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The purvnse of this investication was ton
find, if possible, one or more titanium lines
in the spectra of titaniimm-steel alloys which
misht ba nsed as tha hasis of a prncedure for
the spectrogravhic analvsis of titanfum in
steel, and to invesatirate the suitabilitvy of

thesas linea fhr that puronse.

CHOICE OF LINE

There are many factors which entar intn
the choice of a 1line or lines to be nsed for
a spectrogravhic analwvsis. Perhaps the most
fmportant of these is the positinn of the line
in the spectrum, that is, its wave length.
This will determine the type of phntographic
emulsion which mnst be used in the analvsis,
and 1t 1s of course obviously simpler to work
with a 1ina which falls into an aasilv accasaidble
photogranhie regimm.

The character nf the 1line iteelf 13 alsn
of prime importance. It must pns-~ess snfficient
inherent intensity to avonid a perind nf ex-
posure which is impractical or which will oro-
duce a backeground of sufficient inten<ity to
alter the Aensity of the lina. It must alsn
be separated from adiacent lines by an amnunt

ereat enoush to insure that 1t =11l bhe vreanlved



fron these other lines whean the slit of the
spectrograph is opened to that width to he
used in the analvwsis,

If the concentratinn nf the elamant snught
is relatively large, anA if +he intensity of
the line i3 of it<elf great, the photogravhiec
image may suffer reversal nnless sn extremelv
short exposure is taken or unleas thas amount of
1ight entering the instrument i1s decreased by
some means, as for example, by a rotating
sactor. If on the other hand the concentration
of the element sought is relatively small,
the use of an intence line i necessarvy, and
in the csse of very small concentratimms, the
nse of a lins which 1s both etrong and per-
sistent mav be in nrder.

The affect of fluctnations in the excitatinn
conditimms on the intensities of the 'ines to
bes used for the working 1ine and the internal
standard line shnould also be investicoted.
This may be done by determining their intensities
under various accurately controlled conditions.
It 1s well to choose for the working line and
the internal standard line lines »hich do not
varv in intensity for considerable fluctuations

in the execitation conditions.



In this connectinn the use of an homo-
lognus pair for the workine line and the in-
ternal standard 1line mav be advantagenns.

An homologous pair has been Aefined as twn
lines having aporoximately the same excitation
conditions so that for & considerabls variation
in excitation conditions any change which talkes
place in one will take place to the same ex-
tent in the other. This phase of the problem
of choosing 8 1ina was not investigated in

this theeis.

In chonsine a spectrim line to he used in
an analvsis some attention shnuld also be given
to the amnunt of energy reaunfred tn prodnce
that line. Under the usnal eonAitinns of ex-
citation only thoss linas goming fronm neutral
or singly ionized atoms are obtaineA. Sources
of unusually high energy are required to ob-
tain lines from atoms in a higher state of
fonization.

The firat step undertaken in this in-
vestipgation was to obtain a nimbar of t+itanimm
lines which, according to the above recuirements,
might be suitable as workine lines. For this
purnose spectra of the titanium-steel containing

the largeat concentratimm of titaninym were compared



with spectra of a sample of Armco iron of
very high puritv. Two tvpes of excitation
were used, a 4direct current arc and a con-
densed spark. The spectrum range covered
in each case was roughly from 2300 to 5000
angatroms. The search for titanium lines
was greatlvy facilitated bHv nsineg a Judd-
Ie—is crmoarator, an Instrument ~hiech makea
vosaible the simnltaneous ecomparison of
spectra on two different plates.

The first pert of the search for snitable
titanium lines was carrisd out by compering
the spark spectra of the pure Armco iron with
the spark spectra of the titanium-steel samnle
containing the largest per centapge of titaniirm.
All the lines appesring in the titanium-steel
spectra and not in the pure iron spesctra ware
carefully noted and marked if thev appearad to
be sufficiently separated from adjacent iron
or titanium linas anf® pnsses<ed an apnraciadble
intensity. The wava lenctha of the titaninm
lines which satisfied thease reaniremente were
determined by comparing tha titanium-steel
spark spectra with what mavy be called an iron
arc-spark reference plate. This plate con-
sisted of an iron arc spectrun and an iron

spark spesctrum photographed 1n fuxtaponsition



through a Hartmann diaphraom. The range of
wave lengths covered on this plate was the
same as that covered by the titanfum-stael
spark spectra. In determining the wave length
nf a given titanium 1line the spark spectra on
the two plates were lined up and tha wave
length of the titanimm line determined by
interpolation hetwean known lines in the iron
arc spectrum. This procedure was necessarv
bhecanse the spesctrum charts available listed
tha wave lengths of the iron evectrr in
terms of an arc sonurce and 1t was found im-
possible to correlate the iron spark and the
iron arc spectra bscause thev were so widelv
different. Bacanse the maximum reaolution
was desirable in the determination of the
wave lengths, a slit ovening of five microns
was used.

