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Abstract:
Several designs were tested for containing an arc plasma column. Optimum geometries were
determined for the cathode, anode and plasma tubes. The effect of flow rates on plasma parameters was
investigated. Peak profiles and retention times for Pb, Cu, B, and Zn are reported.

Increased stability of the arc discharge was accomplished by containing the electrodes and plasma
tubes inside an airtight, thermally insulated chamber. Tubular graphite electrodes enabled the axial
region of the discharge to be used as the spectral volume source. Diffusion losses were limited to the
area between the anode and entrance to the plasma tube.

The success of this work in containing an arc discharge suggests that further investigation be carried
out. A graphite housing should be constructed so that all of the sample introduced inside of the housing
must pass through the plasma tube. This would effectively reduce diffusion losses and maximize
detection capability. 
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ABSTRACT •

Several designs were ̂ tested for containing an arc-plasma column.. 
Optimum geometries were determined for the cathode, anode and plasma 
tubes. The effect of flow rates on plasma parameters was investigated. 
Peak profiles and retention times for Pb, Cu, B, and Zn are reported.

Increased stability of the arc discharge'was accomplished by con-, 
taining the electrodes and plasma tubes inside an airtight, thermally 
insulated chamber. Tubular graphite electrodes enabled the axial region 
of the discharge to h e ‘used as the spectral volume source. Diffusion 
losses were limited to the area between the anode and entrance to the 
plasma tube.

The success of this work in containing an arc discharge suggests 
that further investigation be carried out. A graphite housing should 
be constructed so that all of the sample introduced inside of the 
housing must pass through the plasma tube. This would effectively 
reduce diffusion losses and maximize detection capability.



INTRODUCTION

Spectral chemical analysis using emission spectroscopy is a well 

known technique and has been used since the nineteenth century«, The 

existence of cesium was established in l86l by Bunsen, and Kirchoff 

using a simple spectroscope and'Bunsen burner« Since then the Bunsen 

burner has been replaced by more sophisticated excitation sources„■

Emission analysis is based on the principle that if an atom is 

excited to a high energy state, emission of light will occur when the 

atom returns to its original state. If a sample is-, vaporized and the 

vapor sufficiently heated so excitation occurs,, the wavelengths.. of 

light emitted are characteristic of the elements in the vapor, and the ■ 

spectral line intensities are proportional to the concentrations of 

the elements-in the vapor.

Samples may be excited by hot gaseous. flames,, electric sparksand 

electric arcs. The electric arc differs from the electric spark in that 

the former is a continuous electrical discharge and thei.latter is a 

series of electrical discharges i.e. sparks. An electric arc is init­

iated between the gap separating two electrodes which are connected to 

an electrical power supply. After electrical breakdown of the gap >.:v ■

occurs, a current of electrons flows from the negative to the positive 

electrode. These electrons ionize and heat the vapor between the gap. 

The hot ionized gaseous material between the gap is referred to as a 

plasma. '
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Convective currents of gas .in a horizontal arc cause the plasma 

(or arc discharge) to bend upwards in an arch-like fashion. The term 

"arc" originated from this observation. In a vertical arc, the con­

vective currents cause gaseous material to flow upward from the lower 

electrode.

The capability of doing multielement analysis is the major factor 

which makes emission spectroscopy a valuable analytical method. -Char­

acteristics of analytical emission spectroscopy utilizing electric arcs 

are high sensitivity and poor reproducibility. ' High sensitivity is - ■ 

inherent in the excitation process since the high temperature produces 

a..large population of excited atoms. Poor reproducibility is caused by 

erratic movement of the plasma between the electrodes and selective 

volatilization of the sample. Movement of the plasma creates a fluc­

tuating light source and selective volatilization causes a changing.

composition of the plasma which is not representative of the sample
■

composition. ■ ;

Movement of the plasma is caused by convective air currents and . 

variations of* the electrical contact point of the plasma on the surface 

of the electrodes. The following methods have been used to limit these 

two types of movement:

1) Containing the plasma inside of a rotating tube■(l8, 20). .

