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. ‘ABSTRACT

The determlnatlon of trace elements in. coal has been

- of considerable 1nterest for varlous reasons, such as . .

~their use for seam correlatlon, thelr rnflUénce on coal'
propertles, ‘their potentlal use as a source of rare elements
and presently of more concern their assoc1atlon with certarn
detrimental effects durlng coaﬂ utilization, llke p01son1ngv
by some trace elements of the costly catalysts in- certaln

of the proposed coal gasxflcatlon and l'qulflcatlon schemes,
(\

and the release of potentlally tox1c volatl matefials

”1nto the atmosphere and’ “the surroundlngs durlng combu\tten\

- and dlsposal of the coal ash left after combustlon.
. -

Optlcal em1551on spectroscopy was used in the determln-'f
atlon of the trace elements 1n some Alberta coal :Af
quant;tatlvevmethod wasvdeveloped’u51ng'dc-arc as the.
'excitat'on.sourcepandla spectrograph with photggraphic

detection as the signal processor. The precision of the

excita 1on source was examlned The 1nduct1vely coupled
-h,plasma (ICP), which has similar multlelement analy51s .
_capabl 1t1es, was used,as a comparlson ‘source for the
dc-arc and also ina prellmlnary study to'investigate]the_.
'potentlal of the analptlcal power" of'the,lCPdeen it is
used w1th a spectrograph A prec151on study was also done

“ wlth the -ICP and the results compared to that of the dc ~arc,




- ACKNOWLEDGEMENTS . -

’
The author w1shes to extend his unreserved thanks and

’apprec1at10n to two members of hlS research group, Cheung

Lup Ng for d01ng the Atomic Absorptlon ana1y51s of the

major elements in coal and Dr. Erlc Salln who was of

great a551stance in operatlng the ICP- spectrograph comblnatlon
Also the author would 11ke to thank hlS w1fe Ayodele,y'

'fof ner encouragement and companlonshlp, and” her help in

5proof readlng.

Bl

Flnally, the authbr is deeply lndebted to Dr. Gary

‘Horllck for g1v1ng hlm the opportunlty oﬁ belng an apprentlce,yA

3runder his leadershlp, and moreover hls courtesy in gly;ng

“hlm the beneflt of very welcome suggestlons and adv1ce.'w

[N



;-

(

CHAP

I.

II.’

I1I.

R /
INTRODUCTION . . . ¢ o « o & ; e e e e 8 e e
A, Min?ral Matter in.Coal B :
o 1. !Impurities Qf’Rarevand Trace -Elements
2. -Disseminated Mineral Matter . . . . .
2 3. Detfitol:Mineral’Métﬁef’ .‘. e e e e
4, ‘Crystalline-Minéral ﬁatﬁer in Fractures
5. Boﬁded Impufities P e e a8 s s e s e
B. Why Study Trace Elements or the Mlneral
Matter in Coal. T
c.

TABLE OF CONTENTS -

D.C. Arc Optical Emission Spectroscopy .

1. Qualitative Analysis . .

2. Qualitative with Quantitative Estimates

3. Semi-quantitative Analysis .

‘Full Quantitative Analysis .

SAMPLE- PREPARATION . &« . . & o .o . .

‘ A L)

B.

D.C. ARC' QUALITATIVE ANALYSIS . . .

’ “3‘ A»u

B.

Grind—ing ... ° - . . . . . . .o e« ®

Ashing L

Inst}umentation e e e e e

Power Supp1§’; .

BT

Arc—spark Stand . . . . . .

bual Grating Spectrograph w1th

‘Illuminator Accessory . ..

E;ectrodes c e e e e e e

Qualitative Analysis . e e

vi

L

Dual

AT> 29
./ 30

PAGE

11

12
13

13

14

17

17

- 19

26

26

26

26

27



 PAGE
‘C. Time Study . « « « « ¢ o o . .v. . .:. . .. 36

IV. QUANTITATIVE ANALYSIS . . + + . & ,';'. e .. 43
A, Semiquantitative Analysis ‘;’. . <
B. Mérrix Bffects and.Standards e« s e e . s o . 48
C. InternalfStanda:dization « e ; - Y
.D.. Preparing Standards . . . ; . . o e e e Sqw
E. Arcing Conditions . . wu « + o + « « o o + « 58
F. Emuléion'Calibfation e e e e e e .'} . . . 58
G. Resulﬁs and Discussion e e e s o e e w e e o o 63
ﬁ.. Precision‘Study with an Air Stéliwbbd Jet .. 74

V. INDUCTIVELY COUPLED PLASMA WITH A PHOTOGRAPHIC |
‘ DETECTOR . . . . - . . “ .. . . - « e e« o . . . .' .\\ 8 0

a. Preliminary éurvey-. e ee e e . .. . . 80
B. Precision‘Study of the ICP . . ; . .‘. . e e e 92
.C. Discussion and Result; e e e S o . .. 98
VI, CONCLUSION + = « « v s e o e o e e o e e e e e o w99
o o x * *

'\;f}ﬁLIoGRAPHY PO 1+

APPENDIX « « « = o o o o+ o o o o o o o o v oo o aoa oo w 104

vii



" TABLE

II
III

Iv

VI
VII
VIII

IX
XX

XIT
XITT

XIV

¥
- XVII.

FVLIT

XIX(a)

XIX(b)

.,
LIST'OF'TABLES»a
: DESCRIPTION
Coal Sample Catalogue'.
Percentage Ash in Coal Samples
Grouping of Samples Accordlng to Percent Ash

Volatlllty of Trace Elements in Coal

Arcing Condltlons for Qualltatlve Analy31s

¥

Dark Room Parameters

QualitatiVe Analysls Result

Arcing Conditions for Time‘Study'

Arcing‘ Conditions for Semiquantitative Analysis

. . . N
Semiquantitative Analysis (ppm)
Operating Parameters for Atomic Absorption
Analysis of Coal Samples for Major
Constituents '

Quantltatlve Results of Major Constltuents
by Atomic Absorption

Excitation Potential and Ionization Encrgles
of Elements to be Analyzed

Synthetlc Standard in Base Matrix

Arcing Conditions for Quantitative Analysis

Linear Regression Analysis of Analytical»chrves

.D C. Arc, Trace Element Quantltatlve Result

ppm in. Whole Coal

;Trace Element Values in M01sture Free Coal

stng leferent Analy51s Methods

Precision Study on Vanadlum w1th Alr E ‘
Stallwood Jet _ , B v

Precision Study on Manganese with Air
Stallwood Jet

s wviii

73

PAGE
18
23

24

25

32

33

51

55
57 .
59

69

71 .

76

76




Cxx(a)

;

XX (b)

XXI

b 4

XXIT
. XXIII
CXXIV
.
XXVI
XXVII
.xxv1i1
XXIX

XXX

XXXI

Precision Study. on Vanadlum Wlthout
Air Stallwood Jét : ‘

Precision Study on Manganese Wlthout
Air Stallwood Jét

*

foperatlng Parameters of the ICP and

Spectrograph

¥

&

Solutions Analyzad with Exposure Times

ICP—Pnotographic
ICP-PHOthraphic
',ICP-Phetographic
ICP-Photographic

ICP—Photographic

ICP-Photographic

Operating Conditbons of

QSeful

Analytical Linesffor Mn

'Anaiytical
Useful
Usefnl Analftigal
Useful

Useful Analytical

Analytical.

Analytical

-

Lines

Lines
Lines

Lines.

Lines

for
for

for

for

for

the ICP Spectrograph

- Precision Study Table for Manganese With an

Inductively Coupled -Plasma and a Photo-

graphlc plate

~

Prec151on Study Table for Vanadlum with an

Inductively Coupled PlaSma and a Photo-

graphlc Plate

ix

\

Cr

Pb
Ni

Cu

PAGE

717

77

83
84
85
. 86
87
88

-89

93

95



10
11

12

LIST OF FIGURES

4
DESCRIPTION

Tlme Study-Curves for Mn, Zn, and Ge

:kme Study

" Time Study

Example of
~
Analytical

Analvtical

Analytical

Analytical

Curves for Pb, Cr, and Ge i‘

Curves'for v, Ni;.and Ge

an Emu151on Callbratlon Curve
Curve for v, Ni, and Zn )
Curve for Cr and Mn

Curve for Pb

Curves for V and Mn w1th an

Air Stallwood Jet

AAnalytlﬁal

Curves for V. and Mn w1thout an

Alr Stallwood Jet

| Analytlcal
' Analytlcal

3 Flow Chart

Curve for Mn w1th an ICP
Curve for \Y w1th an ICP

Dlagram for Calculator Program

PAGE
= \

40
a
42
64
66
67

- 68

.78

79
96 -
97

106



CHAPTER I~ . s N 3

. . . . . '_ ’ - .

'\ . - Introduction . B |-
o - l

It‘alllstarted.mlllions thyearsdago,'when the sunshine
and chlorophyll transtrmed the hydrogen, oxygen and carbon . .
of the air and 5011 1nto cellulose and ligin, whlch later
became the complex chemical coal.5~Usually we can predlct /_'

-~

the fate of carbon complexes in nature as a. gradual de-
'gradatlon to 51mpler compounds, ultlmately to carbon dlox1de. f
\Carbon in the form of coal, an organlc substance, is: a.

!
1
n
|
i
B R { )
blologlcal and geologlcal acc1dent (l), resultlng from minor 7/~ -f”y
Sy
i

1neff;c1enc1es 1n the mlcroblology and blochemlstry of the ///,//¥f//7

- | /
fcarbon cycle:. There seems to have been an lmbalance 'in the

-

{
.contlnual flow of" energy 1nto and out. of th1s cycle almost S _’y
~ | |
ach1ev1ng a state of balance w1th respect to carbbn compounds !

The sllght lmbalance 1s of sufflclent ma nitude as to result

7_

'durlng geologlc time, in th\; fumulatlon of’ the sedlmentary Q;»%fff’f

NS N 4

“dep051ts approxlmately known as f0531l fuels and whlch

: ;' ) _‘_.\
3 1neV1tably 1ncludes coal. N ok )_:‘“‘

v

Most sc1entists have attrlbuted ‘the. degradatrVe alter—:cﬁ |

vatlonmbf plant reSLdues malnly to- the uncea51ng act1v1t1es ”.,
f 1nnumerable mlcroorganlsm, chlefly fungl and bacterla,' _
R L
‘but also 1nclud1ng certaln forms of unlcellular an;mals ‘and [

\5'
protozoa._ These organlsms haVe deve10ped durlng the course-

'fof thelr evolutlon and natural selectlon, many Varled -com~ "

-plex enzymlc systems, whlch are spec1flcally adapted to

+

the breakdown of the organlc complexes 1n plant tlssues.

The act1v1t1es of these perva51ve array of paras1t1c and




'; i_ saprophyti agents ‘is normally llmlted-Only by the supply
| of organlc matter avallable for metabollsm. Under ‘some
env1ronmental adzfr51tles mlcroblologlcal proceséesiare
"retarded and eventually arrebted At this stage, then,the
> accumulatlve phase far exceeds the degradatlve phase and

© v

organlc sedlmentatlon or rather

formation results.

-

The mlneral e ter 1n coal also known as the ash contént
' has been~reported to have flve modes of occurrence"-
\ul) 1mpur1t1es of rare and trace elements. . .o :N,p‘f‘

B

:-2)'vdlssem1nated crystalllne mlneral matter._sjf?

-

3) . detrltol mlnerallmatter.,f ' - ‘u' : ’ T S Ea

crystalllne mlneral matter 1n fractures,'velnlets,_

:«petrlflcatlon and nodular masses.'
<. .5) ‘bonded 1mpur1t1es.
lThlS mlneral matter that ‘is obtalned wjen coal 1s ashed has

‘ “been classed by some workers as 1mpur1t1es that are quantl—

.

-tatlvely unlmportant, uncommon, rare and trace elements of . - ,h'(z
uf”yl'coal (2). Although the 1norgan1c content of coal has been

: olassed as a troublesome re31due,'1t has beenrused as ‘an
(!

'1mportant p01nt of 1nformatlon,,useful in’ predlctlng the TR

o

'amount ‘of ash 1n coal the characterlstlc of the coal and
tlmprovements that can, be expected from coa& cleanlng

.Chatterjee et al. (3) have used trace\@lement studles to

correlate seams of. South Wales coal in’ Australla._ It is RN

~-also of relevance t6 know the spec1es of mlnerals present L

. -
. X . [
. . . . .



" the ranoe of particle or crystal size and the distribution
in the coal. lt is alsohimportant to note at thiSvpolnt'that
' the mineral*matter of coalama# not~always be termed as an
objectionablegfeature,psince it has been proposed by some |
workers .as a source for the qgcovery of certaln rare
elements that are in great demand e.gf germanium, vanadium
and molybdenum to name a few (4,5).’ - o ‘ ’ .
For an analysis of trace elements in’coal,it ls

rather fundamental to con51der in more detail the occurance

- of mineral matter in coal

‘e

‘]l,. Impurltles of Rare and Trace Elements

What is termed as the 1mpur1t1es Or rare and trace
elements .are generally regarded as those elements that‘are
‘intimately associated with the organic matter and probably'
represent at least antinherited characteristic;from the
plant stagelof COal‘formation; Growing plants, as we know, .,
selectlvely or rather preferentlally absorb and ‘concentrate
a number of elements in. thelr tlssues, e.g. magnesrum in
the’ porphyrln ring of chlorophyll._ Plants also take up and
store crystalllne chemlcal substances such. as slllcates,
carbonates and oxalates. Because there are thousands of
specles 1n'the flora of the prehistoric time, it is obvious
that the assemblage of trace elements 1s‘not the same for

all coals, but nevertheless - total number found in any

particular coal ash'isbusual“ very largej~‘Not all of.



these rare and trace elements of coal are asSOC1ated

with the lnherent organlc component of coal. Goldschmldt
(6), 1nvest1gat1ng the unusual coucentratlon of germanium

in coal ash suggested that thlS occurance should not ‘be
solely described. as sselective absorptlon by plant tlssues
during growth It/hasvbeen advocated and dlscussed in great '
detail by Fortescue et al. (7), that organlc matter of coal
may absorb the element from water or gaseous solutlons that
enter the coal durlng later stages of metamorphlc develop—
merts. The report also suggests: that the source of germanlum
bearing waters or gases ‘was the rock strata overlylng or-
underlying the coal beds. " The absorptlontof germanlum by

the organlc matter. occuredvat the top and/or the bottom of

the coal bed. o ' '1,‘-n'[7\: : ‘. .‘ o

2. Dlssemlnated Crystalllne MlneralrMa\ter
Dlssemlnated crystalllne mlneral matter are usual 3% weil
: formed mlneral crystals that are observable Wlth Ky mlcro-

scope under high power. Pyrite is reported to occur most‘fre—

Y
> -

gquently and it is believed that aqueous solutlons c0nta1n1ng
iron salts enter the plant substance durlng the peat stage,-“;‘
when the pa- 2nt materlal of coal is 1n a state of water

saturatior ;g;”
' '

3. Detritol Mineral Matter

1
Detrltol mlneral matter is always 1nterm1xed w1th

- attrltus and usually has the charactorlstlcs of flne



! f. . | : . “, s ];S"QEh
sand silt andvclay. Their origin is.due to weaghered
and eroded rock and its residual.product soils. Sediment,
which-is the mineral debris from this source when water is
transgorted, and atmosoheric ‘dust, Qhentair borne, must have - -
been deposited into'coai=f0rming 'swamps:deyeloped in-

shallow basins along_iow—lying coastal‘plains;'

4. eCrystallin rMineral.Matter in Fracturesh
" The burid)l of peat under sedlmentary cover causes com—
:;prehen51ve forces to be exerted upon the water saturated
_plant debrls and as  the huge volume of water is slowly
‘ie>oelled there is con51derable shrlnkage in the depos1t.'
‘The shrlnkage bed is marked by development of nearly
' vertlcally allgned ten51on fractures.' These fractures make
it p0551bre for water to move freely through the bed.,l
f“Usually such water ‘in the coal bed c0nta1ns mlnerals in
solutlon that under favorable COndlthnS are- prec1p1tated
out of the solutlon, fllllng the fractures w1th crystalllne
mrneral matter N Coals w1th these fractupes usually break

1nto large lumps eXp051ng thln sheets of mlneral matter on

the vertlcal surfaces of thefcoals :.It seems ev1dent that

'such crystalllne matter wo_ '_be respon51ble for the unusually;

. hlgh ‘ash content encountered 'some coals
5. Bonded ImpuritleS‘ ‘

Bonded 1mpur1t1es whlch result from layers ‘of. 1norgan1c

matter 1nterbedded w1th the coal are usually thln and



_even dlfflCult to dlstlngulsh from the dull layer/of coal.
Such layers of 1mpur1t1es that adre usually consplcuous and
ea31ly measured are called portlngs by mlners, and are
sometlmes used as horlzontal marklngs. . |
Usually the last three descrlbed types of mirzral matter

in coal can be removed by crushlng to free the mlnerals from
the coal followed by grav1ty separatlons. -The dlssemlnated
crystalllne mlnerals and the dlspersed detrltol mineral
gralns can be freed only by crushlng coal to extremely fine
C51ze.:tv7: i%‘5;_‘”¥bf"f'{vf¥f;'31_3

: From the above, it 1is aPparent that there is an un—.{b;“t
.predlctable abundance of elements in coal whose dlstrlbutlon

one_way or another-has been dlctated by nature.

