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ABSTRACT
An 'examinai:ion has been made of problems associated with early

constant temperature designs. This information is applied to producing
continually better constant temperature furnaces.

A simple electronic system which corrects for both broad band
absorption and broad band emission is presented. .

Changing internal graphite part dimensions inside electrothermal
atomizers results in changing the temperature profile of the
absorption tubes which may alter sample signals. Effects of changing
these parts in a constant temperature furnace is discussed. Effects of
changing some other operational parameters such as argon flow and
sample insertion rate are also discussed. :

A temperature controlled annealing oven for glasswork is presented
as an aid for preparation of analytical glassware.




CHAPTER 1

General Atamic Absorption

l.1 Brief Introduction |

Atomic absorption spectroscopy has come a lontj wéy since Kirchhoff
and-Bunsen first established this type of light absorption in a series .
of papers published in the 1860's (1-4). Advantages of atomic
absorption for chemical énalysis were not fully recognizéd until the
independent publicationé of Walsh (5) and of‘ Alkemade and Milatz (6,7)
appeared in 1955. Some of 'the first reportéd applications of tﬁis
technique by Allan (8) and David (9) used an air-acetylene flame to
determine magnesiuﬁ and zinc in plafltso After introduction of the
nitrous oxiée—acetylene flame by Willis (10) in .1965, _rapid growth in
atomic absorption methods occurred which replaced many classical
chemical methods of analysis. L.ike_w-ise, rapid.growth in the develbpment
of atomic absorption spectrometer systems has occurred. Today atomic-
absorption sioectrometers are fast and relatively inexpénsive making

atomic absorption analysis commonplace in many laboratories.

1.2 Fundamental Principles of Atomic Absorption Spectroscopy
All atomic absorption spectrometers contain four basic components
used to measure the absorption of an atom cloud at a specific

 wavelength, i.e., a light source, an atomizer, a dispersion device

L




(monochromator) and a detector with some type of readout system. The
spectrum of the element under study is emitted by the light source.
The atom cloud, produced from a sample placed in the atomizer, absorbs
a portion of the radiation coming from the light source. The portion
of the radiation observed is selected by use of the dispersion device
which allows a narrow band width of the spectrum te strike the
detector. The detector "sees" an attenuation of the light coming from
the light source when »an absorbing sample is in the optical path, i.e.,
in the atomizer. This attenuation of light is governed by Lambert-
Beers law | |

| = log ;o = abc
where there exists a 11near relationship between the absorbance (&) and

the concentration (c) of the element. Both the absorptivity (a) and

the absorption path length (b) are constants.

1.3 .General Spectrometer Design
1.3.1 Light Sources ‘
. Most atomic absorption spectrometers employ hollow cathode lamps
(BCLs) for light sources. The cathode is a hollowed out cylinder
constructed entirely or in part of the metal whose spectrum is to be
produced. The anode and cathode are sealed in a glass. envelope f111ed
with either neon or argoh. When an electrical potent1a1 is applled "

across the anode and cathode, a sputtering process occurs. The




spectrum of the cathodé material is thus produced. Some of the more
volatile elements make poor hollow cathodé lamps. Eletrodeless
discharge lamps (EDLs) are sometimes used for these elementse‘ EDLs are
made by sealing a small amount of the .elem'ent or salt of the element
inside a quartz bulb with an inert gas. Excitation of the element is
accomplished by ionization of the inert: gas with an external RF field )
Both HCLs and EDLs usually have quartz end windows to gmit radiation in.
the ultra violet region of the spectrum.

1.3.2 Monochrcmetérs |

Many types of monochromators have been designed and used utilizing
prisms or gratings as dispersion devices. Great advances in grating
manufacture in recent years have produced extremely good monochromators
with no cbma and no astigmatism cépable of very narrow band width&
However, too narrow a band width can result in inaccurate background
correction using continium lamp type cor'rec':_tion as will be discussed in
Chapter 3.-

Atomic absorption light sourcés have simple spectra, unlike atomic
emission where spectral emission lines are numerous, thus in most cases
average quality monochromators can be used equally as well as the more
expensive high resolution types.

