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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 aecomplished 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 be'used as the spectral volume source. Diffusion
losses were limited to the area between the anode and entrance to the
plasma tube, e : o
' 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 anal}sis using emission spectroscopy ié‘a,well
known techniQue.and has been used since the nineﬁéénth;century? The.
existence of cesium was established in 1861 by ﬁunseg.énd Kirchoff
using a simple sﬁectroscope and ‘Bungen burnersv-Since then the Bgnsen
burﬁer has been replaced by more sophisticated excitation sourcegc'

Emission analysis is based on tﬁe principlé that if an atom is
excited to a high energy state, emission of light Willlpccur when fhe
atom returns to its original state.' If a sample isnvapo;ized and the:
vapor sufficiently heated so excitation occurs, the'wg%eléﬁgths.of.
light emitted are charaéteristic of the elements iﬁ thé vapor, and.the :
spectral line inten;ities are proportional to the concentrationé'of'
the elements’.in the vapor, | |

Samples may be excited by hot gaséous.flames, electric spafksm and
electric arcs. ‘The electric arc aifferg from the_glectric spark in that
the former is a continuous electrical discharge and the! latter is é
series of electrical diséharges i.e, sparks. An electric arcris ipitm
~iated between the gap separafing two electrodes %hich,are connec%ed_to‘

an electrical power supply. After electrical breakdawn of the gap e
~occurs, a current of electrons flows ffom £he negative to the ppsitive
electrode, Thesé electrons ionize and heat the vapor betwéen the gap.
‘The hot ionized géseous material between the gap is feferred to as a

plasma.




2
Convective currents of gas .in a horizontél arc cause the plasms,
(or arc discharge) to bend ufwards in an arch-like fashion. The term
"arc" origiﬁated from this observation., In a vertical arc, the éonm
vective currenfs cause gaseous material to flow upward from the lower .
electrode,

The capabilitf of doing multielgment anélysis is the majér faétor
which mekes emisgsion épéctroscopy’a Valuablé anaglytical method. *Char¥
acteristics of analytical emission spectroscopyjptilizing electric'arcs

are high sensitivity and poor reproducibility.'hHigh,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 betweén the electrodes and selective
volatil%zation of the sample. Movement of the plasma creates a Tluc~
tuating light source and seiective volatilizatioﬁ causes a changing:
composition of the plasma which is not representative of the éample

composition,

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

variations Gf\the‘electricai contact point of the plasma on the surface.

of the electrodes. Thé following methods héve been used té:limit tﬁése
two types of movement: |

1) Containing thé plasma inside of a rotaﬁng tube (18, 20). .

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

directed tangent to the plasma column. (27, 31, 32).




3)

5)

6)

7)

3

Applying magnetic fields to the electrodesrwhiéh:cause the
plasma contact polnt to rotate arouﬁd in‘a'circle;on th§~elecm
trode surface at a fixed frequency (17, 23, 33, 3L, 36). _-.
Using carbon as the upper electrode instead of graphite; since
the tendency for the arc to wander is‘iess on carbon (1, 6).
Electfédes-having a core of material'wiﬁh.gfeater electrical )
conductivity than graphite limits the combact point tg;thé;

surface of the core material (21).

- Tantalum=tipped graphite electrodes in which the .contact point

is on the molten tantalum surface.
Stallwood jet, in which an axial gas stream emerges from a
narrow opening concentric with the lower electrode stabilizss

the position of the arc (15, 24, 25, 30]).

The most popular of these is the axial gas flow stabilizabtion system,

Sample volatilization and rate of'sample en%ry bave been investig-

ated and the following technigues are found to be mzeful;:

1)

2)

3)

Having powdered samples continually sifted into the plasma

(26, 28). L -

Having the sample deposited on a moving tape to contiﬁually'
renew the original surface (7, 37).
Injecting samples in the form of aerosols and‘sprayé for -

constant composition (3, 38).

L) Adding a large quantity of material that is easily ionizei
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.and volatilized to a solid sample. The plasma composition is
then predominately. determined by‘ﬁhe:addéd material (2, 4, 8,
9, 10, 13),
. The volatilization rate will determine the samﬁle iptroduction rate.
Only a portion of this vaporiged-ﬁaterial-enters the plasma, Whiie'the
rest is lost by diffﬁsione A technique devised by Vukanovie, Simiu
and Vukanovie (35) to reduce diffusion losses and improve detection
liﬁits.involves the placément of a short graphife cylinder'around the
arc gap. Radial diffusion rates'were reduced ag were plasma-temperature
gradients.