B. WHY 'sT.uD.Y, TRACE ELEMENTS OR THE MIN’ERAL' MAT'TER IN coaL
'r: ~all llVlng organlsms are exceedlngly sensitive to
‘external stimuli. Such stimuli add on undesirable stress
to functiOniné cellsl, As nost effects of enVironmental'
stimuli are not,immediately obvious to man, Qe are generallyl.
not aware. of bhysiological changes,which might occur tg
' maintain internal stability. Despite the incomplete
knowledge of effects of air pollutlonon humans, prlorlty of
'human health.protection must overrlde the lack of absolute
.proof, hencevwrrantlngthe need for a study-of trace elements
in coal.

'The annualvworld coal"consumption approaches 3vx 109

tons. On combustion of this coal the trace elements in coal



-7

are transferredto slag fly ash, or gases and are dlscharged
"to the env1ronment It ‘is thlS dlscharge of. trace elements

that has been ol concern to env1ronmenta11sts and chemlsts

~

;allke

There are many reports in the llterature on trace

elements 1n coal, but unfortunately,.there 1s no comprehen51ve A

Alberta..-There are a few scattered reports ln the llterature ,

"on the presence of germanlum and other trace elements 1n

' =Stern Canada coals (2 n. To understand and appre01ate:~f;W

a study on trace elements 1n,cdal 1t 1s 1mportant to rev1ew‘,

some of the studles that have been done on coal Bertlne. }"J

" and Coldberth (8) have shown that the total quantltles off"

’ B

trace elements 1nvolved in coal combustlon are large, V}?_fw"
_belng roughly’ comparable to the quantltles annually

moblllzed by the natural ‘process of weatherlng of crystal
i

s

g ‘ \\@r R
rock. They also propose that about 5% of the ' mlneral yan‘..v.

content of coal is dlscharged to the atmosphere and
selective volatlllzatlon leads to greatér atmOSpherlc dls—-

9

charge for arsenri, srlver, cadmlum, tln, antlmony, lead,
zinc; tellerium ercury and blsmuth | |

| Increased potentlal health rlsks are nowiassoc1ated w1th
those elements whlch are hlghly volatlllze and w1th those
dlscharged pr1nc1pally as submicron partlculates (9) vln:.

a dlSCUSSlOﬂ by Schultz et al. (lO),~they suggest that 1t

is poss1ble to remove over half of the potentlally toxic
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‘ concerned about'

trace elements present in coal when the mlneral matter is

reduced durlng coal.washlng, also they report that when
ucoal is burned_ln a power plant, about&lB% of the Hg

.(mercury) and about 50% of the Pb (ﬂgad) and Cd- (Cadmlum)

may‘remain‘with the fly ash. Hence pretreatment may lessen
the.amount‘Ofvtbxic element dlscharged tOtthe atmOSpherea
when—coal is burned in power plants. | B
Hall Varga vand Magee (lll, inltheir discuSSion.on
trace elements and potentlal pollutant effects in f0551l
fuel,proposed that the amounts of trace elements found in

boal.are for the most part close to.thelr average crustal

T abundance,,and hence are not toxrc at thlS 1evel Because

: i
_of the exten51ve varlatlon of trace elements in coal they .

suggested that the potentlal danger from toxic elements such

as Hg (Mercury) 1n coal was often ovefstated by averaglng

'results _ For the volatlle elements which are cons;dered

. most hazardous, that is F s, -Se, Cd, andan, the available

analytlcal data was spotty ‘and unreliable; but nevertheless

the long~term,accumulatlve effects are what we are more

¢

The trend in Alberta now is towards coal combustlon,-

- the reason for thlS trend is qulte eV1dent from the hlgh
hnost of natural gas and orl - To this date very. little has

"’-en done with regards to a study of the dlstrlbutlon, or

4

fbccurence of trace elements in coal. The present one- tlme

‘"harvest of petroleum and natural gas w1ll 1nev1tab1y come to

’
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an end and coal will be an 1mportant source of energy

i
\

In the province of Alberta the Government has shown in-=

\

crea51ng 1nterest in coal research thelr latest move is

the proposed constructlon of a coal research laboratory in

Devon (12).

Many of the coal mlnes around the world have been
exten51vely studied but the reports that are Of con51derable
interest to us are the reports from the Illlnols Geologlcal
Surveys (13).v In these reports 25 coals mainly from the»‘

Illinois area were analyzed u51ng about six dlfferent

methods. The estlmates of trace elements determlned by

~ the different methods ~are well documented in the report

Another report that documents the occuranceé&f trace

>,

elements in coal is a report by Swane (14), on trace
elements in New South Wales coals These two reports ‘are

qulte extens1ve and contaln several references on dlfferent .

elements, thelr occurrenceln the organlc or 1norgan1c part

. of coal and dlSCUSSlOnS on the usefulness of trace

elements found 1n ‘coal.

' A varlety of methods have been used in analy51ng coal

- for trace metalsr‘ Kahn et. al. (13,15) used X-ray fluorescence,

The precision reported ranges ¥§pm il% to +15% They report
that because coal is malnly composed of llght elements its
‘matrix is well sulted for almost 1nterference free x- ray
fluorescence, but it should be p01nted out -that x- ray

<

fluorescence is not a very sensitive technlque Photon
L ) :
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activation analysi~ has also been used by Zoller - (16) to
measure concentrations of trace elements in the submlcrogram
ranges in atmospherlcpartlculates,and suggest that the
'technlque is applicable to coal. Brown et al. (17) and
Sharkey et al. (18) hawe reported using Spark Source Mass

. : s

SpectrOSCOpy'in the determlnation of trace elements in coal,
fly ash, miners lung tlssue, respirable coal”dust and par-
ticulate matter. vOptical emission spectroscopy (D.C. arc)
has been used for the analysis of coal (13). Because coal
is a solid, atomlc absorptlon analysis has resulted in-the

development of wet digestion methods (19,20, 21) Balley (22)
| analysed coal .ash for trace elements by solvent extraction
followed by atomlc absorptlon spectroscopy U51ng methyl-
Vlsobutyl ketone and dlmethylglyox1me for nickel and methyl
1sobytyl ketone and ammonlum pyrolldlne dlthlocarbamate for
lead he found 1mproved results over those obtalned by direct
aSplratlon of the dlgested solutlon NeutrOn Activation
Analys1s has een one of .the most W1dely used methods for
analy21ng trace elements in coal the reason belng that 1t X
“is a hlghly sen51t1ve, nondestructlve multlelement technlque
:The method was exten51vely used 1n the Allen Steam plant
-study by Lyon and Emery (23) ‘ Shelbley (24) applled the
method for routlne analysis of 1000 samples per year, and
‘a complete trace element analy51s of 20- 24 samples per :

week averaglng 3—3.5 manhoursper sample. Block et al. (25)

also report u51ng neutron actlvatlon analysrsnfor the
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hmeasurement of oVer 40 elements in coal. A systematlc
comparison of ‘thermal and ep1therma1 1rrad1atlons in the,

instrumental act1vat10n-ana1y51s of coal and fly ash was
carried 6ut by Rowe and Steinners (26); from a total of

44 elements they found the epithermal irradiation techniqu;
advantageous for 20gelements. |

Murph§ (27) used perokide digestion to oxidise coal
samples prlor to Hg determination by cold vapour atomlc
.'absorptlon. Although the method seems su1table for the
determination of the very volatilevele;ents, it is both
.time consuming and dangerous,

From the above dlscu551ons it is ev1dent that a\varlety
of analytical methods are applicable to the analy51s of
coal for trace elements, because of the unpredlctable
'dlstrlbutlon of elements in coal no one’ report can serve as

»

a model. for the kind or' type of elements found in coal

The trace element contents dlffer from basin' to basin

in various deposits, and in dlfferent seams.

C.. D.C. ARC OPTICAL EMISSION SPECTROSCOPY " _» -
'In this study a cbntinuous_dc arcidischarge is used as

‘the primary excitation source for thelanalysis of coal.

'This dc discharge is usually maintained between‘carbon

electrodes. The contlnuous dc dlscharge is produced in

a circuit contalnlng a dc power source, prov1d1ng 220 to

250 v with a ballast reslstance connected in series with

the analytical gap. The discharge is initiated by



. He must be famlllar w1th ~specifications

12
momentarily bringing the electrodes into contact with each-

other. The basic electrlcal parameters of the dlscharge are

" the current strength and the voltage drop across the gap.

Extensive discussions on the variables that affect these
parameters are detailed by.Bonmans (30).

The dc arc source can be used for qualitative analy51s
with gquantitative estlmates, semi- quantltatlve and full

quantitative‘analysis. In br1ef these analytical procedures

can be descrlbed as follows.

1. 4Qualitative~Analysis

Basically it involves identifying all spectrographically
detectable elements.in a sample, whlch wou’d -nvolve conflrmlng-
the presence of the most sen31t1ve llnes of an element ThlS
procedure can be used for 1dent1fy1ng elements or comparlng
two samples to see 1f there 1s any dlfference. The ’ pro~ |
cedure seems ba51c and 51mple but readlng a fllm properly for
qualltatlve 1dent1f1catlon can be more dlfflcult than
analyzing a film in a rontlne.quantltatlve procedure. It
usually requires the expertise‘of N experienced spectro—
grapher who is famlllar w1th the spectra of common elements

and who can recognlse the p0551b111ty of 1nterfer1ng llnes

or varioPs materials
so as -to be able to pay spec1al attentlon (o] those'elements
that may be crltlcal at the ‘trace level Moreover he must
be famlllar with the spectra of the elements in dlfferent

base matrlces, and he should have w1de experience in_observing

My
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the effects of varying major4constituents. Usually the
analytical conditions are optimised to obtain.maximum
resolution; this would include a small slit width and the
‘use of a high resolutionAgrating‘spectrograph.

2l‘ Qualltatlve with Quantltatlve Estimates |

ThlS procedure bs. essentlally the same as that de-
scribed above with the exéeptlon of establlshlng tc some extent
lthe amount of elements present The order of magnitude of
“the estlmates is seldom numerlcal, they are most often
reported as majOr, minor, and trace depending on the.extent
of.blackness on the photographic.filmL Also since some
understandlng of the lower llmlt of detection for most elements
is known, that is about 1 ppm, the absence*of an analytlcal |
line of interest thus indicates that the element of 1nterest\
is less thanﬂ% ppm This type of analysis is mostly used in’

survey analys1s to obtain a crude estimate of the abundance

of elements in a sample.

3; Semi-quantltative Analysis

This procedure“is more tedious thanhthe lattér inpthat :
it involves the controlling of different'parameters in arcino
and ln some cases the treatment of data._ Thelresults are’.
‘usually reported in numerical form as percentages; Usually
sets of standards are arced.with"the sample. These standards

are chosen dependlng on the kind of results required. For

example, standards could be used that have concentratlons of

s

yd
e

-0.1%, 0.01%, 0. OOl% to .OOOlo,or in some cases O,la, 0.03%,



0.01%, 0.603%, 0.001%,0)0603%, 0.0001%. :Both‘sets'ofv
[Standards‘can be easily prepared or obtained as Sper
o spectrochemical G standards The Spex standards contaln 49
elements dlluted 1:1 by welght w1th graphite. The'samples
toube analysed are usually diluted 1:1, 1:10,.and in some cases
1:100 by weight with,graphite. -Usually no internal standard
is used, but Harvey (32) has developed a semi—quantitative
method that uses background as the lnternal standard ’The
rba;hground that is measured is actually the incandescence .
‘from thevelectrodes; For reproduc1b;llty'the‘samples andh
standards are weighed into the electrode. The'photographic
density is meaSured from the densitometer. lhe»precision of_i
this method is usually poor, being abdut 20% to 50%. *

. In many instances this procedure is adequate to prov1de
the’necessary 1nformatlon required, espe01ally when time and
Athe'amounthof sample preclude a”quantltatlve method._ Further—‘

o

more it can be utlllsed in establlshlng quantltatlve methods,

& .
'espec1ally where standards are to be prepared since 1t gives
" the’ spectrographer the necessary-lnformatlon aS'to which

elements are present and thelr approx1mate concentratlon._;

This would help establlsh an 1n1t1al level for the standardsa

4. Full;Quantitative Analysis’ - , -
Before a full quantitative method is_developed;'it'is
essential to know the nature of the sample, its major

. c0nst1tuents and arc1ng characterlstlcs of the elements to

Vo

bevanalysed. This 1nformatlon is 1mportant when an 1nternal
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standard 1s to be added to the standard and the samples. The
standards are usually prepared so that they match the samples
as closely as possible. The transmlttanCeuof spectral lines
are read from therdensitometer. These‘transmittance‘vafaes
are somehow'related to the intensity of the,light striking .
-the emulslon in the spectrograph the developlng process,b_
and . the characterlstlcs of the emu151on 1tself.l The~relatron—
"shlp is not very s1mple,'31nce it 1nvolves compllcated
mathematlcal expre351ons. However, the llght 1nten51ty as:
related to the fllm blackening or the densrty is . determlned
emplrlcally by calibrating. the emul51on, whlch sometlmes
involves hlghly controlled quantltatlve analy51s for each
batch of emulslon///Detalled descrlptlons of callbratlng

by

~'emu151ons will be dlscussed under quantltatlve analy51s.

As is eV1dent from the above dlscu8510n full quantltatlve

ot

analy31s is more tedlous and requlres more work The re-

produCLblllty is qulte good w1th a 5% to 10% prec131on

> -

Flnally exten51ve d1scuss10ns on the fundame steps to

be coﬁsldered 1n developlng a fu /qﬁant;tatijzlmethOd'are
. . . |

/

The maln//bjectlve of thls pro;ect was to deVelop an

detailed in Ha

'analytlcal method foF the determlnatlon of trace elements in
coal. Qualltatlve ‘and sem1 quantltatlve analytlcal methods
dwere developed. A quantltatlve analytical method was -

ldeve10ped 1nvolv1ng development of standards w17h the same

matrlx as the sample A 51mple program to fac1lltate quCk

LS P
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““‘a“‘asy emu151on callbratlon for the photographlc plate was

develOped for a- pocket calculator. "For comparlson purposes

a survey study was also carrled out substltutlng the dc arc

source w1th an 1nducEﬁvely coupled plasma. The prec151on of

the dc arc source was compared w1th that of the ICP,

@
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CHAPTER I1I1 '

Sample T  =paration

. . , R4 . . :
All eighteen samples were oﬁfaf:éq\figd the Energy

Resources Conservation Board (28). They were obtained from
. i , ) . . . . . i .
mines around Alberta’; a catalogue of the sampleS‘obtained

is shown in Ta: e I. There is no detalled lnformatlon as

to how the sampling was ‘carried out. The general descrlptlon T

-

’of the elghteen samples can be 'summarised as small pieces to ”

©

blg chunks in terms of phy51cal size and dull grey w1th
brownish-yellow specks to jet black in terms of color. Other
samples that were used in this study are the NBS coal sample

and the NBS fly ash. These samples were obtalned from the

National Bureau of Standards of the United States of Amerlca.