1.3.3 " Detectors |

Photomultiplier tubes are the most often used detectors for atomic




absorption. Photodiode arrays have been used in multichannel detector -
systems (11), but these are less sensitive then photomultipiiers in tﬁe
UV region and have limited response linearity. Readouts for the
photomultiplier signais have greatly advanced along with the recent
advances made in the field of electronics. Early readouts consisﬁed.of
simple transmittance and absor’bance calibrated meters. Todéys modern
instruments store and process detector information withvvarious data
handling schemes, some using microprocessor control. These recent
major advances in eleétronics have helped réduce errors associated with
data handling far below errors orginating in other areas of the
spectrometer.

.1.3.4 Atomizers

1.3.4.1 Brief Introduction

Most errors involved with analysis by atomic absorption originate
in the atomizer. Many of these errors are chemical in nature and
atomizer design can greatly affect the analysis of real.samples by
altering the chemical reactions tak.ing' place inside the atomizer.
There are two major classes of atomizers commonly used in atomic
absorption analysis; flames and electrothermal atdnizers.

1.3.4.2 Flames
Atomization by flames is the most commonly used technique for -

" producing an atom cloud. The great éppeal of this type of atomizer




stems from its simple and inexpensive design. Flame type atomizers can
be operated by personnel with minimal traihing making it the choiée for
routine tArac'e metal analysis by most laboratories. However, flames
have a great many disadvantages. The disadvantages have been well
documented (12-17) and have been discussed by Stone (18) and Lundberg
(lé). Even witi) all its disadvantages, flames will continue to be
popular since many samples can successfully and inexpensively be -
analyzed with this method. |
1.3.4.3 Electrothermal Atomizers . -

Most commerically avai_lable electrothermal atomizers are of the
pulsea-heated type. These atomizers produce greater absolute
sénsitivities and correspondingly lower limits of detection than flame
atomization. This is due to confining the atoms in a small volume
within the optical path. These pulsed-heated type atomizers are very
popular and are used in many laboratories for trace metal analysi'éo
However, most of these atomizers suffer from various matrix
interferences mainly due to the sample experiencing rapidly changing
temperatures during atomization. An excellent review of the problems
associated with these types of atomizers is given by Lawson (20).
Success at eliminating matrix interferences from lead determinations in
steel using a pulsed-heated type carbon rod atomizer was achieved .by ‘

Lundberg and Frech (21). They eliminated matrix interferences by

LI g
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introducing the samples after the atomizer reached it final
temperature. Operation of an atomizer under isothermal conditions thus
can greatly improve analysis. Although major manufacturers of

commercial atomizers have yet to build and sell such an isothermal

device for routine analyses, Woodriff 'has been using homemade constant

temperature furnaces for about 15 years.

Woodriff's atomizer is relatively free from matrix interferences
which plague many of the commercially available pulsed-heated
electrothermal atomizers (22,23). This atomizer has several other
important advantages which will be discussed in the following chapter.
The main disadvantages stem from its complexity and expense. Advances
in the design and understénding of the constant temperature furnace, as
will be discussed in the following chapters, have helped to make it a
more easily manipulated atomic absorption instrument for roﬁtine
analysis. Hope remains, from work pref;ented in this thesis, ‘Ehat
commerical manufacturers of pulsed-heated electrothermal atomizers will
take the initiative fo develop and sell coqstant temperature atomizers

for accurate direct analysis of samples with difficult matrices.
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CHAPTER 2
Designs and Operation of Constant Temperature Furnhaces

2.1 Introduction

Two different constant temperature furnaces were developed
independently for use in Atomic Absorption. One type was developed by
L'vov (17,24,25) in Russia. In L'vov's system, the atomizer and five
or six samples on the end of carbon rods are placed in an evacuatea
chamber. ‘Argon is introduced until the desired pressure (up to 8 or 9
atm.) is reached. Next, the atomization tube is heated to constant
temperature. The carbon rod containing the dried sample is next
inserted into a hole in the bottom side of the atomizer tube and is
heated by auxiliary power atomizing the sample.

