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- GENERAL INTRODUCTION.



GENKRAL INTRODUCTION

‘.The work presente& in thig theeie described the'developmeﬁt ef.
epectrophotemetric‘methoda ef ahalysie fof the determination of'tin'and:
- zizconium in sﬁeels. This work wag carried oul under a second BISHA
bursary ewerded_te:the Chemistry Department of Leughhoreﬁgh_Unive;sity of .
.-Teehnology. : R o - o R

The work of the flrst bursary is deseribed in the Fh.D, thesie of ‘;
D. R. Marrzott (1970) and wag concerned wlth the spectrophotometrlc |
determlnation_of ungsten and arsenic in, steels. A recommended procedure_
for_tungetenfie‘given in whieh the tetraphenylareonium tungsten(V)~
thiocyanate ion'esseeiatien comniex ie.extracted into‘chloreferﬁ snid its‘ﬁ

absorbnnce mennured speotrophotnmotrinnlly. Infesti?etione into methode

of overOOming interrerence by molybderum and vanadium are also described. o

The recommended procedure for arsenlc involves solvent extrection of
ﬂrsenic(III) 1od1de and colorimet ric determinatlon by a molybdenum blue'

procedure.

"Tin'ie not found ih'anj of the iroﬁ ores but fhe'eee of
incompletely de—tinned scrap may cauue a amall residual amount of the
element to be preeent in qbeel Up to O 15% m/h of tin may be toler&tod
in mild nteele for mont uppliestions but as lifile ns 0 O?m m/h will have |
de;rimental effecta on deap drawing ateele. Alloy steela nust be
_ _virtua11y free_frem-tﬂie'element.f In éeneral thefefore, $in can be -
considered to be a very undegirable congituent of steel. -

| Zchonlum is added to steels in proportions of up to about 1% m/hJ
Thig element has a strong chemical affin1ty for oxygen, nitrogen,-sulphur_
.and ¢earbon and is used to oontrol the 1n3urious effects of these elemente.f

In the routine quality control analysis of steels, the more
COnveﬁlent and rapid physicel analytical methode are used, Wet chemical

methods hbwéver, are requifed for the checking of these results, for the
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calibration of stsndards, and for the aﬁnlysig of thoae nQn—homognnnoua
sgmpies that do not lend thehﬂelves to spectrographic methods of'analyaia.
The present.Briﬁish Standsrd methods for the wet chemical'detennination éf
tin and zircoﬁium'in steel leave much to be desired. The method for‘tih
is bésed upbh.a_time-consuﬁing sulphide separation_followéd by iodioﬁetric
| titrétion (BS {121, Part ?0, (196f)). Zirconium-ia détefmined by & . |
ﬁedious'grnvimefrid procedure using a Uupferron-separntion,fbllowed ﬁj'a‘
mandeliec acid]bepafstidn (8BS t121, Part 46, (1966}).. Pfarthermore, the
method is not é?plicablé to steels with a zirconium content of 1esB than
O.Qﬁﬁ m/m, | | |

‘The aim of thé present work was to replace theée methods with
spectrophotometric me%hods that are rapid, precise and applicable to the
'.widest poagible rahgé'of sfeels; Where fheée primary-réquisiﬁés_were in
conflict &n acceptablg-compromise_has-been attémpted, For'both'elemehts
. the besic épproﬁch has been the same. First,fit‘has heen ascertained, :
thch of ihe numerous colorimetrie rengenﬁﬁ, nvailable for hhé o
_ determinntioﬁ of ench element ig superior, with raspedt td.mehsitivity,7 
.selectivity_an& precisiOn;-thén the acope of ﬁhe br0cedure'has been .

extended by the development of compatible dissolution, extraction and =

masking techniques.
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INTRODUCTION TQ THE SPECTROPHOTOMETRIC
DETERMINATION OF TIN IN STEELS

A oompa?ative study of the five most popular colorimetric reagentas
uéed for the'determination of tin, chosen on the basis of a detailed
literature survey, has revealed that Catechol Violet is superior in
virtually every respect., If the oationic surface actife-agent,
cetyltrimethylémmonium bromide, is added to the tin(IV) - Catechol Violet
gystem, overlap of the reageht and complex ahscrption banda is reduced to
virtually zerc and there ie also & considerable increaée in'sensitivity.
This possibility adds further weight to the argument in favour of
Catechol Violet,

Phenylfluorone appears to be the most popular reagent for tin used
-in the British Steel industry at the preéent time; evidence is given that
shows this reagent to be highly unsuitable, by virtue of the poor spectral
characteristics of the tin—Phenylfluoroné system, poor reproducibility of
results and non-uniformity of commercially available samples of the
reagent. |

Examination of the literature leaves little doubt that the best way
of separating tin from‘the other conatitﬁent eleménts'of agteels, isiby
solvent extraction of tin(IV) lodide, followed by ﬁack-extraction into
aqueous media, The proposed method is a combination of this selective
extraction procedure snd the Catechol Violet-cetyltrimethylammonium bromide
colorimetric determination. Consequently, it is believed to be &
combination of the best separation and 6olorimetric determination
procedures available at the present time.

Lactic acid has been utilised as a mansking agent for & numbéf of
the other metals found in steels; it is successful in overcoming the long
standing probiem of molybhdenum interference. Applicétion of the proposed
method to a range of British Chemical Standards steela and an investigation

of the effects of the fifteen other metals most commonly found in steels,
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indicate that the method should be appliceble to virtualiy‘every type of

steel, In sddition, a simplified procedure in which the iodide extraction

ig omitted, is given. This method should be applicabie to those steels, -

such as mild steels, that do not contain large quantiiies of alloying

elements,

Finaliy, there haa been an increaaed interest in recent years, in :

the action that certain aurface active agents have on the visible o

absorption speotra of some matal-chelate systema.. In view of thie, an
investigation of the tin(IV) - Catechol Violet-cetyltrimethylammonium
bromide system, as used herein, has been carried out and a mechﬂnisn for

the obaerved band ahifts and increaaea in sensitivity haa been propaaed.
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CHAPTER I

' REVIEW (F COLORIMETRIC METHODS FOR THE
DETERMINATION OF TIN

Since.thodevelopmon% of the fi:st spectrophotometrio'mothod for

tin, in 1952, about fifty different colorimetric resgents have been used

to varyingiéxtents, the most significant of thesa'béiﬁg Bithiol; Gailein;

Phenylfluoroné and Cstechol Violot;' There is no highly selective reagent _

for tin and even though masking agents have often been utilised to improve
the situation, most colorimetrio determinations have to be preceded by
aoma.type of:separation prooednre;* Heie again, a wide ranéelof methOdo
have been usod; The copreoipitation of tin using manganese dioxide as a
carrier ia well estahliahed, solvent extraction and distillation have

been used, 8s aleo have ion exohange_and silica 391‘ chromatography. -

- DITHIOL

CH3

Thia reagent vag the first compound to belused as 8 oolorimetrio
reagent for the determination of tin. Clark (1), in 1936, made use of the
red 8n{1I)Lo complex formed between tin and Ditoioi; in a aimple colour
compardior method, Willisme end Whitehesd (2), in 1952, modified the
earlier method and described the first apeotrophotometric prooedure. In
1967 and again in 1968 the Analytical Methods Comitteo (3,4) of the
Society for Anslytioal Chemistry recommended the zino oomplex of Dithiol
as & reagent for the determination of tin, in the range 30-150,pg, in

‘organic materials, The tin complex formed is inuoloble in‘gQueoua‘aolution
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and this fact has given rise fo extensive studies to decide which is the
beast dispersing sgent for the system (5-10); it was concluded that

sodium lauryl sulphste was the best, This material has the advantage over
the use of propriety products‘(e.g. Teepol) and natural products (e.g.
agar-agar),.since its inclusion in the British Pharmaéopoeia ensures sdme
degree of chemical consistency. Onishi end Sandell (7) msde an atfempt to
carry out the absqrbénce measurement in 6rganic sol#enta in which the
complex is soluble and reported that in such media tﬁe complex is not red,
but yellow,

Dithiol determination preceded by iqn exghanée sepération has been
used by Marley and Articolo (41) in & method for tin in zircaloy.
Sanderson snd Hanson (12) used separation cf tin by digtillation in a
method for the analysis of induatri#l wastes, Sefaratidn of tin from
copper was. the Qubject of & paper by Dickinson and Holt (13) in which they
suggest that copper should be removed by diethylammbniﬁm-diethyldithio—
carbamate/bhloroform extraction, pefore colorimetric determinafion with
Dithiol, rather than with the more usual sodium or ammonium salts, since

unlike the latter, the former does not extract tin.

DITHIOCARBAMATES

R +

- _s|lu
:>>n'—+ 01:
R Ng

Sodium diethyldithiocarbamate was used in a method by Davis and
Easton (14) for the analysis of copper alloys. -The brown complex of tin
is first extracted info chloroform followed by back extraction of tin into
alkali. Eberius (15) and Kovaca and Guyer (16,17) have developed methods
employing sodium tetramethyldithiocarbamate, the latter papers being for
the determination of tin in the 0,001 to 0,1% range in zinc and steel

respectively. Carbemate/Chloroform extractions that precede a
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spectrophotdmetric determination using snother reagent,-particuia:ly Phényln

fluorone, hsve baen.widely applied (18~20).

. GALLEIN

COOH

This reagent has been mainly used in the anslysis of geological
materiala. McDonald and Stanton (21) described a method for tin in aoila
in 1962, This was further developed by Mursno and Hiyazski (22) and Butchin
and Fisnder (23), whilst Purushottam and Nayar (24) heve used & modified
‘Gallein methoa for the determination of.fin in gdilh and rooks. Murano and
Miyezuki (25) described a ﬁethod for tin in metala'aﬁd'réportea.that
antimony, tungsten snd zirconium intérfe?encé_canjbé_ﬁasked with tartrate,
iron and fansdium by sscorbic acid and molybdenum and‘titaﬁiuﬁ by hydrogen
peroxide, What is thought to be thé‘fi:st silics gel chromatographic
separation of ¥in combined with a spectrophotométric'method appesrs in a
paper by Jones (26)., Good sepsration of antimoﬁy and tin was adhievéd;

Gallein was used for the colorimetrie determinatiohg
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HEMATOXYLIN

"HO  OH

Ih71953 Teicher and Gordon (27) put forward s method based on the

red, tin-Hematoxylin complex. Théy'repdrfeﬁ'ihtérfereﬁce by iron(III),
antimony(lﬂj, bismuth(III), and titanium(IV) but claimed ‘that “1n
comparison with dithiol methoda this method has a wider range, is more
reprducible and suffers from fewer 1nterferencea. Thia work was
‘followed by that of Norwitz (28) who produced a‘ method .for #n in
propellents and by several Japenese workers, Kojimél(ZQ) with a method
for tin in non-ferrous metals, Tanska (30) with s method for tin in
copper and aluminium alloys and Malkaws,Yoneyams and Fujimoii (31) with a
‘method for tin in iron and steel. A stﬁdy of theinatu:e of tﬁe complexes
formed betweeﬁ,tin(lv) andiHematbiyiiﬁ was published in 1965 by Yoéiﬁura

and Noguchi (32).

OXINE . -

OR

wakamatsu (33), in 1960, described the determination of tin in
iron and steel; - the method involves the extraction of the tin-S-hydroxy-

quinoline complex and_was baged on an earlier method by Gentry and
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Sherrington (34). 1In the esrlier method.the non-éélectivelnature of the
reagent wéa-avercome by a preliminary separation by distillation of‘tiﬁ(IV)
iodide or fin(IV) bromide. Careful comtrol of the distillation was
- necesssry of'antimony(iII) ;nferference occurred._ ﬁékématéu'a lﬁter mathod
utilised ihe c;;precipitation of tin.using manganeéa diqxi&e'gs é:oarriér.

Any iron(III) present was masked by selective reduction with sscorbic acid.

O 0

The blue complex férmed.betyeén'tin(IV)_and Morin 1n:wéakly acid
solution ié_the basis of methods by Feigl, Gentil andicoldstein (55) and -
Patroveky (36). Patrovaky reported that molybdenum, tungsten, tantalum,

niobium,.zirconium, thorium, fluoride,Voxalates, and tartrates interfere.

PHENYLFLUORONE

HO | CH

CE

The original work by Luke (19), in 1956, on the red colloidal
complex formed between tin end Phenylfluorone initiated extensive work
with this reagent which has continued up to the present date. Luke

described a method for tin in lesd and sntimony-lesd alloys which hes
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been extended.by Bennet and Smith (37), who reported; emongst other things,
that erratic results were caused by the gum arablc used as & disﬁe;sing
agent in s later method by Luke (38). Oelschliger (39), when developing a
ﬁethod for treces of tin in biological and other meterialo, compared
Dithiol and_Phenylfluorone.‘ Two papers on iron and efeel analyaialbj
Picasgo snd Pizzimenti (40) and Luke (41) followed this stu&y. |

The inherent problems of measurement of 1ight absorption by
colloidal suspensiona are solved by working in methyl-isobutylketone and
ethanol in both of which the complex s soluble, ‘88 was found by Luke (19,41).
and Leblond snd Boulin (42) respectively. | -

Solvent extraction methods that precede phenylfluorone colorimetric
determinations have mainly been based on sodium diethyldithiocarbamate or
cupferrate, Luke (19,20) made uge of the "douhle carbamate" extraotion
technique of wyatt (18). Cupferron in chloroform has been used by
Raczka and Suchy (43) and Gur ev and Saraeva (44) Ion-exohange methods
include those of Spoirs (45) and Hofer (46} | o .j |

related reagent to phenylfluorone and preeumably with aimilar '
propertiea,_is p—nltro-Fbenylfluorone,:Nﬁzarepko_end Leoedave (47) have

used this in the determination of tln,in low grado ores,

_9-(3-PYRIDYL)FLUOROHE

The replacement of the phenyl group in phenylfluorone by a
pyridine group in this compound, confers water solubility upon the tiﬁ '

complex, thus overcoﬁing the probleme of colloidel systeme ﬁet with_ln



9.

the case of phenylfluorone. Asmus and Kresetsch (48) report an investigationo.
of the use of 9-(2~pyridyl)fluorone, 9-(3-pyridyl)fluorone and 9»(44pyridy1)-
fluorone for the determination of tin. 9-(3-pyridyl)fluorone weg preferred
on selectivity grouﬁd§; Further Qork_with this reagent includeoithat by
Asmus an& Koasmann (49) and lsmus ond Weinert (50) on niéthods for tin in
steels. Hlth a reported molar abs'orptivity'of e lttle over 1'00.’,'ooo'1.\m_or1 .

em-1, this reagent has probably hed loso'atteotion thah it'might:ﬂeéérvo.