,'qu samples contain certified values of different elements.

@
They were used exten51vely as réference materlals for

‘callbratlon of instruments used and optlmlzatlon of methods

developed.
Sinc: our main~objectivevmu;to'develOp a routine
analyticalvmethodbfor trace element determination, no

particularly rigorous routine was used in obtaining a portion

of the samples for analysis.

A. GRINDING

i From a single contalner blg chunks were broken down to
smaller pieces with a hand grinder and mlxed thoroughly,
then smaller portlons were taken at random as a representa-

tive of the total samplé. Two methods were used to obtain
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| TABLEI
‘Coal Sample Catalogue

' Saﬁble No. ;Origin

1 ' High vale mine south pit, No. 2 seam virgin
‘ : coal, l%@feet thick. ‘

2 High vale mine west pit,‘No. 1 seam (two days
hard cut) . . '
3 .~High vale mine westvpit, No.-2zseam virgin coal.
{; . High vale.mine west pit, No. j & 4 seams.
‘ 5 o 'CafdinéL':i§er cdal, 50 Al pit. (1975)

¢  ° cardinal‘river coal, 50 Bl Pit. (1975)

7 . ,: Incarry %resh coal_ﬁnoxidized./
r; 8" ¢; : wils;ﬁ seam. . | R
9 . . Riverside miné;_
10 . Mc;ntyre_minés; No., 2 and No. 4 seams.
11 Méi;tyre.mipes, No. 11 seam. N
12 | _ Tent No. 4 pit fresh coal.
.13 " Tent No. 2 pit. | . -
14 , {3 Vesta mine No. 2
15. ““Diplomat mine 7400 pit.
vl6. ﬂipioﬁat mihe 992 pit;
17 - Vesta mine No. 1
iB | Star Key mine. |
[
<
%
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fine partieies of.unifbfg\szze. In the first,ﬁethod'thelhyl.
samples were grouna.in'an'electrie grinder Aith_netai sieyei
to obtdin very fine eoal powder, that woula govthrough at
'least 200 hesh. ExtremesCarevwas taken’ndt.to cbntaminate'i
the samples, this’ 1ncluded cleanlng the grlndlng parts of
the grlnder Very carefully after grlndlng each sample, and
"drylcleanlng" the container funnel of the grlnder by
grinding a small portion of the n;w sample for ahfew’minutes
and then discarding. 1In the second method a Spei'Saoo

mixer/mill was used.

B. ASHTING

BecauSe»Qf.the organic nature of.eoal and~;ts'overail_
. Chemical composition, whole coal cannot be conveniently
.analysed using dc arc emission spectrqchemicai techniques;
hence the'mrnerai matterbof coal must be obtained hy:oxi
.idizing~whole‘coal to its mineral oxides.'.Low temperatu_
,ashing'(L.T.A.) and high temperature ashing (H.T.A.) are
usually the two main technlques used w1th the latter being i
ths most W1dely used l |

Low temperatdre ashing,also identifiedfas.e]ectronic
low temperature ashlng or radlo frequency ashing, is a
technlque in whlch oxygen is passed through a high energy
‘electromagnetlc field produced.by a radlo—frequency oscil-
lator. .Usually'the oscillator tube is‘operated at 13.56

MHz. As the oxygen is passed through the radio- frequency

field, a dlscharge takes place. The activated gas pléSma is
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‘

_ usually'a mixture of atomic gnd ionic species;as mell as
'electronically and vibrationally excited states. The .
actlvated oxygen passes over. the coal‘saqple, and ox1datlon
of the organlc matter takes place at relatlvely low temp-

,Leratures. 'By us1ng thlS technlque it has been repOrted that

¢

the major constltuents of coal pyrlte, kaollnlte, 1lllte,‘

3

. quartz and calc1te, ﬁre con51dered to be unaffected by the

radlo~frequency ashlng teqhnlque (13) Most trace elements
BN .
cdntalned in, the coal 1n 1norgan1c comblnatlon are not

' volatlllzed durlng low temperature ashlng, .also many- of the

"‘ 3

’elements thought to be present in organlc comblnatlon also
'fremaln in the low temperature ash.. Thus the main- advantage
“of L. T A. ‘i's the retentaon of volatlle elements that are

usually lost when hrgh témperatures are used for ashlng.

3

One major dlsadvantage of L I A. is the tlme 1nvolved The

/ashlng of a few grams of coal can take up to 24 hours to

s

complete. It has also been shown that" low temperature ash
1s generally unsatlsfactory for the.determlnation of the
less’volatlle trace elements by’ Opthal em1s51on spectroscqpy

because the ash sample contains chemlcal compounds that

behave erratlcally in the dc arc (13).
ngh temperature ashlng involves ashing coal in a

muffle furnace at’ temperatures around 500 to 600 C. Although

A
most of the volatile elements are lost at such high

temperatures the ash is in a form that is qulte sultable

Ve

for arc1ng, since those remalnlng are mostly in the oxide

&

form. ' S : S . ‘
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In this analysis the hlgh temperature ashing technique

‘was employed trlpllcate portlons of eadh codl sample were

-~ \

accurately welghed in a porcelaln cruclble, and placed in

T

a conventional muffle furnace where the temperature was
gradually increased to 600 C within a perlod of three hours
Intermittent stlrrlng at two: hour 1ntervals was done w1th

a platlnum w1re The percentage ash in each sample'Was

~£E§ffffned by taking'an average of the three portions of

each coal sample, the three portlons are carefully mixed

‘to form a representatlve ash for each of the eighteen coal
samples. The ashed samples are allowed to cool down to -

room temperature in a desc1cator, and, weighed at constant

tlme 1ntervals after reheatlng to obtaln a constant welght. The
welghedportlonsof each'sample are.Ehen combined, 'ground |
in an agate mortar and a spex’ mlxer/mlll to a flne powder,
crushlng small sand and clay partlcles, and flnally drled .
in an oven at 120°C overnlght f Although it had been stated .
earlier that the ashing. temperature 1s 600° C it would be

more accurate to state that the temperature varled between
500°C and 600 C, and the average time of ashlng was between

5 to 6 hours. Table II shows the percentage ash for each
sample, and Table IITI shows a grouping of the samples w1th .
regards to therr percentage ash7 The aVerageﬂpercent ash
within samples is relatively the same In all eighteen
'samples the average percent ashwas 15.6. From Table ITI

it is. apparent that nine of the coal samples yleld percentage
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ash values beloW/lO% while five fallmbetween 10% and 20%;

hence 77% _7 the eighteen coal samples contain between 1 to

20% ash. Note that samples (4) and (12) show hlgh ash

content. Recalllng from Chapter I on the occurrence of
_mlneral matter 1n ,coal it could be realised that thls high

ash content is not very abnormal since it is possible to have
‘a considerable amount of mlneral matter associated with

coal deposits. -

No work was done .on the determlnatlon of the very

volatile elements which are lost during high temperature
ashing, Slnce the method useh in ashing is analogous to
that of Ruch (13), most of the very volatlle elements lost
durlng ashlng would be very 1dent1cal to those reported in
Table IV From thlS table it is clear that it would be

1mp0551ble to retaln Hg, Br, Sb or F at . the ashlng temperature

used but almost all of the others which are potentlally

volatlle will be retained at the ashlng temperature used,

N,
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11
12
13
14
15
16

17

18

NBS

% Ash

11.6

22.7

15.7

48.8

22.4
9.0

16.2 .

‘PABLE II

% Relative Standard Deviation

Percentage Ash in Coal Samples _

23
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* NBS Coal % Ash

- % _Range -
l - 10
10 - 20‘
20 - 30
30 - 40
40 - 50
50 - 60

Grouping of Samples A

" TABLE 1II

Sampie

11, 13, 14, 15,

17, 18

10, 16

13.5%

ccording to Percent Ash -

No. of Samples

9

6

24
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TABLE IV
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,Volatility of Trace Elements in Coal

Hg up to 90%
Br upvto 100%

Sb up to 50%

F

Low temp. ash
elements lost

Low temp.
elements retained

Ga

Se

ash

~Cu*

- Pbx*

v*

Mn*

Cr*

High temp. ash
+ .
Be
Ge

Mo

* Also retained in ashvpreparéd at 450°C,

+ No significant losses obser

at 300°C to 7Q0°C.

from Ruch et al.

(13).

i

ved in coal ash prepared

»
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z has rcsultcd in the dcvclopment of versatile enclosed units for
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CHAPTER III
DC Arc Qualitative Analysis
- Optical emission spectroscopy was used in the analysis;

: : v ?
the source for volatilizing the sample and exciting atomic

E]

species was the direct current arc. Detailed'descriptions
of the physical characteristics of the dc arc are well
documented in. the follow1ng references, Ahrens and Taylor

(29) and Boumans (30).

A. INSTRUMENTATION
The instrumentation can be summarized as follows.

1. ©Power Supply
A Jarrel-Ash utlllty dc arc power supply- w1th a 230v,
60Hzs supply was used. Power is supplied to the electrodes

with this power supply with an output voltage of 208v dc

uSing the row of fiye toggle switchesvin the front panel.
Thevresidual current is 3 amps (all-switche5~down) anq\
increasing current.levels‘can be obtained hy setting the
appropriate switches. Also in the front panel are a current

meter, fan sw&tch and a stop start SW1tch.
) v
5 o
2. Arc—Spark(Stand

Generally\for analytical spectroscopy it is necessary

.
to have ‘the arc exc1tatlon stand- rlgldly mountcd on an

Optlcal bench. The need for 1mproved accuracy and precision

—

.and an adjustable current of 3-20 amps. ' The current is set

edinctne i
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excitation of analytlcal samples.‘ Spex.industries arc/spark
stand #9010 was used. The arc stand is an enclosed system
constructed'so that fumes and volatile substances enter an
, exhaustASystem and are Qithdrawn from-the.laboratory The
door of the ar¢ stand has safetfninterlocks and all elec-
itrical connections are shielded. ‘Electrodes can be positioned
~laterally and horizontally by erternal means, and electrical,‘
gas, air and water facilities are available within the
excitation enclosure. Also the enclosed system proVides
‘the capability of igniting the arc in an inert atmosphere
and a controlled atmosphere . ' This facility is utilized‘in

the quantitative analysis. - -

3. Dual Grating Spectrograph with Dual IlluminatdrvAccessory

Since spectrography deals with phqtographic recording
of a speCtrun, it\is essential to have ‘a dispersing device
(grating)h which‘separates the light produced‘by the vcl4
atlllzed ‘elements into 1ts component wavelengths. This
spectrum is then recorded on a photographlc plate.

The Bausch and .Lomb (B & L) Dual Grating Spectrograph
is~abcoqpact>1nstrument that offers a wide rang;’of‘techniques,
speedy and efficlent operation, and high resdlution and
dispersion. In general the eff1c1ency of any spectrograph
is the sum of all its mechanlcal and optical components,
but - the. heart of the 1nstrument 1s the gratlng. There are

 two gratlngs in -the spectrograph whlch operate 1ndependently,

'the de51red wavelength area from each fOr a spccific analySLS

P
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1s selected at the instrument panelf;ith simple dialvcontrols;
Easy-to-read duplicate scales show the range and the Spread
at a glance. - ‘

The dual grating has a relatlvely flat. fleld yThe
plate curvature is Sllght reduc1ng rlsk of plate breakage.,f/
It is designed to hold one 4" x 10", one 2" x 10", or_ two
2" x 10" glass plates. Mechanical occluders for each gratlng
are’ controlled by knobs on the 1nstrument panel. ' Elther knob
may be set open when it is desired to use one gratlng only.

In most cases separatlon of spectra is desired, and thlS is
achieved by setting a dial on the instrument panel to permit
spectra to be photographed one above the other on the same
_plate, separated by a space of up to 50 mm.

| The use of two gratlngs prov1des greater flex1b111tv of
dlsper51on ' One gratlng, with 600 groves/mm, has a dlspersion
of 8A/mm, first order, and 4A/mm second order the other,b
with 1200 groves/mm glves 4A/mm first order- and 2A/mm second
order. 'These two dlsper51on ranges glve both the low )
dlsper51on necessary for recordlng of a complete spectrum
and the high dlspersron required for crltlcal study of a
complex range of that spectrum with one exposure. The ranges
desired are easily. dlaled from the 1nstrument panel.

Four slit w1dths are prov1ded (10, 20, 50 an lOOO
mlcrons) "To permlt qulck convenlent selectlon of Sllt<~
cover lenses and filters, a turret w1th 8 apertures is - |
providedl This is where the two step filters are 1nserted

for full quantitative analy51s[‘



29

system that w1ll ﬂ,//////////

\ .................

provide an imag of the source for each gra\Ing,.the dual

1llum1ma§or is a 51mpl nclosed unlt\~whlch clamps e_the

accessory bed. All'routine\adjustments are made externally ™
" - . C ™~

with two controls including provision fi ap scanning in . -

cathode and anode layer* work, and also,for alignmentﬁof\*“f\¥\;l\$\

electrodes, SO that the 1mage is centeredcn1the photographlc

~.

plate. A fllter turret allows moderating the light for

each gratlng. Tworsource 1mages, one for each grating,'are
Created by the achromatic optical system c0n51st1ng of a
series of mlrrors. Each of the images 1s focused on its
respectlve grating by a field lens (146 mm f 1) in the Sllt
"holder. Because. the lower resolutlon gratlng is actually
blazed for the visible, most of the analytlcal llnes reported

were determlned with the hlgh resolution gratlng.

4. Electrodes
ngh purlty normal den31ty (HPND) graphlte electrodes‘are
used The lower electrode (anode), wh1 oI also is the sample

’electrode is the necked crater’ type w1th a diameter of 3/16" ﬂkf”"*
I

~and a crater depth of 3/l6" The ASTM number 15‘513

rThese electrodes Classed-as. the semlquantltatlve type, bas—
'1cally have a hole drllled in the centre of a graphlte rod . : -
of: a sultable dlameter to- accommodate an amount of sample
-ranglng from 50 to 100 mg : Thelelectrodes are usnally

machlned to. Speleled dlmen51ons soO that they are all of

_3~
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‘uniform;size.
The advantaqe‘in using this kind of electrode, is the
fact that having the undercut on the'lower'electrode'fac?
111tates hlgher electrode temperatures to be malntalned with

k]
.the consequences of easier vaporlzatlon of the‘more re—i

fractory materials. ' - ' ' . _—

"

The counter electrode (cathode) is the/poiﬁted type

el 4039  with a.diameter ofﬂaggutzéflG“///;he advantage of
e :

using-this. type of counter electrode lies in the fact that

the arc discharge on the electrode cen ~1 ;as/
samples do not containdtoo\hri; a percentage-of alkali or

,alkallne earths, in which case ondensation on the. upperlb

electrode occurs, cau51ng the arc to
/

der from 51de to

's1de. A dlsadvantage in this type of counter electrode is

the fact that it lacks an undercut whlch usually prevents
exqess1ve‘wander1ng of the arc-and also minimizes the , l -
conduction of heattto the body of the‘electrode, thus re-
strictiné carbon vaporization to the tip of the.electrode.' o/
- This p01nt is rather 1mporta t s1nce background contrlbuted'

by electrode vaporlzatlon 1s £ con31derable concern when

long exposures are taken.

B. QUALITATIVE ANALYSIS -
_The ashed coal samples were dlluted w1th graphlte
”a 1: 1, 1: 5 and l lO ratio, that is 1 part sample to 1 part
graphlte by welght The 1:1 dllutlon usually caused the

sample to b01l out of the electrode whlle the 1:10 dllutlon

\\.
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_resulted in a loss of sensitivity. .The 1:5 ,dilution proved

\

qulte sultable and was used in all the dllutlons for qual-
itative analysxs. The iron spectrum is used for callbratron.'
The arc1ng-cond1tlons used are: shown in fable V. Sinoe-the
Speotrdgraph is a.dual'grating spectrograph, two\yavelength
ranges/were used,'24d.0 nm to 340.0 nm and 240.0 nm to'440l0'.
nm. For all gualitative analysis the follow1ng settings r
were made on the spectrograph' | |

| ‘ ‘Sllt w1dth - 10 nm

,Q. S1lit height - 1.5 mm .
Plate drive_—;l.sdmm/step.

