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Abstract:

A mercury analysis system is presented which is adaptable to the determination of mercury in any type
of sample. Mercury vapor in air or other gases is captured by filtration through gold plated, porous
graphite carbon rod atomizer tubes. Mercury in solid samples is converted to the mtal vapor by burning
the sample in pure oxygen. Mercury in aqueous samples is reduced to the vapor with stannous chloride.
The gold plated porous tubes are placed between the rods of a carbon rod atomizer and the mercury
atomized and measured with an atomic absorption spectrometer. Substances which normally interfere
in the atomic absorption determination of mercury pass through the walls of the porous graphite tubes
and are not a problem. Operating parameters and some applications are discussed. Detecting limits in
the ppm to the ppb level with relative standard deviations of 4% to 10% range are achieved.

Porous graphite tubes are used as air filters. Particulate matter filtered from the air is analyzed for a
wide range of metallic elements by atomizing the material on the tubes directly into the light path of an
atomic absorption spectrometer with a carbon rod atomizer. The filtration characteristic of the tubes,
standardization, and the applications are discussed. The detection capabilities of the technique for most
elements are better than those of most other methods published to date.

A process for coating graphite objects with an impervious coating of pyrolytic carbon is described. The
method consists of passing natural gas over the object to be plated inside a wire-wound tubular quartz
furnace. The coating process and the properties of the pyrolytic carbon coating are discussed. The
pyrolytic carbon coatings are demonstrated to significantly improve flameless atomic absorption
atomizers. The process also allows construction of graphite objects useful for other purposes.
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ABSTRACT

A mercury analysis system is presented which is adaptable to the
determination of mercury in any type of sample. Mercury vapor in air
or other gases is captured by filtration through gold plated, porous
graphite carbon rod atomizer tubes. Mercury in solid samples is con=
verted to the mbtal vapor by burning the sample in pure oxygen. Mer- =
cury in agueous samples is reduced to the vapor with stannous chloride.
The gold plated porous tubes are placed between the rods of a carbon
rod atomizer and the mercury atomized and measured with an atomic
absorption spectrometer. Substances which normally interfere in the
atomic absorption determination of mercury pass through the walls of
the porous graphite tubes and are not a problem. Operating parameters
and some applications are discussed. Detecting limits in the ppm to-
the ppb level with relative standard deviations of 4% to 10% range are
achieved.

Porous graphite tubes are used as air filters., Particulate matter
filtered from the air is analyzed for a wide range of metallic elements
by atomizing the material on the tubes directly into the light path of
an atomic absorption spectrometer with a carbon rod atomizer. The fil=
tration characteristic of the tubes, standardization, and the appli-
cations are discussed. The detection capabilities of the technique for
most elements are better than those of most. other methods published to

- date.

A process for coating graphite objects with an impervious coating
of pyrolytic carbon is described. The method consists of passing nate
ural gas over the object to be plated inside a wire=wound tubular
quartz furnace. The coating process and the properties of the pyroly-
tic carbon coating are discussed. The pyrolytic carbon coatings are
demonstrated to significantly improve flameless atomic absorption ate-
omizers. The process also allows construction of graphite obgects [
useful for other purposes.




GENERAL INTRODUCTION

" The use of atomic absorption spectroscopy as a routine analytical
tool began in the nineteen fortles, when it was applied to the deter-
‘mination.of mercury in air (1), 1n 1954 a paper (2);was publlshed oonm
cerning the use of atomic absorption for the analyses of.gasese .Up to -
1955, the use of atomic absorption spectroscopj for analyéis.work was
confined to the applioations discussed in these references.

The primary reason for.this dearth of progress in the light of the
burgeoning application of various atomic emission techniques was that.
none of the methods in which atomic absorption measurements had been
- made by experimental physicists satisfied the practical requirements
of an analytical tool from the standpoints:of the range of elements ems: . -
braced, sensitivity, and simplicity. ferhaps even more important was
the fact that the potential advantages of absorption'methods of analy%
ses with respect to emission methods had'not been_clarified to the ex-
tent to promote research in the field,

In 1955 Walsh (3) and, independently, Alkmade and Milstz g (4)
published papers indicating substantial advantages of absorption me-
thods over emission technioues for quantitative spectrochemioal analy-
sis. During the ensulng years several thousand works have been pub-
lished on atomic absorption. They were concerned both w1th resarch on
the mechanisms inherent to the absorption measurements and on the.ex- _
tension of the field to an‘ever increasing range of substances. The

- method is now widely used in many countries and has become the most pop=




- Du
ular technique of elemental analysis for a wide range of sample
types. | |
Thé need for ﬁore sensitive analjtical equipment spurred re=
search in‘nonflame, pulsed atomizers for atomic absorption (5, 6, 7,
These atomizeré are.muchlmorg sensitive and, in some cases, allow
léhemical analysis of samples with no preconcentration or separation

steps. Several versions of these atomizers have been made commercial

8)0

ly

available by méjor scientific instrumentation companies within the last

three years. The pufpose of the work described in this thesis is to

exX=

tend the analytical capability of these atomizers in the afea of envi

ronmental analysis by improving both the atomizers themselves and the

anélyticai techniques for which they are used. A widely distributed

atomizer, the Varian Techtron Model 63, was chosen as the model to be

used for this research both because of its availabilitygto‘analytical

phemists and its potential versatility for different‘atomiﬁation

chamber modification. .




THE DETERMINATION OF MERCURY IN AIR, WATER, AND SOLID SAMPLES
'WITH THE CARBON ROD ATOMIZER

Introduction
The analysis of samples for fractional part per million levels of .
mercury is a coﬁmon problem in analytical laboratories. Several ex—
cellent reviews'have'been published recently which dispusg‘the extént
of the contamination problem as well as the analytical methodology

presently usede(gp_lp’ 1)

There are three basic approaches used for -
thé analysis. ‘The first and oldest technique involves a controlled pH-
dithizone extraction of mercury from a solution with subsequent spec-
trometric analysis. This analysis is neither as specific ﬁor as sen~ .
sitive aé are the other two approaches.

The second approach is neutron activation analysis. - The abso-
Jute detection limits achievable, on the order of'lO=8 gram absolute -
(12), a¥é very good; héwever, it suffers. from poor reppoducibiiity,.
very high cost, and generally involves sending sam@les off to central
facilities equipped. with high neutron flux sources. This. feature
usually necessitates fairly long waits for analyticai results,

Atomic absorption, on the other hand, is relatively inexpensive and
can be accomplished with readily av#ilable eduipmento A. A, #nalysis‘
for mercury is usually accomplished by adding a reducing agént'(usual=
ly stannous chloriée) to a digestate and sweeping the evolved elemental
mercury out of the so;ution into a cold vapor absorption'ﬁube in.which'

the absorption of the Hg 2537 R resonance line is measured. - The analy=-

tical sensitivity reported varies but is usually on the'ordef of 1 =2




ng Hg for l% absorption.

The flameless technique is feas1ble because mercury possesses the
properties of having an appreciable vapor pressure at room temperature
and of not being readily oxidized by air. These properties were first
explolted by Woodson (13) who described in 1939 a simple instrument
for measuring mercury vapor in air,. Ballard et al (14_'16) extended .
the method to solution analysis. The& ran the solutions through as=
bestos pads soaked in cadmium sulfide. Mercury displaced the cadmium
and was effectively filtered from the solutions, ip was subsequently
driven off into the absorption cell by the application of heat, Pappas-
and Rosenberg (17, 18) employed a mooificatiom of the technique for the
analysis of solid foodsfuffs.'.The samples were oxidized in & combus-
tion flask, and the gaseous combussion‘products were absorbed. in 1oé N.
HCL, The pH was adjusted to 6 = 7 and the solution passed through CdS
impregnated pads as prev1ously described.

Poluektov, Bltk?n and Zelyukova (19) were the first to utilize
direct reduction of mercury to the elemental state by stannous chloride
for cold vapor.A. A. determination of mercurye 'Haﬁch and Ott (20) ap-
plied the technique to acid digested soii and cobalt ‘and nickel metal
samples. The most-commonly used technique today for mercury determina=-
tion in a wide range of organic samples was described by Llndstedt (21)
who analyzed urlne by combining the potassium permanganate—sulfuric acld

digestlon method of Jacobs and Singerman (22) followed by stannous
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chloride reduction of the mercury. The evolﬁed mercury is swept from
the solution with a.gas stream which carries the mercury into a
quartz-windowed flow-through cell mounted in an A. A. spectfometefe ?hé
~ peak absorption of the 2537 R mercury resonance line is meésuredo

The redudtionQaeration technique is fairly rapid, adaptablé to a
wide range of sam@les, and inexpenéive,.but‘it sﬁfferé from two majbr
" weaknesses. As the aﬁalysis is commoﬁly perfofmed, the final measur-
ment is subject to the vagaries of kineticsa The rate of flushiﬁg gas
flow and fhe rate of mercury reduction by stannous ion, which in turn
is affected by the temperature, vblume, and chemical nature of the solu-
tion, both affect the peak atomic abéorptioh. The second problem con-
cerns other materials present in the éample which volatilize and sub~ .
sequently absorb radiation at the mercury 2557 % line. Among these are
cyclic organic-compounds, sulfides, acetone,. and water vapor. |

There are several'basic approaches to solving these problems,. The:
ﬁést obvious &ay to solve the probleﬁs associated with the kinetics of
the reducfion process is to integrate the atomic absorption peak and
use a peak area.instead of peak height as the measﬁre of'mercury. Hoﬁ-
ever, most atomlc absorptlon 1nstruments are not capable of this.

Several ingenious techniques have been developed to circumvent the'
problem of non=atomic background absqrption by compoundso. Ballard_(lé):
togk reédings of.thé cell containing the mercury vapor on,twb separatél

instruments, the first being a unit containing a mercury lamp and the -




b

second.a standard spectrophotometer having a wide bandpass (32 ﬂ) and a
continuum source. The difference between the two readings is due onl&,
to mercury.

‘ Barringer (23) and Ling (24, 25) compensated for non atomic ab-
sorbers by using'the wings of the broadened 2537 R line, the center of
which has been completely absorbed by passing through an intermediate
‘absorption cell saturated with mercury vapor. This source is insen=
sitive to mercury but is sensitive to other substances which absorb'in
'that region; ‘By comparing this signal with that obtained using the e=
mission line of the mercury lamp with no intermediate mercury filter, a
measure of mercury vapor alone is made.