Woodriff (26) fJ:,rst: reported his constant temperature furnace in
1966. The Woodriff furnace atomizer, with a much longer heater tube
than L"voy"‘s, operates at atmospheric pressure. The longer tube |
compensates for shorter analyte residence times at atmospheric pressure
compared to L'vov's higher operating pressures. Operating the atomizer
at atmospheric pressure allows direct introduction of samples from the
outside without power interuption, depressurizing or. re~loading sample

rods as required by L'vov's design




once the limited number of samples contained inside the chamber have

been atomized.

2.2 History of Woodriff Furnace Design

2.2.1 Introduction’ |

The furnace design wés constantly improved following its
introduction in 1966 (26) through a total of ten different models.
Each successive model provided new insights or improvements. With only
a few exceptions (27), the internal resistive heating elements of the
Woodriff furnace are made from graphite. The best graphite our
research group uses for this purpose is Poco graphite (28) grade AFX-
50. This is a very hard, easily machined graphite with low porosity.
Insulation for these furnaces.is generally made using 6 mm thick
graphite felt from Union Carbide Corporation (29).
2.2.2 Single Phase Furnaces . '

The first furnace model (26,30) used a central graphite tube, 8 mm
O.D. by 6. mm ID., for the resistive heating element. This tube was
surrounded by other concentric graphite tubes and graphite felt
insulation, all housed inside a steel cylinder. Argon enters the
furnace at a side tube connecting the center of the heater tube with
the outside of the furnace. Samples are inserted and atomized on low
conductivity rods pushed through the side tube until contact is made

with the "hot" heater' tube. Although good preliminary data was




gathered with this model, it had drawbacks. The heater tube was open
to the air on the ends causing rapid deterioration. Inefficient
cooling caused this model to become excessively hot, makiné handling
difficult. Its rigid design did not allow for heater tube expansion
causing frequent tube breakage. | ,

The second model (Figure 1), first introduced by Woodriff aﬁd
Ramelow in 1968 (31), solved the problem of 'tube breakage. Graphite
plates mounted on spring loaded bolts held heater tube ends allowing
for expansion as well as providing good electrical contact at high
temperatures. Improved cooiing was achieved by forcing water through |
copper tubing brazed to the housing of the furnace. Rapid
deterioration of heater tube ends continued to plague thlS model due to
back diffusion of oxygeﬁ into the atomizer. |

Woodriff, et. al‘, (32,33) designed another model;, which provided
eveﬁ more efficient cooling for easier handling. This third model used
é metal, water cooled, spring loaded, electrical connector to hold the
heater tube ends. This model also contained a massive "tee" connector
connecting the side tube to the heater tube. The massive "tee" |
connector increased the heat capacity of the cgzntral part of the heater
tube decreasing sample atomization time. 'i‘hese design changes,

althoucjh,they improved" the operation of the furnace, also g:aiused'some. o
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HEATER TUBE
insulater

AC volts 2

Figure 1. Cross-sectional view of constant temperature furnace, Model 2.
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detrimental effects. More efficient cooliﬁg of.the heater tuﬁetend
connectors caused excessive cooling of thé tube ends. Deposition of
sample vapor on to the tube ends thus became a problem. A massive tee
connector in the center gave a similar effect. A larger center has
less resistance and thus a lower voltage drop'than adjacent furnace
parts. This including the larger sﬁrface area allOwing increased
radiative heat loss, results in a lower temperature. The side tube
also contributes by condﬁctiﬁg heat away from the center to the furnace
housing. Thus a cold spot is produced at the point of sample
introductioﬁ. Variation in heater tube temperature profile as a éample
vapor travels down the tube might possibly lead to some matrix | |
interferences. Analyte residence times can change if tehperéture
gradients are large enouéh. The ultimate goal is to design a systeﬁ
with a uniform temperaﬁure profile down the heater tube. Such a system
is extremely difficult to build while still providing proper cooling of
the electrical connections as well as keeping the furnace itself cool
enough for an operator to handle.

The fourth model (34,35) was the first design allowing the heater
tube ends to be sealed ihside the water cooled steel shell (see Figure
2). The tube ends were held with é spiral heater tube coﬁtact° This
contact was constructed by coiling hp copper tubing in a flat coili

spiralling into the center to a graphite disk'drillednto fit the heater
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Figure 2.