As can be seen from Table V the two filters used.for the
two_gratings were set at ditferentvtransmittancensincé“thls
was found to beithe optlmum condition for obtaining a clear
spectrum of samples arced. |

Rorra114Speotro§raphic work, 4 x lOainch Kodak ‘

spectroscopic plates, type la were used (Cataloguer#lSG 7387).

These plates have a hlgh contrast compared to other emu151on

types and are the best for em1551on spectroooopy Darkroom

.parameters used in developlng photograpnlc plates are shown

in Table vI. All elghteen coal samples were arced under v

the condltlons spe01f1ed in Table Vn and the photographlc

plate develOped under the condltlons listed in Table VI.

"/ & "of

~ A Spex master plate coup ed w1th a Jarrell Ash 21 000

N}s . o, .;i-. o

non- recordlng mlcrophotometer were used as a comparator

'Ten51tometer in 1dent1fyrng elements. ‘Most of the elements

N
=

L

Lo



TABLE V

Arcing Conditions for Qualitative Analysis

Sample Filter - _ Current Anal. Gap Exposure Time
' ' (1,2) (%) (amps) (mm) | . (secs)
Fe 100,100 4 RV o 15

1 =13 25, 6 12 4 : 90
1318 - 25, 6 12 VI 120

. - ‘ . ‘
‘Note: Sample 13 - 18 arced with different electrodes, resulting

in longer exposure.
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TABLE VI

Dark Réomlparameters

Kodak Developer D-19 for 2 min.

-Stop bath ) 20 - 30 secs
Fixer | Rapid fix for 2 min.
Washing 3 "Cold water 10 - 15 min. °

Drying o > 1 hour (air dry)

'
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reported mere detected with the 240.0 - 340.0 nm grating
which is the_higher resolution grating. The other grating
has a lower sen51t1v1ty because it is blazed for the
visible. It usually covers the 240.0 nm.to‘440.0~nm region.
:Because of strong cyanogen band emission, and the poor
sensitivity in the ultraviolet it was seldom used except in a
few‘instances for confirmation purposes. The optimum con-
ditions for arcing‘parameters were arrived at after ‘many
tries (see Table V). A summary of-the qualitative analy51s
is shown in Table VII. The 1nten51ty of the llnes of .
elements.are-subjectively reported as S (strong), VS (very '’
strong), M (medium), W (QeakY,.Tr (trace). Twenty-five
'elements'were detected.‘ An'element reported as not detected
1mplles that the most per51stent line is absent and the
element is below the detection llmlt of the excltatlon
condltlons and the detector, typlcally about 1 pg for most
elements. ﬁrom the data available I is clear ‘that the‘major
"elements in the coal ash are aluminium, calclum,'}ron,b
-magnesium, silicon and'titanium. This assiénment was done
on an approximate concentration scale, snch that allvelements
greater than about 1 percent are -‘lassed as major con-
vstltuents. All others could be classed as minor or trace
-components Slnce thls dlstrlbutlon is done rather sub;f?
jectively from the spectrum obtained for qualltatlve analy51s,

all other elements that are not 1lsted above as major con-

"stltuents are trace . The concentratlon of the trace elements

Y

S
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‘ varies from sample to sample. For example germanlum was

only detected in sample ll ‘This conflrms the report cited
earller about theoccurrence of germanlum in some Western

~ Canadian coals (7). '

These qualitative results are similar-to\those reported
by other analysts in dlfferent parts of the world. The only
major. dlfference belng that some reports show rare trace
elements that are peculiar to the,coal sample analyzed ; fort

example gold and uranium in References l3land 14,

C. TIME STUDY
- Selective volatlllzatlon is one of the most character—A

1st1c phenomena of the dc arc. S%me elements distill
almost completely before others begin to volatlllze Thlsn
is an 1mportant p01nt to. con51der when quantltatlve analysis
is to be done. For a sample llke coal with many elements

it 1s‘1mportant to know as completely as p0551ble the
selectlve volatilizatiodn characterist@c of the sample. This
was done by'carrying out a time study using the moving plate
technlque, in:which the spectrograph plate holder is
racked stepw1se at deflnlte intervals of 10 secs.

Tlme studles not only give 1nformatlon as regards the
dlstlllatlon of elements in the arc plasma, but also are an
.1ntegral step in the development and lmplementation of dc
arc'Spectrochemical'analySes ‘Without a knowledge of this
“time behav1or it is next to 1mp0551ble to set up meanlngful

exposure tlmes or even determlne 1nternal standard -line
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compatibility (29,39). . |
A time study was carried out on coal sample ash ¥3,

. National‘Bureau of Standards (NBS) COal ash;apd NBS'fly ash.'
The arcing coﬁd;tions for the time studies are listed in‘
Table‘VIII..'All"samples were diluted 1:1 by weightv(l part
graphlte to 1 part coal ash) The volatlllzatlon -curves
obtalned are shown in Flgures l, 2 and/3. Relatlve_lntensity
values were obtained by the two step emulsion’éalibraﬁion |
‘procedure'(éeevappendix)p' Note'thaﬁ oniy thé curves for NBS“
coal aﬁd coal #3 are includea, since the.two samples are dsed
. in thé semi-quant. and full quantitétive‘anaiygis. ‘The -
-cufves have also beén'gfouped according to the relative
intensity of the elements;" Manganése and zinc are shown in
. Figure 1. Note that tﬁe base matrix of Ge is/that of the

3synthetic staﬁdard,'which ié'similar,ts coal sample #3.
| From the time'study curvés it isvevident that the
volatlllzatlon of manganese is 51m11ar for the NBS coal ashb
and coal #3 ash. ThlS also holds for zinc (see Flgure 1).

The relative intensities are*however.hlgher in the NBS coal
matrix. On- the.samé fiéqre néte how_germanium burns off
.very quickl&. Chromiumtand lead (Figure 2)ﬁyoiétilize very
much like germanium.' Vanadigm and nickel in NBS éoai ash
. _ ; :
volatilize differently from vanadium and nickel’inlcdal #3
ash. Although the vanadium~and niékel éu;ves,fof.cdai #3
seem to be constant aftef'jo secs. at a very‘low relétivev

: ) . . .
intensity, they are nevertheless similar to the germanium



volatilization curve (see Figiure 3). The reason for

pointing out these similarities will be discussed in /the

next chaptef.
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© - 7 CHAPTER IV -

Quantitative Analysis

. ,A;g SEMIQUANTITATIVE ANALYSIS |
| For many purposes, adequate accuracy can be obtalned by
making a v1sual comparison of the spectral 1ntens1t1es of
the unknowns w1th those of standards. In most cases this'
kind of analysis is very'valuable for preliminarv surveys,
whlch in many’ 1nstances would delineate a problem,‘and aid
in the selectlon of samples for more prec1se quantltatlve
analys1s. Harvey (32) developed a semlquantltatlve method
for analy21ng a .wide varlety of materlals. Ahrens and
\Taylor (29) dlscuss varlous methods of semlquantltatlve
analy51s. What percentages or confldence levels are we.

.

actually deallng w1th when we carry out a semlquantltatlve

[

”procedure'> Accordlng to the ASTM (33) deflnltlon of semi~
.quantltatlve procedures, "o those procedures whlch measure
the concentratlon of an element w1th1n a confldence level

Sf 2/3 to l l/2 tlmes the actual amount present "

Spex Spectrochemlcal G Standards were the standards
used (catalogue no. 1002) In brief the G Standards .consist
of four COncentratlon ranges, O l% 0.01%, 0,001% to 0.0001%
of 49 elements in graphlte. No further dllutlon of the G
‘Standards was done w1th graphlte, they were all. packed
Straight into the electrodes. *Since our main objectlve was

o develop a method for analyzlng coal, three, samples were

Q
used; the haflonal Bureau of Standards reference material
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1632 (NBS eoal), NBS fly ash and one of the elghteen coal .

samples, #3 The NBS standard reference materials were used.

ol

/

in the calibration of apparatus.and methods uSed’in the
’analyses. The certificate of analysis for the NBS reference
materlal llStS certlfled ‘values based on the results of 4

to 17 determlnatlons by each of at 1east two analytlcal
technlques. ~ The nine analytlcal techniques used did not
1nc1ude dc arc-optical em1551on spectrometry.

The ar01ng condltlons are llsted in Table Ix Thesei
paramcters were arrlved gt after ;on51derable study of
dlfferent arcing condltlons Note that’ the G standards andv_
samples were arced twice. First the samples were dlluted

1: l by weight. wuth graphlte and. the neutral densrty fllter
‘on the dual 1llum1nator was set at 69 Wlth this. settlng very

‘intense lines were 1dent1f1ed and compared more ea51ly,

The second set of arcing condltlons for the samples was a

lQ 1 dilution by welght with graphlte, and the neutral
f’:iw

>

reperted are those listed as certified 1n the Natlonal Bureau .
« :

of-Standards Certificate of Analy51s.b;The semiquantitatiVe

results are shown in Table X. Note thattbecauSe the standards

differ by factors of 10 (i.e!, 0.1, 0.01, 0.001, 0.0001),

- sample diluti- re not properly bracVeted when v1sual es-

timates are made, alsc 1t is easy for such . standards to be
outside the'latitudtslof the photographlc emu151on, in fact

one can ‘state that only two " steps of the standards can be
/

e



 Arcing Conditions for Semiquantfhative Analysis

Sample

Fe

L'Cl 1

G3

G4 o
24 0
fly (1:1)
NBS {1:1)

Coal #3 (i}lf’

Fe
Gl
G2
G3
G4
flyr(lO:is
,NBS (10:1)

 Coal #3 (10:1)

1

TABLE IX

Filter - Current Exposure Anal.

45

Yo

. _ Slit
% (amps) (secs) Gap (mm) Width
100 4 75 4 10
6 11 90 4 10
6 - 11 90 4 10°
6 11 90 4. 10
6 11 90 .4 10
6 11 90 4 10
6+ 11 90 4 10
100 4 15 . 10
25 11 90 4 10
25 11 90 . 4 10
25 11 90 4 10
-25 11 190 . © 10
© 25 1 90 4 10
25 11 90 4 10
25 11 4 10

90
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properly resolved by the emulsion. This was realiSed'be—
cause the third step standard 0.001% showed very falnt

llnes while the fourth standard was almost completely

undetected. Furthermore, non-linearity of the emulsionuabove

’

85%T and below S%T can be a problem, 51nce the upper and
lower concentratlon steps of the 4- part standards approach
"both these llmltlng values and the resultlng analysis '

suffers accordlngly Remember however that dc arc semi-

¥

-~

quantrtatlve procedures are ba51cally de51gn$f only to prOVlde

3

- an order of magnitude result. -
, . -
'Bearing the above discu$sions in mind, the results

obtained as. shown in Table X can be understood and appreciated.
Considerino the.indluidual elements, ittis clear that the -
.range of concentrations reported 1s qulte large, for example
Fe" being estimated as 400 - 14000 ppm _ as compared to the
certlfled value. of 8, 700 ppm for NBS coal. Elements that had
lln%s ‘that appeared to be close to one standard concentratlon
were reported as haV1ngﬂthat concentratlon, Mn and Cr for
example. The reported “value for Zn is;, hlgh both for NBS

coal and fly ash Note however, how the estlmated values
for fly ash closelg resemble the certlfled values as compared

i

- =~ i . ,
“to the NBS coal values ﬁ reasonable exp-an-s tion for this ob-
7

servatlon LS that 1t can - be'attrlbuted to the fact that very

little sample preparatlon was necessary for the fly ash,

."

since the elements were already in the metalllc oxide state,
“*z

whereas NBS coal had to be crushed ashed, and ground tO»a

fine powder beforc it was re¢ady for analysis. This is an
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lmportant consideration since for samples already in/the

- . . &9 J
. s .

.metallic.oxide state like fly ash from coal plants,'51mul—'”

'taneous multlelement analysus and semlquantltatlve estlmates

v.l

can be done to a high level @f’bonfldence with dc arc—'

5 o

optical em1381on spectroscopy.

S

From the above conSLderatlons one can conclude that w1th

standards whlch dlffer by less than factors of 10, that is 0.1,
0.03, 0.01, 0.003,. etc., the accuracy of semlquantltatlve analysis

w1ll 1mprove, because such'standards will more ea51ly bracket =

sample dllutlons when VLSual estlmates are made. Standards

fw1th the concentratlon range shown above would have most

llkely 1mproved the results but at the time of the analy51s

they were not available.

bl

' B.  MATRIX EFFECTS AND. STANDARDS -

Before a full quantltatlve method is developed for

‘dc arc spectrochemlcal analy51s falrly detalled 1nformat10n

should be known about the chemlcal composition as well as the
structure and the phy51cal state of the sample, since those
factors have a powerful 1nf1uence on the ex01tat10n con-

ditions and affect in one way orﬂanother the 1nten51t1es of

the relevant spectral llnes These_1nternal'influences have

vgiVen rise .to the term "matrix effects", which tends to

suggest that it is mainly the matrix, i.e. the nature of the
base and more generally that of its major constituents,'that
1nfluences the exc1tatlon condltlon Boumans (30) has

divided the aggregate of matrix effects 1nto two broad



categorfes; viz. the effects associated'with the mecnenism
of entry of the materlal into the dlscharge gap and those
'.pertalnlng to the processes that take place in the plasma.-
Because a full quantitative.method is to be developed-

‘theoccurrenceﬁof matrix effects evokes the serious problem
of accurate.standardization. Note that spectrochemical
determinations are uSuéliy basedvon the comperison of
specttal-line intensities in the spectra of samples and\in
the spectra of standards; hence, it is essential that the
elements sought are excited under entirely'identioal_con;
ditions in bothssamples'and the_stendards. ;deai standards_l
should have properties similar to those of the sampleé,'the
only differenoe‘beinq the concentration of the element to

be determined. o |

To achieve these’similarities between standards and

samples, the major components of the.oase,matrix of coal
sample 3were determined by atomic absorption analysie (34)
. The coal ash was decomposed in an acid dlgestlon bomb as
described by Bernas (21). Instrumental settlngs and,
analytical conditions for atojh@ absorptiOn measutements are
1isted in Table XI, and the quantitatiVe/resultsfor the major
constituents are shown in Table XiI.v The‘pefcentéges of
elements reportedvare the amonnt in the coél ash, whioh are
t;c0ncontrated by a factor of ,almost 10 from that in the raw
,coal. From the table, silicon is the major component of the
ash followed by aluminum, celcium, iron, titanium and

magnesium.

N A

v Amameant T et

IR~ VOSSP




TABLE XI

Operating Parametéré for Atomic Absorption Analysis

of Coal Samples for 'Major Constituents

w é?'a ' : « -
Elem%nt - Current (MA) * . Wavelength (nm) - Flame
AlGminium @ 10 .. 309.3 N,O -
4 ;-Calciu’m 3 - 422,17 N,0 -
Iron ’ 5 | '248,3. de,_
ﬁagnesium . 3 ' 285.2 * N0 -
silicon 15 . 25L.6 Ny -
‘Pitaniuom - 10 - 364.3 N,0 -

o *  Slit width 0.1 nm.

4
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TABLE XII
Quantitative Results for Majb‘r Cong%@‘tuénfs
. by Atomic Absorptibn -
.o . : $ Ash ! - % Ash _
Element (Analytical Curve) (Standard Addition) " ,
Aléminium . 10.5 | 18.4 ’
Calcium : 7.82 B - 6.43
Iron ".‘ . 2.35 o '» 42.53
Magnesium . 0.59 . 0.77
Silicon | '32;5 _ ' 35.1
Titanium - 0.81 , O.Si

PO
S



Know1ng what the base matrlx of the sample is made
of or what ltS major compqgﬁnts are, the next step 1s to-
prepare standards w1&h anbase matrix that would in all .
. respect resembleythat'of the sample. -To achieve this, high
vpurity materials were obtained from SPEX industries. Phe |
compounds obtained were aluminum oxide cat. no. 1212'with ‘

6-9s purity, iron oxide cat. no. 1232 wr}h 5-9s purlty and
. : (X,

silicon oxide cat. no. 1250 w1§h 6— 9s+ ity . Calc1um

oxidepwas not'available; the only calC1um compound available
was the carbonate with‘water‘o;'hydration,vand for dc arc
ana;ysis this would be undesirable.v,These.high purity’
‘materials mere'then combined'in the right proportions to
form the base matrix. C%%@ was taken in the- calculatlons to
assure that the correct percentage of the elements were

used rather than the oxlde, since the percentages reported
in Table XII were obtained for the elements rather than the

elemental‘ox1de. The mlxture was then homOgeniZed'by;mixing

in a plastic vial with the SPEX mixer mill.

