as the concentration in micrograms
per milliliter which gives one per cent absorption. The detection limit is
the concentration which gives an absorption signal equal to twice the
variability of the background. The sensitivities and the estimated detection
limits obtained for the elements studied are listed in Table II. Also, the
best sensitivities reported by other workers using flames, and the best

sensitivities using absorption tubes are listed for comparison.

Table II. Sensitivities and Detection Limits

Sensitivity Estimated Best Sensitivity with
Element (ug/m1) Detection Flame Absorption Tubes
Limit Sensitivity
Manganese 0.008 0.002 0.15 (42) 0.005 (28)
Cadmium 0.0022 0.0018 0.04 (L42) 0.0004 (18)
Copper 0.008 0.003 0.2 (L42) 0.007 (18, 43)

Aluminum 0.03 0.01 0.7 (3) Not investigated
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Calibration Data

The ebsorbance was plotted against concentration for each of the
elements, with the exception of the rare earths for which no data was
available, at the wavelength shown by previous workers to give maximum
sensitivity. The curves shown in Figures U4 through 6 were drawn by the
method of least squares with each point on the curve representing the

average of several measurements.
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Figure lt. Calibration Curve for Manganese.
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Figure 6. Calibration Curve for Copper.
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DISCUSSION

The application of.e high~-temperature furnace as sample atomizer to
atomic absorption spectroscopy has been shown in this work to be a practical
method of ahalysis. The resulbs reported are only preliminary when one.
con31ders how much is needed to fully explore the analytical potentlal of
the method. Many advantages and disadvantages have become evident. There~
fore it would be well to consider some of the significant results obtained.
in this worlk and the conclusions which can be drawh.

The accuracy of the method has been demonstrated. The sensitivities
obtalned for the elements studled are con81derably better than the best

flame sens1t1v1t1es. They are not as good as the values reported w1th absorp—

- Ttlon tubes, although for manganese and’ copper the difference is sllght..'The

.superlorlty of the absorptlon-tube technlque is probably due to the longer
path length used (90cm as compared to our 20cm) and the reflectivity of

the gbsorption tubes which'increases the path length still further. The
sensitivity of aluminum has been improved by better than a factor of ten
with the use of the furnace. This seems to confirm our earlier belief that
the great advantage of the furnace technique is the elimination of oxygen
from the system, thereby making it especially attractive for the refractory
elements. It should be noted that since methanol was the solvent, oxygen
was not completely ellminated from the system. . It was not possible, because
of time limitations, to obtain sensitlvity data for other‘refractory elements,
but the work that was done indicates that. the method will be very sensitive
for these elements as well. ALl data was takeén without the use of any type

%

of electronic aids such as noise suppression ard scale expansion. How much -
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these can improve the methéd is yet to be seen.

The calibration curvés are linear for all elements studied except
aluminﬁm. The linearity may be deceptive, however, since these curves were
plotted over small conceﬁtration ranges. Alﬁminum was also studied over a
small fange, but it exhibits considerable non-linearity. ~There are many
causes of such curvature. In the case of the furnace method of atomiza-
tion; it is thought that the intense light emission from the furnace (in-
gluding.somé éample emission) lowers the signal-to-background ration by in-
creasing the background noise level in the photomultiplier tube. This prob-
lem is compounded if the emission from the hollow3cathode is weak. The
aluminum emission used in the present work was provided from a multielement .
tube and was not very intense. The tube had to be opersted at maximum rec-
.oﬁmended current and the slit‘opéned gquite wide to obtain maximum sensitivity.”

The noise level in the furnace is very'low. The major source of noise

i .z'dppeérs to be in the photomultiplier tube and the associated electronics.

Another soﬁrce is the occasional light écattering céused by the entrance of
carbon particle;, usually originating from the walls of the absorpéion tube,
into the light path. Genefally the maxinum noisg fluctuation never exceeded
four fer cent and was usually around two per cent. These noise levels were
observed only at zero sbsorption when adjusting the base line and low con-
centrations. At.largeg concentrations noise was not observed. This is an
improvemeht over flame techniques where noise is usually present, even at
high copcenfrations. Some noise suppreésion was achieved by'adjusting a
damping control on the recorder. : ' |

.+ A major disadvantage is the slow rate at which equilibrium is reached’
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in the furnace. This rate varies from element to element, but oniy copper \
and #he rare earths seemed especially slow in reaching equilibrium. This
should not be a limiting factor to the analytical potential of the method
unless extremely rapid analyses are necessary. There are probably modifi-
cations which can be made, particularly in the design of the furnace, which
will shorten the time needgd to attain equilibrium.

The problem of a "memory effect” has not. been fully investigated.