CATECHOL VIOLET -

CH -

SO}H

Suk and Malat (51) reported that a coloured complex was formed
between Catechol Violet end tin and also gave info:mation on other metallic
species that woﬁld be expected to form colours with this oompound. On the
basis of thia work, Ross and White (52) developed a procedure using
Catechol Violet as & colorimetric reagent for tin, They roported a molar
absorptivity of 65,0001 mol"1 cm"‘_'. and gave information on the.effec_ts of |
vH, diverse ions, initial concent;at'ioo of écid and a .c‘om.p'ari.son with othef
reagenfs. Furthorﬁofe it wao protédlconoluaively that-the complex is_
formed Only.when tin was proa‘eot as tin(IV);_ The same workers then
combined their Catechol Violet detemination with an extraction baaed on‘

. the cyclohexane soluble complex, SnCly s 2TEHPO (where TEHPO is
tri- (2-ethylhexyl-phosphinef:o give methods for tin in lead, zino, copper,

iron and zinconium alloys (53). These extraction pmcedurea generally

showed excellent results and only antimony(III) was shown to interfere.
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Other work oombining extraction methods with Catechol Violet determinations
include that of Gilbert end Sandell (54) and Tanska (55 56), who used a
benzene extraction of $in(IV) iodide. Tenaka's work on iron and steel was
applied to tin in organic matter by Newman and Jones (57), except that they .
back extracted tin with sodium hydroxide solution, unlike-Tanaka‘yho_used
dilute hya.rbmoria acid. They stated that, -'i'cafeohol Tiolet 18 Ane of thé_ |
most aensitive colorimetrio reagenta that have been uaed for tin, it forms |
a red complex in weakly acid solution which is. water soluble, an advantage .
wver dithiol and phenylfluorone which produce oolloidal syatems.

In the original colorimetrio procedure for the determination of tin ;
with Cateohol Violet by Sagakova and Lyubivaga (58) :ln 1959, gela tin was
added "to atabilise the colour" and absorbance meaaurements were made at
- 619 n.n. Halat (59) later oarried out similar studiea on the tin-Catechol i
Violet reaotion in the preaence of gelatin. ‘He found‘a considerable o |
bathochronic lhift 1n absorbance maximum of the complex from 555n.m. in f.
the absence of gelatin to 640 n.m, in the preaence of gelatin. The
absorption maximum due to excess reagent in aolution remained 8t 445 n.n. :
in each caae;_ in this way the analytically undesirable band_overlap was
greatly rééuced. Prompted by this work, Dagnall et; al. (60) 1hvestigated
the use of a number of surface active agenta of which eetyltrimethylammonium
bromide (cma) was found to be the best. cmB_pm_iucea a bathochromic
shift of the conplex's sbsorption meximum from 555 m.m to 662 n.m. and.
~ greatly increased the sensit1vity of the system to give an incraaae in molar
absorbtivity from 65,000 to 95, 0001mol'1 emt. They coined the tern
"sengitisation" for this phenpnemon.‘ In one.of a ge:ies of papers in
Talanté, on the applicatiom of.térnary'complexés,‘the‘same'achool‘ﬁut
forwerd a_theoiy fqr fhis "seﬁaitisation" on the bagis of the formation of '

a true 11214, tin-Catechol Violet-CTAB ternary oompléx (61).




When oeeefioing 8 method for the dete:oinotiOn'of7£ih‘;n oraneo and
bronzee;.Lisko“(Gé) ;eporfs that Quereetin'is e.ﬁoefter‘reagent'ohen Horih;"
_.Jenousak end_sfodler (63) have puf forward a.hethod-for-tio‘in-oteel in the .
0,001 to 0.1% range in whioh separation methOds hj disiillation_anﬁ by 1¢ﬁ“3‘
.exohaoge were given, Kirk and Pocklington (64) haie'ofoduoedfa meobod for -
tin inr canned foods, in. vhich they meek iron 1nterfereooe with.ﬁhiouoea.. _
;‘They state, "The method givea results similar to the Dithiol method but |
manipulation is easier and therefore it is better for rontine enelytioal .

' work, particularly at higher trece levela.“'

‘ B&SIC DYE HETHODS

These methods are boeed on the formation of 8 ternary 1on-aaaooiation :

complex between L tin-bearing anion and a dyeetuff cation. Ducret_and Mau:el'

(65) estimated tin, by extraotion into 4-hectanone‘of~the dye aoion complex
'formed between t4n(II) and Cryatal Violet in hydroohlorio acid solution. .
Eowever, they reported that the dye chloride itself is extracted and that
there are many interferenceo. Arnsen_and Selmer-Olsen (66) héve uaea
Rhodamine B in'e method for tin, in ﬁhich they repoft‘that zino(II),
meroury(II), iron(III), antimony(III), antimony(?) and bismuthcnx) interfero.
The ternary complex formed by tin and Halachite Green in the presenoe of
:thiocyanate has been utilioed by Chih-Shang and Li—Shu (67) : Shumova ard |
‘Blyum (68) have used Butyl Rhodanine 8 in a method 1n which a complex of

the formule, SnCl4-(Butyl Rhodamine 8) is formed, cupferron must be present

- for reasons that were not known,

AR L L e ket y e 2 A e S bR T A " B et £ < v s St o h e e ]
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OTHER METHODS

Lopez (69) reported a method in which Cacotheline was used for the
determination of tin in lead; the separation prbcedure inﬁolved DATZANE BE |
dioxide and iron(III) hydroxide coprecipitation stageé. 7i tanium(III),
venadium{IV), rhodium(XII), niobium(III), arsenic(IIl), antimony{III),
chromivm(III) do noﬁ inferfere.. Nielsch end Bltz (70) héve made use of
the yellow colour given by tin(IV) bromide.in concentrated hydrobromic acid.
Beers law was obeyed in the 8-1,200 ug/ml. range but the absorbance depends
on hydrobroﬁic acld concentrstion. After an ion exchange.éeparation the
absorbance of the iodoatannate(IV) complex was uséd 5y Dawson and Magee (71)
as the basis of a method for tin in white metal snd tin alloys. Tanaka and
Takagi (72) measured the ultra violet absorbance given by the $in(1v) iodide
efter its extrsction from M sodium_iodide/4M sulphuri§ acid.media. The
formation of the'blug compound, of uncertain chemical composition
("Molybdenum blue"), when molybdic acid is reduced bylﬁin(iI), has been
made the basis of indirect methods, Marc;lzenko (73) end Namiki (74) amongst
others, Fimlly, a more recent n@thbd uses salicylideneamino-2-thiophenol
(SATP) due to Gregofy snd Jeffery (75); in their-procedure ascorbic acid
was used to mask iron(III), end thiosulphate can be used to mask silver snd
coprer interference, lLactic acid is found not only %o prevent hydrolyaia'of

tin at the optimum pH of 2, but slso to prevent molybdenum interference.
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CHAPTER II

COMPARATIVE EXPERIMENTAL STUDY OF THE FRINCIPAL
SPECTROFHOTOMETRIC METHODS OF DETERMINING TIN

In gpite of a good deal.of previous work on reagents for tin, only
one broadly Based comparative study appears to have been published. This
was by Babko end Karnaukhove (76); they studied eight_#eagent systems and
' £he independence of absorbance on pH as their criteria for coming to the
conclusion that the best reagents for tin(IV) are:- Catechol Violet,
Hemstoxylin and Quercetin. They did not consider sensitivity or overall
precision. Conesequently, their findingq wéfe only of limited assistance to
the aims of the present work. -

It would not have been possible here to exsmine every reagent that
has been put forwafd for tin, Therefore, the four mqst popﬁlar, namely
Dithiol, Phenylfluorone, Gallein and Catechol Violet, along with

salicylidene-2-thiophenol (SATP), were selected.

EXPERIMENTAL

In cérrying out the investigation, special regard was given to
reproducibility of results and the ihherent properties of s reagent;
adherence to Beers' lLaw, molar sbgorbtivity and the spectral characteristics
of the tin-resgent aysfem. Selectivity was not considered since it was
clesr from the literature survey that there is no highly selective reageﬁt
for tin and there is little to ch¢ose, on selectivity grounds, between
those resgents that have been put forward.

The tests for reproducibility were carried out_by measuring the
absorbance given, with each reagent, by each of fifteen equal aligquots of
standsrd tin-polution,,taken in 3x5 aliquot batches. Bsichwise and overall
gtandard deviatiéns are reported. The size of the aligquot was chosen to

fall in the middle of the concentrstion range suggested by the authors of

the respective papers, selected as the basis of the methods for the tests.
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 These generally gave absorbance reedings that fell within the 0.3 to 6.6,
the minimum error, absorbsnce range calcﬁlated by Ayres..(77).

Beers"Law plots were construcﬁed over the suggésted ranges and the =
meap molar absorptivities reported herein result froﬁ averaginé of tin
concentration/absorﬁance results in the Beers' Law plots,

Spectral cheracteristics were exsmined taking particular note of
band separations 5etween that for the excess'ﬁeagént'preSeht and that for
'.the metal complex itself,

All meéauremenfs were carried out on a Unicam SP600 spectrophotometer,
lDouble distilled water, from silica_apparatua, wag used throughout. The
reagents were gsed LY aupplied by the various commérpiai suppliers, no

attempt at purification was made,
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DITHICL

This feagent suffers from the disadvantage that its cbmplex.with
tin ism insolﬁble in aqueous media. Consequently, the reaction must be
carried out in fhe.presence of & dispersing mgent: Kenyon and Ovenaton (10)
uged sodium lauryl sulphste féf this purpose, and it was this method that

was used for this investigetion.

- ﬁeproducibil;ty testa:

Table 2317 Tests were carried out on solutioﬁs'that contained
8 pg tin(IV)/ml. Using 10 mm, cells at 545 nm,

Batch 1 " Batch 2 " Batch 3
(absorbance) (absorbance) |. (ebsorbence)
0.407 0.383 0.440
0.405 0.409 . 0.449
0.409 0.383 0.436
0,409 .” 0.393 0.423
© 0.395 0.376 0,426
mean 0.405 0,389 0.435
gtandard deviation 0.0058 0,0089 C0.0106
coefficient of vériaﬁba 1.4 2.3 2.5
Cverall mean '0.408
Overall standard deviation 0.022

Overall coefficient of varishoa 5.4

Adherence to Beers' Law: (at 545 nm.)

Table 232

P T tin(IV)

per ml. 4 8 12 | 16 20

absorbance | 0.136| 0.352| 0.582{ 0.648 | 0,663

Adherence was very poor over the 4 to 20 pg tin{IV)/ml, renge,

the line gave strong curvaturc at concentrations greater than 12 pg tin{1V)/

ml. and did not extrapolate through the origin,




Molar absorptivitys
l .

many other spectrophotometric reagents,

Spectral charscteristics: (Fig. 2i11a)

16.

ebsorptivity of 5,900 1 mol™! em~! was obtained.

PHENY LFLUORCNE

(A) IN AQUEOUS MEDIA

Across the linear portion of the Beers' Law plot an average molar

The spectral characteristics of the tin(IV)-Dithiol system are in
fact excellent, since the reageht iteelf is colourless there is no problem

due to reagent/bomplex band overlsp, which leads to high blenk values with

For the purpose of this investigation the method used was that of

Picasso end Pizzimenti (40). This method is closely related to the two

methods by luke (20,38) as mentioned in the previous chapter.

Reproducibility testa:

Table 2313 Tests were carried out on solutions that contained
0.4 xg tin(Iv)/ml., using 20 mm, cells, at 510 nm,

Batch 1 Batech 2 Batch 3
(abs.-blank | (abs,-blank | (abs.-blank’
of 0.199) of 0.192) of 0.193)
0.396 0.281 0.355
0.419 - 0,305 0.339
0.392 n.286 0.365
0.406 o 0.331 0.369
0.360 0.336 0.357
meen - - 0.394 0,307 0.357
standard deviation 0.022 2.025 0.012
coefficient of varishoa 5.6 7.4 3.4
Overall mean 0.353
Overall standard deviation 0.044

Overall coefficient of variéﬁbarf1.6
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Adherence to Beers' Law: (at 510 nm,)

~ Table 234

pg tin(IV)/ml., 0.2 C.4 | 0.6 0.8

b ‘ N
?sszgfzigiank) 0,356 | 0,589 | 0.754 | 0.913

absorbance

(semple) 0.162 | 0,395 | 0.560 | 0.719 -

48 a result'of the poor reproducibility of the method, adherence
wag only fair, the points being fairly widely scattered around a straight

line that pesséd‘through the origin.

Molar sbsorptivity:
¥

Over the range of 0 to 8 pg tin(IV)/nl., the average molar

absorbtivity was 54,500 1 mol™! cm”’,

Spectral characteristics: (Fig. 2:1b)

Spectral scan of the complete vigible region of the system showed

very noticeable reagent/complex band overlap.