Cross-sectional view of constant temperature furnace, Model 4.
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tube end. The copper tubing is then spiraled back out to the outside:
of the coil. This contact allowed for water cooling, electrical
connectlon and was also - sprlngy enough to allow for graphite expansion.
Its flat de51gn allowed it to be squeezed between two plates and thus
sealed on to a cyllnder to form an a1rtlght housing for the heater
tube.‘ Argon was intr,oduk‘:e_d just inside the sample port at the end of
the side tube. When the sampie port is opened to insert a sample,
argon flows out of the port .washing oxygen off the sample. When the
- sample port is closed, argon flushes through the furnace and exits
'through a poft made’ ‘ir\; each spiral heater tube contact. Both 'Heater
tube and shield tube in this model were made in two halves in order to
simplify construction (shorter tubes are easier to drill from rod
stock) . ‘ | | |

A number of studies (36-40) used the £ifth model partially
diagramed in Figure 3. It had two distinct differences fr'oni. the
previous design.. The side tube wall, next to its connection with the
shield tube, was made very thin, reducmg heat conductlon away from the
center of the heater tube. Water cooling of the furnace housing was
greatly improved by constructing it from a "doubl‘e jacketed stainless
steel shell. | |

A single simple design change of the f£ifth model produced a new

design with significant improvements over previous models. The _Sixth'
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SIDE TUBE

MODEL 5

PEDESTAL

PUSH ROD

MODEL 6

Figure 3. Cross-sectional view of center sections of constant
temperature furnace, Models 5 and 6.
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model was made by substituting a. very small bell ,shaped entrance port )
for the side tube as indicated in Figure 3 (41). Existence of a side
tube not only conducts heat away from the center of the heater tube,

" but can also cause contammatlon problems. As sample cups are 1nserted
into the side tube, some of the sample materJ.al can transfer onto the
side .tube to be later re—-transferred onto different sample cups. The
result is sample loss in some cases and sample contamination in others.
Reinox}al of the side tube eliminated this problem (18). Unfortunately.
‘however, removal of the side tube also eliminated the ability to direct
nebulized samples into the heater tube (18,30,31,33-35). Previous to |
this model, sample introduction was accomplished by either n_ebulfzation
o or by sample plaeement in a graphite crucible. These graphite |
" crucibles were manufactured with a threaded bottom for' attachment to a.
~ thin graphlte push rod. Upon insertion through the side tube, the rim
of the cru01b1e made a seal with a constrlctlon at the top of the s1de
tube. When using this technique with uncoated crucibles, it was found
that individual crucibles consistently gave slightly higher or lower
sensitivity, -depending on the seal they make with the atomization

. chamber and on the rate of diffusion through their walls ,(42)" This
problem was selﬁed by placing the crucible on a pedestal which r_nakes
the seal rather than the crucible rim. This method was sub_sequ_ently

.used‘in all future designs. A number of successful studies were done
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utilizing this sixth model (23,41-44). A smaller version of this model
was also desigped and used for easy placement into commeréial
spectrophotometers (45). |

This stage of advancement in design' of thése furnaces marks the
end of development of the single phase furnaces. The term single
phase représenté the type of electrical powering used to heat the
heater (or absorption) tube. Singlé‘ phase furnaces are typically
heated by utilizing single phase 220 volt AC power. This voltage is
first dropped across an autotransformer for power control, then run.
through a ten to one step down transformer;' beféré attachment to the |
heater tube ends (Figure 4). |

Singlé phase furnéces all have the disadvantage of possessing an
. uneven heater tube temperature profile. The necessity of sample
placement at the center of the hea_te; tube causes a cooler temperature
at that point which cannot be overcome by single phase heating. For '
| example, in the sixtt; model the center temperature is typically 60-
100°C 1owér than adjacent parts while heatér tube end temperatures can
be 600 to'1000°C lower (see Figure 5)." The tube end temperatures can
| be raised considerably by suspending them on posts, but raising thé '
cooler center temperature' was solvéd only by switching to three pﬁase_

type heating.
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phase profile inside a three phase furnace as discussed in Chapter 4.
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2.2.3. Three phase furnaces