The background method described by Koirtyohann and Pickett. (26)
and applied by Kahn (27) in which light from a continuous source and a
mercury lamp are alternatively beamed through the absorption cell is
"also useful., Lech, Siemer, and Woodriff (28) ratioed the absorption
of a nearby non-resonance mercury line to the 2537 R line as a means of
~ background correctiono ’ |
, These ekpedients, with the enception of peak integrationg do not.
eliminate the kinetics difficulties. ln-order to solve‘this problem 4
and to eliminate the bulk of the non-atomic absorption interferenoes,
several means ‘of separating and concentrating the mercury alone in a f'
solution or stream of gas have been usedo ‘With these techniques, the . |

vmercury is collected over a period of time and released and measured
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under carefully controlled conditions in a short period of time,

| Moffit and Kupel (29) collected mercury in gas streams with spe=

. cially impregnated charcoal filters., The graphite ﬁas then placed into

a sampling boat which was swung over a flame in a standard A. A. spec--

trometer. The’ sampllng boat A. A, measurement did not fully realize the

potentlal of the system. .
Another method for the determination of mercury is deposition from

solution onto a silver wire or screen, either by chemical deposition

(Hinkle and Learned, 30, 31) (Brandenberger and Bader,

or electroiysis
32’733)9 The collected mercury was driven off the wire by rapid heat= -
ing and the mercury introduced into and measured in an absorption cell
| just as in the aeration method. ‘ .
Vaughn and McCarthy (34) Ulfvarson (35) Lidduns and Ulfvarson
(36), and Anderson et al. (37) concentrated mercury in streams of gas
onto finely divided gold by amalgametiono AlYl interfering substances
passed through the‘sjstem and were veﬁted, after which the mercury was
driven off the gold by heating to 400 - 500 °C into-the absorption
cell, Lech, Siemer, and Woodriff (28, 42) ygeq gold plated graphite to
collect mereﬁry in air or to retain the mercufy from solutions dried in
plated cups. The cups were then ineerted intbla Woodriff fﬁrnaee a=
tomizer for the mereury determination.
The sensit1v1ty of the furnace technlque of Lech Slemer, and Woodn

riff was better by a factor of two or three than that of any other A. A,
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method reported to date. The only diéadvantage of the system as far as
the average analytical chemist is concerned is that the Woodriff fur—
nace atomizer is not widely distributedo The purpose of the research to
be discussed here was to develop a complete mercury analy31s system apa
plicable to a commerclally available_nonwflame‘atomlzerdfspeciflcally |
the carbon rod.atomizero '

An outline of the method is as followso The mercury in the sample.‘
is converted to the’ free metal vapor by stannous chloride reduction or
by combustlon in oxygeno Then the mercury is carried by a stream of
' gas nntO'a filter‘adaptor containing a goldmrlated'cylindrical tube of
porous graphite. ' The mercury is retained on the geld while potentially
interfering gases pass through the tube. The tube is then placed be=
tween the rods of a carbon rod atomizer similar to that ‘marketed by
Verian'Techtrqn and heated to atomize the mercury. The atemic-absorpw
tion spike is then recorded.

HGeﬁeral Outline of EXperimental_fechnique

The carbon rod. atomizer (CRA) was constructed at this laboreﬁory
~and is depicted'in-Figure 1. It is designed to fit into a Techtron
burﬁernsprayichamber assembly in ihe same manner that a Varian Techtron
Modei 63 CRA éeeso ‘The main functional points of difference between |
. the Techtron CRA and-our homemade rersion'ie that our model is some=
what lerger (to‘accomedate standard epectrographic'%" rods and tubes)

and features flexible mounting of both.rod support posts and a superi=
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Figure 1. Carbon Rod Atomizer
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or gas shiel& system. Nitrogen gas‘is used to flush the air from amA
found the hot éarbon when a sample is aﬁomizea.
| The CRA is powergd with a 5 KVA G, BE. transformer (9t213103762)
controlled with a tyﬁe 22, 4.2 KVA Powerstat autotransformer. This
power ‘supply prdvides from O to 13 rmslvolfs and can furnish in ex=
cess of 400 amps. The temperatﬁré of the atomizatioﬂ tube ié'msasuréd
with a Pyro optical pyrometer. Temperatures in excess of 3000 °C aré
readily obtainable with this system. |

The porous graﬁhite tubes are made by drilling a 4.5 mm hole
(No, 13 drill) in 15 mm lengths of 6.2 mn diameter National AGKSP or
AGKS spectroscopic graphite rods. Each tube is p1$ted on the inside
Qith about 1.5 mg of gold in the following manners Oné end is sealed
_off with a rubber tube sealed with a glass beéd; 0.3 ml of an acidi=
fied gold chloride solution is placed into the tube; a platinum wire
anodé is inserted; and the plating current is applied between the tube _
and the anode for 4 - 5 minutes with a 12 V automobile battery in
series with a 75 ohm resistor. The gold éolution éontainslabout 5
mg/ml Au, Figure 2 schematically depictg the process.

Figﬁre 3 illustrates the filtration adapt;f used to support the
gold plated tubes., It is essentially'similar to the one described by
Woodriff and Lech (38) éxcept that the soft elastomer gaskets seal‘bbth
ends of the tubg with the exception of the air inlet. fhe body of the

filter adaptor is machined from acrylic plastic. The gasket material




GOLD PLATING

Hn

— 2V
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5 mg Au/ml in dilute aqua regia

Figure 2. Gold plating apparatus
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was butyl or natural gum rubber in the original models, gut it was later
“discovered that silicoﬁe rubber of the type used for gaé chromaiograph
‘inlet septa provides a surer seai and is cleaner;‘ |

The atomic aﬁs§fption instrumentation used are those described in
the paper by Woodriff et al. (39) with the substitution of the CRA for
the furnace and the addition of a deuterium lamp background correction -
system, Figure 4 is a schematic of tﬁe-Aa A, spectrometer with a 1ist@
ing of the in&i@iduai components used. The CRA power supply and the
cooling water lines have been deleted for clarity.

A short (35 mm long), quartz-windowed, cold vapor absorption cell
was cogstructedo Figure 5 depicts how it,ﬁas used tq test the mercury
filtration efficiency of the gold plated tubes, Ten cc of air ssturate
ed with mercury vapor (at 24 °C) was drawn through the walls of both
platéd and uﬁplated‘porous graphite tubes. The filtefed air in the
syfinge is‘then expressed into the absorption cell and tﬁe absorption
of the 2537 A line is measured. A stoppered two liter erhlenmeyer
flask containing approximately 5 g of mercury metal served as a |
sourqé of mercury vapor of known qopceptrationo |

A 1000 ppm stock mercury solution was'madé by dissolving Hg(NOB)Zo'
H,0 in N/10 HNO3. This solution was stabilized by adding 0.0l g/100 ml
of dry chréo7° Dilutions of this étock-were made daily with N/ldﬁ s
ngc'*

Eppendorf pipets of 5, 10, 20, 50, and 100 microliter capacity wers




Beckman model 2965
power supply |

/ Beckman D, Lamp
o CRA
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l supply
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Honeywell E
"Electronik 19" !

JB 5 amplifier

Jarrell-Ash HC
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Figure 4. Schematic of AA spectrometer
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Figure 5. Apparatus for testing filtration efficiency




| 16
used té maké most of the dilutions and samplelaqditions required,

A hémemade nickel—nichfbme thermocouple was used to determine
temperatures lower than those measureable by the.optical pyroﬁetere
The thermocouple output was amplified by a 741 operational amplifier

‘used in a follbwer-witﬁ-gain configuration and the amplified output
fead with a VTVM, |
Resulté and Discussion -of Basic Procedure

The first.ériterion to be met_by.algaé sampling sys£em is a good

collegtion efficieﬂcy for what is being @easured. This was tested
.(Figure 5) by comparing the results of this experiment performed with
" eight graphite tubes both before and after they were plated with gold.
Tgble I gives ihe résults of this experiment. The value for "Fraction
Hé Collected™ in this table is definéd as one minus the ratio of the
atomic absorbancg of the mercury vabof inithe air passed through the
'walls of a tube t& the atomic absorbance of the §ame.amqunt of air-
drawn through the filtration adaptor with no tube in place. It is
clear that essentiall& all of thg mercury is éaptured by.the plated
tubes. It is‘alsd"appgrent that AGKSP graphite tubes not plated with
ggld are. ineffective fqg trappiné mergury?vapore_ : .

Duriné'the actﬁal determinétion; the' gold plafed tube is placed

.between the fods bfiihé CRA and rapidly heated to #tomiie the mercury.
To a;certain wﬁetheflthis repeated'heating has any effect uponfthé :

tube's ability to trap mercury vapor, the Hg filtration efficiency.
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TABLE I

MEECURY COLLECTION EFFICIENCY OF POROUS GRAPHITE TUBES

Tube No, " Type of Tube : ,. Fraction Hg Collecfed* '

1 7 mplated - - 0,032

2 " : = 0.015

3 m 0.025
o " ' ' =~0,015
5 "o 0,038

6 o n ' . 0,033

7 e R 0,015

g R n B 0.050

Average: 0.000375 4 0,032

1 . plated | ©0.972
2 - " E 04980
3 " 0.986
A " : 0.986
5 " | | 0;99h
6 " o 0.986
7 S W 0,986
g | noo : 0,986

% 1 - AA(tube o Averagé: 0,984 + 0,0063¢
: AA%no tube) ‘ : ' :

¢ one standard deviation
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test as describedlahOVelwas'repeated'ten times-upon ahsingie tube (dri;.
ving off'the mercur& each time between tests).. Tahle II gives the re=
sults of this experiment. There was no dimunition:of trapping efficien-
cy notlced. '

In order to ascertaln how much gold is required to effectrvely
“trap all of the mercury in air passed through the walls of a plated
tuhe, a serieslof'sdx AGKSP tubes were plated with differiﬁg amounts of .
'gold. The fraction of Hg retention in ib_cc of saturated air (24 tV’C)
was measured (Table III). From literature_(ho) vaiuesuof the vapor
pressure-of mercury and the use of the ideal gas'law, it can be cal=
culated that 16 cc.of air saturated at 24 °C contains 2.0 x 10~7 g of
mercury. Because this amount of mercury is beyond the upper range of
the analytical curve resulting from determination of mercury in the
CRA, it is apparent from the table that 10~k g or more gold is suf=
ficient for the plate. Approximately 1.0 = 1.5 mg gold was finally
. declded on for normal use, both to ensure a healthy excess and to make
visual mspectlon of the gold plate easier,

A study of the ability of tubes’ plated with differing amounts of
gold to capture successxvely greater amounts of mercury vapor was un=
dertaken. Repeated allquots of 10 cc each of. air saturated at 2h °C
w1th mercury vapor were drawn through plated tubes and the Hg reten-
tion efflciency measured after each tlmeo The mercury was not driven

off between each test as before. Flgure 6 depicts the results,
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TABLE III

MERCURY COLLECTION AS A FUNCTION OF THE AMOUNT OF GOLD
PLATED ONTO TUBES '

Number Amount _of Gold on Tube (g) " Fraction Hg_Collected
1 . 2,5 x 1077 L 0.561°
2 . 2.5 x 1070 _ 0.808
3 Lox 05 - 0901
o 50x10° 0.970
5 5.0 x 1074 . 0,987
6 1.5 x 107 | 0,994

Collections from 10 ml air (saturated with Hg vapor)
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After tho effectiveness of the tubes as filters was established,
it remained to determlne suitable conditions for the CRA atomizer and
subsequent, determination of mercury. Figure 7 shows the results of
experiments to determine an analytical curve for ﬁercury. Varioué vol=
‘unes of air saturated with mercury in a large flask immersgd in'an'ice;
water bath at O °C were drawn throﬁgh a series of plated tubes. The
mercury was #ﬁoﬁized,at a CRA power setting resulting'in a final tem=.
perature of 850 °C aﬁd measured ﬁy the A. A, spectrometer. The figure
shows data from two methods of standardization. The points denoted
with a triangle are based on filtration of the air saturated w1th mere
cury at 0 °C with calculation of the amount of mercury based on a lit=
erature value of the vapor pressure (32) Those denoted with a circle
are based on the drying of 5, 10, or 15 microliter aliquots of a freshe
ly prepared 2 ppm mercury solution Qnto the tubes,