2) Containing the plasma inside of a tube with an air stream 

directed tangent to the plasma column.(27, 31, 32).
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3) Applying magnetic fields to the electrodes which, cause the 

plasma contact point to rotate around in. a circle on the elec­

trode surface at a fixed frequency ClT5.. 23, 33, 3U, 36) „

4) Using 'carbon as the upper electrode instead of graphite, since 

the tendency for the arc to wander is less on carbon (l, 6).

5) Electrodes having a core of material with: greater electrical 

. ... conductivity than graphite limits the contact point to the.

surface of the core material (21)»

6) Tantalum-tipped graphite electrodes in which the. contact point 

is on the molten tantalum surface,

7) Stallwood jet, in which an axial gas stream, emerges from a 

narrow opening concentric with the lower electrode stabilizes 

the position of the arc (15, 2k, 25, 30)»

The most popular of these is the axial gas flow stabilization system.

Sample volatilization and rate of sample entry have been•investig­

ated and the following techniques are found to be useful;

1) Having powdered samples continually '.sifted, into the plasma

(26, 28).
2) Having the sample deposited on a moving tape to continually

renew the original surface (7, 37)« -

3) Injecting samples in the form of aerosols and sprays for ' - 

constant composition (3, 38).

iO  Adding a large quantity of material that is easily ionized ■"



. and volatilized to a solid sample. TIie- plasma composition is 

then predominately..'determined by the: added material. (2, k s 8,

9, IO5 13)=

The volatilization rate will determine the sample introduction rate.

Only a portion of this vaporized material enters the plasma5 while the 

rest is lost by diffusion. A technique devised by Yukanovic5 Simiu 

and Vukahovic (35) to reduce diffusion losses and improve detection 

limits involves the placement of a short graphite cylinder around the 

arc gap.= Radial diffusion rates were reduced as were plasma temperature 

gradients.

- By controlling diffusion losses, and plasma movement 5 one can 

improve the detection limits and reproducibility of samples analysed 

by.arc emission. The purpose of this study was to test several 

apparatus designs to limit plasma movement by containing the arc dis­

charge inside of a tube. _ ■ .



THEORETICAL CONSIDERATIOHS

Arc Length, and EqulliLrIum.

The total voltage drop across an arc is given Ly the equation ■

(12, Ik, 22):

V = EL + V + V , a . c . ,

where E = dV/dL, field strength

L = length of arc discharge where the!.voltage

drop is linear..

= anode voltage drop or fall

V c = cathode voltage drop or fall

Cathode and anode falls are strongly dependent.on gas vapor composition„ 

Voltage drops are reduced as extra charge carriers enter the plasma, 

i.e., as sample' evaporates. The anode is heated when electrons impinge 

upon it. A reduction in the anode voltage drop will cause a reduction 

in the evaporation rate of material on the anode.

Excitation of gaseous material in the column is due to thermal- 

processes. Local thermal equilibrium in the arc exists when the field 

strength' is approximately U volts/mm. (12). '■ For a total voltage drop of 

50 V, and anode and cathode drops totalling 26 V, the arc gap should he 

greater than (50 - 26)/4 = 6 mm. Eence, local thermal equilibrium 

should exist in a column longer than 6 mm.
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Factors Goyerning Line Intensity

Emission originates from a transition of an electron from a higher 

to a lower energy state. The energy of a light photon is expressed by 

the formula' (5, 6, 12}: ■ ' ■

hv = E — E 
' . CL P

where v = frequency

h = Planck’s constant

E = energy of state q 
QL

E = energy of state p -P
The rate of atoms leaving state q_ per. second by spontaneous emission■

(CdKT^/dt is proportional to the number:' of atoms in state q_»

CdE /dt) ' . . = A Eq emission qp q

where A = transition probability or Einstein’sqp c
coefficient. •

E^ = concentration of atoms per unit volume'in 

. state, q.