By controlling diffusion losses and plasms, mofement, one can
improve the detection limitsAand,repéoducibility of samples analysed
%y_arc emission. The purpose of this study-%as to test several .
apparafus designs to limit plasﬁa movement-by_coﬁtaining thélarc dif‘

charge inside of a tube,




THEORETTCAL CONSIDERATTIONS

Arc Length and Equilibrium

The total voltage drop across an arc is given by the equation -

(12, 14, 22):

V=EL+VB'+Vc

where E = dy/dL, field strength
L = length of arc discharge vhere the.yoltage
dropjis linegr.. |
Va = anéde.voltage d?oﬁ o? fall
Y = cathode voltage dfop or fall

c .

Cathode and énode,falls are strongly dépendent.on gas vapor.coméositi-on°
Voltage drops are reduced as extra charge carriers enter the élasma,
i.e., as sample evaporates. The anode is heétedxwheﬁ electrons impinge
upon it. 'A reduction in the anode voltage drop will cause a feductiqn
in the evapofétion.rate of ﬁaterial oﬁ the anode. |

Excitation of gaseous material in the column is due to thermai
processes., Local thermal equilibrium in the arc exists when the field
'stfength'is approximately h_volts/mm; (12)." For a totalhvoltagé drop of
50 Vv, and:anode and cathode drops totalligg 26 V, the arc gap should'bé
greater than (50 — 26)/4 = 6 mm. Hence, local thermal equilibrium |

should exist in a column longer than 6 mm.




Factors Govefning'Liﬂé'IntenSitj

Emigsion originétes 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):

hy %'Eq.— Ep
Wﬁere - | v = frequency
b= Planck's constant
Eq = energy of state g
Ep = energy of state p

Ihe rate of atoms leaving state g per. second by spontaneous emission-

k(qu/dt)emission)-is proport?onal t? the number'of atoms in state q.
(qu/dt)eﬁission = qu Nq
where qu = transition probability or Einstein's‘ -
coefficient. . ' ‘ .
Nq = concentration gﬁ atoms per unit vblumé'ih
state. q.

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

I =A N hv
ap v a4 qp.
Dividing qu by 4w gives the total flux Jqp per unit volume, per unit

solid angle. This quantity is termed the “spectral emittance", Jqp’

Jqp = (qu Nq thp)/hw
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Nq usually varies within the light source. Therefore, Jqp is é function
of the spatial coprdinate X, Y, and Z. The integral of Jqp aver the_'
portion of the source ﬁithin the solid angle.w subtended by the effeéw

tive opening of the spectrograph is termed the spectral intensify'(@qp):-

o = Jf5f 3 (X,Y,Z) dX aY dZ dw
- qp S oTap :

In utilizing this equation to maximize the intensity from a light source,
the - investigator should maximize Nq in the volume observed, An ideal
volume would correspond to a flat rectangular are@ the size of the slit,

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:

N, = P./RT
i i
' X . th .
where . Ni = concentration of i~ species
. . .th .
Pi = partial pressure of 1 species
R = gas constént.‘
T = temperature (°K)

The concentration Ni is also dependent upon dissociation and fonization
equilibria which are dependent upon temperature (6, 12). The following

equilibria exist in a plasma:




MO =M+ 0
+ -
=M + e

+ - -

M = 2 e
Mr+ = Mr_"l + e

. where ) MO = metal oxide
M = metal

M+<; M2‘+3 004Mx‘+l

For a ialaé;ma in an argon atmosphere: t.he metal oxide eguilibrium can .

ionized species -
be neglected due to the absence of oxygen. Alsb, in the teinp_erature
range of the graphite arc,the formation of doubly or higher ionized. -

specles can be ignored. Therefore the equilibrium eguations reduce to:

-

e

o+
M=M + e

From Boltzmants, distribution law, the concentration Nq_ is given by:

| Nq = (Nagé/za)lo_-(.SOho V’q')/Tj
where ' N, = (1~ a)y
é;q = s.;tatistical weight of q state
Za = partition function ‘
Vq = excltation energy in eV

: T = temperature (°K)
N = total concentration of ionized and neubral

atoms -
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= degree of ionizatioﬁ
The spectral emittance equatlon is now expressed by