Three phase heating was first introduced by Woodriff (46) in 1976
and ié subsequently used for powering all newer models (22, 47-53).
Electrical hookup is accomplished by connecting each leg of the furnace
(each side of the ﬁeater tube plus the side tube) to different phases
of a 220 voit three phase AC power source by way of an autotransformer
and step down transférmer (Figure 4). 'The effect of such an |
arrangement can be easily understood by use of the simplified current
flow diagram shown in Figure 6. When .the left side of the heater tube
(point 1) is at its most positive potential, the main current flow is
from point 1 to both the right side of the heater tube (point 2) and
the side tube (point 3). Likewise, later in time when the right side
of the heater tube is at its mést positive potential, the main current
flow is to points 1 and 3. A similar situation occurs when the side
tube is. at its most positive potential. Considering only these three
points in the complete three phase cycle, only four lines of current
flow travel through each leg while six lines of current flow travel. |
through the center "tee" connection. The result is that more current
passes through the center than either of the three legs alone, causing
the center to be the hottest part of the furnace. Marinkovic and
Woodriff (49) showed that in order to minimize temperature decreases

upon sample insertion, the tube connection should be made as massive as




20

AC VOLTS |

e .V.V.V.V.v.v.v Lo
GD‘::—%“"_"—Fj_k""A,f‘e:_‘_:::‘::::.-» ®

@z

MAIN CURRENT FLOW AT POINT A

[N " " L " c wscscncnvsssss

Figure 6. Simplified current flow diagram for 3 phase type heating in
a constant temperature furnace.
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possible. Since massive tube connections have less resistance then
adjacent parts, more current flow through this connection is necessary
to keep it from hav:mg a lower temperature than other parts of the
tube. The much cooler heater tube end temperatures were raised in the
newer three phase models by suspanding the heater tube ends on graphite
posts (50,53). '

Near uniform temperatures can be achieved by utilizing the
independent power control on each leg of e three phase furnace as shown
_in Figure 5.

An advanced three phase furnace is shown in Figure 7. Examination
of its design will show some additional improvements over single phase
models. All early single pi'xase models possessed a éuard or shield tube
which surrounded the heater tube. The original purpose fer this piece
was to maintain optical stability, help insulate the heater tube, and
keep graphite felt from contacting and thus shorting out the heater |
tube. This part was later found to be unnecessary. Good graphite felt
insulation alone provided adequate insulating ability. This insulation
can be easily cut and placed so that minimal contact with internal
parts are made. If slippage of felt causing some heater tube contact
does occur, the felt quickly burns Backs This is probably due to ‘.its.
inability to maintain the high currents used to power the furnace.

Optical stability of the heater tubes is maintained-due to the side
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tube being held rigidly against the pressure of the pedestal while
samples are inserted. The housing surrounding the furnace was changed
from a double-walled stainless steel _c,onsi:ruction to a 13 mm thick |
aluminum shell. This aluminum shell is drilled in sucﬁ a ﬁay as to
allow water to circulate throughout its interior (50). The superior
conductivity of aluminum helps keep this shell cool to the touch even -
at internal temperatures exceeding 2500°C. The shell is cut
horizontally, producing a suitcase type opening furnace for easy access
to the interior parts. Previous models had end plateé which ﬁad to be
removed, disturbing the optical alignment, for access to the interior
(46). '

Three phase powering introduced new problems. At temperatures
exceeding 2100°C, vertical expansion of tﬁe graphite posts becomes
| significant. This necessitates the alignment of the cold furnacela in
such a way as to compensate for thermal expansion. O-rings usea to
seal lenses in the furnace burned away due to the increased radiation _
caused by increasing the temperature on heéter tube ends of post held
furnaces. This problem is generally compensated for by a combination
of shielding and water cooling the lens caps. Three phase powering
requires addition of the side tube which fe—establishes the problem of
side tube contamination. However, recent studies indicate that if the