The radiant flux per unit volume of a source is given by:

I = A  E hv qp qp q qp.

Dividing X by Uir gives the total flux J per unit volume, per unit qp qp
solid angle. This quantity is termed the ’’spectral emittance” ,

cV  \ elV ia*
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If usually varies Trithxn the light source. Therefore, J is a functiona  qp
of the spatial coordinate X, X 9 and Z. The integral of J over theqp
portion of the source within the solid angle w subtended by the effec­

tive opening of the spectrograph is termed the spectral intensity (<$ ):
qp

$ = ffff J (X9Y 9Z) dX dY dZ dm■ qp . qp
In utilizing this equation to maximize the intensity from a light source 9

the • investigator should maximize E in the volume observed. An ideal
I

volume would correspond to a flat rectangular area the size of the slit3 

in which all the sample is concentrated.

Temperature Effects on Intensity

Concentration of a substance in a gas phase is given approximately 

by the gas equation:

Ei = P1Zrt
■ -

where Hl = concentration of i species

P1 = partial pressure of I ^  species 

R = gas constant ' . '

T =  temperature .(0K) •

The concentration IL is also dependent upon dissociation .and ionization 

equilibria which are dependent upon temperature (6, 12). 

equilibria exist in a plasma:

The following



MO = M + O 

M = M+ + e
-f* .M = M  + e

« o •

M="+ = + e-

"where MO = metal oxide

M = metal

M+ M +̂ 5 Oo-Mr"*"1 = ionized species ■

For a plasma in an argon atmosphere1: the metal-'-oxide equilibrium can

be neglected due to the absence of oxygen= Also, in the temperature

range of the graphite arc^the formation .of1 doubly or higher ionized -

species can be ignored, Therefore the equilibrium equations reduce tor
n

M = M + e

From BoltzmantS. distribution Iavr, the concentration ST is given by:

;H = (Sg /Z no-1501*0 V/T' ■ 'q ■ a q a

■where ET = (l - a)Z
-S-
g = statistical weight of q state 

Za = partition function

= excitation energy in eV

' T = temperature (0K) .. -

IT = total concentration of ionized and neutral

8

atoms



9

a = degree of ionization ■

The spectral emittan.ce equation is now expressed by:

' jTO = tizŵcl V  Hyqp Hd-aKl/̂no-501*0 V 1
The temperature at which the spectral emittance will be highest, can 

be calculated by taking the partial derivative of with respect to

T at constant H» _ ' t .

Spatial Temperature Changes .

The spectral intensity which reaches the slit opening is (6,. 12):.

%  = M C A Z w ;  J^cx^,z)ec ' ,

where ; AX AZ = cross-sectional area, of observation

projected onto slit
-i .

. to ^ .solid angle from source to slit 

Y - depth of source

In most cases, temperature and concentration will vary along the depth 

of the source.' This- is especially true of vertical, arcs. One would, .. 

expect a fairly' constant, temperature, profile .along the axis in a horiz— ■ 

ontal arc inLwhich' approximate radial''symmetry is imposed by a cylind­

rical housing. -

Self Absorption

Radiation emitted, from, the ..-interior, of the-plasma can.be absorbed .

by ground-'state atoms in the cooler fringes::, of - the.-plasma. The■■ relation—



10

ship between the intensity of the radiation before and after absorp­

tion is given by: '

where I = v

I =

X = I -k Ie vv vo

intensity after absorption 

intensity before absorption 

absorption coefficient 

absorption path length

To maximize I^, the depth of the absorbing medium must be minimized 

(assuming a constant absorption coefficient)» For the geometry under 

consideration in this thesis, a horizontal cylindrical arc viewed along 

the axis,.a non-absorbing gas flowing against the terminal point of .the 

arc can be used to'decrease the depth of the absorbing medium., '

Summary of Design Criteria

From the previous discussion of the factors affecting intensity, 

the following, design criteria should be" implemented for maximum inten­

sity of a transition (q-p):

1) Field strength.less than U V/mm.