= (1/Lm)g qu thp N(l—o)(.L/z )10 5040 V /T

The temperature at which the spectral emlttance will: be hlghest, can

be calculated by taklng the partlal derivative -of Jﬁé with respect to

T at constant N,

Spatial Temperature Changes

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

@qp = AKX AZ o f Jqp(X,Y,Z)dI

where f AX AZ ='cross—seetional'area.ef chservation .
' projected onto slit : °
w *.s0lid angle from source to sli@ N
Y = depth of source |

in most- cases, ﬁemperatgre and concentration Wilihvar§.along fheﬂdebth '
of the source,  This is especielLy true of Yerticalearcs. One Wéeld

expecﬁ a fairlY'constant.temperature,profile_along-the axis in e horiz~e .
ontal arc inlﬁhieh’approximate radial”symmetﬁf is imposed by a eyiiﬁd~-;

rical housing.

Self Absorption
Radiation emitted. from. the interior.of the plasms can he absorbed .

by ground’ state atoms in the cooler fringes;of:the:plesma, Thetrelatienn
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ship between the intensity of the radiation before and after.absorp—-

tion is given byE

T I &
-_where. . . Iv = intensity';fter aﬁsorption
IVO‘= intensity before absorption‘__
kv = absorption coefficient
l = ghsorption path lengfh._

To maximize Iv, the depth of the‘absorbing‘mediuﬁuﬁust be'mipimized“:f
- (assuming a constant ahsorption coefficient),_;qu the geoﬁgt£§'undérv-
consideration in this thesis, a horizontal cyiiﬁdricallaré'Qiewed aléng
the.axiég,é‘non-abéorbing gas flowing againsfhtﬁg terﬁinal point of the '

arc can be used to.decrease the depth of théwabsorbing mediuﬁ.:'

Summary'of Design Criteria

From the previous discussion of the facté%s affécﬁing‘in£ensify,
the féllowing_design criteria shpuld.be:impleﬁeﬁtga.for_méiimum»intén—;
sity qf.é transition (g-p):

1) Fieid strength less than ‘4 V/mm.

2) Cross-sectional afea'of source-?o apﬁréximate,that of slit

opening. | |
~3) Minimum plésma movement.i
) Temperature corresponding to maximum.concenfratioﬁ'of.éxéited

'

. atoms of the type with the desired transition level. -




5)

6)
7)‘

-

11

Longitudinal arc for uniform temperature distribution along

observatioﬁ path.

Flushing gas to minimize self-absorpfion;
Uniform sample volatilization. |
Minimum temperature f;uctuation@

¥
[l




. EXPERIMENTAL"

Instrumentation

Spectrophotometer

Beckman Ratio Recording spectrophotometer; Model. 1k1k,

Power Supplies

. Electro Matic:Control Model PIK; output 130 V.D.C.;:,5-15 Anps.

Voltééé Monitor - -

Weston Analyzer Model 980 Mark IT. .

Recorder

Honeywell Electronic 19,

Qotical Pyrometer -

Pyro Optical Pyrometer Model 87C.

Arc Housings

- Model. T .
Figure-l ié'a'schematic drawing of the fifst godel_const;ugteq.
Its purposé was for preliminaiy'experimentatioﬁ‘and'visual dbéer#ation;
Coméonents cbnsi$ted of a 2.5 inch diameter pyrex %ube, i incheé loqg;
.fitted:with'a small graphite cylinder. End plateS'wére made from és- '
bestos sheets and perforated so two pyrex tubes could he insertedO.
The center of the graphite cylinder’#as fitted with 'a quartz tﬁbe<anq

a graphite tube for testing. Electrodes were fashioned frbm.tungsten'

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




Pyrex

Graphite cylinder
tubing ///
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tubing ¢{

Quarfz
tube

Power
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FIGURE 1.
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"gas was connected to right end of the housing. The argon stream was
excited on passing throught the center of the grapiite cylinder, and

then vented out of the left end into the atmosphere.