(B) IN CRGANIC MEDIA (Methylisobutyl ketone)

The method used here was that due to Luke {41), in which the

tin(IV) - Phenylfluorone complex after being formed in agueous media is

extracted in methylisobutyl ketone,




Reproducibility testas

Table 235 Tests were carried out on solutions that contained
1 g tin(IV)/ml. of methylisobutylketone using
10 mm, cells at 530 nm. :

Batch 1 Batch 2 - - Bateh 3
(abs.-blank | (sbs.-blank .| (abs.-blenk
of 0.086) of 0.116) of 0.095)
0.338 0374 | . 0.447
0.333 0.325 . 0.449
0.369 0.396 ' o 0.444
0.372 0.419 C 0,477
0.392 . 0431 0.438
mean N ' 0.361 0.388 . 0.356
atendard deviation - 0.02% . 0.042 0.015
coefficient of variafica 6.9 10.8 | - 4.2
~ Overall mean _ ) 0,368
. Overall stendard deviation 0.031

Overall coefficient of varistion 8.4

Adherence to Beers! Law: (at 530 nm.)

Table 2;6
28 £4in(IV)/m1, 0.5 | 1.0 1.5 2,0
?:zgggiﬁgiank) 1 0.300| 0.489 | 0,669 { 0,848
_?:::;E:gm) 1 0,202 0,391 | 0,571 | 0.750

Beers' Law was closely followed over the renge 0,5 to 2.0/ng.
tin(IV)/ml., the cnly deviationlheing st very low concentrations (less

than 0.3 yg. tin (IV)/ml.), where there was slight curvature,
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Molar absorbtiv1ty=

Average molar absorbtivity over the 0.5 to 2. O,Pg tin(IV)/ml.

range was found to be 45, 000 1. mol” Vet

Spectral characteristicas (Fig. 2:1c)

As with Fhenylfluorone in aqueous ﬁedié the reagent/complex'bahd
geparation waé non~existent, because of this abaorbance messurements are
:téken at 530 hm.,.rather than at the wavelength of maximum absdrption,
presumably to reduce the absorbance due to excesgs reaéént, alfhough, of

course, at the sacrifice of sensitivity.

Non-uniformitylof commercially available samplesggg_Phenylflﬁorone:

During the previoﬁs work, the question srose of non-uniformity of
the various samples of.Phenylfluorone that were commercially available,
Four seamples were examiged, one from BDH, one from Fisous, and two from
Hopkin and Wiiliams. They gave quite different tin{IV)-Phenylfluorone
spectra, . _

Thin layer chromatrography (Aldminium'Oxide, Merck type Ej
eluent,1% concentrated hydrochloric acid in methancl) Showed,thgt the
ssmples congisted of two major components, a red species that was eluted
upwards and s yellow speciés that remained on the starting line. The
red species turned yellow on addition of scid and fhe yellow speciés
turned red on addition of alkeli, |

Paper electrophoresis (Whatmen No,1 filter‘béper, 0.05M potassium
tetroxalste, i.e. pH 1.65 buffer, constant current of 5 milliamps for 18
hours) showed fﬁat the red species was eléctrically neutral and the
yellow poaitivelj charged.,

The fofegoing evidence éuggests that the two components are the
non—protonafed (R) and protonsted (RH+)_equilibriuﬁ forms of the reagent
respectively, The existence of these two forms in the original sample

would not be defrimental, if at Picasso and Pizzimenti's working pH of
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1.2 conditions wére sufficiéﬁtly'acid to convert.éll the neutral.fdrm to
the protonated form., However, this is not 1ikely,'since péper electro-
phoresis was carfied out under buffered conditions gf-pﬁ 1.65, thaf is at
a pH close td Piccasso and Pizzimenti's working TH, aﬁd this work showed
that the red; néﬁtral form continues to exist, which means that the
equilibrium islexfremely slow, |

In spité‘éf this and the unfavourable specﬁral characteristics and
poor reproduéibilit&, glven earlier, Phenylfluorone.apﬁéars fo bé.the most
popular spectrophoﬁometric reagent for tin uséd by thé‘British Steel

fndustry at the present time.

GALLEIN

Mchonald end Stenton's (21) method for tin in soll, in thch the
tin(IV)-Gallein complex is extracted into n-pentanol, wag used for this

investigation,

Table 237 Tests were corried out on solutions that contained.

1 pg tin(IV)/ml. of-népentanol, using 10 mm. cells,

at 500 nm,
“Batch 1 Batch 2 " Batch 3
(abs,.-blank (abs.=blank (abs.-blank
of 0.179) of 0.184) of 0,171)
0.333 0,328 . 0.322
0.333 0.309 0.351
0.333 0.33 . 0,364
mean - 0,331 0.371 0,360
standard deviation 0.0054 0.0113 0.0532
coefficient of varisfica 1.6 3.6 14.7
Overall mean 0.336
Overall standard deviation 0.346

Oversall coefficient of variéﬁoa 10.3
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Adherence, to Beers' Law: (at 500 nm,)

Table 248

pe tin{IV)/mi. | 0.5 1.0 "1.'5_ 2,0

e | o0 | s | | o
Comoroey®® | o.178 | 0.323 {0,471 | 0.608

Adherence to Beers' lew was good over the 0.5 to 2.0 pg tin(Iv)/ml.

range used, but there was some slight curvature at concentrations less than

0.5 )Jg/ml.

Molar absorptivity:

Across the.O.S to 2.0}yyﬁﬂ. range the average molar absorbtivity

found was 37,500 1 mol*! em-1. -

Spectral characteristicss (Fig. 2i1d)

The spéctral characteristics of the system were far {from
gatisfactory, there being almost complete overlap of reagent and complex

bands.

CATECHOL VIQLET

This resgent has the adventage thet its complex with tin(IV) is
water goluble, which allows the use of simpler manipulative techniques than -

can be used with most of the other colorimetric reagents for tin.

(A) WITHOUT CETRYLTRIMETHYLAMMONIUM BROMIDE (CTAB)

The method used was that due to Newman and Jones (57).
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Reproducibility tesgts:

Table 2:9 Tests were carried ocut on solutions that contained
' 0.7 pg tin(IV)/ml. using 10 mm. cells at 552 mm.
Batch 1 Batch 2 . Batch 3
(absorbance) (absorbance) (absorbance)
0.368 ' 0.373 "0.374
0,370 0.373 0,374
0.377 - 0,367 0,355
0.377 0.365 | 0.374
mean S - 0.373 0.370 " 0.369
standard deviation - 0.0015 0.0013 - 0.0030
coefficient of variaea 0.40 0.35 0.8
(Overall mean - 0.3
Overall standard deviation ©0.00621

Overall coefficient of varisfioa 1.7 |

Table 2310

o | S |

‘Adherence to Beers' Law: (at 552 nm.) . o ‘w
' |

|

e tin(1v)/

ml. 0-2 004 0.6 0.8 1.0 1.2

absorbance |0.1080,222(0.348(0.455(0.552{0.677

Beers! lLaw was closely foilowed, there being 6n1y slight scattering

of points around a basic straight line.

Moler absorbtivity:

Over the 0.2 to 1.2 pg tin(IV)/ml, renge considered, the average

moler absorbtivity was 67,000 1 mo1™t em .

Spectral characteristics: (Fig. 2:1e)
The spectral characterictics are a great improvement on those of

FPhenylfluorone and Gallein already reported. In this tin(IV)-resgent

system there ig good, though not perfect, separation of absorbance bands,
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(B) WITH CETYLTRIMETHYLAMMONIUM BROMIDE (CTAB)

The methol used was essentially that due to ﬁagnéll et, al. (60),
The method, ag laid down by these ﬁorkers, infers that after adjustment of
the pH to the optimum value of 2,2, the solution should be made up to
volume (100 hl.) by addition of waters this.would result in a change of
the pH from the optimum value of 2.2. To avoid this, fhe'voiume was made

-up using a sulphuric acid solution at pH 2.2. Furthermbre, in this work

prepared by dilution of 10™M standard tin solution - (see Chapter 4,

stability of standerd tin (IV) solutions).

Reproducibility tests:

Tsble 2:11  Tests were carried out on aolutipns that contained
04593 pg tin{IV)/ml. using 10 mm. cells at 662 mm.

Batch 1 Batch 2 | Bateh 3
(absorbance) (absorbance) | (absorbance)
0.445 0.446 : 0.466
0.465 04456 0.4M
0.447 0.447 0.456
0,464 _ 0.466 o 0.468
0,465 0.473 0.473
mean : 0.457 0,458 - 0,467
standard deviation 0,0103 0.0118 0,0066
coefficient of variatiea 2.3 ~ 2.6 1,5
(Overall mean 0,461
Oversll standard deviaition 0.04M

Overall coefficient of variahi@n 2,2

the 10”MM standerd tin solution was mede up 10% V¥/V in sulphuric acid when
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Adherence. to Beers' Law: (at 662 nm.)

Table 2:12

ug tin( IV)

Tm1. | 0:2 0.4 0,6 | 0.8 | 1,0 1.2

absorbance |0.130]0.292]0.468|0.62910.822/0.985

Beers! Law was very closely adhered to over the whole of the 0,2
to 1.21ng/ﬁ1. range considered, there being very slight curvature at

concentrations of less then 0,2 ug/ml.,

Molar absorpﬁivity:
Over the range of the Beers' Law plot the average molar

absorbtivity was found to be 92,0001m01-1 cm‘1.

Spectral cheracteristics: (Fig, 2:1f)

The recommendation of this ﬁethod eﬁerges from a study of the
spectral characteristics of the system. "Sensitisation" with CTAB results
in a bathochromic shift of the absorption maximum of the‘metal complex |
from 550 nm, to 662 ﬁm., whilst the adsorption meximum of the excess
reagent remains at 445 nm. This shift has the effect of removing all
reagent/complex band overlap end to quote Dagnall, et, al. (60), "promotes

conditions that are almost ideal for analytical measurement,™

SALICYLIDENEAMINC-2-THIOFHENOL

The method that invclves extraction of the domplex into xylene

is due to Gregory end Jeffery (75).
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Reproducibility tests:

Table 2:13 Tests were carried out on solution that contained

3 pg tin(IV)/ml. of xylene using 10 mm, cells at

415 nm,
| Batch 1 Betch 2 Batch 3
(absorbance) (absorbance) (absorbance)
0,267 0.315 | 0.358.
0.270 0,322 - 0.346
0.294 0,325 0,352
0.287 0.375 | 0,366
0.297 04343 0,322
mean ‘ 0.283 0.338 0.349
stendard deviation - 0.0137 0.0231 - 0.0167
coefficient of'variéﬁbﬂ 4.8 6.8 4.8 |
Overall mesn ' : ._0.323
Overall standard deviation  0.0342

Overall coefficient of varishoa 10.6

Adherence to Beers' Law: (at 415 nm.)

Table 2:14

pgtﬁfm/ 1.0 | 2.0 | 3.0 | 4.0 ] 5.0

absorbance 0.107 |0.216 | 0,306 | 0.400 | 0.492

Adherence was good over the recommended range.

Molar absorPtivity:
4
Over the 1.0 to 5.0)»3 tin(IV)/hl. range used, the average molar

absorptivity was found to be 13,400[“101.1 om T,

Spentral characteristicss (Fig. 2:1g)

At the wavelength of meximum absorbance for the complex there is

only slight overlap of the reegent and complex bands.
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SUMMARY OF. RESULTS

Table 2:15

. ~ |Adherence molar spectral reproducibility
Reagent to absorptivity|character~ B .
. - -1 atchwise Overall
Beers' Law/Lnol~! cm istics coeff.of var,lcoeff,of var.
1.4
DITHICL : very
5,900 excellent 2.3 5.4
(aquecus) poor 25
PHENY LFLUORCNE 5 very
(aqueous) fair 24,500 . poor 8.1 1.6 _
- 2.4
PHENY LFLUCRORE 6.9
(methylisobutyl] good 45,500 poor 10.8 8.4
ketone) 4.2
%ALLEIf . good 37,500 poor ;:g 10,3
n-pentanol) 14,7
CATECHOL VIOLET 0.40 ‘
(aqueocus good 67,000 good _ 0.35 1,7
without CTAB)- 0.81 :
CATECHOL VIOLET ‘ 243
(squeous) good 92,000 excellent 2.6 2,2
with CTAB 1.5
4.8
STAP
good 13,400 - good 6.8 10,6
(in xylene) _ 4.8
CORCLUSIONS

The foregoing experimental evidence clesrly illustrates that
Catechol Violet is superior, Iin virtually every respect; to all the other |
reagents investigated. As such, it is probably the best reagent available
at the present time, The greater reproducibiliiy of the Catechol Violet
method is undoubtedly largely due to the water solubility of the tin(IV)-
Catechol Vicolet complex., The system is non—colloidal; this avoids the
problems of light scattering and the use of dispersing agents which are
not generally.of uniform chemical consistency. |

Furthermore, the posgsible sernsitisation of the Catechol Violet

method with CTAB, which results in greater sensitivity and complete
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separation of reagent and complex sbsorption bands added still further
weight to arguments in favour of using Catechol Violet as the reagent of

choice in the present task, that is fo develop a rapid and precise method

that it applicable to the widest. range of steels possible.




PRINCIPAL SPECTROPHOTOMETRIC REAGENTS FOR TIN. : . ;
— Fig. 2:1.
VISIBLE ABSORPTICN SPECTRA OFF THE TTN-REAGENT SYSTEMS.
Reagent and

207 _ : lex.
DITHIOL y L mmee- ;Z?geif '

./ \ - _ ) - —fmea Complex.

absorbance —=
O
§]]

107

PHENYLFLUORONE (in agueous soln)
/ -\\ b.

absorbance —-

.Ino-I . :
PHENYLFLUORONE (in M1BK)

s
_ LO@O o

Is}




107

absorbance —

| GALLEIN(in n-pentanol)

400

CATECHOL VIOLET'
Hooooe

oFor

. SOH

Vv
IN
/' S

bma e

400

. CATECHOL VIOLET (
. H :

SOH

Q%

T i 6! ‘
0 aem— %9

sersitized with CTAB) .