The relative standard deviation for the filtration technique was
found to be 6.0% for a series of five tubes each with 10 cc of saturated
air (3.2 x 10~8 g Hg)"filtered through themo. The R So.Do for solu-

tions plpeted directly 1nto the tubes, dried and atomized was consider--a

- .. ably poorer (9. 6% for 7 replicates of 2,0 x 1078 g Hg)o Because there

is no demonstrable difference in the slopes of analytical curves drawn
based on elther method of standardizatlon and that based on flltratlon
of' vapor is. more reproduclble, it is probably better to use it for

standardlzation for routine air analyses.
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The choice of CRA power supply atgmization settings is laréely o
arbitrary and the final analytical results depend more upon the par—
ticular setting than do the results when similarly pfepared'cups afe
used in the Woodriff furnace (28, 41, 42)‘at different temperatures.
This is because the absorbance peak height is what is measured==not @he
‘area. When low atomizer power settingé are used, the first-VOlatilized
mercury atoms have an'opportunity to diffuse‘éut of the light path be-
fore the last of the mercury is driven off of the tube. In the Wood=
riff furnacg, the atoms are confiﬁed‘to the optica; axis for a longer
tiﬁe and have less chance to escape before complete volatilization oc=-
.curs. See Aﬁpendix I for clarificdtiono

A Study was made of the temperature to whiph a piated tube could be-.
heated before appreciable mercury was lost. This was done by filtering
2 cc of saturated air (27 °C) through a tube and then ﬁlacing it into
the CRA. The power supply was first turned on to a low setting for one
minute, after which the temperature of the tubé was measured with the
thermocouple. Then the N2 flushing gas waslturned on, the CRA power
supply turned to a higher setting (450 wﬁtts)9 and the remaining Hg
atomized and the peak height measuréd._ Up to a final femperature of
150°C no mercury was lost from the plated tubgs. At 230 °C all of the
m;rcury was vaporized.

Figure 8 depicts results of a study to ascertain the best CRA

power setting for atomization. Two and one half cc samples of mercury
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saturated (27 °C) air was drawn through a porous tube and the mercury
atomized at different power settings. As can be seen by the figure, it

is important to heat the tube as repid;g as possible., It is also very

important that the tube not exceed 1100 °C at any time during the atom=- -

ization, If this is done the gold plating melts (m. p. 1060), runs
together, and the tube is ruined for mercury analysis. The actual
cycle.decided upon for most routine analyses with the homemade CRA was
a short pulse of about L50 watts (50% of autotransformer settlng) fol-
lowed by a quick cooldovn to avoid overheating.

Experiments done with the Varian Model 63 atomizer at the Chemistry |
Station at MSU revealed that a satisfactory power setting for general
analysis is "3 5% for 2 5 seconds with the commercial CRA. This sete
ting results in a sensitivity of 1.3 x 10"?-O go The automated power
supply should give better reproducibility than the manual one used
with the homemade CRA.

To be really useful a filter used for sampling gases must allow a
fairly large sample to be taken in a reasonable time. The filtratiou
rate of‘air,with respect to the pressure differential across a tube was
Istudied with a mahometer and a Gi}mont,flow meter. ‘Figurev9 éives the
results; No measurable difference was noticed witu respectlto whether
or not a porous'grapuite tube wasﬂplated with gold, Apparently, gold,

: wheﬁ'platediunder tue‘high current,phighrecid, conditions used comes

out in a form whioh'does not plate. over the pores in the'graphiteo
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" Application of the Technique to Air Sampling

The sensitivity (1% absorption) of this technique is ébout
2 x 10~10 g (depending on atomization rate). To translate this figure
té a "detection limit" it 1s necessary to define what we mean by the
term. It is éommdnly (but not always) defined as that quantity of
analyte which gives an analytical signal equivalent to twice the stan~ .
dard dgviation of the blank. Blank values for this technique are made
by placing a»clean plated tube into.the filter adaptor, letting it sit
for a few secdnds, reﬁoving it and checking it for any mercury that it
may have ficked up. On different occasions, with different filter ad=
aptors, different tube;tweezer etc;, mean blank absorbances corfespond-_
ing to O to 4 x 1010 g Hg with standérd deviations of O to 2 x 10710 ¢
Hg have been measured. A typical value of 2 s (detection limit) would
be about 1 # 10710 ge (An A. A. spectroscopist is happiér speaking -of;
_ "senéitivities" because they are rigorously defined and not subject to
the vagaries of interpretation and outright fudging as are ﬁdetectionf
limits",)

The American Conference of Governmental Industrial Hygienists has
_ adopted a threshold limit value for mercury vapor and inorganic com-
pounds of mercury in air of 100 ug/m3 (109 Pe 236) To detect such a
level of mercury in the air with a dithizone msthod would require col=
lection of a ten liter sample (hsﬁ ps 3) and considerable chemical man- |

ipulation before énalysis. The method based on the CRA would require
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a2 ce-sample and no chemical'preparation before analysis.

All that is needed to sample mercury levels in air are a few
clean plated tubes, an airtight container to carry them in the filter
adaptor, and a syringe or simple pump to draw air through the tubes. A
‘ syringe is adequate.for levels of mercury down to about 1 pg/m3; at
lower levels it is handier to use a pump. " We have used Nalgene sink
aspiraters-in thevlaboratory to sample for low, background levels and
-a mechanical pump elsewhere, |

An interesting series of samples was run on‘June 10, 1973 in room
328 around Sherry Farwell'’s polarogréphlc apparatus. Table IV gives
the resulis. 'Sixty cc samples of air at various points around the room ‘
were taken except that 120 cc were taken near the open window. It is
easy to see that a very small quantity of spilled mercury can result in
appreciable levels in the air.

To ascertain the degree of reproducibility possible when sampling
low ambient levels of mercury, relatively large (6.5 = 7.5 liter) sam~
ples of air were taken in a well-ventilated room (room 233).by drawing
air through a'series'of four tubes for five minutes each using a faucet
aspirator as a pump, A Gilmont flowmetér was used to measure the rate
of sampling, :A mean‘ralue of 0.24 pg/m? and a RSD of 7.8% were the re-
sults achlevede . ‘ |

On Satﬁrday, December 1, 1973, a msrchry spill occurred_in-the

hood in room 221. When it was cleaned up, a test of the air in the hood
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TABLE IV .

RESULTS OF MERCURY DETERMINATiONS IN THE AIR OF A ROOM WITH
VISIBLE SPILLED MERCURY

Tube Number Location He Eggma

1 ‘ top of equipment bench ' 38
2' | uﬁder polarograph “43
3 S o floor by éaste#n wall ‘ _ 18
I3 . floor by western wall | . 32
5 S . near open window ) 5

ACGIH limit 100 ug/m3
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revealed 147 ug/h3 of mercury. This'was not sufprising in view of the
" situation but subseqﬁent tests revealed that air eamples ﬁakenfqn all
four floors of Gaines Hall contained from 17 to 30 ng/m3 of mercury.
Figure 10 eepieﬁs-the results of determinations run in room 233 at
various times'during‘that day. The windows were opened at about 10§30
. A. M. upon the discovery of these high ievelso A series of 360 cc
samples taken over a five minute period in room 23l gave a mean concen=
tration of 23 pg/m3 and a relative standard deviation of iO%. A
syringe was used for ail of the sampling done on that day.

Follow up determinations were made from 9:30 to 10:00 A, M, on the
following Monday. Samples taken in the.halls on all four floors of the
bulldlng contained from 4 to 7 pg/hl mercury In view of the fact that
several authorities (37, pp. 236 - 237) have recommended maximum en=
~vironmental mercury levels as low as 0.3 ug/mg, the levels encountered
in the building are of some concern to the autﬁoro These levels were
probably the results of both a large number of mercury spills over
the jears and the fact that, due to the weather, the building had
" been sealed up Qith relatively little ventilation.,

.As compared to commercially available mercury detectors ( most
of which utilize a crude form of atomicaabserptioﬁ.measurement ) this
technique-has:seeeral advantages. First.of all, it eaptures and mea-.
sures both partlculate and gaseous mercury, The graphite tubes are

‘effective filters for partlculate matter down to 0. 016 pm in dia= |
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meter'(hl?: This size is considerably smaller than that of theloulk of
airbourne particulate matter (hé), so partlculate mercury is effectively
trapped.,

Another advantage of the gold plated graphite filters is that the&
-do no collect and subsequently measure SO,, benzene, acetone, etc. as
do most of the comnmon mercury monitoring equipment (Beckman Instruments
Inc.; General Electric' Sunshine Scientific Instruments, Inc.; etco)eo
Experiments were performed by draw1ng air saturated with benzene or
- acetone through these tubes and seeing if a noticeable "blank' resultedo
None dld._ Later experlments w1th gases resultlng from combustion of
high sulfur coals also revealed no interferences from C02, 502, or N02°

Non-atomic absorption as measured by use of a deuterium lamp has
never been observed in air samples takeﬁ in the Bozeman area. However,
it is conceivable that an interference would be noted in a sample of air
cootaining very high concentrations of tarry smoke resulting from in=-. .
complete burning of organic materials. If this should occur, some mod=
ification of the mercury-in-solids combustion apparatus £o Be discussed
iater in.thisithesis should eliminaté the problem,

| Portionsrof“this section of the thesis have been published., (47)
Aoplicetioh of the Technique to Water Samples

The most commoqu utilized'methodlfor the analysis of mercury in

aqueous solutions‘is.the straightforward addition of stannous chloride_

to the sample, whereﬁpon the mercury‘is reduced to the metal and is
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carried as a vgpof into a cold vaporvabgorptioﬁ tube by a carrier gas
‘bubbled through the solution. Mercury in orgaﬁic forms is first con=-
Verted‘to the ionic form by pretreatment 6f the sample with HySO, and
KMO, . The main problems associated with the technique are thoSe re-
lated to the kineticé 6f the reduction-aeration process as enumerated‘
before. Watef-vapor along with volatile organic compounds interfere
ﬁith the final measurement and must be'éither removed from the gas :
: siream or their effects corrected for.
| Figure 11 is a diagram of the final ﬁersion Qf severgi apparata

made to allow appiication of the piatedfgraphite CRA technique:to
water analysis, The bubbling flask was made of a 125 cc erlenmeyer
flask to which was_addéd a longer néck, an entrance port sealedlwith'
a rubber septum, a side tube, and a.drain tube in the bottom. A
thistle tubé with a glass frit gaé diffusof is mounted iﬁ a rubber stop=
per of a size to fit the mneck of the flask. A gold plated porous
graphite air filter mounted on a stopper to fit the thistle tube was
~used (when neceésary) to reducel"blank" levels resulting from measure-=