Model IT

Figure 2 is ‘a’schematic.drawing of thé-seeqn&-model..:Tﬁisfuniﬁ,‘
served to test .tubes made from zirconium oxide,. thorium oxide, énd L
graphite, It conéisted of a 2;5 inch diameter metal cylinder; 10 incheé
»long, fitted With.end~plates;” A'éraphite tube 15 cm.,loﬁg and,2.5¥ cm.
in diametér, served as the intefnal housing for the cathode and'aS'a
holder for the tubes'to be J;;es_ted° This large tube had a:small graphite.
- bube attached to its side to p?ovide an exit for the argon gaabz

The cathode consisted of a graphite tube "30: cm. long and 0.91 cm.. -

in dismeter. A brass sleeve fitted over the tube Provided elegtrical -

contact and cooling for fhe ca,;chodeo A porcelain tuhe seryé& t;_
insuléte the cathode from the metal.cooling plates and the large gra@hite :
tube.

The anode consisted of a graphite tube, l5 Citty long~and20991 cn., ih-
diameter which eﬁfered the metal hoﬁsing'tﬁrough a porcelain inéglatof'
at an angle of L5 degrees. TFitted to thé external end bf the anode was
a graphite cylinder with a Q.34 cm. diameter ﬁole'&riiled in its éentero
This hole served as a port to insert samples up t6 the end of the énode;i

A 0.16 cm, hole was drilled in the side of the anode to permit.argon

gas to enter through a brass sleeve fitted over the hbleo‘ This brass




Window Cooling Porcelain Sample Anode
ends insulsator rod

Graphite felt

J l 1 o | { L
C 7 [ 4
]
N
[: :]
Brass Cathode Exit tube Graphite Plasma
sleeve : housing tube

Argon

FIGURE 2, DESIGN IT




‘evaporated to dryness under a heat lamp. A.stoek solutlon contalnlng ;'

16
sleeve aleo_aerved as the electrical contactland cooling unit’fbr'fﬁe
anode, S
The.are discharge was initiatedhbyzremOVing‘ﬁhe cathodeAriadewland'-
1nsert1ng a graphlte rod up to the anode. After contact was made .ihlS |

rod.was pulled'back through.the opening in the large graphlte h0u51ng

and the. arc transferred to the cathode endn

" Model ITT
Flgure 3- 13 T dlagram of the thlrd model bullt Thls-model'wasb

.‘I:,

canstructed due to air Jleaks and large heat losses in Model Il,n The o

primary dlfferences are a larger metal cyllnder to prov1de for more. -

1nsulatlon, cooled cyllnder walls, alr blght constru0uloa, and,an exrt

port locabted: along31de of the cathode. The brass sleeve Reie the cathodb ‘i_j],-

Was also modlfled to prov1de an 1nlet for argon, g

Samples had
Solutlons were made from analytlcal quallty'materlals b[ dlssolv1ng

the substances 1n ‘acid water solutiomns and dllutlng up to the approprlate el

volume. . Volumes of soluflon were then plpetted 1nto graphlte cups and

.l.O x 10 -k grams/mlcrollter ‘was made for each of the elements tested i.e.

lead,n00pper,,z1n¢,-and-boron.
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RESULTS AND DISCUSSION

Design Criteria

U;ing Medel T, i'observgd that an arc column.éould beAstabilized
inside of a quartz tube, but due to the high temperature, the tubes
would me}t in about 2 minutes. When a graphite tube was iInserted #Ee
arc discharge had a tendency‘to terminate on the.ends of the tube and-
would not form in thé'tube'until flow rates wére greater than T7Q mi/sec.
It was also necessary to replace the tungsten'eiectrode with graphite
due to excessive evaporation.of the tungsten.electrode,

An arc column was stabilized in the second model,usiné'a graphite
tube (1 cm..long with a 0,91 cm. inside diameter) and an argon flow rate
of 50 ml/sec. TIn the third model thée flOW'fat§S'could be reduced to |
zero after an initial warm-up period of 5 minutes., Lower flow rates
(15 ml/séco) cduld be run iﬁ the second model'when thorium oxide-and
zirconium.oxide tubes were usea instead of graphite.bdt these_tubeé -
tended to crack from thermal shock. Thick-walled zirconlum oxide tubes
tended to stay together even When cracked. Thorium oxide tubes ﬁad
thinner walls gnd pieces pf_the'material would break out during the arc-
ing perlod. A preheat system was designe@ for these twp'oxides, but it
did not solve £he 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 éfféct of argﬁn flow rate on the.§oltage drop and arc

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

L

Table I, Effect of Argon Flow on the Inwenslmy of the 360: Nangneter. .
Llne of Argon.