2) Cross-sectional area of source to approximate that of slit 

opening.

3) Minimum plasma movement.

4) Temperature corresponding to maximum concentration of - excited 

atoms of the type with the desired transition level. ■. -
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5) Longitudinal arc for uniform temperature' distribution along 
observation path.

6) Flushing gas to minimize self-absorption.
T ) Uniform sample volatilization.

8) Minimum temperature fluctuation.



• EXPERIMENTAL

Instrumentation .

Spectrophotometer

Beckman Ratio Recording spectrophotometer» Model. „

Power Supplies

■ Electro Matic=Control Model PLK; output. 130 V . 5 ™ 1 5 .  Amps

Voltage Monitor • ■ •

Weston Analyzer Model 9oO Mark. IX.. .

Recorder -• '

Eoneywell Electronic 19-.

Optical Pyrometer ' ‘

Pyro Optical Pyrometer Model 87C=

A m  Housings 

• Model I

Figure I is•a-s chematic drawing" of the first model constructed. 

Its purpose was for preliminary experimentation'and visual ohservation 

Components consisted of a 2.5 inch diameter pyrex tube, 4 inches long, 

fitted with a small graphite cylinder. End plates were made from as­

bestos sheets and perforated so two pyrex tubes could be inserted. . 

The center of the graphite cylinder was fitted with "a quartz tube, and

a graphite tube for testing. Electrodes were fashioned from tungsten
:

wire and inserted by perforating the tygon tubing. A stream of argon



Pyrex
tubing

Graphite cylinder

Tygon
tubing

Asbestos
plate

Pyrex
tubing

Quartz
tube

Tungsten
electrode

Power
input Argon

FIGURE I. DESIGN I



The argon stream wasgas was connected to right end of the housing, 

excited on passing tbrought the center of the graphite cylinder s and 

then vented out of the left end into the atmosphere=

Model Il

Figure. 2 is a schematic , drawing of the- second- model. .' This " unit , 

served to test , tubes made from zirconium oxide-, . thorium oxide, and 

graphiteo It consisted of a 2«5 inch diameter metal cylindera IQ inches 

long, fitted with, end plates. A graphite tube 15 cm..- long and .2,5.4 cm., 

in diameter, served as the internal housing for the cathode and as a 

holder for the tubes to be tested. This large tube had a small graphite 

tube attached to its side to provide an exit for the argon gas..,

The. cathode consisted of a graphite tube 30 cm. long and 0.91 cm., ■ 

in diameter o A brass sleeve fitted over the tube provided electrical 

contact and cooling for the cathode. A porcelain tube served to. 

insulate the cathode from the metal-cooling plates and the large graphite 

tube.

The anode consisted of a graphite tube, -15 cm. long • and '0.91 cm, in­

diameter which entered the metal housing through a porcelain insulator 

at an angle of 45 degrees. Fitted to the external end of the anode was 

a graphite cylinder with a 0.34 cm, diameter hole drilled in its center. 

This hole served as a port to insert samples up to the end of the anode»

A 0,l6 cm. hole'was drilled in the side of the anode to permit argon 

gas to enter through a brass sleeve fitted over the hole. This brass



Window

I

Brass
sleeve

Cooling Porcelain Sample Anode
ends insulator rod

FIGURE 2. DESIGN II



sleeve also served as the electrical contact and cooling unit' for the 

anode=. ■ ' •

The arc discharge tras initiated "by -.removing the cathode window and': 

inserting a graphite rod up to the anode. After contact was made,, this--' 

rod was pulled hack through, the opening in the large graphite housing 

and the. arc transferred to the cathode end, . '

~ Model i n  _ , ; ■ - :

Figure 3 - -is--a-diagram-of the third-"model-huiltt This-'model, was. ■
" : . - . ' \ 

constructed due to air leaks, and large heat losses in Model If. . The '

primary differences are a .larger metal cylinder to provide for more.

insulation, cooled cylinder walls, air tight construction, and- an exit

port located alongside of the cathode. The brass sleeve :on, the cathode.

was also modified to provide an inlet for argon.. '

Samples - . . ..