© absorbance —s

e

- AMnm)—

600



28,

CHAPTER ITI

EXTRACTIVE SEPARATION OF TIN

There iq no highly selective reagenﬁ,for the cdlorimétri@
determinatioﬁ of tin. Consequently, if a method is to be applicable to
gnything ofher than a narrow range of steels, the colorimetric determination
must be preceded by a selective sepsration proceéure, Thé'CatEChpl Violet -
CTAB colorimetric determination had been chosen on the strength of the_.
experimentaljévidence reported in the previous chapter., This determinetion
fakes place in aqueous solution and, therefore, if a solvent extraction
procedure is tb be compatible with this colbrimetric'determinetion, it must
include a back-extraction into.aquebﬁs medié. Undoubtedly; the simplest aﬁd
most satisfactory way of achieving the required separation is by solvent
extractiop of tiﬁ(IV) iodide agd back-extraction of tin into agueous media,

Giibert and Sandell (54), in 1960, weré tﬁe first to realise the
potential of the tin(IV) iodide extraction as a #elective method = their
work wasg further developed by Tsneka (55,56). Benzene was.ueed ag the
extractanf ahd dilute sulphuric and hydrochloric zcids were used .
respectively for back-extraction. The success of the iodide extraction is
due tolthe very slight tendency of tin to foggnggo species, even at high
iodide concentrations. This behaviour may be explained by the difficulty
in reaching tﬁe maximum coordination number of si# becgsuse of the sPa&ial
problema involved in arranging six large iodide ione around a small tin(IV)
ion to give Sn162'.

In 1966, Newman and Jones (57) developed & procedure, for the SAC
Analytical Méthods Committee, for the determinatién of tin in orgenie
matter. They substituted toluene for benzene because of its lower toxicity,
but were unable to obtain quantitative recoveries by back-extraction into
an aqueous'phaée of dilute hydrochloric, éulphuric of perchlorid acids.

Instead, they beck-extracted the tin with sodium hydroxide solution and

in this way obtained 100% reversion. Modifications that improve this
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method have been made herein and the procedure adapted to give an
. extraction procedure that is compatible with the previously selected

Catechol Violet~CTAR colorimetric determination.

FXFPER IMENTAL

(A) TOLUENE EXTRACTION OF TIN

The optimum conditions of acid and iodide strength, for the
extraction of tin(IV) iodide have been previously determined by Gilhert-ahd

Sandell (54)‘9nd Tanaks (55,56).

Number of éxtractions requireds

Table 3:1 The extraction procedure was applied to 20 yug of tin

in the form of a standard solution.

Absorbance when Qoépg‘of‘tin were determined using
the Catechol Violet-CTAB system = 0.293 at 662 nm,,
(i.e. by definition 100% recovery).

wo. ot | T | |
exiﬁ;:t- 6 results) tin found | recovery
at 662 nm.
1 0.272 18.6 93.0
2 0.291 | 19;9‘ 99.5

Iﬁ contrast to the findings of Newman and.Jonés (57), it was
found that tﬁo toluene extractions were necessary if recoverieas
approaching {ooﬁ are to be achieved, These findings.are in accordance
with those of Gilbert snd Sendell (54), who staste that a second extraction

may be necesséry if the sulphate concentration in fhe golution exceeds 0,5M,
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Extraction fiﬁe reguireds

Table 3t2 The extraction procedure was applied to 20 pg of tin
in the form of aliquots of standard sclution.

time in secs, 15 30 1 60 | 120 | 180 | 240

absorbance 0.279]0.27910.276]0.285|0.285{ 0. 285
(in triplicate)|0.287/0.290{0.2861{0.29210,292[0,285
at 662 nm, 0,26010.28410,27610.2891{0, 292! 0.290

average abs. 0.275(0.284 0.279 0.289(0.25010.287

Poor reproducibility snd less than 1007 extrsction given by

extraction times of less than 120 seconds.

Stability of toluene extract:

In view of the volatile nature of tin(IV) iodide 8 stabzlity teat

on the extract in toluene ‘was carried out.

Table 3:3 Three extracted solutions were allowed to suand in

open separating-funnels for 5 hours.

tin sdded tin found {(pg)
(pe) “Sample 1 Sample 2 Sample 3
was

Loss was only slight andinegligible within experimental error..

(B) SODIUM HYDROXIDE BACK-EXTRACTION OF TIN

Newman and Jones (57} added 5M sodium hydroxide solution dropwise
until the tolﬁene layer hecame.colourless. In this work hokever, it was
thought that:it would make manipulation simpler by using s pre-determined

volume of a solution ofreodium hydroxide of optimum strength.
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Molarity of sodium hydroxide

The sodium hydroxide basck extract has to be subsequently écidified
and adjusted to pH 2.2, the optimum pH for the Catechol Violet~CTAB
colorimetric_depermination of ﬁin. Therefore, in order te reduce the
volume of acid and the heat of reaction involved in this step, it was
sdvantageous to determine the minimum pefmissible_sfréngfh of the sodium

" hydroxide solution to be used for the back-extraction.

Teble 334 Aliquots of standard tin solution contsining 20 pg

tin were back extracted from toluene using a § ml.

followed by & 2 ml., aliguot of sodium hydroxide

solution,

M of sodium 0.1

hydroxide soln.{ 0.5 1 1.0 2.0} 3,0 | 5.0

absofﬁance 0;288 0,280]0.294(0.302(0.294 0.295
(in triplicate)|0.278|0.290|0.291[0.3200(0.295]0.295
at 662 nm. 0.272[0.280|0.293{0.300}{0.293 [0.300

average sbs. | 0.279]0.283{0,292]0.3%00 (0,294 (0.296

For 100/ extraction and good feproducibility the sodium hydroxide

solution must be at least 1M,

(c) PROBI.EMS OF HYDROLYSIS DURING EXTRACTION OF TIN

In solutiona of insufficient acid or alkali strength tin is
readily hydrolyaed via a complex series of reactlons of which the
following_are.examples (78):-

4+

(1) sn*" + 28,0 = sno, + 45

(11) st + 20,0 = sn(0R), 2" + 28"

(111) sn(om),?" + 28

+
oz Sn(OH)4 + 2H

2
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The back-extract, at & pi of about 11, must be adjusted to the low
rH of 2.2,_£he optimum for the Catechol Violet-CTAB_coloriwetric | |
-detefminatioh. The problem arises of hydrolysis occurring during passage

through the midﬁle pH renges; Fig, 3:1 shows the pH range in which
considerable hydrolyéis occurs, Tanaka (59,56) used dilute hydrochloric
_acid an tbé'back-extraction agent, so there was ﬁo hydrolysis problem in
this case, but it was found that hydrochloric ecid did not give 100%
reversion, at least not with volumes that would-hafe been practical for
the present requirements, |

In the case of an alkaline back-extract the‘hydrolysis_problem can
be overcome by running it into & stirring excess of dilute hydrochloric
acid in ofder to almost instantaneously bring the pH down to sbout 1, a
pH at whidh the solution was found tb be stable for st least geveral dsys.

The subsequent additions of reagenta cen: then be made and the pH
adausted to 2 2 by addition of dilute godium hydroxlde solution,.

If a direct sdjustment of the alkaline back»extract is made, by
simply adding acid dropwise, trensition through to 10 to 2 pH range is

not aufficienfly rapid and substantial hydrolysis occurs:-

Table‘5=5 Backeextracts were adjusted directly to pH 2.2 by
dropwise addition of dilute hydrochloric acid.

tin sdded {(pg) “tin found (yg)

10.1, 18.0, 10,8
16,5, 10.8, 17.7

20,0

(D) PROBLEM OF CARRIED~CVER IODINE

The liberation of small amounts of iodine during the extraction
procedure, owing to atmospheric oxidation of potaésium icdide, is

inevitsble, It is extracted into toluene and then in turn, back-extracted
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HYDROLYSIS OF TIN. absorbance given by recommened procedure

| after standing tin solutions( 04ug/ml) at
various pH va!ues tor 30minutes.

PH  abs i
1.0  0.293

20 0.295

4.0 0019

6.0 0045

-80 0.176

100 0.292

110 0.291

2.0 0.293

R 2 3 4 5 6 7 8 9 10 1 . 12
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as hypoiddite into the sodium hydfoxide; on édidifiéatioﬁ'iodiné is
-released agaihe This must be removed for two reasonss Catech01 Violet
is oxidised snd CTAB is ptedipitated,'pfésumablyjasltﬁe triqdidé, i
iodine is.p?ééent, Ascorbio scid solution is thereféfé added in order tol_'
dischafgé thé'iOdine'cﬁloﬁr before'any.further additions of reagents are

made,

(E) CONCEﬁTﬁATxon RANCE dF'T}IEVPROPOSED EXTRACTIOﬁ PROCEDURE
‘. _Ove?fthe range 10-60;pé.of tin the cal;bfatiqh plot obtained gfter
extfactioﬂ ﬁéé identical ﬁithin éipeéted error,rﬁaﬁtﬁét'obtained without
the extraction procedure belng used first (Fig. 3:2)
This means that in the developed method, g1ven in the next chapter,

the calibration plot can be constructed w1thout including the extraction

stage in the pxocedure.
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' CHAPTER IV

DEVELOPMENT OF A PROCEDURE FOR THE DETERMINATION OF TIN
'BASED ON THE EXTRACTION OF TIN(IV) IODIDE FOLLOWED BY
COLORIMETRIC DETERMINATION WITH CATECHOL VIOLET AND
cmnmnmnmmonnm BROMIDE

'I‘he tin(rv) iodide aolvent extraction procedure, adapted in the -

previous chapter, has been combined with the Catechol Violet—CTAB
determination chosen on the experimental evidence of Chapter II.

_ ‘Conditions are eleo given for obtaining a standard tin(IV) solution that is
N steble and-free from hydrolysie and for the-utilisetion of lactic aoid ag &8
maeking agent for other metals found in eteels, including ite eucceesful

Bpplication to the long standing problem of molybdenum interference.

EXPERIMENTAL ~

When the combined solvent extraction;epectrOphotometrio pnocedure
wag applied to a range of Brit1eh Chemical Standard Steels of variona
types, it was often the case that exoeesive quantities_of iodine were
liberefed'on edding potassium iodide to the.eteel'solnxione, owing to-
metal ions with oxidisingrpropertiee being preeenii‘_Tnia eggrevaied the
problem of‘cefried-over iodine alreedy-disoussed in Chapter.III.- Fon"thie
Teason, addition of ascorbic acid to.the steel solution, before addition
of 1odide, is recommended. In this way many of the oxid:eing metel ions

are reduced to oxidation_etatee thet_will not liberate iodine from.iodide,

(4) RECOMMENDED PROCEDURE AND ITS APPLICATION TO BCS STEELS

Reagentss _ .
CONCENTRATED HYDROCHLORIC ACID, ap.gr. 1 16 to 1 18 - Analytical-reegent
grade. ‘ E ‘ :

CONCENPRATED SULPHURIC ACID - Analytical-reagént,.gfade.
HYDROGEN FEROXIDE, 100 volumes - Anslytical-reagent grade.

ASCORBIC ACID SOLUTION, 5 per cent M/¥.
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FOTASSIUM IODIDE SOLUTION, 80 per cent m/V - Dissolve 80 g. of potassium

iodide in water and dilute to 100 ml. Prepere fresh deily.

DILUTE SULPHURIC ACID SOLUTICN, 25 per cent V/V - Dilute 250 ml.. of

concentrated sulphuric acid to 1 litre,

ACIDIC POTASSIUM IODIDE WASH SOLUTION - Mix 25 ml. of the dilute sulphuric

acid and 2.5 ml, of the potassium jodide solution,
TOLUENE —”Anaiytical-reagent grade.

SODIUM HYDROXIDE SOLUTICN, 8 per cent m/V - Dissolve 40 g, of analytical-

reagent grade sodium hydroxide in water and dilute to 500 ml.

CATECHCL VIOLET'SOLUTION, 0,04 per cent m/V. - Dissoive 0.1 g. of Catechol

Violet in water and dilute to 250 ml.

CETYLTRIMETHYLAMMONIUM BROMIDE SOLUTION, 0.1 per cent m/V - Dissolve 0.1 g.
of cetyltrimethylammonium bromide in water with gentie warming and dilute

to 100 ml.

CONCENTRATED sTANDAﬁD TIN(IV) SOLUTION, 100 pg ml';1 - Dissolve 0.1000 g
of analyticﬁl;reagent grade granulated tin in 20 ml. of hot concentrated
sulphurio.écid. Cool the solution and add it cautiously to about 200 ml.
of water éontained.in a1 litre calibrated flask, .Cool the solution, add
cautiously a further 60 ml, of concentrated sulphuric acid and, after
cooling, diluée the mixture to 1 litre with water; . ignore any globules
of sulphur.that aré formed.

DILUTE STANDARD TIN(IV) SOLELION, 10/pg mi. "

- Add 10 ml, of
concentrated3éu1phuric acid to about 50 ml. of wafer in a 100 ml,
calibrated flask. Cool the sclution, add 10,0 ml; of concentrated
stendard tin(IV) solution and dilute to 100 mi. with water, (See later
work on stability of standsrd tin solutionms, Chapfér Iv: Section B).
It is advisable to prepare this sclution fresh daiiy, although good

results have been obtained with solutions prepared several days

previously.
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ACIDIFIED WATER, pH 2.2 - Adjust the pH of de-ionised water to 2,2 with
dilute hydrochlorio ac1d. If this solution 1g stored, it is advisable to

check ita pH tefore use,

LACTIC ACID SOLUTION, 20 per cent V/V - Dilute 20 ml. of analytical~

reagent gradé lactic acid to 100 ml. with water.

Preparatibn of calibration graph:

B} ﬁiﬁette, introduce an aliquot of the dilute stanﬂafd.tin
soiution (1 to 5 ml.) into a 50 ml, beaker and dilute itlwitﬁ_water to
2% ml, Add 2f5 ml, of Catechol Viﬁlet solution and 1‘m1. of cétyltrimethyl-
ammonium bfomide soluticn, Insert a combined calomel-glass electrode into
the'solution‘and adjust the pH carefully to 2,2 with 2M sodium hydroxide
solution while stirring with a magnetic stirrer (Note 1).