Signal " Flow Current Voltage Drop
(v) (ml/sec.) . (emperes) (v)
8 0 | 8 . 50
1 %0 7.8 55
0.25 90 6 - i 70

Since. the concentration of érgon in the plasma is the same at each
flow rate, ﬁhe increase in signal at the lower flow rates is due to the}
gas~being at a higher temperature. | | -

The best possible snode designs were deté?mined&- Dggigns B and ¥
gave the best stability of the plasma at the anode., This was due fo
the encircling effect of the argon gas. Design'ijas inserted. inside of
C and gafe the same stability as E and f. Tﬁé combination -of G.aﬁd c
is similar to having a sample rod pushed up to the fropt of the ancde
tube, |

Figure 5 shows the designs of plasma_holders and tubes (1 inch'in.-
length) which wére téstedu= Plasma holder B was found to be the most -
practical due to its ease of constrﬁction and the funneling gffecﬁ on
the gas. Plasma tube C was found to be most effectiwe in the second-érc_

housing. But on the third arc housing, due to better insulation and
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FIGURE L4, ANODE DESIGNS




21
alr tight system, it was found that design A Wﬁrked Just as effectively,
An enclosed design shown in Figure 6 was tried, but due to arcing to-
the enclosure it was discarded..

Plasma tuﬁe D.in Figure 5 was méde by placiné graphite sleeves on
the ends of a zirconium oxide tube, This desigﬂ.was used in an attempt
to take advantage of the low electrical conductivify of zirconium oxide.
and the durability of graphite, The zirconium oxide -tubes sfill cracked
and could not be used. |

’Cathode design was the most critical factor for limiting movement .
Designs C and D, shoun in'Figure T, were the most effective in feducing ‘

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

replaced without shortening of the cathode length:

FPlasma Properties

The effect of flow on plasma siﬁe was ohserved visually'and is
shown in Figure-S. Drawings A énd B shOW“thé iﬁcrease in plasma sige
when flow is decreased from 90 ml/sec. to 30-m1/sec..-An interesting.
striation in the pla;m§~océurs when tHE'flow.is.decfééséa“frdm,édgm%;éeca
té 15 ml/sec. It is shown in Drawings C énd.D. This striation patterﬁ'
exists down to zero flow rate., It disappears Whén a sample of material_"
is introduced. |

Figure 9 shows the effect of cathode distance-from.the plasma tube -
on the voltage drop and currént at a constant flow rate of lSle/séc,

There is an Increase In the voltage drop and a corresponding decrease
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Change in plasma size when
flow changes from 90 to 30 ml/sec.

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 currént as this distanée increasgs. This is dué té an incréase'in
resistance of the plasma as it gets longer.

The‘nexi two Figures;_lb and 11, show;iﬁterestiné reéﬁlts'of the -
same effect;' In Figure,lO,Aat a cathode.distance of-0.25 inchés, éﬁ
increase ;n flow rate causes a decrease in thg-volfage drop aﬁd a‘
coréespoﬁdiné decrease in current.h In-Figuré il,fan'ipcreése Qf fl@QSfz '
rate at é cathbde distance of 1 inch, éauses aﬁ incﬁease iﬁ vé;fage._

drop and a corresponding decrease in current. This can be-explainéd 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,from the walls may, be iméortant.' Af the"

closer spacing, the resistance ﬁust increase slower than theyyaﬁe at

Which.the‘current'decfeaées or the fesistancé ;ﬁayé essentl;ally’constan't°
Three samples of 1 x 10—3.gram of iead:were intrqdﬁced into . |

Model 1T, byievaporating 10 migroliters of. a solution:containing,

1x lO—h gram/microliter of lead on a graphite cup. The cup was then ..

put on a graphite rod and inserted to the front of -the anode. ,Figure.l2.

shows a typical peak for a 1 'X'lOm3 gram lead éamplg.  Three saﬁp}es of'i

1lx ZLO_3 gram lead were run, and the signal ab é'wavelength of 2833

nanoneters was monitored. Peak area ratios were 0.98; 1, and. 0.93
for the three samples. Samples of lead of 1 x lO—m, llx lO—S_apd)

I x 10—6 gram were run and the'sighal at the same wavelength was mon-

itored. TFigure 12 shows typical peaks that were récorded. Table IT
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shows the results for a comparison of the 1 x 107, 1 x lo_h, and

1x 1077 gram samples of lead.