side tube is made large enough to eliminate pedestal contact as samples
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are inserted, this contamination préblem does not occur. Physicalif
connecting the heater tube to the two graphite end posts and side tube
is difficult with post type furnaces. Heater tube contact with the end
posts must be tight or ércing will occur. Connection to fhe side tube
is more difficult than end posts because it must be manufactured tight
enough to hold in sample vapor as it diffuses into the heater tube.
Some of the connectors used for heater tube connection are shown in
Figure 8. The one on the far right, the most recent, is easy to build
but suffers from expansion effects. It holds the heater tube down on
well fitting surfaces machined in the posts by pushing in a wedge which
distorts the c¢lip, putting pressure on the heater tube. As the heater’
tube is powered, expansion §f~all parts including this clip occurs. -
After 2100°C expansion of this clip tends to become permanent. After
the heater tube is cooied the clip stays expanded, causing it to
become loose and arcing may occur. Larger and larger wedges must be’
fitted each time the furnace is heated over 2100°C. The problem was
partially remedied by ﬁakiﬁg these clips more massive. Increasing the
mass of these clips by three times results in only a 40°C decrease in.
temperature at thoée points where they are attached to the heater‘tube.
These increases in mass allow the:clips to be reused about three or
four times above 2100°C before_larger wedges are required. Other

éonnectors uéing a screw type tightener also tend to suffer from
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hysteresis. Repeated tightening of the gfaphite scréw ié a necessary
operation. The end post connector shown on the far left does not
suffer. from expansion problems. Deéign of heater ‘tube attachment. is
continuing.

2.2.4. Sample introduction systems

Sample introduction to these constant temperature furnaces is
difficult. For.a three 'phase pownered system, the sample j.ntroduction
. system must: be electrically insulated from the shell, make a tight
rigid contact with the side tube, keep.oxygen out, stay cool to ihe
touch, keep sample contamination at a minimum, and be easy to
manipulate. The sample intréduction system éhown with the three phase _
furnacé in Figure 7 is the most advanced at the time of this writing. |
The largest problem is cooling. When a sample is atomizeé, the
pedestal and cr_uciblé are at furnace temperature, Lowe;'ing the hot -
pedestal for samplé removal transfers heat to'the sainple port. This-
heat must be’removed to keep the sample port from_ becoming too hot to
handle. The pedestal must be lowered slowly to pfevént the sample porf '.
window from shattering. Higher atomizer teniperafures require slower .
sample removal rates. This limits sample _éup removal time from the
atomizer to about 30 sec at 2400°C, Argon is introduced into the -
furnace slightly above the sample port. As in earlier furnace modéls,

argon flows out the sample window, washing oxygen off thé sample
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crucible when the sample is inserted. ,'Ihe_pedestal is kept from
touching fhe inside of the side tube, thus eIiminating'contémination
problems as previously discussed by restricting the horizontal rﬁovement
of the pushrod with a pushrod quide as shown on Figqure 7. ' |
A completelylnew type of sample introduction system is presently
being constructed using a cirjcular’q insertion mo't-'_ion (Figure 9). éuch. a
system easily Ilends itself to autom&iori which would be difficult with

previous sample introduction systems. Work is continuing.

2.3 Operating parameters

2.3.1. Atomizer temperature

Stone (18) reported that there was a minimum furnace Eemperature
above which a maximum absorption was observed. Above that temperature
the absorption remained relatively constant.. Ramelow (30) reported
that above the maximum teméerature the absor;'bance gradhally decreases,
Neither of these reports appears entirely co‘rrect.‘ 'Studies shown iﬁ
Chapter 4 indicate a more complicated picture. From this data, péak
height absorbances for the 283;3 nm Pb line do éppear to approach a
-constant absorbance af increasing temperatures, but above the value |
reported by Stone. A detailed account of the effeci; of temperrat‘ure on
absorbance in given in Chapter 4.

Emission from the furnface'cah be large at higher atomizing

temperatures (particularly at longer wavelengths). The resulting .
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signal generated at the phoj:omultipliér tube may create. pfoble‘ms ih
absorbance compufatib'ns (54,55). This furnace emission is reduced by
shielding thé monochrpmai:or slit with a covér plate 'containing a small
hole. Moving the slit away from the furnace sii_ghtly_ greater thaﬁ thé
focal length of the furnacé lens, combined with the use of the cover
plate, can bring furnace emission. signals down to a manageable level -
(see Figure 10). The remainder of the furnéce emission"sig.nal can be _
corrected for electrbnically (54,56). .