:ment of the mercury in the air used to carry the reduced mercury from

'£he solution. The poﬂtom of the fl#sk was drawn to a slightiy'conical
" shape and the drain was sealed off with rubﬁer tﬁbing and a glass bead.
By squeezing the‘tubihg over the bead, it:is possible to drain thé flask
© in a few seconds. | h

The filter adaptor is mounted on the side tube and air is drawn
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through both it and thé rest of the system with a sink aSpifator at a
flow rate of 400 to 500 cc/minute. The only reagent used was'ZO% SnCl2
(B-A reagent grade) in 6'F'HCl° |

The procedﬁre uéed to analyze a sample is as follows. The aspira=~

tor is turned on and air drawn through  the system. Initially, nd gold
pléted tube is placed in ﬁhe fiiper:adaptor. One or two ml of stannous
éhloride‘reagen§ is added to the flagk. This is usuallj'done by éipetn-
ing it into the thistle tube and washing it down with a few ml of
water. The system is allowed to bubble for a minute or so to flush out
any'mercury pfesent in the stannous chlqride,or_distilled water, Theh
a gold plated filter tube is put into the adaptor énd the water sample
added. If the sample is turbid, it is added through the funnel; if
clear, it is placed into the thistle tube. The purpose of adding turbid
samples throuéh the funnel is to prevenp clogging the gas diffuser frit
on the end of.the thistle tube, The system is allqﬂed to bubbie three
or four minutes before the gold plated tube is removed and the'evolved.'
'mercurj determined.

o To determine the bubbling time required fo ensure'complete reduc- 
" tion and subséqﬁent mercury colléction, a series ofzﬁests was run with
.1.5‘x 16-8 g mercury as Hg++ in. 10 ml of‘wéter.: Theiplatéd tubes were
removed and analyzed féilowing different intervals éfter phe éampie wés:;
‘added and the obser§ed atomic abso£bénces wére plotted against the bube

bling time (Figure 12). The shape of the résulting:curve was calculated
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utilizing the "flushing equation" (36, Po 199)° The bubbling rate was

h70 CC/mino
: Vo = volume of system (200 cc)
InCg =Y V = volume of flushing gas (vol/min.x t)
Cp Vg GCo= initial level of Hg in flask
GT = level of Hg in flask at time ®t"

Because thé-observed flushing rate is so well accounted for by the
equation, the éctual'reduction time for mercury in the simple solutién
. used must be very small. A typical analytical curve for this system'l
" is given in Figure 13.

A standard éddition experiment was performed on a sample received
from the U, S. Forest Service of drainage water from a lead mine iﬁ
Langhor Canyon; Differing amounts of 1 ppm Hg solution were added to 5
milliliter samples of the water and the total mercury results compared
to those of'similar aliquots of the,standar&'aloneo A rather substan=
| tial ﬁlank (X = 0,063, n = 5) has not been subtracted from any of the ‘
points plotted in Figure li4.

fivé more samples were run of tap water taken.at various points in
the city of Bozeman. .There was little variétign in the mercury levels
measured., Thé:coﬁcentrations ran from 0,018 to 0,025 ppb==-all far
below the USPHS limit of 5 ppb.

There. has been only a limlted amount of application work done to
date with this technique. The techniqpe is very fast (4 - 5 minutes),
sensitive (4 x-l'()""3 ppb in a 50.ml'sample) and should be useful in geo=

'chemical'prospgéting as well as in routine trace level water analysis.
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Application of the Teéhnique to Solid Samples
Direc£ combustion of solids as a meéﬁs of feleasing the mefcury
into a gas streaﬁ for subsequent analysis has‘been utiliﬁed in some

(36 - 37, 48 = 49)0

form or another for several years Gold or sile
ver was uséd‘By mgst of these workers to concentrate the mercury and
to eliminate interferences.

The apparétus that was used to.adapt'gold plated CRA tubes to the
direct determination of mercury in solids is shown in Figure 15. This
is.the.latest of several versioﬁs that have been tried. Basically, it
is simply a nichrome ﬁire»ﬁrappedfvyCOr combustion tube with fwo oxygen
iﬁlets and‘ah-épfrance port. The tube has two main'sections: the com=-
bustion chamber pfoﬁgr and a following "afterburﬁer" sectioﬁ loosely
filled with a granulated fusion mass of A4 parts Ca0 to 1 part Na2003;
Oxygen flow is controlled and measured by a pair of Gilmont flow gauges
and needle valves. The combustion boat “is mﬁde from a short section of
10 mn diameter quartz tubing which has been split in half and sealed to
a length of 4 ﬁm quartz rod. An earlier version (50) incorporated a
cold finger in.the train to remove water vapor; however, it is not
genefally necéésafy.to do so. A ﬁalloqn on the first oxygen inlet tube
servés as a pressure indicator. As in the bubbling appafatus discussed
in the lasfisectioﬁ,_ﬁ'faucet aspirator'ié utilized to dfaﬁ the evolved
gases throﬁghﬂﬁhe wélls of the grapﬁite tubess |

Sample analysis is performed as follows. The power is applied to
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heat the_tube and the §5pirator turned on. (It is left running for as
iong as.any samples or standards are being run.) Then a clean, gold
plated tube is placed into the filter adaptor. The sample (1 = 106 mg)
is weighed in the combustion boat and then the boat is inserted into.the
combustion chamber. The oxygen flow is adjusted to the maximum which
permits a net total pressure in the combustion tube of less than one
atmosphere (usually about 200 cc/min. for each of the two inlets). . The
purpoée of thié is to assure that a leak in ﬁhe system results in no
.loss of ﬁercury vapor. Complete combustion takes from 10 secqus to .
about a ﬁinute. The system is allowed to flush for twq or three min-
utes more and then the CRA tube is removed and the’captured mercury
determined és previously described.

The method is calibrated by'plaéing various volumes of mercury
standard solutions into the combustion boats and.treating them éxactly'
like solid saﬁples. ‘A comparison was made of this method of standard-
ization with respect to that of-adding the same amount of standard mer-.
‘cury solution.directly to the plated CRA tube, drying it, and finally
atomizing it. Five microliters of a four ppm Hg solution (20 ng Hg)
were alternatively placed into either the combustion boat (and "burned™)
or directly ihtp a.CRA tube. The results are given in Table V. The
:daﬁa support thosezgivén on Figufe 7 and.the conclﬁsion is the ‘same; .
‘1o eo, meréuf& ?apoffétandardizétioﬁ is more reprbduciblé than solution

standardization, but there is no otherwise significant difference in re-




COMPARISON OF DIRECT ATOMIZATION TO COMBUSTICN
FOR STANDARDIZATION

Combustion Boat CRA Tube .

.Number of dete;ﬁinatioﬁs (n) 8 . '3
* Mean Absorbahcé (x) : . 0.418 0,406
 Standard Deyiaiion (s) . 0.6126' 0.0295
- Relative Sta;dard Dejiation (RSD) | 3.0% | 7.4%

t = 1.05
tosq (14 degrees of freedom) = 2f10

no significant difference between means at 95%

confidence level
- = /4-.8"5 .
'F(O.O5)‘ - (7 & 7 degrees of freedom) = 3.79

There is a significant improvement in reproducibility -

" when standards afe "burned",
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_.sults with respeéﬁ Fo method.

Because mercur& is usually found in the presence of éulfuf in or=
ganic as well as mineral matriceé a test was run télsee if net recovery
of mercury was affected by an 9xces§ of sulphide. The addition of a
thqusand—f&ld’excess of (NHh)zs to 2 x 10™8 g of mercury in a standard
“solution placed into the combustion boat had no effect on either the
recoverj of meréury or on the background,. |

.Several different types of brganic:sﬁmples were analyzed. . It was
zneCeséé:y.to grind the sample to less than 100 meshltd get reproduéible
results:in some cases. In all cases studied, standard additions of mer-
cury sdlﬁfioﬁ to the samples gave analytical curves parallel to curves
prepared witﬁ solutions alone., The amount of sample was chosen to
give on the drder of ten to fifty nanograms of mercury collected on the
tube, Molecular absorption due to incomplete oxidation 6f tars was a
problem in preliminary work. . However, changing the position of the
combustion boat in the .combustion chamber, or the O, f;ows,.or, if
nepessary,‘reduqing the size of samp}e burned has eliminated this prob=
iem'in every type of sample studiedollA simultaneous background correct=
.ion system would eliminate some'pfdblems_albng this line if one were
avaiiableo |

Ground orchard leaves (NBS no. 1571) were the only samples analyzed
with a known mercury,contentf The results obtained with seven repli=-

cates of about 50 mg leaves each time were a mean value of 0°16'ppm and
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a relative étandard deviation of 7.8%. The accepted value for these
leaves is 0.16 ppm.

A large number of coal samples were the primary reason for begin~>
ning research on a quick, reliable method for determining mercury. Re=
cent development of 16w sulfur.coal'deposits.in eastern Montana has
sparked considerable interest in possible trace metal contamination of
the environment resulting from use of the coal. Values for a series of
forty~three such coals ranged from 0,06 to a high of 0.6 ppm with rel= -
ative standard deviations of about 7% for replicates on individual |
samples, Very finely ground samples were required for géod feproducin
bility with coal, |

Hair and toenail samples from a number of individuals were analy-
zed, Approximately 3 = 5 milligrams of sample is requiréd for these
tests.  Values ranged from 0.8 ppm to 3.0 ppm for hair and somewhat less
'than thié for the nail samples, Relative standard deviations for
chopped hair samples were 8%.

At this writing three of these mercury determination systems
have been built for .use in analytical laboratories., The Chemiétry
Station uses one on a routine basis for a wide variety of samples. Mr.
Laszlo Torma has requested permission to present the results of his
findings concerning the technique at a national A. 0. A. C. meeting.
Dr. Frank Munshower purchased one for his laborgtqry for feed and for=

age analysis. The Department of Health and Environmental Sciences in
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Helena is presently getting one set up for comparative tests., All of
these laboratories have Varian model 63 carbon_rod atomizers,
| Conclusions

The basic approach studied has proven to be appliéable to the de=-
.termination of mercury in the entire range of sample types normally sub-
mitted to analytical 1aborat§ries. The dégree of freedon from intere
ferences and sensitivity is unusual for so simple an analytical ap=
proach.. The main problems associated with it have been with imperfect
sealing of the tubes in the filter adaptors allowing the gases sampled
to go around and thereby causing a loss of signal. This is primarily
due to roughnesé on the ends of the filter tubes caused by'ndrmal,wear
as well as by dropping, etc. The silicone rubber gaskets have been
helpful in this respect because that matérial "upsets™ to fill (and
seal) supface imperfections better than did the.earlier materials
used. An improved model of the filter adaptor utilizing a freely-
turning rear gasket has shown promise of reducing wear on both the gas-
kets and the tubes. ,

Another problem seen only with the commercial (Varién Model 63)
CRA is with breakage of the porous tubes. The porous tubes are fragile.
As compared to the thick-walled, imperwvious graphite tubes that thé CRA
is designed to use, .and the spring tension on the carbon rods must be
adjuste& within narrow limits. A weaker (élthough entirely strong eé

nough for either type of tube) spring would alleviate this problem.
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The work to date has been with the carbon rod type of atomizer and

Woodriff furnace; however, the basic technique should be applicable to

any of the several carbon tube atomizers presently on the market.