The slit width was then increased to
forty microns and spectra of tha titaniwm-
stes1l and of the reference iron stendard
taken at this larger slit ovenine were com-
pared. The purpnse of this step was to
actunllv determine if the lines chnsen were
st1ll reanlved from adfacent iron or titantimm

lines.



The orncedure outlined above for the
spark was carriad out over the same wave
length range using a Airect current arc, ex-
cept of course that the use of an iron are-
snark reference plate was nnt necessarv.

™™o lines of titanium were found which
fitted all the requirements. Their wave
lengths according to Harrison are 3361.213
and 3372,.800A and their intensities 600 and
400 respectivelv.(l). The 3%61.213 line 1is
a persistent line of titenium. The values
of thes intensities given are thnse obtainad
usine a spark source. Because the intensities
are aprraciably larcer in the spark then in
the A-6 arc it was Aeclded tn concentrate on
this type of excitation. Both of theaa lines
arise from the singly ionized titaniwm atom.

Within a rance of *+hree angstroms on
either side of the titanium line at 3361.213A
there are no titanium or iron lines havine an
intensity of greatar than 5 with the exception
of the titanium line at 3361.763A. This line
woulAd not of course he reeolved, but its small
intensity(50 as eompared to 600) made it im-
probable that 1t would affect tha intensitv of

the strongcer line to a measurashls extent.



Within the same range on eithar aide of
the titanium 1line at 3372.,800A there are no
titaniym or iron lines with an intensity of
egrsater than 30 with the exception of the
iron line at 3370.7858A having an intensity
of 200. This 1line is resolved from the
3372.800A titanium line at a slit width of

forty microns.

CHOICE OF PHOTOGRAPHIC ®EMULSION

The chniece of a photographic emulsinn
depenAds upon the weye lancth nf the line
which is to be used for the analvsis, the
range of concentrations over which the
analysis is to be made, and the accuracy
required in the analvsis. The characteristics
of thres different Fastman photographic
emulsions, the Spectrim Analvsis No. 1, the
33; and tha 40, are expressed in terms of
their H & D curves in Fie. I. These cnurves
were preparsed by exposine the varions plates
tn visible 11icht throuech a step densitvy tablet,
the steps of which transmit light in ¥mown
amounts, the ratin between successive stavs
being the square root of two. The Aensities
of the seversl steps were determinad on an

Eastman densitometar which reada directly in



densities.

It ecan be sean that the Spactrum Analvsis
No. 1 smulsion would give the greatast acenracy
since for a relatively emall increase in in-
tensity there would he a relativelv large in-
crease in Rensitv. Aovever, the »anga of ¢on-
centrations over which this emulsiom mav be
used 1s smaller than thet for which aither
a 33 or 40 emulsion wonlAd be suitadble.

The H & D cu»ves give no information on
the spectral =ensitivities of the Aifferent
emulsions. The Fastman 40 was found to be
somewhat more sensitive than the Eastman 33
throuchout the region from 2300 to S000A.

The Rastman Spectrum Anslvsis Nn., 1 emmlsinn

1s le3as sensitive than eithar the 3% or 40

in the reginn from 2300 to 5000A, and much less
sensitive in the recion fram 3500 to S5000A,

In this investiration it wrs Aeafred tn
cover the maximum concentration rance possible
with accurecy a secondary fector. This was

the reason for choosing the 40 emmlsaion.