Rémove the electrode, wash it with acidified water and transfef.the
solution and washlngs quantltatlvexywith acidified water to a 50 ml.
calibrated flask that has been previously washed W1th ‘acidified water. '
Pinally, dilute the sqlution to 50 ml, with acidified water and mix well.
Allow the colour to develop fully for 40 minutes atliéom temperature and

thén measure the absorbance at 662 nm, agsinst water in a 1 cm. cell'(Note 2).

Procedure:

Diésblve an appropriste smount of steel (see Table 411), contained
in a 100 ml. conical flask covered with a wateh-glass, in 5 to 10 ml. of
concentrated hydrochloric acid by using very genfle héating (Note 3);

Wash the watch-glass with the minimum amount of watef:(about O.S-ml.).and
cool the solution slightly. Add concentrated suiphuric aéid (see Table 4:1):
gently down the side of the flssk, avoiding loss of sample by excessivé
effervescence., Without replacing fhe watch-glass, boil the solqtipn gehtly"
{until fumealof sulphur dioxide appear) to drive off the hydrdchioric'acid

(Note 4). (For steels that give a black carbide residue see Note 5).
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Cool the solution and add about an equal volume of water. Heat the
mixture gently so as to dissolve any crystalline solids, then cool it

again.,

 SUGGESTED SAMPLE SIZES AND ALIOUOTS FOR VARICUS STEELS
Table 431 Although in many instances the tin cbntent of the_steel

will not be known even approximately, thé‘sample sizes

and aliquots given here will give an indication of a
suitable amourt of semple to take as a trial., The
semple size and aliguots recommended for each range of
tin contenfgive absorbance values between 0.31 and
0.62, '

Bxpected tinl|Amount of|Volume of Volume of |[Aliguot
content steel to |concentrated|sample  (tsken
be taken |sulphuric  |solution
- a¢id to be
added after
digsolution '
Y4 Ee ml, ml, .| ml.
0.005 - 0,01} 0.4 7 )
0.01 - 0,02 0.2 7 . {)All sample taken
. 0.02 - 0.04 0.1 7 I. )
0.06 « 0.16] 0.1 28 . 100 25
0.16 - 0,32} 0.12% 28 100 10#

# In this case, add 15 ml, of 25 per cent. V/¥

sulphuric'aqid before extrsction. .

For steels that contain less than 0,04 ﬁér cent of -tin, all the
solution is transferred into an 100 ml. separating funnel, fitted with a
PIFE tap and diluted to approximately 25 ml, with'water (for steels that
contain more than 0.04 per cent of tin, see Table 4:1 for dilution
"~ volumes apd'aliquot taken), Add 5 ml. of ascorbic acid solution and
2.5 ml. oflpotassium iodide solution, in that order, mixing thoroughly
after each addition. Add 10 ml. of toluene, stopper the funnel and shake it

for st least 2 minutes. Wash the stopper and nedk of'the flack with about
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0.5 ml, of water, Run the aquecus layer into s eeoond separating funnel
and extract it again with 8 second 10 ml. portiop of toloene. Run the
aqueoue_layer to waste and combine the toluene extracts in the flrst
separating funnel. Wash fhe combined extracts with 5 ml, of acidio'
potassium iodlde wash solution, which ls.then discarded, avoiding loss of
toluene,

Add from a ocalibrated pipette, 5 ml. of 2M eodium hydroxide
_ aolution and beck-extract the tin into this layer by shaking the -
eeparating‘funnel for at least 30 seoonde. Run the sodium hydroxlde
solution into 5.0 ml. of 5M hydrochloric scid, contained iﬁ'a 5ojm,1.
:beeker, while stirring efficienily with a mognetic.stirfer (Nofe 6).
Extract the toluene with two further 2, 0 ml. volumes of 2M godium hydroxide
solution and edd the extracts to the beaker as before.

Add ascorbic acid dropwise until the iodine colour is discharged

and then add one drop in excess, (For steels that oontain aéﬁgiiééng
~ amounts of molybdenum, cobelt, ohromlum nickel or vanad1um, see Note 7).
Add 2.9 ml, of Catechol Violet solutlon end 1 ml. of cetyltrimethyl-
emmonium bromide solution. Insert a combined celomel-glass electrode into
the solutlon and adjust the pH to 2. 2, carefully, with 2V sodium hydrox1de
solution (Note 1),

Remove.tho electrode, wash it with acidified water and trensfer
the solutions end washings quentitetively with acidified water into a
50 ml, calibrated flask thet has been previously washed out with acidified.
water. Finally, dilute the solution to 50 ml. with ecidified water and
mix well., Allow the colour to develop fully for 40 minutes, (éee later
work on colour development time, Chapter IV: Section C), at room

temperature and then measure the absorbance at 662 nm. againsf water in a

1 cm. cell (Note 2).
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Efficient stirring, preferably with a magneivic stirrer, is
important at this stage., Local concentrations of sodium hydroxide
must be avoided, and the pH must not be allowed to increase above

2.2, otherwise hydrolysis of tin may result,

Small amounts of the cpmplex are sbsorbed on to glagsware, which

becomes noticeable after sometime if the giaéswére is not cleaned

effectively, The absorption celle and calibrated flasks should be

clesned with dilute sulphuric acid after use.

Careful henting is recommended so as to prevent loss of tin by

volatilisation from chloride medis.
Chloride interferes in the extraction of tin(IV) iodide (54).

At this stage, thg.bla_ck carbide residue should be removed by slow
addition of 2 rl, of 100 volume hydrogen pefoxide; and then
boilihg éo 2s to destroy the excesé. For gﬁeels that contain:
appreciable amounts of tungsten, this treatment causes
precipitation of tungstié acid with co-precipitation of tin.
Instesd of hydrogeh peroxide treatmént, dilute the sulphuric scid
with an equal volume of water and filter §ff‘the black residue |
with & Whatman No.541 filter-paper. Wash thé flask and filter

paper with three, 3 ml. portions of 5 per cent V/V sulphuric acid.

Efficient mixing is important in order to prevent hydrolysis of

£in(IV),

If molybdenum, chromium, vansdium, cobslt or nickel is present
in the steel, add 10 ml, of lactic acid solution, (see later work

on interferences and masking techniques, Chapter 4: Section D).



:40-

Application to BCS steels

Table 412
. |Bin preaeﬁt Tin found|Coefficient
Steel ' ~ |[(mean of 6|of variance
: - results) (6 results)
i n/m Zm/m | |
Mild steel 273 0,065 | 0,065 1,2
Mild steel 324 | 0,13 0,430 3.6
- 10.15% carbon steel 218/3| 0,042 0,039 3¢5
0.3% carbon steel 239/3| 0.030 | 0.027 3,8
Low~alloy steel 254 0,005+ 0.0063 4.4
High speed steel 220/2 L0.019 0.,019++ 5.6
High speed steel 241/2 0,025 0,025++ 8.5

» standurdised values
+ approximate value only
++ lactic scid mesking used
High speed steels contain s high proportion of tungsten;
consequently, the procedure described for these types of steel in Note 5
" was used in the csse of BCS steels 220/2 and 241/2. This probably accounts
for the higher cooefficients of variance shown in Table 4:2 with these

steels,

(B) STABILITY OF STANDARD TIN(IV) SOLUTIONS

Thé problem of hydrolysis of tin(IV) solutions of insufficient aéid
strength has'already been discussed in Chapters IT end III. Dagnall, et. al;
(60) gave no details Qith regerd to the dilution of their concentrﬁted
standard tin(IV) solution (10“3M) to yield s dilufe standard tin(IV)
solution (10-4M) for preparation of the calibration graph, and this infers

that dilution should be made with water.
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Investigetion of stability of standard tin(IV) solutions (10™ M)
px_pared by dilution of the concentrated standard tin(IV) solution (10~ 3M)

of Dagnall et, al, {60):

Table 4t3 Tests were carried out on solutions that were

0.6 x 10°°M in tin, using 1 cm, cells, at 662 nm,

Time in houra

Tin solution .
0 > | 4 | 9] 12

Dilution with water 0.448(0.403]0,3%63 0.306 0.256

Dilution with 10% V/V :
sulphuric seid 0.532|0.515]0.523|0.527]0.520

It is essential fhat more sulphuric acid is.added when diluting the
concentreted standard tin sclution, Table-4:5_cleérly illustrates the
hydrolysis that occurs when dilution is made with wster alone, This
acidic solution incidentaily, has the compdsitioﬁ of a diluﬁe standsrd
$in(IV) solution recommended previously by the Analytical Methods Committee

of the SAC (4).

(C) ©OLOUR DEVELOFMENT TIME

Dagnall et, al. (6D) recommended & colour development period of
6nly 10 minutes for their work with standsrd tin solutions, However, this
time was checked using the back-extract from the iodide extraction

procedure'épplied to &8 steel solution,
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Investigation of colour development time using the back-extract R
" of BCS mild steel 273:

Table 4t4 Absorbence measurements were taken in 1 cm. cells,

at 662 nm,

Wei%ht _ Time (minutes) |

gteel

e 15 020 [ 25 | 30 140 | s0 | 60
0.508 )|0.508|0.510{0.511[0,521[0,518[0.520}0.522
0.0556 agizzb'§ 0.582]0.585]0.589|0.601|0.600]0.601 | 0,601
0.0590 10.616{0.619(0.623|0.632]|0.636]|0.642{0.639

A pericd of at least 30 minutes must be.allowgd for full colour

development.

(D) INTEFERENCES AND MASKING TECHNIGUES

Investigation of the effects of other metals commonly found in steelsg:

The metal to tin ratios shown in Table 4:5 were chosen with
reference fo the publicntion of the london and Scandinavian Metailurgical
Co., "Constituent Elements in Steel and Cast Iron“, (79), as‘a guide %o the
highest possible ratios that could be expected in the everyday analysis of
ateels. The metals, cerium, magnesium, niobium aha tantaluﬁ, were not
considered, since they are either rarely found in steels or are only
present in vefy small smounts, The recommended procedure, including the
diesolution procedure, was carried out on an aliquot of standard tin{IV)
sclution and & known quantity of the other metal, either as the element or

in the form of en appropriste salt,
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Table 415 Amount of tin{IV) added = 30.0 ng.

r - l
. metal: :
Netal o g | tim (:intf9“§ilpf )
me uge mtio n rlp‘ .ca e |
Antimony |element 5129.7, 129.7, [30.0
- 10 31,7, 31,4, 130.9
hreenic  |As,0; 100 | 304, {300, |29.7
[ 1,000 | 29,4, [29.7, |29.2
Manganese MnSO4t4H20 10,000 | 28,5, 28,5, 29.5
Copper | CuSp, :5H,0 20(29.2, |29.4, 12947 |
Titanium |element = 300 | 29.2, [29.2, [30.4
Aluminium |element 1,000 | 29.0, |29.2, [29.2 |
j _ : , |
Zirconium ZrOClé:BHZO _ 1,000 | 30.2, | 29.2, !30.4 E
Lead Pb\N05)2 100 | 29,0, |29.2, j29'7

j |

14,0 1,000 | 29.0, |30.0, 129.2

Begglliam BeSO,
Molybdenun| (NH, }MoG, :4B0. 1,000 | 45.0, |45.6, 14T.2 |
: ‘ 1,000 | 29,7,4 30.0, % 30,2+

Chromium | C7R(S0,),¢12H,0 10,000 | 33.2, | 33.7, |33.6
g | 10,000 | 29.5,% 31.2,% BO.Z*i

Vanadium | V0SO, 1,000 | 27.4, | 21.0, |24.7
1,000 | 31,9+, 28.2,%| 30,9+
Cobalt CoS0,,+ TH,0 10,000 | 26,2, { 25.7, {27.2 ;
| 10,000 50.4,4 29,5, 4| 28.2+

Nickel NiS0, +1,0 3,000 | 25.4, | 23.8, |26.2

3,000 | 30.7,# 30.0, 4] 29.54

* lactic acid masking used.

Am;unts of copper present in.some steels will interfere because
copper(I) iodide, which is formed on addition qf potqssium iodide, causes
émulsificatioh of the agueous and organic pheses, Nevertheless, copper

can be tolersted up to a copperttin ratio of 2011, (aee later wofk on 8
direct method, Chapter V). Lead also forms an insoluble iodide, but at

levels found in steels it does not interfere,
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Utilisation of lactic acid as a maskinge sgent:

Gregory and Jeffery (75) used lsctic acid to mask molybdenum in
the determination of tin with sa110ylideneaminp-2-£hiophen61'(SAT?).
Table 4&5 shows that it cen be applied in the same way to the Cafechol
Violet-CTABldetermination, and is also effective in the masking of

chromium, venadinm, cobslt and nickel.
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CHAPTEHR V.

DEVELOFMENT OF A DIRECT METHOD FOR THE RAPID ANALYSIS CF MILD STEELS

USING CATECHCL VIOLHET AND CHTYLIRIMETHYLAMMONIUM BRCMIDE

Ficaaso and Pizzimenti (40) have slready deseribed 2 spectrophoto-
metric method for the determination of tin in steel, which does not reguire
a rrior separation of tin. However, Phenylfluorone was used és the
colorimetric resgent. ‘The various dissdvantapges of this resgent have been
discussed earlier, (see Chapter I1I), Furthermore, the only masking
technique used is that of iron{III) with ascorbic acid, Fhenylfluorone has
1ittle inherent selectivity. Consequently, the method could not be
arpliceble to as wide a range of steels as a procedufe that includes s
selective extraction of tin,

The following work showé thot for asteels, which do not contain
lsrge quantities of alloying eleme:ts, such as mild sfee]s, the extréction
rrocedure, described in Chapters'III and IV, can be.omitted. The
colorimet;ic determination with Catechol Violet and éetyl—trimethylammoninm
bromide is then simply cnrried out directly on the steel in acid solution.
Ascorbic and lactic scids are nged ns masking agenté, snd begause no
icdide is used, this nrocedure should be.applicable to steels with high

copper contentg. It should elsc be more adaptable to an sutomated

technique.,

EXFERIMENTAL

RECOMMENDED, DIRECT FRCCEDURE AND IDS AFFLICATICN PO BCS SiEELS

fieagent g1
DILUTE SULFHURIC ACID SOLUTICN, 25 per cent V/V.