This effect has been a serious limitation to the absorption-tube technique

* where flamé'components actually deposit on the inside walls of the absorp~

tion fube. In the present study only copper and manganeée were investigated .
in this regard. Copper showed soﬁe effect but manganese did not. The

memory effect exhibited by copper may be &ue to other factors such as in-
s%rumental drift.

The extent of this investigation was limited somewhat by the nature and
quality of the instruﬁentation; The work on the rare earths could not be
carried to cémpletion because the sbsorption tubes deteriorated at the high
temperatures needed for thesé elements. TFor this reason the size of the
absorption tube Was’changéd from an original thin-walled type (0.C. 7.8 mm,
I.D. 5.9 mm) to a thiqk-walled type (0.D. 7.8 mm, I.D. 4.8 mm). The latter

also proved unsatisféctory because the power reduirements were too great for

. the welder. It would appear that in order to use the present power supply,

a ‘tube ﬁith an I.D. in between the two would have to be used. Another pos-
sible solution would be to make the tubes of a denser and léss conductive
form of graphite. In addition to the problems with the absorption tubes, the

furnace itself proved‘té be somewhat troublesome. ‘The furnace as now designed
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cannot be operated over long periods of time without considerable deteri-
oration of meny of its parts. In particular, three areas needed replacement
or reconstruction most often: the‘connections between the current-carrying
wires and the.furnace (the wires had to be stripped and reset into the cop=~

" per connectors about once & month if the current in the wires was.low and

t

i about every two weeks if the current was hiéh),'the outer'graphfte tube

which seemed to change in crystal structure in the.center anq become very'
brittle (needed replacement about every two months), and the small graphite
pieces which make electrical contact between the absorption tube and the
ends of the furnace,(replacement was needed about once a month). It is ob-
vious that for it to be a useful analytical tool, the furnace must be more
durable. Improvements in the design, especially in the aforementioned areas,
should lead to this durability. |

In summary, the furnsce technique of atomizing the sample for atomic
' absorption spectroscopy has been demonstrated to be a very sensitive method
of analysis. With improvements in instrumentation and technigue, even bet-
ter results can be expected. In the 1mmed1ate future much work needs to
be done to fully explore the potentlal of the methodo Llsted below are some‘
of the areas whlch the.author feels to-be ‘of particular concern.

Suggestions

1) The furnace method should be completely extended to the rare-earth

o elements and the other elements whlch form refractory oxides.

2) Varlous types of organlc solvents whlch do not contain oxygen should be
'1nvest1gated, for their effect on absorptlon and on the absorptlon tube.
'13) A study ‘should be made of the nature and extent of 1nterference effects

\

i
t
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with the use of the fﬁrnace;
h) Further 1nvest1gatlons should be conducted to elucidate the nature of
. the chemlcal reactions occurring in the furnace. In particular, what would
' be the effect of different anions on the maximum-absorpticn femperature,
and what is the fate'of tbe solvent in the furnace?
5) The use of high#intensity hollow-cathode lamps should be studied. In
the pfesenf work it was found that the aluminum emission was not very intense. l
This resulted in a poor signal-to;background ratio, and required that the
~ hollow-cathode lamp be operated at the recommended maximum current. A -
high-intensity aluminum lamp should improve this sifuation.
6) The possibility of‘aﬁalyzing solids with the furnace should be explored.
The design of the present furnace could be used with mindr modifications to
permit the introducticn of solids either vertically or horizontally.
. 7) The nebulization system used.in this work does not allow one to vary
the flow rate of inert gas independently of the nebulization'cf the sample.
Therefore, large flow rates had to be used to obtain a fair‘amount of vapor-
ized sample. The system can be improved by using a syringe pump to intro-
-duce the sample into the nebulizer. This allows the use of much ;ower
flow rates and still results in‘e large amount of nebulized eample. The
use of an ultrasonlc nebulizer would probably be the best method. It would
allow one to produce large amounts of vaporlzed sample without excessively
large flow rates, and also with better efficiency than other methods.
+8) The use of dlfferent types of absorptlon tubes in the furnace should be

explored. The graphlte tubes whlch were used in this study had to be re-

placed often because of thelr rapid deterioration, espec1ally at high
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temperatures. A possible solution to this problem might be to coat the
graphite tubes with a very thin layer of carbide which should make the tubes
more resistant fo deterioration.
9) The present power supply for the furnace should be replaced, possibly
with a good a.c. supply. The welder which was used was very noisy and in-
convenient fo use. It was difficult £6 adjust the fUrnace'temberature to a

reproducible vélue by turning the control handle on the welder. Also the

‘unit requires a very high starting current and is therefore difficult to

use in most electrical systems. ot




9.
10.

1l.
13,

1k,

15.

16.
7.

18.

19.
20,

LITERATURE CITED

Allen, J. B., Fourth Australian Spéctroscopy Conference, August, 1963.
Allan, J. E., Analyst 83, 466 (1958).