Table IT. Comparison of Reténtion Times and Peak Areas for Lead Samples

Concentration . ' Ratio of Peak Areas .Retention.Time
(gram) ’ . ) ) (seconds)
1x 1073 1 ko
o=h
1x 10 . 0.1k 8
1 x 1077 ~ 0.012 : 2

Table ITT shows the results of local heating of the cup (LHC) énd
the arc striking the cup (ASC) on peak height and retention times for s

1x 10“?

gram Sample of léad. These data indicatelthat for: the léwest‘
detection limits solid'samples should be vaporized as guickly as pos—
'éible.iue° have the arc strike the cup. Local heating of the cup is ae~
complished by keeping the top of the cup‘Béiow the.end;é%.fhé aﬁodg.i
Avcing to the cup is accampiished by'pushihg,the cup above the end of
the anode, o

Samples of boron, zinec and copper vere run on Model IIi. Figure 13
shows fypical péak profiles for these tﬁree elements. The longest re—
tention time was fof boron CS minutes) and thefshortest'was'fér zine
(20 seconds), Of the three elements run boron gave the strongest signal.

with smounts as low as 1 X lO-—8 gram detectable. Signal deviations

up to 50 per cent were recorded for boron sémples. This problem
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' Tgble IIL, Effect of Rate of Cup Heating on Peak Height

Sample- Peak Height = Peak Height Retention Time Retention Time .
for ASC for LHC for LHC (sec.) " for ASC (sec,)
1 ' 1 6 ' 2 o -1
2 12 : 9 S S WY
3 . 135 . [T R - SRR %

was traced to evaporatlon losses When‘samples were dried un@er‘fhe heat
.lambo | | |
Dbuble'peaké in the coppexr andnzinc profile; are nfdbébi&:nénégd.ﬁ‘
’When the ayn initially contacts the cup. .Matefiai in and‘neap;thé éonrl
tact'poinﬁ is instantaneously evapofated gifing fisé~t9‘th¢ initial_g"
'peéko Tne time elapsed betWeen the  first peak.and'sénond depgnds upon .
the volatility of the élement and the heat transfef in the cup;iﬂ

<

Figure 14 shows the standard curve for cOPPETgHSiHS?¢h@£?gﬁ@i?ggﬁ-;
log(peak area) = B + mlog(concentration)
Scatter oprbints is thought to originate from a-inconsiétency—in the

pipetting of small volumes .(1 microliter).
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Wavelength = 249,77 nanometers
Peak Height =,1V
2 x 1077 gn. of boron

Retention Time = 5 minutes
Argon Flow Rate = 5 mls.(sec.

Wavelength = 325.7 nanometers
Peak Height = 0.003 V

1.75 % 1077 gm. of copper
Retention Time = 30 seconds
Argon Flow Rate = 5 mls,/sec.

Wavelength = 213.8 nanometers
Peak Height = 0.08 V

RS x 1077 gm. of zinc

Retention Time = 20 seconds
Argon Flow Rate = 5 mls./sec.

PEAK PROFILES FOR BORON, COPPER, AND ZINC
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CONCLUSTONS .

The following conclusions can be made from this. study:

1)

2)

3)

L)

5)

6)

)

8)

Stability~6£ian arc discharge through a tube is Improved by
containing the-electrodes and housing inside an air—tigh£,-
thermally insﬁlated chamber,

Graphite tubes are superior to thorium oxide and zirconium -
oxide tubes'for containing the plasma.

The axial region of the discharge can be used as the spectral

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

The electrical contact point. on the cathode is restricted to
the tip of a thin projection mounted on the end~6f the
electrode, |

Argon gas streams stébilize‘the.discharge;'

Emission line intensities increase with lower argon flow rates.
Preliminary data taken with Model ITII show linear response

and good sample reproducibility.

Diffusion losses are minimized by fhe design because they are
limited to the area between the anode and enﬁrance to the -

plasmé.tubeo




RECOMMENDATIONS.
The success 6f the genersal approach used in this work sugéests
.that further. investigation. should be carried out. A graphite housing
should be constructed so that all of the sample intrbduced inside of
the housing must pass through,thg plasma. tube. Model III could:be
modified to accomodate the housingé shown in Figure 15 Solu%ion
samples, externally ﬁéﬁulized, could bé exciﬁed in Des;gn A, Solid or
nebulized liquid samples could be excited in Design B, The advantages
of nebulizéd samples wouid 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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