HYDROGEN FHROXIDE, 100 volumes - Analytical-reagent grade.
ASCCRBIC ACID SOLUTION, 5 per cent m/V.

LACTIC ACID SOLUIION, 20 per cent V/V.
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CATECHOL VIOLET SOLUTION, O.1 per cent m/V.

ACIDIFIED WATER, pH 2.2.

CONCENTRATED STANDARD TIN(IV) SOLUTION, 100/ng m~t,

All sclutions sre prepared as described in Chapter IV, '

Preparation of calibration graph:

Prepare as described in Chapter IV,

Procedure:

Dissolve 1,000 g. of steel (0,500 g. if the tin content is
expected to be greater than 0.08 per cent m/m) contaiﬁed in an 100 ml.
flask, covered with a watch-glass, in 50 ml, of dilute sulphuric acid
solution, with the aid of gentle henting. When evolution of hydrogen has
ceased, add hjdrogen peroxide, dropwise, to destroy any carbon or carbide
regidue. Boil to destroy the excess hydrogen perqxiae. Cool and make up
to the mark, with water, or in a 100 ml, calibrated flésk.

Teke a 5 ml, aliquot of this solution and édd, in the following
order, mixing between sdditions:- 10 ml, of ascorbic acid solution,

10 ml. of lactic acid solution, 2.5 ml, of Catechol Violet sclution snd -
1 ml. of cetyltrimethylarronium bromide solution, Insert a combined
calomel-glass electrode into the solution and, with the aid of a magnetic

stirrer, cérefuliy adjust the pH to 2.2 by dropwise addition of dilute

Sodiuwn f\ﬂbwlfﬁ e
sulphuriceeid solution.

Remove the electrode and wesh it down with acidified water.
Quantitatively transfer the solution and washings to a 50 ml, calibrated
flask that'has'previously been washed out with acidified water. Finsally,
dilute the solution to 50 ml, with acidified water and mix well. Allow
the colour fo develop for 40 minutes at room temperafure snd then measure

the absorbance at 662 mm. against water in a 1 cm, cell,
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Application to BCS steels:

Pable S:1

0010

Tin |Tin fcund |Coefficient
present! (mean of |of variance
Steel 6 regults)|(6 results
m/m % m/m
Mild steel 273 0,065 | 0,063 1.56
Mild steel 324 0.13 | 0,136 1.59
Carbon steel 218/3 0.042 | 0.025 5,50
Carbon steel 221/1 2,02 {. 0,012# -
Low alloy steel 251 0.007 0.101 3.95
High speed steel 220/2 0.019 -

# mean of ? results,

Good results

with mild steels,

with a reagonable degree of precision were cbtained

In the case of carbon gteels, low recoveries of tin were obtained

with this direct procedure, The reason for this was not clear, since the

elements present, in the steels, did not interfere when added individually

to 8 standard tin solution.

Neither was the dissolution procedure at

fault, since good results were obtained with 218/3 when an iodide

extraction was used, (see Table 4:2).

As may be expected, in view of the non-selective nature of

Catechol Violet, serious interference was observed when the procedure was

applied to alloy steels,
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CHAPTER VI

THE RELAPIONSHIP BETWEEN OPTIMUM CONDITIONS FOR FULL COLOUR DEVELOEMENT
AND THE CRITICAL MICELLE CONCENTRATION OF CETYLTRIMETHYLAMMONIUM BROMIDE

It-;s often the case in the spectrophotometric determination of
metal ions that thg chromogenic reaction of a dyestgff with & metsal ion
results in_a waterinsolubhzcoﬁplex. In these cases the analyst cen adopt
one of two procedures. On one hand, mezsurement can be carried out in an
orgenic solvent in which the complex is soluble or agueous media can be
retained, but a substance must be added that cen sct ss & dispersing agent
snd prevent the precipitation of the complex.. For this purpose early
workers used natural gums, such as gum arabic or gelatin., Others used
soaps such as sodium lauryl sulphate because with scaps a greater degree
of chemicsl uniformity could be expected., Generally spesking though, the
surface active agent was treated as if it always played en inert role,
and a8 such, the choice of substance appeared to_ha#e'been casual,

More recent work however, has shown that careful choice of
dispersing agent cen often lead to considerable improvements in the
analytical éharacteristics of a chromogenic system. In addition to the
effect of CTAB upon the visible absorption spectra of the tin(IV)-Catechol
Violet system, (60,61), papers have also been publighed that describe the
effects of thisg surface active agent on the systems of Catechol Violet
with molybdenum (61), antimony (61}, aluminium (80), and germenium (81),
and Gallein with molybdenum (82), In all cases, in the absence of CTAB
the dye and complex bands are overlapped. When CTAB is added the complex
bands are moved to much longer wavelengths and in this way band overlap
is reduced to virtuslly zero at the wavelength of maximum absorbance of
the complex, Thus blank readings are reduced as are the inherent errors

that result from high blenk readings and in addition the bends shifts are

often accompanied by increeses in sensitivity. This phenomenon is
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illustrated by the visible absorption spectra of the tin{IV)-Catechol Violet

system, with and without the presence of CTAB (Fig. 6:1). It can be

considered a typical example,

The considersble influence that a change of dispersing agent can
have on the spectra of a chromogenic system is illustrated by the following

data from the present work:-

Table 631  Effect of various dispersing agents upon the tin(IV)-

Catechol Violet system.

I ' Wavelength M:zizzF
Dispersing difypesgf gg magimum absorb-
agent used ispersing Sorbance tivity

agent for the for the
complex/nm. complex

None - 552 65,000

Sodium lauryl sulphatel|anionic 552 65,000

Foly vinyl alcohol - 565 60,000

"Brij" 35 non-ionic 575 70,000

Gelatin cationic(?) 619 40,000

CTAB cationic 662 92,000

In all these ceses the absorbance band of the.excesa free reagent,
present in éolution, is unaltered by the dispersing agent, whereas the
complex band is moved to longer wavelengths in ali.cases except with the
anionic, sodium lauryl sulrhate, In view of the increased interest in the
effects that various surface active agents have upon a chromogenic system,
it was decided to carry out an investigation in drder to establigh the
mechasnism of the sensitisation,

Bailey et. al. (61) have studied the mode of formation of metal
chelate systems sensitised by surface active agenﬁs. - By means of
photometric titrations and the method of continuous vafiations, they have
shown that in the tin(IV)-Catechol Viclet~CTAB system é true 1:2:4 ternary

complex is formed. In addition they cleim that appreciable complex
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formation only takes rlace if the CTAB is present in.solution in micellular
form.

Thé presént work does not support the argument that micelles of
. CTAB are necessary for formstion of the ternary compléx; but thet they sre
a fundamental requirement for msximum colour developmént. This is
explained by s proposed mechanism for the system in which the surfsce
active agent plays a dual role, that of an associating.cation end that of o
dispersing_agent. The proposed mechanism is confimmed by results of
studies of the effects of basic dye cations upon the tin{IV)-Catechol

Viclet system in the presence of an inert dispersing agent.

EXFERIMENTAL

| For solutions of surface sctive agents tﬁere is a critical

concentration above which the iona; instead of existing individually in
true solution, egglomerate and form micelles, that ig the solution becomes
colloidal in character, This concentration is given the name "critical
micelle concentrastion" (CMC). The CMC is marked by.a'sudden changé in
many of the properties of the solution, such as electrical conductivity,
surface tension, light scattering and its ability to solubilise certain
substances, Measurement of a change in one 6r other of these properties

can be used to determine the CMC for a particulsr surface active agent,

(A) ESTIMATION OF THE CMC OF CTAB UNDER ACTUAL ANALYSIS CONDITIONS

In this work a Du Nouy tensioﬁeter, in a c&nstant temperature bath
at 25°C., was used to detect the sudden change in rate of change of
surface tension with concentration of CTAB which takes.place when the CMC
.of CTAB is reached.

A physicﬁl method was chosen in preference to a chemical method,
such as golubilisation of a dyestuff, since chemical methods may be self-

defeating in that the environment of the surface sctive agent is modified

in the course of making the measurement.
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It ig well known that CMC is highly dependentlon such golution
parameters as pH ﬁnd total ionic strength. Therefore, for the requirements
of this investigation, eny meaningful result had to.§e obtained from
measurements made on the solutions prepsred as for analytical work.,

The procedure was first checked to determine whether it gave a
result that agreed with the well estsblished liteiaturé CMC value for CTAB,
in pure water at 25°C., of 0.9 x 10-3M.

As well ms determining the CMC of CTAE in the -actual analysis
solutions, a determination was also carried out on a solution of CTAB in
water at the ¢ptimum pH of 2.2, for the spectrophotometric determination of
tin, in this way the effect of Cntechol Violet in solution upon the (MG

value cculd be assessed. (Pable 612 and Fig., 6:2), -

Table 6:2 Tests carried out on solutions of CTAB in pure water

at 25°C,
e . =3 . - (average of
Concentration of CTAB x 107 “M|[Gauge reading 3 results
200 . - : 34.8
1.5 35.0
1.0 35.2
0.7 : 37.2
0.5 40.3
0.2 49.9

Test cerried out on aclution of CTAB in water at
pH 2.2 at 25°C,

Concentration of CIAB x 1073M iGauge reading(ivizZﬁitgg
2.0 35.4
1.9 3545
1.0 35.6
0.7 1 35.9
0.5 | 36.0
0.2 - 42,7
0.1 ‘ 46.4
0.04 5340 -




H2.

Tests carried cut on actual analysis solutions at 25°C,

Concentration of CTAB x 10™°M Gauge readin8(§v§§2§§t2§
1.0 | 36,2
0.7 : ' 36,3
0.5 36,2
0.2 35.3
0,1 35,1
0.04 310
0.02 | 531
0.0 67.0

By this method the CM: of CTAB under sctual analysis conditions was

shown to be approximately 0,04 x 10'5M.

(B) = INVESPIGATION OF 'THi VISISLE ABSCRETICN SPECTRA OF 'THE
PIN( IV ) =CATECHOL VICLEDP-CTAB SYSTEM UNDER CONDITIONS OF
VARIOUS CTAB CCNCENTRATIONS.

Fig., 6383 shows the results of. this investigetion. The CTAB
concentration of 0,055 x 107°M is that used in the solutions for the
spectrophotometric determinztion of tin; and is the optimum for maximum
colour development according to Degnsll et, al. (60), However, appreciable
formation of the ternary complex takes place at cqncentrntions well below
this optimum concentration., This is iﬁdicated by considerablé deﬁelopment
of the b:nd with its absorbance maximum at 662 nm and ccrresponding
decrease of the band due to the binary; tin(IV)-Catechol Violet complex,

with its absorbance maximum at 555 nm,

(C) PROFOSED MECHANISM OF THE SENSITISAPION PHENOMENON

The fzct that the formetion of the ternery complex takes place at
CTAB concentr:tions well below the CMC of CTAB, under the actual analysis

conditions, contredicts the srgument of Bailey et. sl. (61), that micelles
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of the surface active agent must be present before there is any
appreciable degree of complex formution. Nevertheless, there would appear
to be a close relationship between the optimum CTAB concentration for full
colour development of 0,095 x 1070 and the CMC value of CTAB under
anelysis cénditions of 0.04 x 10-§M._

Cloée observation of the system shoﬁed_thgt tﬁére is.a finely
dispersed, insoluble, blue.species_present at CTAB concentrations below
the CNC value, this is probably the ternary complex in question,

A1l the facts mentioned so far could be explained by a mechanism_
for‘the sensitisation, in which CTAB plays a dual role, that of an

associnting cation and that of a dispersing sgent:-

CTAB L excess ' Y
Sn-(cv)2 . N Sn-(CV)2—(LiA)4 CTAB Sn-(CV)2-(LTA)4
ST oHe
(soluble) {insoluble) (dispersed)

where, CV = Catechol Violet

CTA = the cetyltrimethylaﬁmonium cation of CTAB,

It is well known that the CMC of a detergent must be reached
before it be;ins tc show dispersing ability. Thus, the above scheme

cculd be written down in a more general form:=-
s surface
associating active agent 1
Bi ———— |Terna ; Ternt complex
Binary complex ion Ternary complex j;——EEE—{> ernzry comp

{soluble) (inscluble) ‘ (dispersed)

Ls

Further weight was -dded to the argument in faveour of this
mechanisﬁ by a survey cf the literature on surface active agents and
their CMC values. This revealed that although the applications‘Of
interaction of these compounds with dyestuffs is couparatively new to
anslytical work, it is well established in surfsce active agent fields.
For instance, as long ago os 1951 Colickman {83) putlished a paper on

the determination of CMC of long chain qusternary smmonium salts, such
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as CTAR, using dyesiuffs of orposite charge, This paper conteined an

analogous scheme to the two outlined above:-

+ - + - '
R +H ——> [R | N Excees Mixed

> Micelles
R; DB- / RX ‘

or" + 0% —

~

where HD and D2- = different icns of the same dyestuff.

R+ = the cation of & long chain quaternary ammonium salt.

The sensitising effect of CTAB is more marked than with most
- other surface active agents, In addition to the fact that it forms a
definite ternary complex with the tin(IV)-Catechol Violet binary

complex, another contributory factor to this could be the "excepticnally

high solubilising power, (84,85), that cationic surfactants, such as CTAB
have on dyestuffs. This is attributed to the "large degree of disorder"
in the micgiles and "larger intramicellar spacing” allowing more
dyestuff to be absorbed into the interior of Ehé micélles. In sddition,
it has been suggested that this "“larger intramicellar specing" is

associsted with & srherical, rather than any other shape of micelle.