DIRECT A. A. DETERMINATION OF METALLIC POLLdTANTS IN AIR
WITH A CARBON ROD ATOMIZER

Intrqduction

The effective conirol of airbourne pérticplate mﬁtter requires ‘the
~ capability of analyzing airbourne particulé.tes° For this purpose op-
tical emission spectroscopy has been extensively used to obtain most of
the data. -A relatively large number of elements can pe determined sie
"multaneously by this technique. However, the technique is neither as
sensitive nor as accurate as atomic absorption and‘it also requires‘
both more expensive equipment and more highly trained personnel théﬁt
. does A. A, Internal standardization (51) improves the precision and
accuracy but does nothing to alleviate the other problehso X ray
. fluorescence specirometry is sometimes uééd'but it suffers to an'evgh
greater degfee from most of the same problems as does atomic emission
analysis. It is even more expénsiQe, prone to interelement interfer-.
ences, and the preparatioh of proper standards is ﬁery difficﬁlt (52)0

| In recent years atomic absorption analysis has bgen widely used
for the analysis of trace metals in atmospheric particulates (53 = 59),
The chief reasons for this trend include good selectivity, sensitivity,
simple operating techniques, and low initial equipment costsé The coﬁ—
ventional flame A, A, system suffers from two major disadvantages. It
has a large consumption (1 =-2 ml/minute) of sample solution, and it

lacks theAsensitivity to perform ultratrace analyses unless very iarge
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air samples are taken. This volume requirement can be.drastically re=-
duced by using non=flame atomic absorption because of its inherenﬁly:
greater sensitivity,. | A

Collection of lead particulates on a filter from air volumes as’
small as ten liters followed by chemical digestiori and non;flame

(60),

atomic‘absorption had been reported by Omang The continuous

détermination of atmespheric lead by an induction heated carbon tube

(61),

furnace has beenreported by Loftin et al.
Much of the difficulty in achieving good detection limits is as’
much due to the samble collection and chemical pretreétment steps as
to the actual sensitivity of the analytical tool used for the fihél
analyseé. A typical example would'be the analysis of beryllium par=
ticulates, A commonly accepted approach would be to dqu air througﬁ
a millipore filtér, digest the filter in acid, and bring the solution
volume up to 50 or 100 ml prior to analysis. If beryllium particﬁlates
at the maximum level accepted by law in Montana (0,01 ug/h3) were to be
detected in thls manner, even with a very sensitive non-flame atomlc
absorptlon ‘technique (62) a total of sixty cubic meters of air would
need to be sampled. A sample this 31zerwould requlre about a day to.
collect on a millipore filter. The factor llmltlng the sen31tiv1ty 1n

this case is the sample pretreatment step with 1ts attendant dllutlon,-

not the actual analysis step.

J L x .
To minimize sample pretreatment and dilution, Matousek and Brodie
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(63)

used Varian Techtron carbon cup atomizer for direct air sam=-
pling of lead. An.essentially standard cup is perforated throuéh the
bottom with many small holes, 'A sméll disk of millipore acetaﬁe filier
" is placed in the cup (a la Buchner funnel) and the air to be sampled is
drawﬁ through, The filter material is burned off sloQLy firsﬁ; then the
lead is atomized in normal fashion. Because there is a large émouhf of
lead in the millipore disks (62),‘théy were prencleaﬁed by soaking in
nitric acid to minimize blanks. ‘

Lech and Woodrif.f (30) were the first to report on the filtration
of lead particulates by graphite furnace atomi;er cuﬁs;' Air was
drawn through the walls of porous graphite cubs which were inserted
into a Woodriff furnace with no pretreatment whatsoever. The sensiti-
vities reported are the best in terms» of amount of lead detectable per
unit volume of air of any technique cited to date. Seeley and Skogerboe
(64) followed up on Lech's work b& using an emission spectrographic
technique to determine metals captgfed in porous graphite electrode
filters. The éensiti?ity of the emission method-is generally consider—
ably inferior to that of the atomic absofption method of Lech but it
does have the‘advaniage of the simultagéous determin;tion of sevéral'
elements on the same filter.

'The Woodriff furnace is not yet widely used in analytical labore
atories while the Varian Techtron type of carbon.rod atomizer (CRA)

is. The CRA has absolute sensitivities generally comparable to the
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Woodriff furnaee ahd‘ﬁossesses the easily removable atomizer tubes
necessary for successfei adaptation to filters. A flexible power sup«
ply allows sample preaashlng dlrectly in the atomizer tubes 50 no
reagents are needed.. For these reasons the author decided to 1nvee£in'
éate the uee 6f this type of atomizer for theldireet analysis of a
wide range of particulate matter in air. |
| Experimental

The spectroscopic apparatus, the'éarEOn’rod atomiier, and the fil=-
tration adaptor used have already been described in this thesiso. The
porous graphite tubes are identical to these used for the work oﬂ mere
cury except they are not plated with‘gold for particulgte analyeis;“
National AGKS or AGKSP proved to be equally satisfactory_for‘graphite
filters with the nod going to the firet because of its lower price.

Conﬁrary.to Lech's findings’(hl) it was found by this author thaf
filtration adaptors machined from ﬂucite were fully as éesirable as '
those made.from Teflon. The Lucite is much cheaper end eaeierrto
machine than Tefion and seems to be as easy to clean. The contamina-
tion problems that Lech experienced were‘likelf dﬁe to the‘naturelof the
gasket material he used rather than to the material of the Body of the
filter adaptor. Silicone rubber has proven to be a satisfectory‘gas&-
ket material in Lucite filter adaptors with no contemihation‘problems*
for the determlnation of Pb Ag, Cd, Be, Se, As or Hg. -

Partlculates were generated in the laboratory in a varlety of
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ways. An approach used in several instances invqlved‘aspiréting solu=- -
, tions into spectroscopic prgmix or total consumption bqrnerss The
droplets of solution containing a salt of the element of interest ﬁere
carried into the flame where they were decoﬁposede Thé géses above

the flame congéin particulates resulting from reéombinatidn of the ele=-
ments entering the flame. These systems featupe a repfAducible con=
centration of particulates per unit volume of gas but give an unknown
particle size distribution and composition, A Beckman double slot

' CHh/air A. A, burner fitted with a prémix desolvation chamber is pic;7
tured in Figure 16. A Beckman CoH, /05 total cpnsumption-bufner was
used for generating Cd containing particles.

An ultrasonic nebulizer (Tomorrow Enterprizes; Portémouth, Ohio)
fitted with a desolvation system and a dilution/mixing chamber was used .
to produce reprdducible concentrations of particles of roughly knowﬁ
dimension for collectioﬁ efficiency étqdiese Figure 17 depicts the
apparatus. Solution droplets of mean diameter 2.5 pm are generated by
the ultrasonic nebulizer and are carried by a flow of 90 cc/minute of
air into a nichrome wire heated desolvation tube'inwyhibhﬁhheesﬁiveht'
'(ﬁethanol) is driven off. The excess methanol is condensed and remo&ed
with a cold finger. The desolvated particles are then mixed with a
large volume of air and blown down the length 6f a mixing tube before
ﬁhey are sampledo" | | |

"A motorcycle burning regular gas was used to'generate,;eadécontaine
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Figure 16. Beckman DB flame particulate generator




cold finger

air
flow
90cc/mi .
air
flow
4.7 1/min
desolvator /
056 ° eife Do
0 ® oO (o] o
'1’0 o 0 |
\ ultrasonic nebulizer .
sample N
inlet \|n

RF power & ST
cooling lines

= dilution/mixing tube M J -

A

filter adaptor & syringe

Figure 17. Ultrasonic nebulizer particulate generator




=56~
ing particulates for a comparison study of millipore versus graphité.
filtration. Figure 18 shows the entire apparatuso A fraction of the
exhaust gases are diluted and mixed with compressed air prior to sam=
pling in a mixing chamber similar to that used with the ultrasonic
nebulizer described above.

Several.other systems which generated particles containing metals
hazardous to human health were investigated. Inciuded in this category
are cigarettes, certain types of candles, and gasoline lamp-manﬁléso A
more complete discussion of these will be given in the following sec-
tions;

For most of this work, a 60 cc disposable syringe was used to
draw air samples through the walls of theAfilter tubes. A much larger
(1.35 liter) homemade syringe was used in some cases. A Nalgene
faucet aspirator was used in the laboratory for higher volume sampling.
A small battery-powered air compressor (Auto Flator, W. R. Brown Corp.,
Chicago Ill.) was modified for use for high volume sampling outside the .
building. |

The analytical technique is similar to that already described for.
the determination of mercury in air. A pre=heated CRA tube is placed
into the filter adaptor and a measured volume of air is drawn through
the walls of the tube. Then the tube is removed, placed between the
rods of the carbon rod atomizer, pre-heated to hOO'e 500 °C for a few

séconds to destroy tars, smoke, etc., and finélly heated to a preodéter-




compressed air

.\f

Figure 18. 1Lead Particulate Generation Apparatus
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mined temperature high enough to atomize the analyte. In most céseéd

the pre-—ash step is hot necessary for ambient air samples.

The atomic absorbance values of the elements in the material fil-

- tered from air are compared to those of an aliduot of a standard solu= .

tion of the element of interest pipeted into and atomized in the same

~ tube in order to calculate the amount of material captured@"

Results and Diécussion
The efficiency. of poroué graphite filters for tiny‘particlés haé
been establiéhed bj Lech (hl)o Lech generated particles of-a known
size in a stream of gas and measured the total metal-coﬁcentration of

the gas both before and after filtration by injecting measured quanti-

_ties into a Woodriff furnace fitted with a side tube (65), The atomic

absofption signals resulting from the injection of filtered and unfile
tered gas wefe comparéd to assess the efficiency. Table VI,gayés,the
retention efficiencies of filters'made of National AGKSP graphite.for
barticles of different sizes. | |

Some preliminary work was done with beryllium contéining particles -
generated by aspirating beryllium solutions into a Beckman'A; A, burner

(66,

and saﬁpling-the gases above the flame | A current sufficient to

raise the temperature of the tube to 2800 °C was applied and the peak'

‘atomic absorbance measured. When the burner was aspirating a 10 ppm

Be solution, a series of seven samplés of the beryllium particulates

gave a mean atomic absorbance of 0,158 and a qoefficient"of variation
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TABIE VI

FILTRATION EFFICIENCY OF POROUS GRAPHITE FILTERS

Particle

Pb(NO3)é | 0.15 o | 990‘2
Pb(NO3), : 0,09 98,6
AgNOg 0,076 | ' 9oL
Pb(NO5) ©0.077 ' o 97.9

AgN03 . 00037 ' 9707
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of 14.5%. The same filter tubes, when 5 ul of a 0 l ppm Be solution

(5 x 107 -10 g Be) was dried and atomized in them, gave. 'an absorbance of
0.443 with a coefficient of variation of 4.9%. The sensitivity of the
method.is such that a sample of only two liters of air éonﬁﬁining Be

(at the maximum allowed level, 0°Olug/m3 in Montané),would‘be'réquired '
.for detection. 'A sample of this size wouid réqﬁire 6ne and one hélf
minutes to collect. |
In order to ascertain the efflclency of AGKSP porous tubes w1th

espect to the rate of filtration the apparatus deplcted in Flgure 17
- was used. Desolvated particles of silver nitrate are mlxed with a
large volume of air and blown down the length of a mixing tube pfior.to
sampling.. The high total flow in the systei,(AOB-Iiter/mino).allows a
much higher sampling rate.to be used than is possible with Lech's sys#-'
tem. A solution of silver nitrate in methanol (2 x }0“7 g Ag/ml) was
" pumped into fhe'ﬁltrasonic hebulizer ;esulting in a calculated particle
size of O;OIL ﬁﬁo A series ofA60 cc samples of the mixed/diluted par-
tiéle-bearing gas stream was drawn_through‘the walls of poroﬁs graphite
: tﬁbes at widely differing sampling rates. The concentration of silver
in the 60 cc of gases sampled by the tubes is plotted'qgainst'the sam~
pling rate in'Figufe 19, There is no loss in filtration efficiency as
" the rate of sampling is changed. This is importaﬁt‘becagse in some
situations it is desirable to get an analysis in'as short"a'time'as

possible; e. go, after an indusfrial accident. In other cases, it is
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more desirable to ascertain a mean ambient level averaged over a
.relativeiy long sampling time.