CALIBRATION OF PLATE
In order +o insure that one 1is working on
the straight line portinn nf the H & D curve of

the photngraphic emmlsion, the ranrce of densities



over which there exists a linear ratio be-
tween the density and the loperithm of the
intensity(or exposure) must be known. The
emulsion mavy be calibrated convenientlv and
accurately by the use of a loerarithmic atapved
sector placed in front of the slit. A
nacessary prareanisite of tha uze of such a
sactor 12 that the 31it be evenlv 1lluminated,
a condition whiech was nnt exactly met in this
worls, Nevartheless, from the calibration
curves prepared the dansitv level at which a
linear ratin between the densitv ond the log-
arithm of the intensity(exposure) was no
longer available was evident. It then re-
mained to expose the samnles and Aavelop the
plate in such a2 woy that the range nf densities
obtained for the analyais lines Aid not ex-
csed this value; which was about 1.8. If
this was done, howaver, a considerabla amnunt
of backegrnund was nbtained. It hae been
shom(2) that a backeroun? of sufficient in-
tensity w111 affect the densitv nf a spectrum
1ine. For this reason the axpnsure wae redneced
considerahly. An exposnure nf efther ] or 4
seconds was found to cive soma eontinnous bacl-
ground, but presumably not enoush tn altar tha

density of the lines. These exposures were
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made using a slit widAth of 60 micrnonsa. It
may be noted here that a slit width of 40
microns was used in the preliminarv work, but
this was increaaed, as stoted above, to 60
microns for the analysis. This change was
instituted in order that the =slit of the
density comparator would be more completely
covered by the spectrum lines. In this way
the 1lina could be scanned effectively. The
same conclusinng regarding the separation of
the working anA internrl stendard lines from
adiacent lines whirh held at a s1it of 40

microns are strictly valid at 60 micrnns.

STANDARD SAMPLES

A series of standard samples of titanium
in steel was obtained from the Burean of
Standards. They were numbered and had the

following concentrations:

Number Titanfum
A 1.19
4 Al
6 .23
5 .004
4 08
3 ,04
2 .00
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The work inthis particular investigation was
concerned only with thnse concentratinons adbove
0.04% titanium.

The samples as ébtained ware cvlindrical
roAs 5/9 inches in Afamater over 3% inches of
their length and 3/8 inches in Aiameter pver
the remainder of their lencth-1% inches. The
length of the smaller Aismeter was the port
exposed to the action of the sperk. Tha
surface was not renewed for suc;essive ex-
posures during the preliminarv investigations,
but a fresh surface 13 desirable for greatar

accuracy, as well as for greater raproducibility.

SPECTROGRAPH AND DENSITOMETER

The spectrogranh used in this investigation
was a Bauseh & Lomb 180 cm. Littrow. It was
foumd that a definita improvement in the sharp-
nese of the spectrum lines on the nhntagranhie
vlata could he ohtained bv usine vuluen of the .
tilt and focus slichtly Aifferant from thn=e
given by the manufacturers. The improvement
is to be noticed chiafly when a series of lines
very closs together, such as the configuration
of iron 1lines at 3100A, is obhserved. A more
distinct 1magg of the spectrum lines has the
effect of increasing the resolution of the

instrument.



The densities of the epartrum line= and of
the various steps in the step =ector pattarns
were determ'ned on a Bausch % Lomb density com-
parator. A Leeds & Northrup tvne R A'Arsonval
galvanometaer havine the following charactaristics
was used in coniunction with the comparator:

Sensitivity: 0.00047 muA/mm.
Coll Resistance: 500 ohms
C. D. R. X.: 10,000 ohms
Perinid: 6 seconAis
In order to obtain a ecritical damping of the
galvanomater, ahout f000 ohms was sddeAd in
series to the external resistance of the
circuit. A deflaction of about 70 mm. was
then obtained at a Aistance of two meters as
the difference between the clear nlate and the
black reading. It =as pos=sible to rea” the
scale to 0.5 mm.
The densities of the varinous lines were

calenlated from tha formnla

g2 = £4
N = ].OR
E' - go
where the g's rapreesnt ~Aaflactinnsg on the scale
of tha instrmment, g the rlear plate rea“ine,

£ the black raadine, and g!' the 1lina reading.

12
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PROCESSING OF PLATES

All plates were developed in EKC D-19
developer and fixed in EKC actd hvpo fixing
solution. The 40 plates were developed for
five minutes with agitation at fifteen sescond
intervals, Thavy were left in the fixing
solution for twice the length of timereauired
for complets clearing. When the time re-
ocuired to completely clear the nlate reaches
ten minutas the solution was Aiscarded. A
convenient test for ths exhaustion of the
fixine eolution mav be nade'by mixing 50 cc.
of the solutimm with 5 c¢r. of 4% KI. The
formation nf a yellow cloudinesa inAicates
that the solutinn is exhausted.(3).