■ Solutions were made from analytical quality materials' hy dissolving 

the substances in acid water solutions and diluting- up to the appropriate 

volume. ■. Volumes of solution were then pipetted, into graphite cups' and.' 

evaporated to dryness under a heat lamp. . A stock solution containing :

1.0 x 10“ grams/microliter was made foi; each of the elements tested i.e. 

lead,.'copper,., zinc, and boron.
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Argon
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Cooled
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RESULTS M D  DISCUSSION

Design Criteria

Using Model I, I observed that an arc column.could be stabilized ' 

inside of a quartz tube, but due to the high temperature, the tube's 

would melt in about 2 minutes, When a graphite tube was inserted the 

arc discharge had a tendency to terminate on the ends of the tube and- 

would not form in the tube until flow rates were greater than 70 ml/sec. 

It was also necessary to replace the tungsten electrode with graphite 

due to excessive evaporation of the tungsten.electrode.

■ An arc column was stabilized in the second model, using a graphite 

tube (l cm.-long with'a .0.91 cm. inside diameter), and an argon flow rate 

of 50 ml/sec. In the third model the flow rates could be reduced to 

zero after an initial warm-up period of 5 minutes. -Lower flow rates 

(.15 ml/sec.) could be run in the second model when thorium oxide and 

zirconium - oxide tubes were used instead of graphite but these tubes - 

tended to crack from, thermal shock. Thick-walled zirconium oxide tubes' 

tended to stay together even when cracked. Thorium oxide tubes had 

thinner walls and pieces of. the material would break out during the arc­

ing period. A preheat system was designed for these two oxides, but it 

did not solve the problem of cracking. Table I shows the effect of ar­

gon flow on the signal from the 360 nanometer line of argon. This table 

also shows the effect of argon flow rate on the voltage drop and arc 

current. The data was taken using a zirconium oxide tube to contain
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the discharge.

Table I„ Effect of Argon Flow on the ■ Errtensiiy of the -36Q- hanometer- ■ 
'Line of Argon0 . '

Signal
(V)

Flow
(ml/sec.)

Current
(amperes)

Voltage Drop 
(V)

8 30 . 8 . 50

I Uo 7.8 ' ' .55

0.25 90 6 JO

Since, the concentration of argon in the plasma is the same at each 

flow rate, the increase in signal at the lower flow rates is due to the' 

gas being at a'higher temperature.

The best possible anode designs were determined.■ Designs E and F- 

gave the best stability of the plasma at the anode. This was due to 

the encircling effect of the argon gas. Design G was inserted, inside of 

C and gave the-same stability as E and F. The combination - of G. and C 

is similar to having a sample rod pushed up to the front of the anode 

tube.

Figure 5 .shows the designs of plasma holders and tubes (l inch in. 

length) which were tested. - Plasma holder B was found to be the most 

practical due to its ease of construction and the funneling effect on 

the gas. Plasma tube C was found to be most effective in the second arc 

housing. But on the third arc housing, due to better insulation and
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< 5

F G

FIGURE 4. M O D E  DESIGNS
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air tight system, it was found that design A worked just as effectively. 

An enclosed design shown in Figure 6 was. tried, "but due to arcing to 
the enclosure it was discarded..

Plasma tube D in Figure 5 was made by placing graphite sleeves on 

the ends of a zirconium oxide tube. This design was used in an attempt 

to take advantage of. the low electrical conductivity of zirconium oxide . 

and the durability of graphite. The zirconium oxide tubes still cracked 

and .could not be used.

Cathode design was the.most critical factor for limiting movement. 