’C. INTERNAL STANDARbIZATION

| Another important:consideration.that.reduces matrix
eftects and to some extent improves the accuracy of Spectro—
chemlcal analy51s usually 1nvolves the appllcatlon of the
’1nternal standard pr1nc1ple The 1nteznal standard principle
requlres the use of a reference element that is compietely
forelgn to the samples and. the . standards, and should mimic

e

the sought for element s behav1orﬂfrom sampling to detectlon
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.A,constant'amount of this reference element‘is added to the.

samples and standards, and the- relatQue concentration (C) of °

the analysgﬁ?@lement (X) and ‘the inte&rnal standard (R) are

.assumed to be, &%he fdﬁ%

5of sp ralvintenSity ratio.

I(X)/ILR}. That‘is

o

."'c<x)fiaC¢R) = f I(x)/I(R)

The major problem in uSing the internal standard prlnClple

is to choose an analytical line so ‘that under the ‘influence

of all experimental va%w;bles,’except concentration, the

intensity ratio will remain t2$~same or constant. This in-
volves the consideration of several major'and a.few less
important factors when selecting an internal standard. Six
of the major-factors and three of the less important factors
are listed;in Ahrens and Taylor (29)} Germanium was

selected as the internal standard to be used the reason

for selecting Ge Wlll be discussed in line Wlth the malor

factors that should be conSidered in selecting an internal

- standard.

lf If an internal standard is to. be.added as was done 1n
thlS case, its concentratlon in the unknown sample shouldv
be negligibly low. | :

2. The rates at which internal‘standard and analySis element
volatilize should be very similar; to assure this
51milar1ty a time study was done for the analysis
elements and the internal standard A brief.description
was presented in Chapter III as to the similarities of

the curves of the analysis elementsand the internal
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standard. Most of the volatilization curves oﬁgthe' '
analysiselements resembled that of the internal standard,
or in most'cases the trend of the curves were similar
exoecially for elements in coal sample #3. The elements
that showed entirely dlfferent volatilization curves are‘B
Zn in NBS co?l, nickel in NBS ‘coal and to some extent_

vanadlum in NBS coal

'Internal standard and analy51sllnes should have: 51m11ar

excitation potentials. The analysls llnesfor the‘

elements determined aneclisted in Table XIIT with the cor-
Yesponding exc1tatlon potentlals. Note -that for the analysis
lines of the elements for which eécltatlon potentlals were
avallable, the excitation potential of the 7hternal
standard'llnes match relatlvely well that of thefanalysis -
element, ‘

The internal.standard‘line should be free”from self—
_absorption. All three analysrs llnes of Ge whlch were

used are free from self- absorptlon.

Analysis and internal‘standard"lineSJshould be roughly

the same wavelength, so as to reduce errors.that might
occur in photographic measurement;of radiant.energy.r

The three analysis lines»shown-ln TableAXIIIaccount f

this. | | |

The internal standard should‘be in a very high state

purity with respect to the elements sought ThlS 1s one

advantage for u51ng Ge since 1t can be obtained in a high

state of purity.
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TABLE XIII
Excitation Potential and Ionization Energies
of Elemert. to be Anaiysed'including S

the Internal Stahdard

Elgment// ,Line.(nM) 7 ExcitaFion'  ‘ Iohiza@ion /C'
: Potentdal  (ev) Potential
cr 284.4 . . 6.74
Mn " 287.6 | . 4.8 | 7.43
Ni 3081 - e " 7.63
Pb | 283.3 4.4 | 7.42
v 318.5 3.9 | | 6.71
Zn ' 328.2 . - ' -~ . 9.39
3345 ~7.75 | L
Ge 265.1 a8 | 8.13
303.9 4.9 |
326.9 . 4.6 .
. _ -

Excitation potential values and ionization potential values

are obtained from Ahrens and TaYlor (29).
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The above six major factors are thengSt 1mportant and
one can convenlently state that the selected 1nternal ‘standard
satisfies almost all the desired factors to a reasonable
extent. Also from.the qualltatlve results Ge is only present
in one of the coal samples, hence its choice as an internal
standard is quite suitable for the remaining samples; anOther
plus-for'Ge‘is the fact that it}has a very simple spectrum
so that its interferenpe with useful,-analytical'lines_ls

negligible. ’ i | ’

D. PREPARING -STANDARDS

~ To. the prepared base matrix 0.1% Ge was added by welght.

SPEX mix lot #573 whlch contalns l 25% of 49 elements was
;used as the seurce of elements for the standards. Ap-

’proprlate amounts’ of the mix were added to the base matrlx

to obtaln the following standards, 0.1%, 0. 3% '0.01%, 0.003%

_and 0. 001% of the 49 elements in the mix (see Table XIv).
‘With thls concentratlon range 1n the standards, sample di-
,”lutléhsbare more easxly bracketed the concentratlons remaln
‘lw1th1n the latltude @f the.spectroscoplc emu1510n whlch

’ allows for a plot of the analytlcal curve w1th at least

)

»three standard concentratlons. Note that»the analytical

."

‘curves are usually drawn as log-log plots, thus the con-

centratlons of standards are qute sultable for such plots,

"since they provide evenly spaced p01nts on a log- 1og axis.

At this point it should be p01nted out that the SPEX

' mix used in the preparation of the standards alsgfcontains

~

N



“Standard
No.

1
2

gms. Fe

0., 1.9841 gms. Al

TABLE XIV

Synthetic Standard in Base Matrix

SPEX . - BASE*
Mix mg,. B ‘ , gms
° R

104.2 : 1.2196
121.7 (Std. 1) | 0.2839
68.4 (Std. I) . 0.6160
"69.4 (std. 1) . 2.2439
- ,-.'.d ’|.

81.4 (std.. 3) : 0.7326

The base .was prepared as follows: 0.0144 gms; 3eO

3 273

and 6.9519 gms. Sio,

R
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0.03
0.01
0.003

0.001

i

o7 0.3360
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Ge, so that 1nstead of haV1ng 0.1%° Ge in each of the
standards the actual concentratlon of Ge in the standards
was 0 2%, 0.13%, 0.11%, 0 103% and 0. 101% . ThOSe Narlablt
concentratlons of the lnternal standard were taken into
account when calculatlons of 1nten51ty ratlos were made so
as to normallze the amount of Ge present to 0. 1% in all flVei
standards. | o AU 'hv °
| Since NBS coal ash and coal #3 contaln no Ge, the above.

correctlon was unecessary, because the concentratlon of the

~internal standard was 0.1%.

E. | ARCING CONDITIONG |
The samples and standards were dlluted 1:1 by welght
with graghlte and packed 1nto.e1ectrodes s1m11ar to the
ones descrlbed under qualltatlve analysis. The arc1ngn'
condltlons are llsted in Table XV nght enterlng the’
-spectrograph from. the dual 1llum1nator was :directed through a
two- step filter which has’ one half transmlttlng 100% of
the llght whlle the other half transmlts 33 11% of the’ llght.
Thls two—step fllter is 81mply ‘a quartz lens that is a14

>

umlnlzed on one’ half and clear on: the other. An exposure

b
'made througb this fllter produces spectral llnes with one
~half belng lighter; than the other’half Thls prOV1des an.

1nten51ty ratio between the two halves determlned by the

percent transmlttance of each half

o e
F. EMULSION CALIBRATION

As pointed out earlier the blackening on thesdeveloped
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emulsion‘is no- dlrectly related to #me 1nten$1t¥ of the
r
llght strlklng the emu151on in. the spectrograph but is also

i

dependent on the developing process,land the 1nherentw
characterlstlcs of the emu181on 1ts;1f.{ Generally a plot
of film darken;ng, i.e. denisty of traﬁsgmps;on Uf the flimhﬁ
vs. log exposure, where exposure is deflned‘as the product ‘

of density 'and time, should sUpply the necessary 1nformatlon.

But for spectrochemistry, the lnformatlon supplied hy‘thls

~curve is unsatisfactory because 1t 1s desxrable to have a

relatlonshlp between the emulS}on darkening and a less
unw1eldly quantity than exposure as well as a quantity that
is based upon a relatlve measurement rather than an absolute

one. It is thlS requirement that has resulted in the con-

A
./,‘

structlon of an emu131on callbratlon curve. This curve is
often called the characterlstlc emu151on qurve. It is a
plot: of a function of the relatlve transmission of ‘the |,
emulsion vs. a functlon of the exposure.k It deflnes a

relatlonshlp between the 1nten51ty of -light reachlng the

emu151on and the resultant photochemlcal respOnse of the -

emu151on. (The latter is dependent on the wavelength thus

energy, of the light strlklng the emu151on )

: / N
The reason for u51ng the two-step filter descrlbed above

»

is to callbrate the emu151on on the photographlc plates

-Unllke films which. usually have uniform emulsion thlckness

because they are coated by a contlnuous mechanlcal process,

plates are usually coated by hand- pourlng which in most

cases results in non—unlform emulsion thicknes-.

v . ) .
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Emu131on speed varles with grain 51ze and the response of the
emuls1on to emltted radiation depends on the spectral’ reglon -
of 1nterest.‘_For example, in the visible'region electromag-
netic radiation penetrates a?cOnsiderable distance into the
emulsion. The thickness of the emuls%on usually determines
whether a given photon will. activate a-grain of the photo-
sensitive materlal (AgBr), in its passage through the
sensitive region. 1In theaultrav1olet reglon_photons .
are absorbed‘so quickly by the emulsion, that a given photon»
has an almost hundredApercent chance of beingrabsorbed within

a short distance of the emulsion surface.

| Hence, it seems obvious to conclude that non—unlformlty

of emu151on thlckness is less important in' the ultrav1olet
region (the most frequently used in spectrochemical analysis
with photographic detectors);vat,photographic plates most
widely used for spectrochemical amalysis haVe a thin emulsiOn,*
therefore the non—uniform distribution of emulsion in.the
plate‘(Sai#l)‘even when used in the ultraviolet region'does
warrant some ooncern,Aespecially when the photochenical

reaction between photons and the photosensitive compounds in the
emulsionlproducing a darkening on-the emulsion after de-

velopment is to be related to the amount of emitted radiation.

This discrepancy resulting from non-uniform emulsion thickness

‘1s allev1ated by callbratlng the emu151on, when quantltatlve

. J/.
analy51s is done.
r . N .
A variety of methods have been proposed and used for
' | | | ‘
emulsion‘calibratlon, including
1

}

IS
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1. tStep Sector Method - : S y
2. Two 1line Method
:3.‘.Line‘Group Method
\‘ , o 4;,‘Two Step Filter Method.
In thls‘analysis the two step filter method is used. An
, extensive discussion pn the preliminary considerations for
- an emulsion calibration is,detailed in HarveYs' text_(32).
A detailed description of how the two—step filter method g
" manually used can be found in reference 33. |
One of the commen objections to:the two-step filter
method is the fact that two calibration curveshave to be
drawn, the prellmlnary curve and the emulSLOn callbratlon
curve. Because manual methods are slow and liable. to
errors,‘computers and programmable calculators have been
exten51vely employed in spectronraphlc\calculatlons for the
calibration of emu151ons (35:39) Holcombe et al. (40) describes
a FORTRAN- based phOtOgrapth emuls1on callbratlon procedure,
which uses- the two step method and 1ncorporates two new
‘features, one llmltatlon of thls procedure is the fact
that a’ dedlcated computer ;s requlred A general mathematlcal
approach to emu131on callbratlon has also been proposed (36) .
BleV1ns and.- O' Nell (41) usedthe two step fllter method but

[

an A~ transform 1nstead of the usual Seidel - Kalser transform.

A Fortran computer program computes,the transform 'constant

[N

and obtains a llnear eguatlon for the emulsion calibration

..

curve whrch is then used to program a desk calculator to

convert»transmlttgnce readings to intensity ratio corrected
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for background."Because of ‘the limitations of time snaring
computer facilities and in some cases the requirement efba
dedicated computer, Bernard (42) developed a procedure that
uses a'desk programmable computer,for calculating the cal-
ibration curQe of a photographic emulsion, exce?t that he

used the step sector method. To calibrate the emulsion used

in this analysis a procedure was developed, analogous to the

V_ maqgal i?hods described in the ASTM manual. (33), using a
@159'pﬁ%§rammable pocket calculator. This program is dif-
.ferEnt from those described earlier in that no conputer

assistance is required in obtaining the’preliminary curvei
using the Seidelitransfprm; A detailedﬁgescription of the

program is documented in the appendix.

G. RESULTS AND DISCUSSION

%

With the program developed above datawereobtained for
emulsion calibration'curVes for every 20.0 nm starting frem
240 0 nm | An iron spectrum was used for all the calibratiOns;
.Extended Eog scale plots were drawn on 3 x 3 log paper for

each of,the regions calibrated. An example of the final
emulsion calibration plot 1is shown_in Fig. 4. Ftrom similar
calibration eurves,'relative intensity readings.were obtained
.forntransmission data of.analytical linesé internal'standard
lines;and.background.i,Baekground'correction and corrections
on the intensity(of the internal standard, because of‘the.

¥ ’ :

variable concentrations were carried out. Working curves were

drawn on log-log axes with the ratio of the intensity of
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‘the analysis line to the internal standard on the ordinate

e
” e

-Zand the,conoentration of the analysis element exﬁressed

!