There was some éuestion as to wheﬁher a standard solution driea’
and atomized in a' carbon tube woul& be a valid way fo»quantitate par-
ticulate matter filtered by such a tube. There are two reasons it might
not be. First; the geometr# is different. Particles filtered by the
apparatué-described are fairly uniformly distributed over the inner sur-
face of the tubes, Theréfore, when the tube is heated,vsample étoms en=
fer the optical path from all sides and not from a'siqgle spot on oné
side as'is the case when a droplet of solution is dried in the tube,

Second, the material filtered is of unknown éomposition.' Different
salts of the same element should volatilize at different times during
£he atomiéation cycle and digsociate to a greater or lesser degree. -
This would result in &ifferent ffee étom populations and a consequently
different analytical signal., | | |

Livov (355 PPe 236 = 245) ingicates that the fact that an element
is present ih different forms actually makes little difference in care
bon furnace atomic absorption. Indeed, this'hés proven to be the casé
in the Woodriff furnace. A test of this proposition was madé with the
carbon rod atomizer‘in the following manner, Five microliter aliquots
of a 2.0 x 10~7 g/ml ( 10~t M) lead solution (lea& as nitrété salt in -
distilled water) were dried in an atomizer tube. Then, five microlit=

ers of O.1 M HCl, HNO3, or stO

,, Were pipeted into the tube and dried
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over the lead. The approximately 10° fold excess of aéid should con=
vert the metal to the respective lead salt, Whén the lead was atomized.
there was no difference in the analytical signal from lead treated with
the different acids. Table VII gives the results,

Tbe geometrical aspect of the standardization question was studied
by analyzing cadmiﬁm particulates captured on ﬁorous graphite tubes by
ah independent method and comparing the resultg with those achieved with
direct atomization and solution standardization.

Forty cc of the gases above a Beckman 02, CgHg,iburner aspirating
1000 ppm_cadmiﬁm solution were drawn through each of twelve;porous CRA
tubes, Six of these tubes were placed into small test tubes which had
calibration marks at two milliliters., Ten microliters of a solution
containing 4 x 10=8 g of cadmium were piaced into each of three more
porous CRA tubes and dried. These fstandard" CRA tubes were aiso pla=
ced info calibrated test tubes, One microliter of 1:10 nitric acid was
added‘to each of the ﬁine test tuﬁes and the cadmium salts dissolved by
placing the tubes in a hot water bath overnight, The test tubes were
each filled to 2,0 ml with disfilled water and the‘contgnts mixed,

Ten microliter aliquots of each solution were analyzed in an imper-
vious CRA tube using the 228.8 nm resonance line. The .atomic absorb-
ances from anélysis of the solutions from the six CRA tubes used as fil-w
ters were éompared to those of the solutions from the three stahdard'

tubes to calculate the amount of Cd in the particulate matter filtered.
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TABLE VII
SALT EFFECT ON LEAD DETERMINATION
CONDITIONS: 5 ul of 2 x 10~7 g/ml Pb, 283,3 nm line, 3400 Watts,
5 ul of 0.1 M HCL, HpSOy, or HNO3, pre-ash to 500.°C

after drying

With HC1 With HNO3 With HpS0j -

MEAN ABSORBANCE 0.247 0,20  0.246
CCEFFICIENT OF. VARTATION - ho3% 7.3% . 3.6%
NUMBER OF RUNS ' L L oy

There is no significant difference in
the mean values at the 95% confidence

. level,
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The mean value calculated"for this indirect anaiytical approach was
2.80 x 10~8 g,per tube.

The other six tubes containing filfered Cd parficles were analyéed
directly on the carbon rod usiﬁg the far less sensitive 326.1 nm
resonance line. " The atqmic absqpbances observed ﬁere coﬁpared with
those measﬁred when aqueous standard solutions of cadmium were pipeted
into and atomized in the same tubes.. Two standard solutions were used;
the first contained 3.0 x 10~8 g Cd in 10 microliters and the second
3.0 x 1078 g Cd in 1 microliter. The mean values by this direct ap-

proach for the total cadmium filtered by the six porous tubes were

2,81 x 10_'8 g and 2,79 x 10'87g baéed on the atomic absorbances of the

10 microliter and 1 microliter standards respectively;
Tablé VIIT summarized the results. Basing a measurement of the
metal contained in particulate matter filtered from air wupon the atomic

absorbance of 1 nl standard solutions dried in the same tubes appears to

‘be valid with a possible 16% error (t crit x RSD (A method) at the 95%

confidence level). Actually the.experience gotten with mercury stan- -
dardization in which thé geometrical considerations are_the_same ﬁn-
dicates that the probable error due to this effect is likely less than
5%, | |
A comparison of the results of lead analysis using conventional |
miliipore filtrapion with subsequeﬁt dissolxt?ion'éf'the membrane file

ter and analysis of a fraction of the resulting solution and the direct
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TABLE VIII

COMPARISON OF-DIRECT TO INDIRECT MEASUREMENT

Calcﬁlated

Mean Value (g)
Direct (1 ul standard) . 2.79 x 108
. Direct (10 ul standard) 2.81 x 1078
Indirect o 2.80 x 10”8

OF CAPIURED PARTIGULATES

Degrees
: _of
RSD % Fresdom.
18 on
23 9
13 - 7

RSD (amethod) RSD of the statistic (Xgirect = Xindir,)

equals /(18)° + (13)2
11 7

= 7.3%

Critical. value of t95%‘(113#7;r2)_degrees of freedom

equals. 2,13
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porous tube approach was made using a motoreycle burning regulaf
gaséline as a particulgte source (Figure 18)9‘.A fraction-éf éhe ex=
'héuét from the mo#orcycle was diluted with coﬁpressed air to bring tﬁe
legdllevel doﬁn to manageable levels withla sysfem similar to'ihat
depicted ip Figure 17. A series of five 20 cc samples was taken through
poréus graphite tubes and two 1350 cc samplés were drawn throﬁgh 13 mm
diameter disks of 0.45 pm millipore ﬁembranés. The membranes were dis-
solved by heating_with 100 ul of HN03 and the solution diluted to 1.0 mi‘
before analysis on the CRA. Five microliters of 5 x iO’7 g/ml Pb
solution was pipetted into porous tubes to standardiée the direct
anaLysis;

The resﬁlté are given in Table IX. Tt would have been desirable
to collect a gfeaﬁer number of sampies but the motorcycle cbuldn't_run
. for more than ten minutes in a stationary state without overheating.
.It took approximately four minutes to draw each éample;through the
'millipore filters compargd to about five seconds each for th;_pbrqus
tubes.

Filtration of the gases above burners aSpifating solutions contain=-
ing metal ions with subseéuent‘atomizatiqn'and atomic absorption deter=
mination of. the collected metals was undertaken with selenium,'berylli;
. um, lead, and cadmium. In all case, plots of the recorded atomic ab-

. sorption vefsﬁs eithéf the volume oﬁﬁgas sampled or the concentration

of the solutions aspirated were linear. The relative standard deviation -
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TABLE IX

COMPARISON OF MILLIPORE FILTER TO POROUS GRAPHITE FOR

LEAD PARTICULATES

CONDITIONS: Pb 283,3 nm line, 2800 watts power

FILTER ' MILLIPORE -

"VOLUME SAMPLED 1350 cc
NUMEER OF DETERMINATIONS | 2
'MEAN VALUE (ug/m3) 205
STANDARD DEVIATION (ug/m>) .30

GRAPHITE
20 cc
5
- 173

9.3

More samples would have been run, especially with the

millipore filters, if the motorcycle had not overheated

and threatened to stall.




~69=
of such experiments ranged from 10 = 15%,

Table X lists some of the important féatures of the method, The
~penultimate column gives the volume of air to be sampled to get an ab-
s&rbance signal equal to ten times the sensitivity of the meﬁhod pro=-
vided that the air sampled contains levels at the recognized limits.

It is clear that for situations ihvolving possibly dangerous levels'of
air contaminaﬁts (eo go a mercury spill) a determination can be made
with only a very small sample taken in a few éecondso,

| _The last column gives the sensitivity of the technique in terms of
the concentration (ug/ﬁs) of these metals based on a ten liter air same
ple requiring about eight minutes to collect. These sensitivities com-
pare favorably with those given by Thompson et al°'(67), who'repbrted
their detection limits on the basis of a 2000 cubic meter sample col=
.leéted on.a fiberglass filter over a period of twenty=four hours!