Designs C and D 5 shown in Figure 7, were the most effective in reducing 

cathode spot movement. Design D was used for its capability of being 

replaced without shortening of the cathode length;-

Plasma Properties

The effect of flow on plasma size was observed visually and is 

shown in Figure 8. Drawings A and B show the increase in plasma size 

when flow is decreased from 90 ml/sec. to 30 ml/sec.. An interesting 

str'iation in the plasma occurs when the" flow, is- decreased from. 36-;mi/sec
I-

to 15 ml/sec... It is shown in Drawings C and D. This striation pattern 

exists down to zero flow rate. It disappears when a sample, of material 

is introduced.

Figure 9 shows the effect of cathode distance from the plasma tube • 

on the voltage drop and current at a constant flow rate of 15 ml/sec. 

There is an increase in the voltage drop and a.corresponding decrease
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FIGURE 5. PLASMA HOLDER AND PLASMA TUBES
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A B

I

C D

FIGURE 7. CATHODE DESIGNS
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A B

Change in plasma size when 
flow changes from 90 to 30 ml/sec.

C D

Formation of striation pattern 
when flow changes from 15 to 10 ml/sec,

FIGURE 8 „ EFFECT OF FLOW ON PLASMA DIAMETER
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in current as this distance increases. This is due to an increase in 

resistance of the plasma as it gets longer.

The next two Figures, 10 and 11, show, interesting results of the ' 

same effect. In Figure 10, at a cathode distance of 0.25 inches, an 

increase in flow rate causes a decrease in the voltage drop and a 

corresponding decrease in current. In Figure 11,.an increase of flow •. 

rate at a cathode distance of .1 inch, causes an increase in voltage . 

drop and a corresponding decrease in current. This can he explained in 

terms of increased resistance due to increase- in. cooling of the plasma, 

which is not accompanied "by a proportional-decrease, in current, indic­
ating that thermionic emission,,_fr.om the walls may he important. At the', 

closer spacing, the resistance must increase slower than the rate at 

which the current decreases or the resistance stays: essentially constant.
O

Three samples of I x 10~ gram of lead were introduced into 

Model II, hy evaporating 10 microliters of. a solution .containing.

I x 10 gram/microliter of lead on a graphite cug.. The- cup was then .

put on a graphite rod and inserted to the front of the anode. Figure 12
-3shows a typical peak for a I "x 10 gram lead sample.. Three samples of ■ 

I x 10 gram lead were run, and the signal at a wavelength of 2833 

nanometers was monitored. Peak area ratios were 6.98  ̂ I, and. 0.93

for the three samples. Samples of lead o f .1 x 10 ^ I x 10 . and
-6 ' 'I x 10 gram were run and the signal at the same wavelength was mon-

Figure 12 shows typical peaks that were recorded. Table IIitored.
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FIGURE 9. EFFECT OF CATHODE SPACING ON VOLTAGE DROP AND CURRENT AT A

FLOW RATE OF 15 ML/SEC.
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FIGURE 10. EFFECT OF FLOW RATE ON VOLTAGE DROP AND CURRENT AT A
CATHODE SPACING OF 0.25 INCHES
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sh.ows the results for a comparison of the I x IO- > I x IO- , and
_5 -I x 10 gram samples of lead.

Table II. Comparison of Retention Times and Peak Areas for Lea,d Samples

Concentration
(gram)

Ratio of Peak Areas . Retention Time 
(seconds)

I x 10~3 I Uo

I x 10“^ O.lU . 8

I x. 10"5 0.012 2

Table III shows the results of local heating of the cup (LHC) and

the arc striking the cup (ASC) on peak height and retention times for a,
— 5  ■ ■I x 10 gram sample of lead. These data indicate that for' the lowest' 

detection limits solid samples should be vaporized as quickly- as pos­

sible, i.e. have the arc strike the cup. Local heating of. the cup Is ac- 

complished by keeping the top of the cup below the. end-.of the abode. . 