' as percent element on the-abscissa. The analytical curves
are shown in FigureS‘S,,G and 7.
An 1mportant con51deration for analytical curves
plotted on a logarithmic coordinate 1s the fact that the:75
slope of the line should be 45°, When this condition 1s achleved

the curve is considered to be a normal’cunVe., Thms realization

..
LA

of a normal curve is difficult to achieve. in dc arc spectro- .
graphlc analy81s. In the‘interest of obtalning the'highest
- accuracy and simplifying standardization calcuiations, a .K

4;,

unity slope analytical ‘carve is’ des1rable. Henoe) it is
f:;;éportant to realise and 1f p0551ble 1mprove off slopes in'
analytlcal curves.' The-results of llneargregre551On4analysis

on the analYtical curves ofvthe elements'determined are shown

in Table XVI. Almost all the analytical curves “of the

elements have slopes iess than unity. Causes of non unity '
slopes include nsing two points to define_the analytical ourvé,
the'hecessity'oflbackoround cOrreotion( metallurgioal'
difﬁerences resulting.from increased percentage of a variable J
constituent directly under the internal standard line, and
finally, selfvahsorption. Analytical curves drawn on log-log
coordinates dovnot usually show the’characteristic‘bend of

the analytical curve towards the concentration‘axis.(absoissa)
‘when:self absorétionlisapresent but rather are straight with )

a slope of less than unity. Realizing that the physical and

chemical nature of the dc arc discharge makes it prone to

»

7
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' TABLE XVI | ' |
Linear Regression Analysis of Analytical Curves
Element _ -Slope Ccrr, Coeff.
Manganese | 0:43 6.9685 ' : ” i
Lead . "0.57 0 951
Chromium 0.48 | 0. 360
Nickel o 0.76 | 0.9979
Zinc - 1.05 10.9954

. Vanadium . 0.83 | 0.9962
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self absorptlon, thlS effect 1s a common cause of off SlOpe
analytlcal curves. In the constructlon‘of'the analytical

‘curves shown in Figures 5,h6 and 7, more than three points

\
|

‘were used to define the curves, background correction Qash
done for each line when necessary, and extreme care was taken
to choose analytical lines for sought for elements and
_1nternal standard that were free from 1nterferences These
llnes were carefully chosen and checked from Zaidel (44)
The off slope of the worklng curves are all not of the same.
degree of shift from normal (see Mn and V), -thus the pos-.
sibility for the cause of the off-slope being the calibration
- of the emulsion is unlikely. From the above cOnsiderations
the possible causes could-be metallurgical differences due
to increased percentage of a variable constituent; and/or
the presence of - ground state atoms or very Iow energy state
., atoms in the cooler outer frlnge of the central hot core of
the"arc duringfarcing of sampleSwresulting in self absorption.
From the worklng curves obtalned the percentage of elements
in. NBS coal and coal #3 were obtalned and the results calculated :
as ppm in whole coal are presented as ppm in whole coal. The re-
'sults obtained (Table XVII) fo; Cr; Mn, Ni and V can be termed as .
reasonableuwhen one con51ders the fact that the base matrix of the :
;standard was not- prepared to match NBS coal matrlx but coal
sample #3.  As p01nted out earlier the anal\tlcal methods>
used to determine the concentratlon of the elements in NBS

coal were quite dlfferent from that. used in this analysis,

hence differences in sample preparation should be considered: -



TABLE XVII

D.C. Arc Trace Element Quanpifative Resu%ts

(ppm in whole coal)

Element Line NBS fﬁxg)" NBS (Lit) | Coal #3
cr 284.3 32.8 . 20.2:0.5 7.7
Mn 1260.5  36.9 40:3  116.0
Ni 305.1 20.9 - 1551 © - 6.0 .
Pb 283.3 88.7  30%9 17.6

v o :318.5 44.3 3513 26,7
zZn  328.2 210 .. 3764 165
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when considering the results reported (see Ruchdet. a1.:(13))Q
h This point can not be overemphaslzed when Table XVIII is

' considered. Only three samples are tabulated for each
element, note that consrderable varlatlon occurs with the
dlfferent analytical methods used for analy51s. From the
data reported in Table XVIII and that obtained from this
analysrs,'one tends to conclude that these varlatlons are
malnly due to the 1nherent nature of coal;wrth regards to
the distribution of trace elements. - The unusually hlgh

‘-result obtg;nld for Pb and Zn in partlcular are- usually

ucallzed mlnerallzatlon and sample 1n4

In the case of Zn 1mpr0per 1nternal

‘also be responslble, as Zn volatlllzes

‘ dlfferently from Ge (see volatlllzatlon curves, Fig. 2)
Another 1mportant consrderatlon for the hlgh results of

zinc could be due to temperature changes in the arc plasma,
“since zinc has been used as a thermometrlc element by

Boumans (30) NBS coal and coal #3 have some sodlum which:
would to some extent tend to lower the ex01tat10n temperature
of the arc dlscharge, whereas the standard prepared had no-
sodium or alkali metal in 1ts matrix. One last "on51deratlon
of the. results in Table XVII is that con51der1ng the NBS
'cbal as a general representatlve of coal around North Amerlca
(true for coals from coal mlnlng 1ndustry in the USA) the‘
“element concentration obtained for coal #3 resembles that
reported for NBS coal.,Note‘also that: as pointed out'earlierv

the base matrixﬁofkthe standards used to prepare working
~ . . . . . .. o

.

-



73

TABLE XVIII

Trace Element Values in Moisture Free Coal ysing

Coal

AA

' All data from Ruch et alJ

Using'Different Analysis Methods

\

Element (ppm)

Sample No -V _ \Y \Y
Whole Coal-  HTA LTA
S X~Rf PE-DR OE~-P
C-16030 40 33 11
C-16264 32 24 7 12
C-16139 32 ‘34 72
" Ni _ Ni Ni Ni ‘W4
A -~ 'Whole Co&l LTA HTA HTA HTA
: ' e X-RE AA AA OE~-DR OE-P
C-16030 35 33 38 " 47 58
C-15384 18 16 15 16. 19
C-16317; 27 27" 24 36 34
Zn Zn Zn Zn
o Whole Coal _LTA HTA HTA
; X-Rf AA AA OE-P’ ‘
C-17001 68 184 171 117 :
C-16139 44 86 - 140
C-14721 123 294 221 - 85
Pb Pb ' Pb Pb "Pb =
Whole Coal - LTA - HTA - HTA HTA
: . uX-Rf AA ' BAA ' OE-DR." . OE-P
' C-15117- . 4983 . 163 *. . 188 249 135 -
C-15944 C 106 197 . = © 99 258
Cc-51 51 - 86 57 64 53
- Cr Cr Cr Cr- :
LA} HTA t‘ \ HTA HTA 1 |
C ‘AR 'AA." . %  OE-DR OE~-P b
-C-16030 21 29 17 3%
C-14970 18 - 17 ‘12 19
?C 13464‘ - - ‘33 74
LTA = Low temperature ash. Ly R ) !
HTA = High temperature ash ! .
X-Rf - E X-ray fluorescence. ’ o ) e
OE~-DR = Optical -emission - direct reading. -.
OE< /P = Optical emission - photographlc. ' .

Atomlc absorptlon oo
(13).

1
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curves was based on the base matrix of coal‘#%u

H. PRECISION'STUDY

‘One disadvantage of the dc arc optical em1351on technque
when a photographic plate is used for analysis is the lack
of.pre01s10n. Percent relative standarddQViationsas highv
“as 40 are,not uncommon This’ problem can be redUced by '
enc1031ng the arc discharge 1n a controlled atmosphere in
order to stablllse i1t. One of the most common de&aces used
to achleve thls is the Stallwodg Jet (45)-.

A prec1symrstudyon vanadium and manganese was carried
out with and without the Stallmood Jet. A SPEX enclosed
Stallwood jet (cat. _#9027) and a SPEX quartz DOME (cat 49026)
‘,Qere used : when the prec1s;on study was carrled out w1th the
air Stallwood jet Alil excrtatlon condltlons were . the same
as for the quantitative analysis descrlbed earlier.

Ordlnary alr was used as the surroundlng gas . When the jet
waﬂ used the 1nd1cator for a1r flow 1n the Arc/Spark stand

was set at 16 SCFH whlle the gas tank pressure vas’ 30 pSl.
Trlpllcate ar01ngs were done for the determlnatlon of Vanadlum
“and manganese w1th and w1thout theé air Stallwood jet.~

.The results obtalned are'shown in Tah&es XIX ‘and., XX The‘
analvtlcal curves for vanadlum with and w1thout an a1r Stallwood
"are shown in Flg 8, whmle the analytlcal cUrves for manganese

- ~

with and w1thout an alr Stallwood jet are shown in Flg 9.
'The results- for v w1th the air Stallwood jet show hlgh relative
standard dev1atlons for three of the concentratlon ranges with

only one concenLratlon range hav1ng ‘a percent relative standard
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deviation of 1es/ than 4. The values for the manganese with
' the air StallwooZ jet are much lower when compared to thcse
of vanadium. W;thout the Stallwood jet the percent relat .v=
standard deviatﬁons are quite high in‘both cases (see

Tables XX(a) and XX(b)). This boils down to the fact the:
the precision ualues shown in Tables XIX and XX indicate
relatively.peor precision for the method, but this is not
atyplcal ofiquantitatlve ac arc emission spectroscopy™. The
precision values obtained in this analysis are comparablelto
or better than that obtained by many workers. Ruch et al.
(13) for example, shows a percent relative standard dev1at;on
,Of 30 for vanadium with the same analytlcal llne as was Wsed
invthis analysisy‘and 79 for manganese. The percent relatlve'
standard deviatlon obtained for vanadium and.manganeselwlth
'the Stallwood air jet can be estlmated as being 17 and ll and A\s»
w1thout the air Stallwood jet, 20 and 25. Hence the prec1sion

kN

obtalned with the Stallwood air jet is much better than that

b

Areported by Ruch Moreover, the results obtalned show that

the use of the alr Stallwood jet does 1mprove the prec1sron
{
of results when quantltatlve dc arc is the analy51s method.



TABLE XIX(a)

- Precision Study on Vanadium With Air Stallwood Jet

3

% Element IV/Iée, IV/IGe IV/IGe Ave. S.D.  $%R.S.D.
0.1 2.83 '»‘1.92 2.78 2.51  0.51 ' 20.4
0.03 0.69 0.73  0.68 0.70  0.02 3.8
0.01 - 0.28 - 0.22 0.31 °  0.27  0.05  17.0
0.003 0.10 0.15 0.09 - 0.11 . 0.03  28.4

-
TABLE XIX(b)

Precision Study on Manganese with Air Stallwood Jet

%rElement IMn/IGe ‘ IMn/IQe ; IME/IGe Ave. . H%RmS.D.
"6,1; f > 2.1 2.2, .7 2.1 2.3 13.8
: 0.03'5..5 1_0.85“7 0.9 ©0.83 . '0;34‘ 16,;'
Tl .39 033 | 0.3 - 0.34,  13.5.
0.003°  0.23 S 0.28 - 0.24 0.25  10.6
| L , :
] :
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TABLE XX{(a)

~ Precision Study Data on Vanadium Without

% Elehent
0.1
0.03
0.01
0.003

4

'
Precis

% Elément

IV/IGe

1.22

IV/IGe IV/1IGe Ave,

1.60 1.44
0.96°  0.60
0.24 0.31
0.18 0.12

TABLE XX (b)

{

S-Dl
0.20
1 0.21

»

0.04

©0.03

77

Air Stallwood Jet

‘%R.S.D;
13;7
23.5
16.3

120.8

ion Study on Mangaﬁese;Without Air Stallwood Jet

IMn/Ige

3.75. .
i.55
0.83

0,31

Igﬁ/lée
' 4.88

0.63"

0.60

0.36

- IMn/IGe

. 4.02

Ave.

%¥R.S.D.

o

14 .

41
18

.27

14
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CHAPTER V

Inductlvely Coupled Plasma w1th a. Photographlc Detéctor

. The use of 1nduct1vely coupled plasmas as exc1tatlon “
“sources for trace metal determlnatlon has been exten51vely
\

1nvestlgated by many authors 1nclud1ng Greenfield. (46),

Wendt and Fassel (47) and Scott et al. (48). Detection

A ,fllmlts are 1n the range of 0 1 - lOO ug/ml in the solutlon

or 0.01 - 10 ppm ( ug/g) in the dissolved SOlld sample

~(l% M/V) for approx1mately 15 s= 1ntegratlon (49) ' Wlth such

' detectlon limits, the use of an ICP in conjunct1on with a
spectrographﬂcould provide superior results to those ob:
:talned with the dc arc source—spectrograph\comblnation

With this in mlnd a short prellmlnary study of the analytlcal
‘appllcablllty ﬁ t&ﬁ ICP source- spectrograph combination for
ﬁhe simulbaheous trace’e;emént analysrs of coal ash was "’

. undertaken.

‘AL PRELIMINARY SURVEY

' As 1nd1cated above SOlld saﬁples must be dlssolved
and‘put into sorutlon for analy51s W1tH‘an 1nduct1vely coupled
plasma. The dlsolutlon process described earlier when solid
"saﬁples were dlesolved for atomlc absorptlon analy51s was.used'
that iS‘thefluoroborlcac1d dlgestlon bomb method Accurately
7weighed.samples of NBS coal and coal #3 were dlssolved by the

above method and made up to 100 ml respectively. Before these

'solutions’ were analyéed, standard solutions of Fe, V, Mn, Cr,.
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+ Pb, Ni, and Zn at concentrations of 0.1, 1.0, and 10.0 ppm
(except Fe - 1000 ppm), were analysed with the ICP and
”spectrograph to.establiSh among other things optimum operating
,zcondltlons, and moreover to detect useful analytical lines on
the photographlc plate after development. " This 1ast con-
51deratlon is very important because the ICP.source is

duite a different sdgrce from the dc arc in that it has a
higher - exc1tatlon te@?erature than the dc arc. What thlS
eventually amounts to%is that the $CP is a much hotter source
: than‘the dc arc, conSequently there-w1ll be very few atom line

.em1551ons and most of the emlSSlQn signals will come from ion

lines, whlch to some extent wou

pe,similar to spark em~
ission. The operatlng parametei ~%f.the'ICP and spectrograph
are ‘shown in Table XXl, whileigiﬂhﬁolutions analysed and the
operating conditions are.shown in;Table XXII. The photographlc
plate was, then developed and analytlcal lines 1dent1f1ed with
the-axdﬁof-a standard plate.and Zeidel's (44) wavelength tables,
' Most of the spark lines on the standard plate were used
‘1n the 1dent1f1catlon of useful analytlcal llnes of the p
elements analyZed.' The useful analytical lines detected and
the correspondlng concentratlonsare shown in Tables XXIIT to
>,XXVII . Note that no lines were detected for Zn in the
jSpectral region used slnce most of the ién lines that are
ssen51t1ve to be detected are out51de the spectral reglon used;

that is- the 240 0 nm to 340. 0 nm reglon on the higher res-

olutlon gratlng 'Some examples ihclude P 177.4 nm, As 189.0 nm -

i : B



TABLE XXI
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Operating Parame;grs'bf the ICP andASpecﬁﬂggraph

CoolantbPiaéma é&s
Nebulig€;1P?éssure
Incideng Power
Reflected Power
Loading

Tuﬁing

Aux.’

Aerosol »

Spectrograph

slit width

Slit height

A

© 99

g

17 LBM

14 psi
2.0 kw

25 watts

171

0

1.0 L/M

dual.grating - 240.0-340.0 nm
‘ - 240.0-440.0 nm

- 10u

‘1.5 mm

R

5
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TABLE XXII A
Solutions Analyzed with Exposure Times S _
Solution Conc. (ppm) - Exposure Time
7 (Secs)
Fe 1000 ‘ 30
AY ) 0.1 ’ ‘ - 60
: i.0 60
10.0 4 : 60
Mn | 0.1 7 C 60
' 1.0 _ ' . 60
10.0 ~ - 60
Cr 0 0.1 : 60
1.0 . 60
10.0 60
Pb 0.1 60
’ 1.0 _ 60
10.0 . . 60
_Ni ¢ 0.1 50
1.0 60
. 10.0 - 60
Zn - 0.1 a 60
10.0 : ' 60
Cu | | 0.1 , | 60
1.0 . - _ © 60
110.0 . 60
NBS Coal v - 60
' Ccoal #3 | o : _ 60
Fe 1000 | _ o 60 -
: ] SR ™

Aftérleach“elément,:the nebulizey was flus“ed with HNO, and

‘distilled water for 1 min.



TABLE XXIII
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ICP - Photagraphic Analytical Lines for Mn

C¢nc.“(ppm) .

Q.l

>

10

10

10

10

10

10

10

10

210

1)

Line (nm)
257.6
259.3
260.5
279.4

279.8

280.1

+403:4:2

+403.4

+403.0

+ With lower resolution grating.

Comment

~ -

- weak, strong

weak, strong

“weak, strong

very weak, strong

very weak, strong.

. 4
very weak, strong

fairly strong, “strong

fairly strong, strong -

fairly strohg, stfbng

T o ]
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v
-

e - 'TABLE XXIV

ICP - Photographic useful Analytical Lines for Vv

Conc. (ppm) . | Line (nm) ~ Comments N
0.1, 1.0 - 3125 very weak, strong
1.0,110.0 : 268.7 - 'weak, strong
1.0, 10.0 . 309.3 weak, strong
1.0, 10.0 ~ 31l.0 - weak, strggg.v _
1.0, 10}0 . “311.8 | i , | weak, strong . /
1.0, i0.0 o 312.5 o weak, stronéﬂff///i:
.i.O, 10.0 318.5 very weak, .cr n.
1.6, 10.0 ) ,*326;7 .. | verylweak, ztggr
1.0, 10.0 Al_‘ *327.1, " very weak, strong
i.o,:io.on" *327.6 ' 'Qery weak, strong,.

* Lines that are not on standard plate, but reported in

- Zeidel's wavelenath table. o
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TABLE XXV

1

'ICP - Photographic Useful Analytical Lines for Cr

Conc. (ppm) - Line (nm) . Comments
0.1 o . ‘ - not detected _
1.0, 10 : *267.7 ¢ very very faint, strong
10 s : *276.2 ! fairly strong, no
. 4 A *276.6 - o interference
1.0, 10 ‘ ' 283,5 - - overlap with
. - 284.3 ' ~ iron
10 . - O *302.1 - T strong
. . S . *301.7 - strong
1.0, 10 ‘ © 4%357.8 " - weak, strong
. : +*359.8 o weak, strong
©10 R ~ +%360.5 ~ strong .
1.0, 10 R +425.4 weak, strong
o o C +427.4 : weak, strong
T +428.9 - . weak, strong

* TLines that are not on standard,plate‘but r

eported- in
| E ’

Zeidelfs’wavelength tablé.