Amos, M. D;, Willis, J. B., Spectrochim. Acta 22, 1325-43 (1966).
Billings, G. K., Atomic Absorption Newsletter L (10), 357-60 (1965).
Box, G.- F., Walsh, A., Spectrochim. Acta 16, 255 (1960).

Burgess, D., U. S. ;éureau of Mines Bulletin 504 (1962).

Chelhovshoi, U. Ve., Sheindlin, A. R., Pribory i Tekhnika Eksperimenta,

No. 1, 197-9 (1963).

Chernin, S« M., Mal'tsev, A. A., Pribory i Tekhnika Eksperimenta,
No. 6, 120-2 (1961).
Claassen, H., M. S. Thesis, Montana State College, 196k

David, D. J., Analyst 83, 655 (1958).

. Dorrla, A., Dlssertatlon, Un:.versu_’cy Frankfurt am Main, 1956

.Fassel, V. A., Analytical Chemistry 52, 19A (1960)

Fassel, V. A., Curry, R. H., Kniseley, R. N., Spectrochim. Acta 18,

1127 (1962).

Fassel, V. A., Mossotti, V. G., Analytical Chemistry 35, 252 (1963).
Fassei, V. A., Kniseley, Rs N., D'Sliva, A. P., P;naly‘tical Chemistry
35, 910 (1963). |

Fassel, V. A., Mossotti, V. G., Spectrochim. Acta 20, 1117-27 (1964).

Fassel, V. A., National Meeting, American Chemical Society, Atlantic

City, N..J., Sept., 1965.

Fuwa, K., Vallee, B. L., Analytical Chemistry 35, 9k2 (1963).
Gatehouse, B. M., Walsh, A., Spectrochim. Acta 16, 602 (1960).

Gilbert, P. T., Analyticsl Chemistry 34 (5), 210R (1962).




21.
22.
23.
ok,
25.
26.
27.
28.

29.
30.
1.

32.
35.

-3k,
,.‘ .. 35.

37.
38,

39-
Lo.

k1.
ho,
L3,

27~
Goleb, J. A., Brody, J. K., Anal. Chim. Acta 28, L457-66 (1963).

Goleb, J. A., Yokoyama, Y., Anal. Chim. Acta- 30, 213 (1963).

Kahn, H. L., J. Chem. Ed. 43 (1), A7 (1966).

Kalmus, H. P., Sanders, M., Electronics 23 (2), 8l (1950). ~

King, A. S., As‘brophy.sics J. 56, 318-43 (1922). | ’

King, A. S., King, R._B;, Astrophysics J. 82, 377-95 (1935).

King, R. B., Stockbarger, D. C., Astrophysics J. 91, u488-502 (19L0).
Kdirtyohann, S. R., Feldman, C., "Developments in Applied Spectroscopy”,

Volume 3, Plenum Press, New York, 1964.

Lockyer, R., "Advances in Analytical Chemistry and Instrumentation',

Inté;science, New York, 1964, pp. 1-29.

L'vov, B. V., Inzhener-Fiz. Zhur., Akad. Nauk Belorus S. S. R. 2 (2),
hi-52 (1959).

L'vov, B. V., Spectrochim. Acta ;z,‘76l-70 (1961).

Misla.n,'J' R., Atomic Energy .Com. Ltd., AECL 1941, 10 pp., 1964.

Rann, C. S., The Element Nb. 9.

Robinson, J. W., Analytlca.l Chemlstry 32, 17A (1960)

Roblnson, 7. W., Anal. Chlm. Acta 23, 479 (1960)

Roblnson, J. W., The Element, No. 2. . )
Russel, B. J., Shelton, J. P., Walsh, A., Spectrochim. Acta _Ei,- 317 (1957).
Russel, B. J., Walsh, A., Spectrochim. Acta 15, 883 (1959).

Skogerboe, R. K., PH.D. Dissertation, Montana State College, 1963.
Skogerboe, R. K., Woodriff, R. A., Analy‘blcal Chemistry 35, 1977 (1963).
Slavin, W., Atomic Absorption Newsletter, No. 7, 1962.

Slavin, W., -Atomic Absorption Newsletter, No. 24, 196L.

R

Stupar, J., Mikrochim. Acta. 45, 722-26 (1966).




~28-
44, Walsh, .A., Spectrochim Acta 7, 108 (1955).
HS. Walsh, A., "Proceedings Xth.Colloquim Spectroscopicum.Intérnatidnale",

Spartan Books, Washington, 1963, p. 127.




T

N378
R1kd ——— -0

- | cop.2
Ramelow, G. J.

Atomic absorption spectro- :
scopy with a high-temperature ,

= ADDRESS 4
CBoya Z\E Mo

Reviiel

. oI

N3T8

R1tH
cop2