Arcing to the cup is accomplished by' pushing the cup above the end of 

the anode.

Samples of boron, zinc and copper were run on Model I H . Figure 13 

shows typical peak profiles for these three elements. The longest re­

tention time was for boron (5 minutes) and the. shortest was for zinc

(20 seconds). Of the three elements run boron gave the strongest signal.
-8with amounts as low as I x 10 gram detectable. Signal deviations . 

up to 50 per cent were recorded for boron samples. This problem
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Table III. Effect of Rate of Cup Heating on Peak. Height

Sample' Peak Height 
for ASC

Peak Height 
for .LHC

Retention Time 
for LHC (sec.)

Retention Time 
for ASC (sec.)

. I Il'' 6 .2 I

2 12 9 2 0.8

3 13.5 . 10 . 2.5 0.7

was traced to evaporation losses when samples were dried under the heat 

lamp. , .

Double' peaks in the copper and zinc profiles are probably caused. ■ 

when the arc initially contacts the cup. Material in and near, the con­

tact 'point is instantaneously evaporated giving rise to the initial 

peak. The time elapsed between the'first peak and second depends upon 

the volatility of the element and the heat transfer in the cup, -. 

Figure 14 shows' the standard curve for copperi-hslnglthe;: ̂ ua4#ph::; - . •

log(peak area) = B +  mlog(concentration)

Scatter of points is thought to originate from a inconsistency in the 

pipetting .of smakL:volumes .(l microliter).
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Time

Wavelength - 
Peak Height,-7

2h9.77 nanometers 
= .l V

2 x 10 1 gm. of boron 
Retention Time = 5 minutes 
Argon Flow Rate = 5 mis.^sec1

Wavelength = 325.7 nanometers 
Peak Height = 0.003 V 

—71.75 x 10 gm. of copper 
Retention Time = 30 seconds 
Argon Flow Rate = 5 mis./sec.

Time

Wavelength = 213.8 nanometers 
Peak Height = 0.08 V
2.5 x 10 gm. of zinc 
Retention Time = 20 seconds 
Argon Flow Rate = 5 mis./sec.

FIGURE 13. PEAK PROFILES FOR BORON, COPPER, AND ZINC
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FIGURE 14. STANDARD CURVE FOR COPPER



CONCLUSIONS.

The following conclusions can he made from this, study:

1) Stability of.'.an arc discharge through a tube is improved by 

containing the electrodes and housing inside an air-tight, 

thermally insulated chamber<>

2) Graphite tubes are superior to thorium oxide and zirconium v

oxide tubes for containing, the plasma» '

3) The axial region of the discharge can be used, as the spectral 

•volume, source, when tubular graphite electrodes are used.

h) The electrical contact point, on the cathode is restricted to 

the tip of a thin projection mounted on the end of the 

electrode,

5) Argon gas streams stabilize the discharge.

6) Emission line intensities increase with lower argon flow rates,

7) Preliminary data taken with Model III. show linear response 

and good sample reproducibility.

8) Diffusion losses are minimized by the design because, they are

limited to the area between the anode and entrance to the ■ ■ 

plasma tube „ . -



RECOMMEimATIONS

The success of the general approach used In this work suggests 

that further, investigation., should be carried out. A  graphite housing 

should be constructed so that all of the sample introduced inside of 

the housing must pass through the plasma tube. Model III could be 

modified to accomodate the housings shown in !Figure 15'- Solution 

samples, externally nebulized, could be excited in Design A. Solid or 

nebulized liquid samples could be excited in Design B. Thei advantages 

of nebulized samples would be the introduction of a .sample of constant 

composition and peak height instead of peak area, could be used to meas­

ure signal Intensity.
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Cathode Plasma Tube Anode

Inlet fornX  Argon
inlet sample

^Anode and 
sample tube

Argon
inlet

FIGUBE 15. SUGGESTED GRAPHITE HOUSINGS
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