+ With lower resolution gfating.,, e j



P ' © _TABLE XxvI S N
. e
iCP - Photographlc Useful Analytlcal Llnes foﬂ Pb-

Comc. (ppm) .  Line (nm) . Comments =
d.l . R ‘-' » i - not detected
1.0 ~, : - - not defected

10.0 o . 283.3 *weak .
10.0 ' ’ - | +36§.3 | - véry weak R y
10.0 | ' +405.7 o weak L

* This llne can be used : for analy51s 1f operatlng parameters.
,are gyrther optlmlsed s

.»+'”W1th iower resolutlon grating.

Loy s Lo n .



_ TABLE XXVII S

ICP - Photographic Useful Analytical Lines for Ni

/- .
'\J o . A .
. , , v

Conc. (ppm) . = Line (nm) .C'cmlment'I
0.1 ‘ - ) - B A gpt de%ected
1.0, 10.0° - _300.2 o N very.. faint, strong
' -~305.0 . . . very faint, very faint.
10 300.3 - ~ strong
- -301.2, . strong
303.7 . - -strong
- ' v © 4352.4 weak o
' S +351.5 - : weak
- _\\\\< +361.9 > weak
n L o ' . : , B

None of the lines reported above,are listed on the standard
plate, but are reported in Zeidel's wavelength table. . .

. L . “ o ’ ’ - ‘ >
+ With lower resolution grating.

\
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- g:{' TABLE xvaII fvm:4” ;

&

~'\-v" >,

jvcbn'c. ~'(ppfn<)-> L,me (nm) 'é'oﬁm:le‘l'l'tj_‘-

0.1, 1.0, 10.0, . 7{?324‘7 ?f,Ltf@§; ffainé;L$trd5g;‘yery'sgrong'

1.0, 10. . ' 327,3°° . strong, very strong-

o2 - A B R .

A
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,...

extremely sensxtlve 11nes 1n the ICP At the othef wave-jr 4
length extreme are Pb 405.7 fm,’ cs 852.1 nm, ‘and K Hes.9 nm,

the last two belng 1n the far red reglon, wh1ch are the- most‘,

‘5f4‘ht sensitlve and out51de this. range. *In most of the elements_?fﬁ'u
B analyzed the 0 1 ppm condentratlon was’not detected or is ;.ﬁw

reported as very weak., Because of the known detectlon

|

llmltS of the ICP ‘1t would seem that the lattltude of the

photographlc emd151on does have a: codslderable effect on the
NS _
detgctlon llmlts of most elements.' But agaln the operatlng

,./;
o~

g parameters of the ICP can be opt1mlzed to 1mprove on the -

-

detectlon 11m1ts. Thls was reallsed later after the nebullserv'v

- pressure was_decreased from 14 psi to 10 p51.. ThlS reductlon e

‘-

o ‘in pressure resulted in a more 1ntense source, temperature
R
f\\;\'-W1se, and thus creates the prOper env1ronment for ion llne

em1551on. Also 51nce photographlc emu151ons exhiblt w1de
' » €

'*-'varlatlons in sen51t1v1tx at dlfferent wavelengths, spec1ally

G

treated emu131ons can.be obtalned that are sen51t1ve in reglons '

‘where the. present emu151on used 1s not The Spectral reglon

A”that ohr present emu151on covers in terms of sens1t1V1ty is

fi,

from around 240.0 nm. to -a 11ttle less.than 450 0 nm.
Slnce thls work is only avpfélgmlnary éurvey no extensive
study was dOne to 1mprove the detectlon llmlts. However, the Sllt_

w1dth was changed from lOu to 20u and the exposure tlme.wasﬁk“f

wte; lZOWGecs It is’ 1mportant to note that thlS effeLt

xposure\could not be relled upon,'51nce the fallure

1o

D i
-



Fthat 1s 1n'a photochemical reactxon,,a constaht eifect rs ““:,

Coae

.\.,

"reported ﬁor the ICP w1th other detectors may well be"”'{'

. "\\),J\' o

"

v.levels. Also as p01nted out earller the nebullser pressure

.v,_v Y

was reducéd tq lo ps1., These’chanFes dld 1mprove_th;3de— fff;{ﬁ{?;t

tectlon llm}ts espec1a11y°of Mn and V._ It was reallsed that"

., KA

the most 1mpPrtant was the change 1n the nebullser preSSure}f'

"L

»fitThls 1ndacates that the already excellent detectlonvllmlts«rf{

cr

'":achleved w1th the ICP,and the photographlc plate 1f careful

-rl _.‘}

: optlmlzatlon of the operatlng parameters<xfthe ICP 1s carrled:

| out.v3;’“ﬂia”* 1 g '?<> ‘v:a? LE;,, jf???fffi§_4f“(iﬁf?{'i‘ﬁlfj-fif o

. 4,'-',_71- e ‘ Pl
C SR et Y E DU

ST

- | One dlstlngulshrng characterlstlc 6f the photographlc

zspectrum obtalned wlth the &CP ;s the absence Qf the cyanogen.f""

L X CERC LR
ORI S e N : o e

bands and heavy backgroundchm:Uaelectrode em1551on character—;fu”e’

R S g el . : . L
ok : ;

:vlstlc of the‘dc”arcs; H0wever the spectrum was not entlrely

aand predomlnate around 281 1 nm to 293 0 ‘M and 306 4 nm to’

. clean because twq,hydxoxxl bands from water are Very prevalent

ool
Nt .

.~

: iy
_the end oﬁtthe spectrum m340 0 nn. Generally the spegtrumé

"i"

was clear, but 1n the reglons where OH bands predomlnate

BV

Ry

detectlng useful analytlcal llnes can be dlfflcult.d Unllke

-

N
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the dc arc 1n a controlled atmosphere, the hydroxyl bands

o vfrom the plasma cannot be ellmlnated 51nce water is the ma1n
ffsolvent used w1th the IcP. However, with a proper under-"

'ﬁfstandlng and characterlzatlon of analyt1ca1 1nformat10n

ﬁ;;obtalned from the ICP w1th a: photographlc plate, the problem

1.are shown ‘in Table XXIX. o~

fﬁfof OH band em1551on can be managed e ."f S

B PRECISION 's'ruby" o ]

HaV1ng arrlvag at reasonable operatlng condltlons,“a"

v

‘pstandard mlxture contalnlng \' and Mn was prepared so as to

:_bracket the concentratlon of V and Mn 1n NBS coal and coal

v

'#3“~The follow1ng concentratlons were prepared 0. 5, 1. 0,'1
;f,;z,o 5~0 and 10.0 ppm, in each ‘sample a constant. amount of
‘Ge was added to act as an 1nternal standard 1f de51red.-
Jﬁf}Trlpllcate runs of each concentration and sample were carrled

“ﬁ pout.» The operatlng condltlons of the ICP and spectrograph

3.

Iron produced a rlch spectrum that was, sultable for

. emu151on callbratlon, but talllng of spectral llnes in. certaln

'bfreglons made,callbratlon dlfflcult w;th the two step fllter

;hod Thls problem wa/ more ev1dent around the 310 0 nm

..)

.reglon and prevented ‘thée use of very sens1t1ve vanadlum j°"

llﬁes, 51nce the emu131on around thlS reglon cannot be proper—

-aly callbrated;\ The resultsobtalned for Mn and v are llsted

1n Tables xxx and XXXI. The analytlcal curves obtalned for

v and Mn are shown in Flgures 10 ‘and '11.

A

L}



B Operatlng Condltlons of the ICP

; : N
Nebullser Pressure

Aerosol

Coolant Plasma Gas

Inc1dent Power

N Reflected Power .e"

- LOading“
~_Tuniﬁgﬁ
AAﬁx;.‘ :
Spectral range~
Sllt w1dth
Slit He%ght

Filter\

‘ Exposuge for Samples

~

TABLE XXIX

#

o

z;depectrograph

,10epsie

1.0 LPM
.17 LM
2.0 kw
-“25:watts'
7
e

240.0 +-340.0, nm
20u

.4 mm

2 Step - 33.11%

- 1db%

’"vloo_secs

(ICP, plasma therm, commercial model 2500)
g Ve P S

R
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' Analytlcal curve, for V W1th an’ 1nduct$velx;;
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C.’  DISCUSSION AND RESULTS - S

not one of the most sen51t1ve,'and lnterference effects

'are also greatly 1mproved over-those(gf the Stallwood Jet

' by any means ellmlnate the photographlc emu/saon as a con-"

98

-

The analyt1ca1 curves for Mn and \Y show great 1mprovement

r -~

_ over s1m11ar curves w1thvthe dc arc and- a Stallwood Jet.;

The 1nten51ty values for Mn and V Were obtalned w1th no 1n-“
ternal standard and no background correctlon, however 1t should
be p01nted out that ‘the- analytlcal llne used for vanadlum is -

could be respon31b1e for the off—slope.; The prec151on values &

o

dc arc result. The percent relatrve standard dev1at10n for E

‘ vanagi?m can be estlmated as 1.6 and maganese 2 4 These )

results 1nd1cate that the ICP 1s a very stable source

J .

compared to the de arc, and moreover the emulsxon on the

‘u ?

photographlc plate responds qulte unlformly. Wlbh the icp
the maln source of fluctuatlons that could affect the pre—f;*f

01510n 1s the nebullser pressure. Hence con51der1ng all the

o

possible sources of error in spectrochemlcal analysls lack

of prec151dn is. to a- con51derable extent determlned by the

-*;source or some characteristlc of the source. Thls does not

trlbuting factor to the preC151on of the analy51s..p.
. R . " \

ES



PR Lo _ConclusiOn,“ 1

. . ,

) The methods deve10ped so far give results that are

comparable to other methods,_the most 1mportant consxderatlon

tls the fact that w1th the dec’ arc'careful control lS essential

P

'T’for accurate and pre01se results in semlquantltatlve and full

.Jquantltatlve analy31s whereas Ain: qualltatlve estlmatestheck:arc

}_1s a very powerful tool espec1ally for SOlld samples. The L

'/;;results obtalned w1th the 1nduct1vely coupled plasma 1nd1cate
TN

S

.. ‘l»
7

.

i that thls source could well replace the dc arc as a unlversal o

"source desplte the fact that exten51ve sample preparatlon 1s

P~{prequ1red espec;ally when SOlldS are to be ana}yzed: but the'p?
: _deffort.~ In fact stock standard solutlons could be preparediif
‘zﬁvarlous éoncentratl
;could then be used in semlquantltatlve and even full quant—-“’

jltatlve procedures for solutlon samples. ' “ivj_f;\:

qdetector has been reported However, thls’prellmlnary

'".;prec131on and accuracy of the resultsobtalned are worth thef_

':survey shows that for thls comblnatlon to be exten51Vely

thab are 51mrlar tothe solld standards Spex mlx contalnlngf

Very l;ttle'on the use of %he ICP and a photograph1ij-f'

FCR

j’i*prellmlnary and 1nvest1gat1ve studles must be carrled ou -

ﬂjesge01ally 1n the area of 1dent1f<1ng useful analytical

"”llnes w1th1n the useful dynamlc ra

e of the photograph}c T

,fdetector.p "-;a;x",*f@,?'f T f” -v;@_,j ";-" BRI

s of about 50 elements.. These standards'f;:ﬁ\h
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‘ APPENDIX N LR
Complete photographlc emu151on callbratlon w1th a pocket

l programmable T159 calculator. S R

AR ’ R - _
~ The two step method is used in the development.ef thé
m

‘fprogram.._In brief{, the two step fllter is 51mply a 01rcu1ar o

.t

plece of quartz glass that is alumlnlsed on one half and clear -

" on the ‘other. When an exposure is made through this fllter,

t

'_spectral llnes are- produCed with one half belng nghtgi than

'the other half Thls prov1des an 1ntensﬁty ratio bet

v

two halves determlned by the percent transmlttance of each

-

en the

half.
R L ? ' P

‘ A table of percent transmlttance for ‘the Specaﬁal reglon
’;pf 1nterest 1s then recorded from a den51tometer.‘ These

'--percent transmlttance values are converted to 51edel values,

using the modlfled 51ede1 functlon A = log(lgg -1 :' A pre— : _AF

-llmlnary curve is then: constructed with A flltered step on the

X axis or. absc1ssa} and: A cleared step dr‘; the y aX.’LS or . ordlnate

051ng the built ‘in functlons of the calculator the prellmlnary

“curve is- constructed and the values of the’ flnal curve

: obtalned by a procedure analogous to the manual methods
descrlbed else here (33). Since the ch01ce of the startlng
,value for percent transmlttanCe hav1ng a relatlve 1nten51ty
of l is arbltrary, the. user has the ch01ce of selectlng the
»startlng value. Also 1ncluded 1n the program is the seven
p01nt method for obtalnlng the flnal curve ‘This 1nvolves using

: .
vthe coeff1c1ents &£ the prellmlnary curve. to obtaln seven

p01nts, the central value hav1ng a A value of 0 correSpondlng

N

¢



'flow;chartaand descrlptlon,of the'program;1?;"b et

P | o . T 108

-

- to SO%T w1th a'felatlve 1nten51ty of 1. Figure 12 shows a

IR { - .

H

To Use The*Program. R && ' L B

© o

1. Obtaln transmxssxon data from the photographlc plate for

8pectral fegloh of 1nterest ' Usually not more than )
twenty readlngs are taken between each 10 .or 20 nm w1th1n F\FK
the spectral reglon of 1nterest At least forty DATA

MEMORY REGISTERS (DMR) must be allocated for storlng
transmlss1on DATA. If‘DMR is represented.as N, then_

(13 <FN < 56) On the transm1551on data sheet assxgn

memory locatlons to transmlttance values for easy. entry into
.?alculator.r A551gn~the hlghest DMR to‘the flrst flltered -

percent trans value and the lowest DMR to the last cleared

percent trans value, example-

T a

E DMR %T flltered step DMR 8T cleared’step iy
N 7802 me2 . sal3

N-1 ~68.5° . U WE-3 0 . 24,1
jlf»h7is 55 then-the last:valuelof percent T flltered stept
v'will benstored in DMR 53 the first value of percent T
cleared step w1ll be stored 1n DMR 53, and the last value'

of percent T cleared step w111 be stored in DMR 52

e e

2. -Enter ‘the transm1551on data in the appr0pr1ate storage

- locatlons and also the hlghest data reglster used the
'lowest data reglster used and the lst DMR of 8T cleared
step,‘the entered transm1s51on data is then converted to.

seldel values, the converted values are then dlsplayed
' . : . _ . .
L . e ’

- e
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- . Q

”-Chgck placement of

\ i
Read prograﬁngg.vCards
into calculator e

B Assign memory locations to
, transmittance ‘values for:
~_easy entry into calculator

Enter transmittance values ‘into
DATA MEMORY REGISTER

|Enter highest DATA REG. used s
'|Enter lowest DATA REG. used
- |Enter first DATA REG. for %§L

Converts %T‘values‘to,
- 'Siedel's values

Constructs preliminary curve with Siedel's

. values (A) by regression analysis.

Calculates slope, intercept, corr. coeff.
: ~ and standard error : -

Calculates valpes for final curve,
with choice of s®qrting point for %T

- Figure

| S S -

<

iZ,-Floﬁ chart'diagram'fof-CalcuLatorlpxogram.

“current\ partition. | . 1 © o

106
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”_for two*seconds.

ki -

3. The prellmlnary purve of A clear vs 2 filtered is ‘then
, constructed us;ng thefbullt-ln linear regre551on analy51s’
of the calculator The dlsplay shows the DMR for A cleared

.as ehtered 1nto the hardware statlstlcs of the calculator.

. )

"lﬁ in the dlsplay 1nd1cates_comp1et1on of_calculatlons.

4. ’Thesvalues for the equation of>the’preliminary curve are
then obtained,- that is o <
v,=db + ax .