2.3.2 Argon flow

The furnace is flushed with apprbximat_:ely three timeé its internal
volume to assure oxygen concentfations low enough to minimizé graphite
part deterioration. .‘

Early studies using peak height (18) showed that argon flow rates
through the furnace had little effect on absorption signals. - However,
recent work usinc:] both peak height and peak ai:ea measurements show that
érgon flow rates do effect absorption sigﬁals. These effects are
discussed in Chapter ‘4.

2.3.3. Sample preparation

Due to the lack of major matrix iriterférénces in constant
temperature furnaces, little sample preparation is heceséary. 'Problems
are encountered when t.:_he sample produces more background af)sorption

than is correctable by ty_pi'éal background correction methods. When
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Figure 10. Diagram of the focusing system used on constant temperature
furnaces. To minimize furnace emission entering the monochromator
slit, the slit should be shielded as shown and the distance between
lens 1 and the slit should be slightly larger than the focal length of
lens 1 (too large a distance will result in decreased hv from the light
source) .
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this happens, acid digesfion or ashing is useful. Many 'tirﬁes this is
done in the graphite crucibles themselves althqugh it greatly reduces
their useable lifg. Another method of backgroﬁnd reduction is to place
the sample in a closed cup. (52), |
The three types of crucibles used in these furnaces are shown in
Fiqure 11. The open cup crucible is generally made from hard graphite.
Some open cups made from soft porous graphite are used as filters for
air particulates (38), liquids (53,57), as well as gold plated for use '
as filters for mercury analysis (39). ‘The closed cup used for
background reduction has a porous graphite cap. Closed cups w1th
porous bottoms have been used unsuccessfully with liquid sémples..
Memory effects were found on clean cups placed in racks previously
occupied by cups with porous graphite bottoms. This was caused by
leakage through the cup'é bottoms. | Another.c'los_ed cup made of
molybdenum or platinum was used for_: high tempefature vapor pressure
studies (51). The tapered top on this vapor pressure .cell -makeé the
seal with the. seat rather than the pedestal. This assures that only
atoms escaping from the orifice in the top and not through the threads
will enter the atomizer tube for correct vépor pressureh determinations.
Solid samples are weighed into cups prior to insertion into the
furnace. Liquid samples are pipetted into cups and dried under an

infrared lamp beforé atomization. Many samples can be dried or ashed
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simultaneously without tying up the furnace for; these .routine
operations. o

Work described in Chapter 4 shows that differences in signals
are obtained when samples are inserted into the furnace at different
rates. If samples are inserted into the furnace too slowly, some
atomization occurs before the pedestal mates with the seat. Samples
should be inserted at a fast and steady rate to obtain the best
results. |

2.3.4. Sensitivity

Woodriff previous].y discussed absolute and relative sensitivity as

it applies to tube—typé atomizers (42). Absolute sensitivity, which
varies invgrsely with the cross—sectional 'area of "the atomizer tube,
tells nothing about the sample capacity of the atomizer as a meahs of
obtaining grea_ter accuracy. ' |

Chemists are often more interestea in relative sensitivity:  the
grams of. substance detectable per gram of sample. The.applicability of
relative sensitivity is limited because it depends on the nature of . the
matrix. However, it better expresses the usefulness of the device for
real samples. The relative sensitivity of an atomizer, which is
independent of the cross—sectional area of the 1':ube, is directly
proportional to the length of the tube. When using peak areé instead

of peak height (which can reduce some errors caused by matrix
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materials), the relative sensitivity increases with the cube of the
path length of the atomizer.

These constant tempefature furnaces sometimes have greater and
sometimes less absolute sensitivity than commercial pulsed atomizers
depending on the element analyzed. However, their relative sensitivity
is much greater due tg the combination of increased path length and thé
ability to handle laréer sample sizes. A typical graphité crucible can
- easily accommodate up to 200 Hl of liquid or 200 mg of solid‘sample;
Larger crucibles capable of larger sample sizes are also applicable.