The effect of the exhaustion of the
developing snlution on the gamma of the phnto-
graphic emulsion may be seen in Curves A,

Fle. II. Curve (2) 1s thea H & D curve of a
plate exposed and develoved underAthe some con-
ditions as the nlate whose H & D curve is (1),
but which was 4developed after °8 moras plates

had heen put +hrough the solution. It 1is
evident that the eramma 1s inereased as the
an’ution 1s used. With the small tank of dev-
eloper used an” tha axtensive use nf +he solution

by many others, the decreass in the vonlirme of the
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solution because of drag-out and evaporation
presented quite a serious problem, =0 much so
that it was necessarv from time to tine to
bring the level of the solution bhack tn 1tsa
original height in order thet the photographiec
pvlate would be completely immersed. In this
connaction 1t was desirable to maintain the
potencvy of the solution as nearlv as possibhle.
Curves B and1 C in Fig. II indicate that the
anA waten
addition nf aanal varts of fre<h Asvaloper b~
of weter alone accomplishes this purpnse.
Curve (1) in each case repre<ents the H & D
curve of a plate Aeveloped hafora the lavel of
the solution was restored, curve(?) thet of
a plate developed immediatelv after ranewal of
the solution.

In all probability tha vreason why the
addition of water onlv has the same effect as
the additinn of equal varta of water and fresh
Aeveloper 1s that the water alone was added
when a greatar degree of exhan=tion had been
reached. This would 1n?1eate, therefnre, that
the proper proonartion of water and daveloper which
should be added tn the solution depend=s uvon the
degrea of exhaustion nf the solutinn, and that
the proportion of developar to be used decreaces

as the exhaustion becomes mora crmplete,



All plates were processed at 18° C, the
tanks contrining the developer and fixer
being maintained at this tampersture by a
water bath. Betwéen five and ten minutes
13 required for the solntions in the tanka tn
reach tempereoture eauilibrium with the
water bath after the extemal temvernrture is
brought either up or Anwm to the standard
temperature. A small amount onf stirring

hastens the attainment nf eanilibriim.

15



DISCUSSION

The results obtatined in this study are
shown in Figs. IITI and IV. The ratios of
the densities of the two titanium lines
nsed as working lines tothe densitvy of the
iron line 3570.10A, the internal standarAd
11ine, are plotted against the lorarithms of
the ner eent titaninm in the stendard samplaee,
The posaibility of using the titaninm lines
3361.213 and 3372,R00 in a spectrngraphic
analysis 1s clearly indicated.

In the curves shown it can be seen that
the densittas obtained for the seme 1ines and
the same exvosures are not easual. This
difference would hbe corrected for in any
analytical methnd by referrine the densities
of the 1lines to a standard calibration curve
or by using the Aifferences in the densities
of the working anA intaernal atendard 1ines as
the basis for the wnrkine curva,

The regular Aecrease in tha intenstitiss nf
the %361.213 anA 3%72,80NA titsnium lines as the
concentration of titanium decreases is aovparent
in Fig. V.

Since the concentratinns obteined from

the working curves constructed were onlv within
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30 4 of the concentrations given for the
stanAard samples, the results could not
pravarly be called ruantitative. An error

of this magnitude counld, however, he tnlarated
fn a survey annlvsis,

The sama two titanium linas used in
this studv have been nseAd for the astimatinn
of titanium in steel by the internal com-
parison methnd.(4)

The relation between the intensitv of the
titaniun line at 3380.30A and the concentration
of titanium in titanium-steels has been in-
veatigated by Rrodv.(5). The iron line at

2269,.540A was used as the intev™mal standard line.

SUMMARY

Curves showing the %atio of tha Aensities
of tha titanfun 1lines 3761.°13 and 3%72,R00A
to the Aensitv of the iron line 3570.097A "as
a functisn of tha concentration of titaniim in
steel heve hasn presented. The rasults indicate
that the titanium lines given could be u<ed 1in
a method for the spectrogrephiec analvais of

t1tanium in steel.



(1)

(2)

(4)

(5)
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