-

, where y is A clear, X is A flltered b 1s the 1ntercept

and a the slope. (See note 8 on user 1nstruct10ns )

5// Once the prellmlnary curve 1is constructed the values for
the final curve are then obtalned .The startlng p01nt_of‘
$T for a relatxve.lnten51ty of 1 is entered‘ :An option'
is g1Ven at thls p01nt ‘to either choose the $T as low as4ﬁ‘
5% and obta1n values hlgher than this or use the seven

' p01nt S3 stem which includes setting SO%T - relative
"1ntens ty of - Q-and then obtaln 3 values above SO%T and

'3 values below SO%T If the 7 step method is used 50%%*
.« is. entered and .a flag is set (step 9 and 10).

6+ The values of-the flnal'curve are then calculated'and .
,are dlsplayed by pre551ng the Run/Stop button of the
calculator. l |

7.Y‘Draw the flnal ‘curve on a 2 by 2 log paper w1th %T

ordlnate and relatlve lnten51ty absc1ssa (Fig.v3)

ThlS program was used 1n almost all emui51on callbratlon

_ done in this work espec1ally the latter callbratlons done for |

- -

/
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quantitathe analysis; The program was checked agalnst another
program wrltten in Fortran I1 (46), that has ‘been used earller
in our lab . The results obtalned were in complete agreement

The advantages of the calculator program 1nclude qulck
and easy entry of data Wlth ease of changing and rethecklng
entered data (the data can be stored on magnetlc cardsf,vtlme‘
sharlng and cost 1nvolved in the use of computers |
are ellmlnated Also the new program’ as compared to the.
,Fortran II prdgram 1ncorporates an optlon in the calculatlon‘
of the final curve.-

After extensivepuse of theipregram it hasvbeen.realiéed
that the values)of‘the equation that define;the'ffnal,emuISion
calibration curve can be determined with the:calculator, so
that the two curVes~usually drawn when the calibrationlfsi
done manually arecompletely omitted- with~this capability

,the user only has to enter the transmlttance of standards,
”isamples and when necessary 1nterna1 standard llnes to obtain
relatlve 1nten51ty values;‘a further extensiOn of the prOgram
could also 1nclude determlnlng the values of the equatlon
that deflnes the worklng curve by least square fit. Since
'some analysts prefer to see the%r calibratiOn_curves-and/or
'analytlcal curves on 1og lOg plots, these additional features‘
'could be added as optlons. A llstlng of the program w1th
'user 1nstruct10ns as’ llsted on a Tl: programmable form is shown‘

.below. -
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TLE Calsslasion for Esviaton Calih. PAGE _1_OF Eaul. T Pogrammable Q‘
PROGRMER.A._BQ}J.Q_JC&MH_ DATE Jan. 28718 Progrom Record

Partitioning (Op 17) lii@..i;?_l LibraryModutle ______None ~ Printer x
, k . (Sidc. 18 2)

) L PROGRAM DESCR!PTION ) : .
Iaud on the two step Hlter ne:hod for a ;1ven set of DATA of Percent T filtered step Lo

’ ' and percent T cleared step:

(a) Percent T is converted to siedel vnluel.

(d) Prelininz‘ry curve §s done by linear regreision analysis.

(c) Final calibration curve is obtained by quadratic fie, . : . »
<] (8) Very flexible 1n that choicc of starting point for U.nal curye is determined by
the user,
. USER INSTRUCTIONS )
STEP| ' PROCEQURE ENTER - PRESS = _ DISPLAY

1 Aslign XT filtered vuep and T cleared.

step to DATA Registers in decending order, . . . . e
i.e, RegN has first IT f1ilt. step and least . . ’ I PR TE T
Data Reg. has the last IT cleared step

_ . |value. ’ ' R BN Y R
. - 1
2_ |Eater highest DATA Reg. used _ | Reg¥) A o L N
3 _ |Enter lowest DATA Reg. used o — " ——. | RegR-Data _ B | (N-DATA-1)
4’ |Enter first DATA Reg. used for IT cl, REE-N(e1) - ¢’ REENc1
S_ |Enter filter used el . Rnd | A" file 2
6 |Convert to siedels value L ."_"l_“ Lo e e e ’ D\l RegN, -aiedel
- o e 1- 4 <. A
o o Conversion is completed R R ‘ b
7 |Construct Preliminary curve oo a2 e (RegNcl) as entdred
Preliminary curve has been conltr'u&ed Ll . R 1’ .
8_ [Equ. of Pzeliminary curve, 1ntercept i L ____ . IR/S intercept
h: . LY =b+ ax ’ e a N R/S slope
. b = intercept . E . ' o R/S Corr. Coeff.‘,
a = slope . _ R/S std_err,
USER DEFINED KEYS DATA REGISTERS (.ow’ IR ) » LABELS (Op 08)
7 ) ® ‘Highest DATA Reg|l!*  Cali . . Tore) . wma] _ (G} icm _Gen] (el
sy ' 1. C‘a‘llb. : [l iva) . R ) ad [ )
¢ 7 / 1 Least square |!1 ‘calip A6 L] . el (X
) ! ’ Lamj _ (=) @i} (¥) _3A] (-}
s/ ’ ressi REI
Rt : GA (1. 00 £ C KR
t . analysis 1la . : )
.7 \ i s . MR- A XA - TA=-T4 T4~
* 2 M o 2w
L . I O mwm o oo
4 ' Count for R.I 57 o mom e m e
s/ » TRAM ¢l 1st Reg |54 1m m ;371 [~ I~ ]
¥ not used * Highest DATA Reg | 5° - \n_ i
FLAGS -l. R 1[ l—[‘ -I n], ) r] / '-1 )

- 1877 omae Wty I o pu el
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mmMERAMm“mTELnJuZL Pragrom R!‘('.Of

Partitioning (99 17) 14,519,591 L:bnrym ——_nane Printer Cards
.. PROGRAM DESCRIPTION '
Preliminsry curve has been coastructed. !
~ final curve is calculated s —— _ —_
- an optfon is given: (1) set 50Z T = Rel. Int. of 1 . . -
(2) use & low IT value about 5IT = lel Int. of 1
loth methods h-ve their .dv;ntue-. IR e a— .+ =
. USERINSTﬂUCTIONS -
Isvee PROCEDURE ENTER PRESS DISPLAY
_9 |Eater lurtiﬁg point of XT for Rel. Int, - - B P T —
fof1,500c7 . L ... 4. .x._._pad|s> 0 -
10 [1f 50Z i3 used to this step othervise oMIT. “kod kcC' -
1 Surt calculation e —iecm} - Pnd | D e
12 |Record 2T /" o N PSRSRUSR [P SUNRNY ICHP [ . S
13 |Record Rel. Int. ... ... ._ i o R—wys Rel, Int,
. 14 |Repeat 13 o e — SEDS U, g | ¥ IT
15 |Continue 14 pressing R/S un:)il '1' iis on — Lo .
.. |display ) IO - —eeef R/S » Rel, Int.
16’ |Drav final curve by hand, Repeat steps.’ \\- —
- |8 40415 for different starting points of A
T _u‘_-__._' JE S _.4’. _.\..._v,_i SRR PR LN ] - "1
R e — .
- Suliniine iy ananndenassidi € “ e = e - -
USER DEFINED KEYS DATA REGISTERS (= £ ) LABELS (Op 08)
a : . B B e () e ) (w]
[ ] } 1 AN _ [r" {w) [ﬁ ) Ly_-l -
¢ ? 2 0 _ (T (0 Y e TR
. N 3 : el (=]l ey L PSSR
. . - * (¥ EQ 3 O
! . o 2 /03 /20 VIR VO VES,
* ’ S m I o3
v ¢ ¢ oo m oo m
e ! L o m m o ;owm
r . . . o mos ™o o -
R 1o » e IR '
FLAGS v ¢ ' d xT ‘L 1! cl JJ" AT [
° nnh-fmnw N . . n m“t’v
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TILE Pmuleion Calibration ‘PAGE 1 OF Bsul . y <
ibrat fo : -1 ormmt T} Fogammable \Jta

PROGRAMMEA _A._ Bollo-Kamara DATE Jan, 28/78 CodingForm~
LOC JCODE! KEY | COMMENTS: |[-LOC {¢0oD KEY .| COMMENTS i 10C jCODE KEY 1 COMMENTS
75 '2nd LbL (\Store data| 43 [RC1 clears T 4 169 [2nd OP |intercept
11 A |lRegister 59 |59 _ { register 12 . :
42 |sTO ighest - 32 |xet r 19 RS-
1010 {lusedy - 43 |eCl . T 132 t ‘jslope
| 91 |xys oo 0 jo- S N R/s
| 76 |2nd LbL | ) ¢ |66 |2nd Pause] (69 od OP R
12 s - J\store 22 |INV test ifalll 113 ‘hy,
42 |stO ovest datg| . - 67 x=t treg has 81 R/s -
- 59 |39 egister 38 |2nd SIN (lpeen tre- || - 53 JRORES
I3 |c . . sed “orl2s feww - [ ated 53 et
~ 143 xCl 52 18 | 32 [x=t if yes /2 |43 RC1
L _ 159 |59 . sed befor¢| {69 |2nd OP " |{displaysl| 2 .
[ -]7s |-, oop (=) 10 |10, S | P K4 -
_ o gl . 122 jmv C |53 e
L _ 54> ) . 'S8 {2od fix . s3 -
[_ |82 st0o - {1 . - f| ¥ fe1 [R/S . 69 [2nd OP L
_ 159 s o - 176 |20d LBL Dpjnear re-l) . [12 : -
1. 191" |r/S I 15 |x gression’ 200 P 2 | S
| _.']76 j2od LbL | 136 {2nd PAM } analysis . 65
L. j13 ¢ - {Highest LI S starts || 43 Re1- o
| .]42 |STO . |Bata Reg. 71 [see - ] . w1 calculates
] 818 or TRANS 25 |[CLR . . 134 © Std '
-}sr m/s lear 76 [2n0d 'LbL |lcleara reg 75 error
[ 176 |2nd 1oL 139 |cos . yor o6 53 ‘ ;
14 ip ransfers - |73 |RCL2ndInd In. address] .- |53
43 |rRCl ighest a| 8 L enters : 32 kIt
0.lo ata Reg. 132 |x+t . 1 61y
- |42 |sSTO or L.R:A.{| ~ [g9 "[2nd 0P }decrease 65 B
s 9 |9 and ) ) 38 {38 reg 8 by 1 43 -P‘Cl
76 |2nd LbL |\Label Cal- |73 |RC1l2ndInd A
38 {2nd sin |fkulatey 9 ja c - __IU 8% . |D
53 ¢ kiedels 78 . [2nd £+ Enters Y 154 1>
53 (€ function . 69 '12nd OP |decreasereg| |54 D
PO b SR | - 39 {39 9 by 1 ss i+
L fo.jo i - 29 |2nd cp 53 i
o |o . . g 53 ¢ - A 43 BC1
55 : i to 43 |RC1 I 3B
73 |RC1 Ind—flindirect .59 (59 S 5 | .
0 [o- Address 5 1> - 2 |2
54 |> . } 32 [x4t L 154 12 .
175 |- ‘ I R % T £ 13 S 8 |54 b
|y L .8 |8 N S0 {lx1 .
54 L) : o © . |66 )2nd Pausg - % | Y¥
28 |2nd Log - 22 fTest 1601 - j91 RIS <.
58 |2nd fix |}3 decimal || 67 |20d x=t {data has < 76 {2nd LbL-. | .
133 place. 1 139 1204 COS | been en-~ 16 QA? R B i
66 12nd Pause)y cec |25 {CIR . - frered = 42 Ilsto Fc’q}fei'bet-‘
66 |2nd Pause| delay 32 xoe ) 5 10 ho - ker in Reg
|66 .|2nd Pause|| pause 69 |2nd, OP .| Ris R U B
.- 166 |2nd Pausey - e " |10 10 ‘ K 76 jand_LbL. :
s 163 »u4 Ex Indj Stores . 22 [INV . . S MERGEDCODES .~
3 0 ro siedels valH 58. 2nd £1x | . . g:g g j ;; :'I’g :‘;’3 g
69 |2nd OP jue in RegNl| {91 iR/S .- . - JMIIIEY Teum B 52w
29 iima cp  |Boy RS || L[58 [ e Texas Insiruments:

o+ PO Nenan wiremeen, gt N

, 1,1"‘1"

2%
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“TIMLE__Emulsion Calibration - PAGE .2 __OFEmul - T] Progrgmmcb!e (r‘i’o
PROGRAMMER _A, Bollo-Kamara ___oaresaa. 2878 Coding Forga® X
toC JcoDE] ~ KEY | CoMMENTS [[LOC CODE| . KEY | COMMENTS ||OC CODE] "KEY | COMMENTS |
@iygfe 1 214 s pg - 27 10 o hB :
‘| 42 {sTO Starting 153 ¢ : # - : ER
67 |56 IT for RI=}] 1R 143 xc2
58 [ EXC o p - St
-l u ) He 1o po N=c:lsa >
L -9 yrss: }ie‘t flag - ||22 155 [ & - g |5 - .
76 {2nd LbL 0 - 183 ¢ | {lconverts 1
1 Jasfen - : 43 Rc1 ledel's I B B R .
86 [st fla s 8 o XT, [ 28 |2nd Log ;{: '
- .]0o o 22 [V : 38 12nd fix
L _ | 91 |R/S 28 Pud Log 313
'] 76 {20d. Lb1 _ 85 k- ) . 69 |2nd OP Jo
’ 19 |{D’ 1 15 |15 nT
_ o |o 154 > p _ <142 [STO -
3] a8 |EXC 15 D 8 S | R & W) & | —
NERALE 13 191 RIS ‘ 183 e’ :
| 53¢ cdlculates 42 Ykrg L .
743 lpc1 Trel. Int- 56 56 .- oo ,
#1110 {yp. ensity from | 69 Rnd OP. |{/calculates Jolo . calculatep
] ss & filter, . 27 py - Rel. Int, 53 & Rel, Int.
22 1 1y value - 183 £ - Tl |53 e for 2T.
-_| 910 . 43 Rci 4y [RC1, ;
. 0o 10 po : {13 {1nv .
561y . 45 kX - . 1122 |{2nd Log
'] 58 |2nd fix 43 Rrc1 28 |+
3{3. ™ | 7] 85 |1
_ | 52 |sT0 541> i 10>
. 10 10 91 R/s 4 [y
| 48 |EXC 9 9 54 [R/S
,_ |12 |22 9 19 . |fTest 1f 91 |STO -
43 |BCL 32 kat - xT2>99%  [[re j42 i1
56|56 43 1 11 |2nd OP
91 |R/s 56 56 69 |27
101 .22 Hav 127 |c -
1071 ex|r/s - 77 Xzt 53 [c
“*! 76 |2nd Lbl ¥ |30 Ty R 53 |RCl
30 | TAN . 87 Hf fla [ test flago 43 12
53 |C Yconverts op., . 12 {7® A
537¢C Jxr=rr,1 | 37 bag 45 [rcl
41l to Sicdelfd 69 DPnd'op . e LI
010 ‘value 10 10 . ? 37 7
[ 04 22 av B A ’ 5413
15| * 58 pnd fix ||~ 35 Jifx
143 |rc1 91 fg/s 34D
56 |56 76 Pnd’ Lbl 91 lgrs .
s6 13 |3 P R 21 [2odOP |-
‘715 _ . . - 0 1 1 ,‘l X I3
1 11 J 48 2 ix ¥y .
: 541D _ 7 o 43 |RCL ]
i} 28 12nd Log 76 Pnd LbY : 3 11 11 oo
2, sg ind- £ ix gg \ umn”e‘,‘ff,‘,’,cghsmmd
: Q@O Ba@m M40
69 |2nd oP 53 \ BAEG IR ,Téwm 5 92wy v
R 511.3 o~ 1 . o . TEXAS INSTRUMENTS
A’, . . Ped abte PEamt A0 B0

o ] et ettt HCOPe I
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PROGRAMMER __A. Bollo-Kamara ~_ome Ju.28r . CodingForm X7

N

© TITLE_pmuision Caltbration’ .. paGE_3 _OF

LOC vev [ comments [ roc Jcooe] - xey COMMENTS || LOC ICODE|  KEY SOMMENTS
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