The ambient ievel of lead in a laboratory in the chemistry build-
ing at MSU was measured to assess the degree of reproducibility possible
at fairly low levels. Air was drawn thréugh a éeries of porous tugés
for five minutes ;t flow rates ranging from 220 = 1400 cc/minute using:
a faucet aspifator for a pump. A mean value of Ooth ug/m3 with a rel-
ative standard deviation of 13% was achieved for nine lead determita=
tions. High volume samples (14 - 29 liters) taken from the roof éf the
same building on a holiday gave a mean value of 0,052 ug/m3 with an |

RSD of 7% for three lead determinations. Samples taken on the -same oc=




TABLE X: TYPICAL ANALYTICAL PARAMETERS FOR THE DIRECT ANALYSIS
iine Atomization Temp.l Safety Limits Volume3 Sensitivityh
Element nm_ - degrees C gme3 cc g /m3
Co 240.7 3000 —— 0,01
Mn 27945 3000 5000 0,009 0.0004
He 253,7 900 100 22 0,02
Se 196.0° 3000 e ,;, 0.02
Be 234.9 3000 2 22 OoOOOA
Cd 228,8 2000 200 0.04 . 060061
Pb 217.0 2200 200 0.7 0,001 é
Cu 3247 3000 o e 0.004
Ag 328.1 2200 o —— 0.0004
Cr 357.8 3000 100 2 0.002
l. Temperature of atomization is only approximate. Values given were measured with an optical
pyrometer approximately five seconds after the power was turned on.
2, ACGIH limits taken from Jae Hwang, Anal. Chem., 44, No. 14, 20A(1972).
B,D Volume of air sample at the ACGIH limit necessary to glve an absorbance signal ten times
the sensitivity (atomic absorbance of 0.044)s. :
4o Sensitivity of the method (1% absorption) in terms of pg/m3 based oﬁ_lo liter air sample
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casion for beryllium and chromium indicated that these elements were at
levels below 0.0003 and 0.0007 pg/m> respectively. |

A common cause of cadmium inhalation is the use of silver.Brazing
alloys iﬁ poorly ventilated areas. In order to simulate such a condi=-
tion, abproximately two milligrams of silver sqldep,were'brazed to in=
céndescgnce in the glassblowing laboratory. Fifty cc samples:of the ai?
An the_réom were taken periodically and the cadmium céncentration de=
términgd. Figure 20 illustrates the results.  In an industrial situa-

‘tion Cd levels could run much higher. -

Additional experiments were performed in a little used laboratory
rooms An uncolored candle of a cormon decorative variety haviné a tiny
lead wire in the wick to stiffen it was lighted and the air saﬁpled for
leads A single candle succeeded in raising ambient levels of lead from
0,14 to 1.5 ug/m3 in an hour. In another test in the séme foom, a pro-
pane gas mantle lamp faised the beryllium level from nil to Q.B ng/m3
in seven minutes. Most of the beryllium was given off in the first few
minutes after a fresh mantle was firét 1lit, Immediateiy gbove the lamp,
levels eiceeding 30 pg/m3 (15 ahd 3000 times the ACGIH and Montana state
limits respectively) were observed. This indicates that lighting:such
a lamp equipped with a new mantle in an enclosed space such as a tent
would be inadvisable.

The only samples checked which gave an appreciable non-~atomic in-

terference peak were of undiluted cigarette.smoke. A pyrex‘cigaretté
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Figure 20. Silver solder experiment
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holder was made and the filter adaptor wa§ connected to it with a
short piece of rubber tubing., Twenty=five cc samples of the smoke from
two unfiltered Camel cigare?tes were drawn through poroué tubes. The
tars were ashed by heating the tubes to a very dull red in'the‘carbon
rod atomizer. With lead there was no problem in removing the tars
without losing lead; however, with cadmium, because of its greater &ol-
atility; it was necessary to adhere to a careful ashing‘sequence of
.thir£y seconds at 450 = 475 °C to effectively remove tars without loss
of the metal. The cadmium level averaged about 5 ng/h3 and the lead
about 50 ug/m3 with the final samples (taken from the cigarette butt)
being higher than the first.
Conclusions

This technique features very low‘detection levels for a wide range
of elements in air samples. The chief reason for this is that all of
the collected material is atomized and measured in one instant; An-
other contributor to its sensitivity is the low “blaﬁks" associated
with it. High reagent or filter blanks unaviodable in many analytical
techniques drastically limit the detection capabilities‘possiblec For
example, a single square centimeter of common organic membrane filter
contains an average of 8 ng of leéd (62)e This blank amount of lead
is 800 times that associated with metal picked up in handling the
porous tubes, contact with the filter adaptor, storage, etc., is usual=

ly less than the sensitivity of the finai analysis; i. eo., for lead
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11 g or less.

this blank is on the order of 10~

The direct £echnique is best used where speed of analysis or ex-
treme sensitivity is required. Examples are studies of the diffusion
of particles from a source or for rapid determination of possibly dan=
gerous levels of contaminants in a working space. It should also prove
useful for the determination of background levels for some elements
which are at levels too low for detection by the more common anaiytical
approaches. (62),

Applications to whiéh it is not ideally suited are those in which
the small sampie size and single element capability are limitations.

An example of this would be the determination of the average amopnt'of
lead over a twenty-=four hour period in the air in a car parking lot.
Another example would be the determination of the average level of iron,
manganese, chromium, and nickel in the air over Gary, Indiana.

The method is cheap, simple, sensitive,'and readily adaptable to |
commeréially available instrumentation. The bﬁsic approach .has proven
to work well with the Woodriff furnace and the carbon rod and should be
applicable to any carbon furnace with easily changed atomization tubes;

Mﬁch of the material in this section has been accepted for pub-

(é8).

lication in Spectrochemica Acta




A SIMPLE TECHNIQUE FOR COATING GRAPHITE‘WIfH PYROLYTIC CARBON
Introduction
Recent literature is replete with evidence that carbon non-flame
atomizers used for aﬁomic absorption or atomic floﬁrescence are ‘improved
by the use of non=porous pyrolytically coated graphite or vitreous car-
bon in lieu of the more common and cheaper forms of carbon (4, 69, 70,

71). The reésons lie in the permeability of the usual grades of spec-

troscopic graphites and "carbons' to gases and solutions. This perme-

ability allows actual loss of sample atoms through the walls of the

atomization chamber and shortens fhe effective residence time of atoms
within thé optical path. Analyte material from solution partially ab-
sorbed into the graphite‘suﬁstrate before drying enters the optical path
more slowly upon heating than does material dfied'on‘thevsurfaﬁe of the
graphite, This causes a broadening and lowering of thé peak atomic
absorption signal that is.measuredQ

This laboratory has been concerned with research on flémeless atom-
ic absorption atomizers~such as homemade varietiés.éf the Massman fur-
nace (72), carbon rod and, of coursey the WOodriff‘furnaée for several
years, Over a year ago we became interested in ﬁsing either pyrolytic
graphite or vitreous carbon because of the low porosity of these matefi—
als. Howevef, it quickly became appgrent that making the required atom=
izer parts of commercially #vailable varieties of those materials would
be prohibitively expensiveo Also, the difficulty experienced in machin=-

ing a sample of vitreous carbon made it apparent that,.even if that
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material were available in bulk at reasonable cost, constructlon of at-
omization furnace parts would be a magor,uudertaklngo Wlth these prac=
tical constraints in mind we decided to devise a system to coat readily
available (and machinable) forms of graphite with an.impervious:coating;

The Super Temp Company of Santa Fe Springs, California, graciously
provided us with the material that got us started (73 = 76), At ele=
vated temperatures, methane will decompose in seteral steps, eventually‘
-forming hydrogen gas and carbon. If a suitable surface is present, the
.carbon will be depesited upon it. The physical characteristics of the
resulting coatiug are dependent both upon the tempefature of,deposition ‘
and the pressure of the methane. At low (1000 °C) and high (u=2100 °C)
temperatures, dense carbon coatlngs are formed regardless of pressure |
(73). At 1ntermediate temperatures from 1300 °C to 2100°C reduced
pressures on the order of a torr of methane are necessary to avoid iso=
tropic, sooty deposits. Commercially, the coating of graphite is done
at around 2100 °C at reduced pressures with induction heatlng of the
graphite substrate. We set out to develop a process with which useful'
pyroiytic carbop coatings could be'produced cheaply with equipment
available in a general spectroscopic laboratery. |

Experimental

To simplify the eommercial process, we used a siﬁple tube furnace

instead of an RF induction heating apparatus and novvaeuum system. The

reason that these substitutions are possible is that we utilized rela=-
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tively low temperatures in the range of 950 to 1150 °C for the deposi-
tion. Pfeliminary experiments were performed by passing methane gas
through a quartz tube heated to about 1000 °C in the flame of a

torch used for working glass. A hard, shiny coating of carbon was de-
posited in the heated portion of the tube. By wrapﬁing the quartz tube
with a coil of nichrome wire, much more uniform heating and, conséduentn
ly, better coatings, resulted. From that point the development of the
apparatus that we are presently using followed naturally (Figure él)Q
This apparatus is simply a 17 mm Vycor tube wrapped with about fiftyf
turns of 18 gauge nichrome wire and insuléted with a loosely wrapped
layer of quartz wool. A large (4.2 KVA)‘Powerstat variable autotrans-
former supplies the heating current, A three-way valve allows either
ﬁitrogen or natural gas to pass through the tube. The exit tube is
placed in a pan of water (or turpentine) to prevent oxygen diffusion
into the system., This pan should be in a hood to sweep aﬁay the possib=
ly toxic, highly unsaturated hydfécarbon fumes exhausted.

The coating process is simple,- Tﬁe valve is adjusted to pass N,
through the syétem and the power is turned on. Then the object to be
plated is placed into the right end of the tube furnace and pushed into
“the center of the heated zone with a quartz rode The rod is removed
and the entrance port restoppered. Then the valve is turned to pass
methane through the fcube° When the plating time has elapsed, nitrogen

is again admitted, and the object is moved with the quarté rod to one




to natural gas

K

support rod

to autotransformer

Figure 21. Pyrolytic Carbon Deposition Apparatus

entrance port
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of the cool ends of the tube. When the piated.objgct has cooled it is_
pushed out of the end of the tube. -

The temperature of deﬁosition is measured with an dptical pyro-
meferifocussed on the object being plated. - The flow rate of the hatu-
ral gas is frém 50 to 200 cc/minute as measured by.a Gilmont -flowmeter.
There must be sufficient flow to assure a fairly uniform bathing of
.parts to be platéd.with'the natural gas. Too high flows cool the sys=
tem excessively. Power input to the tube is on the order of 1400
watts. | |

The éarbon rod atomizer described previously in thiS‘thesisvand'é
Woodriff furnace were used to compare graphite atomizer components
both before and af£er deposition 'of pyrolytic carbon coatings.

Results aﬁd Discussion

Tﬁe'pyrolytic carbon coatings are metallic grey in appearancé,
hydrophobic, and very hard. Depending on the size and shape of the ob-
ject and the temperature, the rates of deposition vary, buﬁ are usually

in the range of O. Ol to 0.3 mm/hour. Even the lower figure is two or-
ders of magnitude greater than the rate quoted by Kotlensky (73) for
depositions at similar temperatures. The only explanation that I can
offer for this is that the commercial proéeés utilizes_rgduced pfes-
sures of methané while ours does not.

Thé raté of'depoéition as a function of the temperatufe of de-

"position was determined by éoating a Woodriff furnace heater tubé,at




-80="

different temperatures. These tubes are made of Ringsdorff graphité

type R W 105 and are 14.9 cm long with an outside diameter of 1.0 cm

and an inside diameter of 80 mm,

The methane flow rate was approximately 120 cc/minute. Figure 22

is a plot of the logarithm of the gain in mass of these tubes in milli-

igrams per minute versus'l/Tv The fact that the data definitely indicate

a curved line probably indicates that more than one intermediate species
is important in determining the overall deposition fate.

A chgck of deposition rate with respect to the flow rate of methane
gas was made. A Woodriff furnace heater pube similar to the ones used
for the temperature effect experiments served as the substrate. At a
temperature of 1040 °C, flow rates from 50 to.éOO'cc/min gave similar
results (about 5 mg'deposited/minute). At lower flow rates the carbon
deposit was not uniform, while at- flow rates in excess of 200 cc/minute
the deposition was slower. This was probably due to the cooling effect
of the excess gaéo ‘

The density of the deposited carbon was measured 5y measuring the
mass and volume of low porosity graphite objects both before and after
platinga_ The density of crystalline graphite is 2.26% (76)9 - This fig=-
ure is commonly approachéd in commercially. deposited ﬁyrolytic graphite.