Absolute sensitivity data for some elements introduced as solid
samples into these furnaces are shown in Table 1. Most of this data
was taken on a single phase furnace by Stone (18). Aithough better
temperature control and better atomizer design using three_ phase
furnaces may slightly imprq\}e these reported vaiues, in most cases
these numbers have been found to be equally applicable to the newer

three phase furnaces.
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Table 1. Absolute Sensitivity Data for the Woodriff Furnace.

Element Furnace Wavelength . Sensitivity
Temp (C) © (nm) . (1% Absorption)
Al 2200 309.2 5 x 10—11
Ag 1750 328.1 1 x 10712
' 338:3 1.5 x 10712
Au 2200 242.8 5.1 x 10712
As 2200 193.7 2.5 x 1011
B 2300 249.8 8 x 10~
Be 2350 234.9 ~1x 1012
Ca 2300 422.7 1x 10712
cd 1500 228.8 9 x 10713
326.1 1 x 10710
Co 2400 240,7 2 x 10711
Cr 2300 359.4. 1.5 x 10710 .
Cu 2200 324.8 2.5 x 10~
327.4 - 5,2 x 10711 -
Dy 2200 421.2 8-x 10711
Er 2200 400,8 7 x 10711
Fe. 2400 - . 248.4 5x 1071
Hg 900 253.7 3.6 x 1071
Ho 2200 410.4 7 x 1071
Mg 2300 285.2 1 x 10712
Mn 2200 279.4 6 x 10713
‘ 280.1 2 x 10712
403.1 3 x 10731
Ni 2350 232,0 5 x 10710
Pb 1750 217.0 2 x 10712
‘ 283.3 1x 1011
Sb 2100 . 217.6 1x 10711
Se . 2100 196.0 6 x 10'%1
Zn 1500 213.9 8 x 1074
307.6 1x 10™9




CHAPTER 3

Supporting Electronics for the Constant 'Tenperaturé Furnace

3.1 Introduction

Earlier detailed studies of the constant temperature furnace was
stifled by poor supporting electrbnics and electronic &até handling.
These earlier constant temperature furnace systems were often put
together with mismatched and pooriY maintained electronic equipment
which added to atpmic_ absorption measurement inaccuracies. Background
- correction was either nonm—existent or had to be hand calculated from
simultaneous reference line tracings in a two channel monqchromator
- system. A good stéble electronic system was greatly needed for
accurate studies using constant temperature furriaces._ The following'
sections describe the design and operation of supporting electronics
for constant temperature furnaces made from modern inexpensive -

integrated circuit chips.

3.2 A Stable Pulsed Hollow-Cathode lé’owe; Supply

3.2.1 Introduction

Optical choppers and rotating mirrors have t;a}ditionally been used
to interrupt hollow—cathode light sof;rces used in atomic absorption’ |
spectroscopy, and to switch between sample and refei:enée light sources

in background corrected systems. ‘Commercial pulsed hollow-cathode

| N )
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power supplies have been utilized for the same purpése. 'i'he‘bower
supply described in this section, however, is much less expensive and
at least as stable as commercially availa!'ale units (for exémpl;e, the
0.0082% stability of this unit compares favorably with the 0.05%
stability figure published for the Spectrogram corporation Model LPA-ID
_holiow—cathode power supply). This power supply consists of an
unregulated 400 volt DC power supply and a programmable constant
current requlator which drives a hollow—éathode or hydrcgen lamp. The
lamp is switched from a very low "idle" level to a high emission level
by digital logic signals. Both "idle" and “"on" levels for each channél
are adjustable by front panel potentiometers. ‘ The power supply
provic_]es a high levei of cur;'rent reéulation and emission stability .
(£0.0082%) with large changes (+40 volts) in lamp supply voltage. The
parts cost of the systerﬁ is minimal - less than $20.00 plus an '
unregulated 400 volt DC power supply. It may be used to replacg the
optical chopper or commercial pulsed hollow-cathode power supplies in
conventional atomic absérption systems using lock-in amplifief data
acquisition. . | |

3.2.2 Circuit Description |

The basic regulator circuit, sketched.in Figure 12, may be
understood by following its operation from the time the hollow~cathode

. lamp high voltage supply is turned on until the lamp current is
















































































































































































