(D) SENSIPISATION WITH OTHEX CATIONS -
BASIC DYES AS THM ASSOCIATING CiIION

Following the idea of & dual role played by'the cetionic
surface active a;ent, that of associating ion and that cf a dispersing
agent, an attempt was made to develop methods using a different compound
for each rcle, TFirstly an "inert dispersing agent" was required, that
is one which did not preduce a significant effect on the spectrum of the
tin(IV)-Catechol Violet system end at the same time did not react with

the compound being used ss the associating icn. Foly vinyl alchol was

found suitable for this purpose,
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As the associating cation the highly coloured bLasic dyes were
chosen., It was hoped that the sdditive effect of the absorbance of the
binary tin(IV)—Catechol Violet complex end that of.the agsocinting hasic
dye ion woﬁld lead to increesed sensitivity. A typical éxample of
results obtained in this fashion is shown in Fig.h6:4 where the

associating cation was Brilliant Green (C.I.42040):~

The R+ form of Brilliant Green is intensely green in colour, but at the
pH and concentration used in this work, the excess free R+ form is
cenverted to the pale yellow RH2+ protonated form, The R+ form that is
combined with the tin{1V)-Catechol Violet corplex however, does not
protonate. This phenomen was very useful in reducing the blank
abaorbance ﬁo virtually zero,

Unfortunately, the desired increasce in sensitivity did not
materizlise, 6ﬁing to band spreading, snd the methods proved to be no
improvement on the original CTAB method. Nevertheless, the fact that
here again large bathochromic shifts of the metal ccmplex absorption
bands were ohzerved, in all cases, meant that the work at lesst added
further evidence in support of the dual role proposed in the previous

secticn, played by CTAB when this compound is used for sensitisation,
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'SPECTROPHOTOMETRIC

DETERMINATIONOF

- ZIRCONIUMIN STEELS,

Introduction to the development of a method for the direct
determination of zirconium.in steels, - -

Review'bf'colbrimétrid-mefhods for the'determinétion of

zirconium, oo

Choice of resction media for the spectrophotometric
determination of zirconium with Arsenszo I1I,

Deveiopment of 8 procedure for the complete dissolution of
steels in acid medis, before determination of zirconium

~ with Arsenazo III,

Da%elqpment of a direct method for zirconium in ateei,
based on a pressure digestion technique followed by
colorimetric determination with Arsenazo III, -

. Referenves,



IN'RODUCTION TO THE DEVELOFMENT OF A mbﬁon FOR
THE DIRECT DETERMINATION OF ZIRCONIUM IN STEELS

The determination of zi:oonium in steels cén‘be greatly simplified
and the meta1 determined directly if the steel is diséolved in acid media
using a PIFE~lined pressure digestibn vessel, In this.yay the.chemically :
inert silicaceocus forms of zirconium, that are the result of the
conventionﬂliacid dissolution teohniqugé at atmospheric pfeaaure, are
completely decoﬁpoaed. As 8 result, the tedious and fime consuming
necessity of filtration and alkali metsl salt fusion techniques can be
avoided, |

The colorimetric determination is carried out uéing the reagent
Aresenazo III, As would be expedted, in view of the highly selective and
sensitive naturé of this reagent, an interference invgstigation using the’
fifteen other métals moat commonly found in steels indicates applicability
to a wide rénge of ateela.. In addition, results oﬁtained with a range of
British Chemical Standsrd steels show a high degree of precision for the
recommended.procedure. In its present form however, the method would not
be applicablé to High tungsten steels, owing to precipitation of tungstic

acld st sn intermediate stage,
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CHAPTER I,

REVIEW OF COLORIMETRIC METHODS ¥OR THE
DETERMINATION OF ZIRCONIUM

¢

The first colorimetric procedure for the detefminatiou of
zirconium was put forward in 1941 (1). It wes an indirect Wethod and used
Pararsonic acid as the reagent. Since then a large number of dyestuffs
have been utilised as resgents for zireconium. The most popular of these
appear %0 be:l Alizarin Red S, Catechol Violet, Arsenézo IIi and Xyienoll
Orange. | '

None of these, with the exception of Arsenazo III, aré particularly
selective. Consequently, 8 conaiderable number of methods have been put
forward whiéh.inolude some type of separation procedure before the
colorimetric determination. The usual techniques, such as coprecipitation,
solvent extraction, ion exchange and silica gel chfomatography have been
employed. |

Zirconium is very readily hydrolysed in aqueocus solutions to give
polymeric sbecies containing chains of zirconium-orygén bonds. Unless
these ppecies are completely depolymerised before colorimetric analysis,
conéiderable errors are likely. This ﬁhenomenon has prompted work on the
depolymerisstion of zirconium solutione (38).

In addition to errora that may arise owing to ﬁhe presence of
polymerised gpecieas, a further problem, peculiar to steel analysis, ia
that inert forms of zirconium persist after the conveﬁtional acid digesfion
techniques commonly used in the dissolution of steéla. One report in
particular cleerly illustrates the errors that are to be”éxpected-if‘
these compounds are not decomposed before a colorimetric determination is
applied to the solutions (39). |

Throughout the lest twenty years a number'ﬁf reviews and

comparative studies of the colorimetric reagents for zirconium have
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appeared (42, 46). The concensus opinion is that on fhe grouhda of
selectivity and sensitivity, et least, Arsenazo IIf is the best reagent

available at the present time.

R
PAM[SONIC ACID
LS

. | |
N O NN O—A505H2
, |

In hydroohloric scid solution, zirconium is preoipitated by

CH3

CH3

Pararsonic acid. On treating the precipitate with either an alkaline or
acidic fluoride solution, the pararsonic acid asnion is releaged to give a
yelloﬁ colour in alkaline solution and a more intense red colour in acidie
solution. In 1941, a procedure for the determinaiion of zirdonium in" |
steel, based upon these reactions, was described by Hajéé and Joneé (i).
This work was followed by methods for the detefmination.of zirconium in -
uranium (2)_and in thorium-zirconium alloys (3). In the latter method
thorium is coprecipitated to a small extent. The authora however, claim
that when the specified precipitation conditions are used,_coprecipitation
is constsnt and reproducible over a wide range of tﬁorium Qoncéntrationé;
Several metals, fluoride, rhosphate, large amounts of.éulphate end strﬁhg

oxidising agents are potential interferences,

ALIZARIN RED 3

This dyestuff is one of the more populer réagénts for the
determination of zirconium., In 1955, Mills and Hermen (4) described &

method for the determinstion of zirconium in hiduminium and similar
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sluminium alloys and Narita (5) & method for ziTconiun in iron and steel
in which iron wes removed as iron(III) chloride,'bylether extraction and
titanium was mesked with hydrogen peroxide.. Two msthods for the analysis
of geological samples are tpqae of Deggnhardt (6) and Stanton (n.
Williams - Wynn (8) put forward a method for zirconium in leather.
Alizarin Red S was used in the presence of sodium tartfate; titanium,

' alulinivm, i:on and chromium{III) ere repérted not to interfere tut

, Cr(VI).must fifst.be reduced,

The analyticallproblems that can arise from thé fact that
zirconium réadily hydrolysea to form polymeric speoiés'in solufion is
highlighted by Glibeli and Jacob (9). They report that from pH 1-3
‘zirconium is present, on average, as a triatomic species and that the
‘polymers can be broken down by increasing the acidity or by the action of
heat. | |

The solvent extraction of the Alizarin Red S complex of
zirconium into n~-butanel and trioctylammonium chloranbetate/%oluéne has
been made the basis of methods by Dragulescu et al (10) snd Ishibashi et
al.(11) respeétively. Two examples of colorimetric determinations with
Alizarin Red 8 after solvent extraction using snother reagent are those
of Morimsto and Ashizawa (12), with a Cupferron/chlorpform extraction,
and Khopkar and Dhara (13) who extraoted.zirconium(Iv) from 4M nitrie
acid/4M sodium nitrate solution with mesityl oxide. |

Ion exchange sepasrations combined with an Alizarin Red S
determination have been used by Kato et al. (14) and Sastry et al,(15).

A physio-chemical study of the zircoﬁium—Alizarin Red S complex
has been made by Parissakis and Konotoyaunakos (16}, - They clsim that in
the complei the ionised a-phencxyquironeid form of the reagent is
present; between pH 1.0-1.,8 the molar ratio of metal to reagent is 1:1,

and that at pH grester than 3, voluminous suspensions are formed.
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CATECHOL VICLET
OH

OH

oo

0 ,i >==: C
HO HO3S |
Catechol Violet has been widely used for the. spectrophotometric

determination of zirconium, The original method ﬁas due fo Flaschka and
Farah (17) and was based on the intense colour giveh in the pregence of
EDTA as a masking agent, Serious intefference wag reported from
oxidising sgents, complex forming anions, entimony(III), tin(IV) and
mercury(I). Young et al, (18) followed up this work end developed a
method which they claimed was twice as sensitive as that of Flaschka and
Farah, Thioglycollic acid was used to mask small aﬁoUnts.Qf iron, and a
mercury cathode was used to remove larger amounts. Alﬁminium, titaniﬁm
snd venadium were reported to interfere. |

The reagent has aince been applied to zirconiﬁm determinaﬁions in
phosphates (19) and iron and steel (20,21,22),

Catechol Violet is used for the direct determination of
zirconium in the organic phase after extraction with tri-n-octylphosphine
- oxide (TOPO)/ﬁyclohexane in a method by Young and White (23). The
results of interference studies were reported when extractions were madé
from both chloride and from nitrate media. Severai later extensions to
this work heve been made, Hibbits et al. (24) preceded the basic method
with & Cupferron precipitatioh of zirconium using irﬁn(IiI)’as a carrier
and claimed that interference by 81 different ions is overcome in this
way. Wood and Jones (25) have applied the method to the determinstion
of zirconium in niobium and other metals. Hafnium'interference is
reported iﬁ both these procedures (24,25). Iron and steel has been

analysed in this way by Kajiyams and Senuma (26)., Chromate is reduced
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by addition of sodium nitrite; a molar absorptivity of 50,000 lﬂ-molfi
cm’1 is reported. Interference was observed for steels with tﬁngéte&abl_“'
contents grester than 10% m/m, -
Solvent extraction technlques that have been oombined with

Catechol Violet colorimetric determinations are those of Draguleacu ot al.ff“

(27) who used butenol extraction from trichloroacetic acid medis and

Uzumasa et al, (28) who first separated iron, chromjium, molybdenum an& tin: ]_ ;

from hydrochloric acid medie by ethyl acetate extraction.. Zirconium was
then extracted with 2-thenoyltrifluoro-scetone/xylene gﬁd back-extracted
with 5M sulphuric acid. Hydrogen peroxide was used to keep titaniﬁm in |
the aqueocus phase and'maeking of the zirconium by fluofide was prevented

by adding aluminium(III),

ARSENAZC III.

AsO3H>  HO  OH  HoO3As

N =N~ —~ N =N

- HO35 SOSH.

Thig reagent bélongs to the same group as fhose proposed by |
Kuznetsov (29), Thoron, Arsenszo I and Arsenszo II, Its synthesis and -
development as & colorimetric reagent however is mainly'due to Savvin
who has pro&uced numerous papers covering the mechanism of complex
formation snd its analytical applications, inclﬁding comparisons with
cther reagents. | |

In his first paper (30), which describes the synthesis of
Arsenazo III, the determination of thorium and uranium was reported. A
later paper (31) described the determination of ﬁ;rcohiuﬁ and includes
suggestions for mesking and solvent extraction techniqﬁea. Arsenaéc III

has since been the subject of publications right up to the present date,
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during which period it has been abplied to the determination of zirconium
in hafnium (32), alloys (33,34), bronzes (35), and_stgél (26,37,38). 1In
the last of these papers on steel anslysis Pakalns discusses the |
congidersble errors that argqlikely to occur as a result of the chemically
inért forms of éirconium that arise from the usual acid digeation
techniques employed in steel snalysis, | |

| An earlier paper by Pakalns (39) deals with the depolymerisation
of zirconium solutions for use in spectrophotometry with Araenaz§ 117,
Results from avery detailed study were given, slong with recommendations
for the prepﬁfation of ptendard solutions, that are completely free from
rolymeric zirbohium speciea,

Silica gel chromatography before Arsenazo III determination of
zirconium has been used by Sulek et al. (40).
Solveﬁt extraction wifh thenoyltrifluoroacetoné/iylene combined

with an Arsenazo III colorimetric détermination has been spplied to
nickel base‘alloys (41) and an interesting approach to achieving
selectivity in solvent extraction-speotrophotometry is included in a |
paper by Dedkoy, Ryabchikov and Savvin (42). They make the point that
Argsenazo III,‘though highly selective, is not completely specific for
zirconium(IV). Thorium(IV), titanium(IV), lanthanum(III) end urenium(IV)
interfere to scme extent, Under the appropriate conﬁitions, the dyeatuff
Picramine R(bften mistranslated as Picramine P from Russian Jdurnals)
forms 2 complex with zirconium(IV) and several other ions but not with
those ions that interfere with the Argenazo III determination. Thus, the
two reagents supplement each other on selectivity grounds. In this

method thezrconium(IV) complex of Picramine R is first extracted into

n-butanol and then back-extracted into strong hydrochloric acid which
decomposes the Picramine R complex before application of an Arsenazo III
determination, The cutcome 1s a method that is comﬁletely specific for

zirconium, In a later paper (43) this procedure was applied to high
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alloy steels. Unfortunately, Picramine R does not éppéar to be
commércially available in the United Kingdom, Brief instructions however
for its synthesis have been given (42).