The measured density -of ‘the carbon deposited by our apparatus ranges

*Commercial grades of graphite contain.a considerable number of voids,
resulting in actual densities from 0.9 to 1l.9.
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- from 2.28 to 2.43 g/cc indicating that some infiltration of the sub=-

 strate gréphite's surface takes place during deposition of the pyro- |
lytic'éoating. |
Air was drawn through the walls 6f porous_graphite tubes using the

gpéératus shoﬁn in Fiéure 9. An uncdated National AGKSP tube, 14 mm
long,.6.2 mn 0. d. and 4.7 mm i. d. will pass about 1400 cc/miﬁute of
air with a pressure_differential of 30 em of mercury across it, The

air flow (i. e., the porosity of the graphite) of such a tube is re-
duced to essentially zero after a forty minute plating period. 

| A comparison of carbon rod atomizer tubes of these dimensions un=.
dér_conditiéns of accelerated oxidation gave evidence of the Superiority
of tubes:plated with pyrolytic carbon to those that are not. The data
are'given in Table XI. Two tubes were made; the first was drilled with
a #13 drill and the second with a #12 drill (This results in a 0.13 mm
lﬁrger diameter hole than the first does.). When the second tube was
plated for one half hour, its mass aﬁd internal diameter matched the un=-
coatgd tube®s quite closely.¥* The tubes were alternatively placed be-
tween the rods of the CRA and heated to dpprdximéteiy 3000 °C for four
seconds each time for several trials. The amount df Né flushing gas

was reduced in steps from 20 to 0 foot3/hour as the test proceeded. -

¥[t is important to match the size and mass of carbon rod atomizer tubes
quite closely to achieve similar results with different tubes. This is
because the analytical signal depends strongly on the rate of atomiza=
tion, hence, upon the electrical resistance and heat capacity of the
tube,
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coated
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TABLE XI

COMPARISON OF COATED AND UNCOATED CRA TUBES

noe o N, 5 mass - A?_AE ,
of cycles. flow (cfh)” loss (mg)3 flow (co/min)* -copper
initial - ___ ' o .50 0,059
2 5 1.2 - ‘59' 0,065
initial - o 1300 | "~ 0.050
2 5 302 1400 - 0,048
5 3 3.6 75 0,061
-5 3 7.8 . 1500 © 0,031
3 0 16,2 250 . 0,054
3 0 30,0 1900 0.029

lo All heating cycles were to ap roximafely 3000 °C for 4 seconds
(4100 watts atomization power). '

2., The usual flushing gas flow is 20 cfh.

3. Cumulative mass loss from initiai‘weighingo

Lo A measure of tube porosity; the larger the flow, the more por=
ous the tube.

5, 324.7 nm line, 5 x 10"

10 g Cu in 5 ul agueous.solution, 4100

watts atomization power, 20 cfh flushing rate.
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After several heating cycles, the porosity (as measured by the air
flows through the walls of the tubes with a pressure differentiallof.>
25 cm Hg), the loss in mass due to oxidation, and the atomic absorp=
tion of 5 x 10’10 g of copper were measured. The plated tube oxidized
only one half as fast and gave h;gher and more reproducible atomic abf
sorbance values throughout the test.

Siﬁilar tgsts were performed comparing coated and.uncoated CRA
tubes for the determinations of Be, Co, Mn, and Pb with the carbon rod
atomizer. In all cases the coated tubes gave both more sensitive and -
more reproducible apalytical results. Coating the heater tubes of a
Woodriff furnace at&mizer.improved the sensitivity for copper almost
two-fold. ‘These heater tubes were drilled from'Ringsdorff type R W
105 spectrographic graphite and were tested before and. after coating
for an hour in the plating apparatus.

Another application of the technique is'in‘joining pieces of
graphite together. If the items to be bonded are placed in intimate
contact, fhey will be quite securely welded after about an hour's
treatment in the tube furnace. The threads of graphite screws and
other components of fhe high temberature'atomizers used in this labor=
atory are strengthened and their useful life: extended by coating them.

Some fritted carbon filter crucibles were made using this process.
Graphite powder from 80 to 150 mesh was wetted with a pr‘percent solu=

tion of Duco cement in benzene and packed into a 2 = 3 millimeter
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thick layer at one end of a short graphite tube (Figure 23). The re-
sulting assembly was dried for a few minutes‘and then inserted into the
tube furnace for fifteen minutes. Deposition of pyrolyﬁic cérboﬁ in the
closely packed frit sealed the particlés together and to the graphite
cylinder. The resulting filter crucibles are both physically strong and
highly resistant to chemical attack., They filter at a high rate (60
ml/minute/¢ém* filter area) and will quantitatively filter fine BaSO,
precipitates; They should prove useful in the fiitration'of solutions
which are highly-cofrosive to the ﬁsual ffitﬁed glass or porcelain
crucibleso' The finenéss of the frit can be easily conﬁfolled by using
carbon powders of different sizes. '

Some pfeliminary experiments were ﬁérformed using a fritted bottom
carbon rod atomizer cup (in lieu of the CRA tube used for air particu=- |
* late analysis) for the direct analysis of suspehded matter iﬁ naturaiif
waters. The filtration apparatus is depicted in Figure 24. Tygon
tubing supports the CRA cup and seals the éides from vacuum or water
leaks. A measured quantit& of pond water is poured into the funnel on
top and drawn through the fritted cup. Then the cup is placed between
the rods on the CRA and the contents first drieci, then ashed,’ and 
finally atomized. A portion or all of the filtraie_can be caught in a
test tube suspended in the suction flask.

A few experiments were performed attempting to relate fhe ratio .

‘of dissolved to suspended lead in the water in the fish pond adjacent
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Figure 23. Filter Crucible Construction
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to the music building at MSU; A plot of volume'fiiterea versus total
‘lead retained bj-ﬁhe.qup is roughly a straighf line. Hoﬁefer, it was
soon apparent that tﬁe fritted carbon captures ions from solution as’
well as those in particulate maﬁter; 'Ihé.puﬁ absorbed abproxiﬁately
two percent of the lead in two milliliters of 2,0 x 10°7 g/ml Pb solu=:
tion -which was filtered. - In another experiment with a more dilute
:1ead solution (10 ml of 8 x 1079 g/ml Pb) the cup absorbed'approximatelj
. 5% of the lead. This was not entirely unexpected, as some experiments
in another study testing different absorbers incluaing graphite for."
soil solution;analysis indicated that a1most everything acts as a éonn
centrator of ions fromfeitremely dilute solutions. Attempts were made
tO'prensﬁturate sorption sites in the fritted cup with ions sﬁéh_ési -
Ba+2 and La+3 beforé passing lead‘solutioné thrbugh the cup. These
ions were ineffective for this purpose. |
For these reasons I feel that a similar application proposed by

Wang (77) will be unsuccessful for solution/susPendéd matter differen~
tiation. However, this approach should prove io be useful on'a semi-
micro ievel iﬁ which the quantities of materials analyied'are at the
. microgram father than the nano and bico gram levels'usualli meésured
with flameléss étomic absorption. At these relgtive}y high'concéntfaf
tion levels the amount of lead absorbed By graphite is insignificant
compafed.to the‘quantity analyzed;f These diréct filtfation techﬁiques

should alsc prove useful for the detérminatioh of ions which can be
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quantitatively coprecipitated with a suitable carrier from relatively
large amounts of solution.
Conclusions

The pyrolytic carbon'deposition process described is.ceftainly‘noﬁ
at.itsﬂpeak of potential defelopment; howevér, it serves the purpose
for which it was intended admirably. It alléws'an experimentor t§ sig~
nificantly‘impro%e his spectroscopic apparatus quickly and at low cbéﬁe
What ié more importaﬁt, it allows a dégree of freedom in faﬁricating
new equipmént (such as the fritted-bottbm.cafbon crudiﬁles) which is
" not 6ommercially available. The poteﬂtial used.in fields of chgﬁiétny
other than‘spectroscopy are manifolde' Electrochemists often use non=
-porous graphite elecﬁrodeso Pyrolytic gpaphité rgactién vessels'mAy
prove useful for synthesis or analysis.

Much of this work has been accepted for publication. in Applied

Speétroscbpy°
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A good estimate of the theoretical sensitivity.of the CRA for mer-
cury if all of the mercury atoms éoula be atomized into the lighﬁ-path
before any loss through diffusion occurs can'be made with standard cal=
cuiations. The'experimental evidence'(p.24 s fhis thesis) indic;tes
that the mercury is volatilized’from the plated graphite iﬁ the temper--
ature range of 200 -~ 300 °C. At these températures and at atmospheric
pressure of nitrogen the.width of the absorption liné ié deterﬁined
primarily by Lorentz broadening. The following equation is ffom Mite
cheil'and Zemansk& (43, P 10): | |

(eq. 1) v = g?l N2RT[L +1
M M

chL = Lorentz broadening collision cross sectlon of Ny gas

molecules with Hg atoms
N = Number of N, molecules/cc in the absorption céll
My + M2 = molecular wts of Hg and N2 respectively
putting in Mitchell & Zemansky's value of qu for nitrogen - Hg and

573 %K for T:

vy, = 2(6L.8 x 10-16)(%gzgo x 103% (6.40 x 102) (10%5) -
5473 x 10 A

2 (831 x 107)573
201
= L6k x 109 sec”
Atomic absorption follows an exponential law for the intensity I of
transmitted light against absorbing length 1:
(eqe 2) I =1Ige

When the absorption line profile of the Hg atoms in the CRA tube is
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much wider than that of the emission profile of the hollow cathodé
lamp (as.is.the‘case in our techﬁiqué) it is permissible'to use the
absorption coefficient at the center of the absorption line KQL iﬁh
stead of K, in equation 2,
L'v&v (AA)_gives an equation for KOL on-page 12:

(eq. 3) Ko~ = 262+ Nf
me v,

Substituting into this equation the number of atoms/cm? (N) re-
sulting when 2 x 108 g of mercury is atomized in a CRA tube (inner
diameter 4.6 mm and length 15 mm).and literature values for e (chargé
of an electroﬂ), ¢ (speed of 1ight), m.(ﬁass of an electron), f (tﬁe
oscillator strength of the 2537 K Hg line), and our calculated value_of

vi, we obtain a KOL as follows:
¥

Ko = 2(4e8 x 10-10)2 + (24 % 30M)(3,0 x 10-2)
(9.1 x 1028)(3 x 1010) Lobly % 109

Kol = 2.6 x 10%

i

Substituting this value of KOL into equation 2 using a 1.5 cm pafh len .

length, we expect to see:

108-26(1,5)

1 = Torom(+k34)(26)(1.5)

I

 Abs = (L434)(26)(1.5) =17 .

8

The absorbance actually observed when 2 x 107° g of mercury is at—

omized in the rod is about O.4. This indicated that at no time is mofé




Qe

Q.:J:’) :
than a small fraction (17 of the total mercury atoms in the optical-

beam. The results of similar calculations based oﬁ the dimensions apd
instrumental condition; in the Woodriff furnace agree with the ac-
tually observed absquances measured to within a faéﬁor of two o?
threg, This indicates the'greater'atomization efficiency of the fﬁr—

nace .as compared to the carbon rod atomizer,
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