Two physﬂnuchemicalrgtudies of the zirconium-Arsenszo III gystem
are those of Savvin (44) and Muk and Savvin (45). .The'first concludes
that the complex formastion takes place through onlj one of the functional
groups of the molecule, that elements with ionic radii less than 0,07 to
0,08 nm'givé no.colour reactions with'Aiéenazo III and that the metal to
reagent rétio df the complex is 131 or 1:2 depending upon the acidity and
concentration of the components, The second paper is concerned solely
with the sharp inerease in the absorbtivity of fhe coﬁplex which tokes
place when the acidity of the Bjatem is incressed., I% was concluded thet
the increase was due to & change in the nature of the metal-ligand bonds
rather than composition change. .This cpntradicts the earlier findings
which suggested that composition of the complex depénds on acidity,

.In a comparative study involving the three reagents, Catechol
Violet, xylenol.Orange and Arsenazo III (46),'theléuthors considered
Arsenazo III to be superior on selectivity groﬁnds. ‘A-much more
detailed study is that of Dedkov, Rysbchikov and Savvin (42), published
in 1965, Sénsitivity, selectivity and, becauge of the easily hydrolysable
nature of zirconium, the maximum permissible acidity of the medium were
chosen as criteria for comparison. Agsain thg conclusion was, that

Arsenazo III is the best reagent for zifconium.
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XYLENOL (RANGE

HOOC H2C CHgCOOH

HOOC ch CHEN“~CH COOH

SOsNa

This dyestuff was first introduced to analytical chemistry by
K8rbl and Pribil (4 ) and was later used as a spectfophotometfia reagent -
for zircorium by Cheng (48), It was reported that irén’canibeIESQkEdf:ﬁﬂJ ;"'%
with ascorbic aéid and bismuth with chloride., Hafnium, andlthe~56ﬁm6ﬁ':- |

chelating anions however interfere. Later the same author (49) compares  . g

the analytical characteristics of Xylenol Orange and Methylthymol Blue,
a dyestuff of eimiler structure to Xylenol Orange., The possibility to
determine zirconium and hafnium in the presence of each other, uaing;gwﬂ”
peroxide and sulphate magking and demasking techniqué was suggested.A”

The reagent has been employed in the analysis bf steels by
several worﬁe:s. ‘They include Rericha and Mayer (50), who first
geparate iron and chromium at a mercury cathode, ahd Chechova (51) who
used mercaptoacetic acid and EDTA as masking agents for ifon(III) and .
most other metals respectively. This latter paper alse gives detailed.
information on interference tolerances, Keller and Hennesen (52) used a
precipitation with Cupferron to separate zirconium before determination
with Xylenol Orange.

Procedures for the determination of zircoﬁium‘in uranium is
given by Budesinsky (53) and for nickel based alloys by Challis (54).

Differential spectrophotometry using Xylenol Orange is the

subject of a paper by Ishiwatari (55), fluoride interference is overcome by
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adding. aluminium (III).

Solvent extraction of the complex into butanol in the presence gf'
& large excesg of diphenylguunidine, hanp been used by Tolmachey et al,
(56), and the 1ong chain amine salt, methyltrioctylammpnium chloride, has
been used by P¥ibil and Vesely (57). .Ext;action 6f zirconium from
hydrochloric acid solution using esters of rhosphoramidic acid has been
investigated by Alimarin et al. (58). Xylenol Orange was used for the
colorimetric determination in the above cases,

Ion exchange for the separation of zirconium from hafnium end
other elements combined with a Xylenol Orange determination has been used
by Nabivanets (59). | |

Champion et al, (60)have carried out a study of the complex
formetion between zirconium and Xylenol Orsnge. A 1:1 complex is -
.reported to exist under anslysis conditions, nolar absdrptivities are
also given..

In 8 comparative study, iﬁ 1961, of sixteen reégents that were
available for the determination of zirconium, Baﬁko and Vasilenko (61)
ﬁoncluded thét on the grounds of inaepandence Qf abéqrptivity of the
complex, upon pH, Xylenol Orange, along with Methylﬁhymol Blue, was

superior to the rest.

OTHER METHODS

A number of workers have used various pdlyhydroxy derivatives of
flavanone for the determination of zirconium (62,63,64,65) but many ions
sre Teported to interferé even at trace levels. Métﬁylthymol Blue hss
been studied by Luk'ysnov and Kuyazeva (66) end Tikhonov (67), at the
absorbance meximum of the 132 complex. There is litfle band overlap
with that of the reagent. Interference by tin(IV), titanium(III),

bismuth(III) and iron(II11) is reported. Morin has been used for the
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determination of zirconium in magnesium alloys and in platinum, by Tama
and Kebicky (68) and Geissler et al., (69) respectively. Phenylflu§roné
forms 8 red précipitate with zirconium snd this phencmenon has been mﬁde
the basis of spectrophotomefric methods after stabiliséfion ofrthe.

colloidal precipitate with cyclohexanol (70) or gelatin.(71,72).

REVIEWS

Several review articles on the determination of zirconium have
appeared at various times throughout the last twenty yéars, the more
fecent of these being "Sets of reagents for the photometric determination
of zircéniuﬁ" - Dedkov et al. (42); "New reagents for zirconium® -
Chevkesov and Pushinov (73) and "Analytical Chemistiry of hafnium and

zirconium® - Brookes and Towné%nd (74).
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CHAPTER II.

CHOICE OF REACTION MEDIA FOR THE SPECTROPEOTOMETRIC
DETERMINATION OF ZIRCONIUM WITE ARSENAZO III

Arsenazo III is an exceilent coiorimetric reagent for zirdoniuﬁ
(42). The sensitivity is high, the zirconium complex ‘having & molar |
_ absorptivity of 120,000 1 mol -1 cmfj under the conditions used by
Dedkov et al. (42). The spectral characteristice of the zirconium-
"Argenazo III syétem'are almos§ ideal for spectrophotometric meaaureméntf
‘there being virtuaily no dverlap of.reagéﬁt and complex bands at fhe'
wavelength of msximum absorbance of the complex (Fig. 2;1). Furthermore,ﬁf 
_the reagent is highly selective; hafnium(IV), thorium(IV); tifanium(IV),‘”
lanthanum(III) and urenium(VI) are the only metals reported to -
" interfere (42,75) |

Normally there is = relationship between the eage wzth which a

' metal hydrolyses and the stability of its complexes (42,43) ZircOnium

is one of the moqt readily hydrolysable metala and in keeping with thisl
property its complexes are generally gtabla, even at high aciditiea.
Arsénazo III can be used in strongly acid;c solutiong, its zirconium
. complex can be formed at acidities as high as 10M hydrochlofic.acid;'
If full advantage-of the selective nature of zirconium Arsenazo III
rééé?ioﬁ is #o ﬁe taken, then the chromogenic.réaction must be carried_-':
out in concentrated solutionsnof‘a strong acid.. Methods have been puf
forwerd which use 6M hydrochloric scid (75,76)}. In this wéy; in
conditions of high acidity, where most other metal complexes of
Arsenazo IIi are ﬁissociated, the reagent is rendered éeléctive'for the l'ﬁ 
fow most feadiiy hydrolysable.metala. |

High concentrations of sulphabé (39), phosphate (39) and
nitrate (44,76) interfere with £he determination, Although it hﬁa_been

claimed by some workers (37) that nitrate interference can be overcome




absorbance. «——zp

g

- Fig.2:1.
VISIBLE ABSORPTION SPECTRA OF THE ZIRCONIUM(IV)- ARSENAZO Il

SYSTEM, Reagent and complex
- — —-Reagent.
—_———— Complex,




13,

by carrying out the resction in the presence of urea, the experimental
work herein does not confirm these findings. The choice of strong acid
was therefore effectively limited to hydréchloric or perchloric acid, of

‘which perchloric acid proved to be the most suitable.

EXPERIMENTAL

(A) NITRIC ACID/UREA MEDIA

Kammori et al, (5?} claim that if urea is present in the
¢chromogenic system, interference by nitric acid is prevénted; They

~ further state that nitric acid is the best media for the déterminafion of

zirconium with Arsenazo III because the sbsorbance of the compléx wag not
as dependent on acid strength ags it is in hydrochloric acid media, The

following work was carried out in an attempt to confirm these claims.

Colour Stability:

Table 211 (Fig. 2: 2)

‘Zirconium per ml. gug)
0 0.4 | 0.2 | 0.3 | 0.4 | 0.5
(Mfiﬂzea) ABSORBANCE
o | 0.006 {0,125 {0,351 | 0.457 | 0.553 | 0.707
5 0.006 |0.123 | 0.350 | 0.468 | 0.581 | 0,718
10 0.005 [0.099 [ 0.342 | 0,450 [ 0.581 | 0,710
15 0,000 |0.090 | 0,340 | 0.439 | 0.572 | 0.700
20 0.334
25 0.334 1
30 0.004 [ 0.079 ] 0.334] 0.429 | 0.550 | 0.691
60 0.003 | 0,062 | 0,325 | 0.401 | 0{656

The colour wAs hever st&hle for any appreciable 1ength{

constant, at the vaxiouh concentrations of zirconium

investigated, i

of time nor wHe the rat& of development or diﬂabpéarancg_f‘ ’



‘ * " Fig.2:2.
COLOUR STABIUITY in nitric acid/ (

absorbance. —»

urea media.
08+
T ——— | |
: ;'0-5}19/1'111 r
06- D
/\ .
| —~Q03pg/mizr
Q44 | 3 |
02...
| Qlpg/miZr
' —Biank.
==.—.—-----r-l=ﬂ=’=£ T .
- 20 40 50

. TME(mins) —»



14.

Reproducibility:

Table 2:2 Teste were carried out on solutions

- that contsined 0.4 pg/ml. zirconium

Absorbance at 665 nm.

- 0.5103 0.491; [ 0.363; |
0,422 0.433; 0.457. |

méan = 0,449
Standard devistion = 0,039

coefficient of variance = 8.7

As would be expedted from the results of the work on -

colour stebility, reproducibility was poor.

Adherence to Beers! Laws _

Table 2313

Zirconium - 0

(pg/ml.) _
_Absbrbance 0.006 | 9.125 | 0,351 0.457 0.553J n.707

) 0.1 0¢2 003 . 004 005

‘The results are widely scattered axound 8 strai@hﬁ line,

" I'ne foregoing results are contrary to the claims of Ksmmori et sl.
(37) and as a result no further considerstion was given to nitrio acid as

reaction media for the determination of zirconium with Arsenezo III, - -
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(B) COMPARISON OF HYDROCHLORIC AND PERCELORIC ACID

Dependence of absorptivity of the complex on_scid sirength:

Table 214 (Fig. 213)

Tests were carried out on solutions that contained
0.6 ng/ml. zirconium., Absorbance was measured at

670 nm., in 1 cm. cells, after 30 minutes,

~ In hydrochloric scid nedist-

Acid - ' - r ' |
Motarity | 20 |4:0[6:06.5 7.0 7.518.0 /8.5 (9.0 {5.5 110,0{11.0
Kbsorbance |y 450l 2060.42600.568/0.628 o._665Lo.702 0.729[0.761/0.729|0.725/0.687

Blsnk 0.004 0.00d 2004 0.006 0.0040,0040,0040,00710,011{0.012]0.022(0.073

Absorbance [0.146{0.20610.424 0.56240.62400.654 0.6980.7220.750/0.71 710703061 4

. In-perchloric acid mediaz=

_'2.0 401 6.01 701 75! 8.0 8571 9.0

Absorbance

+ Blank 0.175 0.298 0.650 0.845 0.850 0f930 0.965|0.965

Blank  [0.005]0.009]0.018] 0.032|0.052]0.103[0.107]0.378

Absorbance |0,170]0.289} 0.632) 0,813| 0,838) 0,827) 0.858| 0,587

i

/ e N 3
 similar plots were obtained with both media. As the acidity is increased

the absorbance gradually increases and reaches a maximum dﬁ SM for

hydrochloric acid, and 7, 5M for perchloric acid., After this point the

sbsorbance becomes less as the acldity is increased. '
The graduil incfease in absorbance with acidity has been studied
e - . -

st length by Muk iind Savvin (45) and is believed to be due to a gradual

change in the na?ure of the metal- 1igand bonds rather than a change in -

the composit1on ‘f the complex. When the acidity is 1au, the nature of

- +
the bonds approx:|mates to that between the hydrolysed ion (Zr(OH) (4 n) )
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and th liganda, whereas in ﬁtrnngl& acid media it 1s more llke tha
nnture of the bond between the unhydrolysed ion (Zr4+) and the liganda.,.

| In the region of maximum absorbance for the cohplex, the'effedta.
:of Qariatién in acid concentration were found to be slightly less t
critical in the case oflperchloric acig (Fig. 2:3). On this basis along,
perchloric acid media should éive_better precision. ‘Fufthermore,‘af
"their.molaritieé of meximum absorbance, hydrochloric acid .is abové'aﬁd
perchloric acid is below its respectivé azeotfopic concentration,
Therefore, at the conditions for maximgm'éolour developmenﬁ,.hydrochlorid ) .
aéid presents the prdblems‘of acidity éonﬁrol, ma#ipulation, and' - |
injurious effects fo instruments that accoﬁpany the use of a fuming

corrosive acid., For these reasons perchloric acid was used as the

reaction media of choice, .

o -

.
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- CHAPTER 1II,

DEVELOPMENT CF A PROCEDURE FOH THE COMPLETE DISSOLUTION OF STEELS -
IN ACID MEDIA, BEFORE DETERMINATION OF ZIRCONIUM WITH ARSENAZO III

Zircoﬁ_ium( IV), ha fniuﬁ( IV), thorium(IV), . titanium{1v),
lanthgnum(iII)_and ufaniuﬁ(VI) afe-thé onlj ﬁetal ions reﬁ§fted fo_fbrm o
complexes with'Arsenazo.III;'_(42,75),:in stroﬁg Acid medias, Of these

: _only.ziréonium énd’titaniuﬁ are commonly found, in any appféciéble
quantity, in steels.ﬁ Araeﬁazo 11T is £hérefor§ an ideal reagenﬁ-for,.
_the deterﬁination-of zirconium ih'atéels.

In spite of the fact that there is a highly selective reagent

available for this:détérmination,‘no generally_appliéable method, whichj_f
does hdt include a.prior Sépaiation of zirconium, has beén described,‘ .
This is bécaqse solutions of steels obtained by the conventionai acid- .
digestion techniques leave some of fhe zirconium in a chémiéally'ineft |
.form and thisa rémains,.evéﬁ if hydrofluorio écid is used. ' Consequently,
'a.time consuming filtrstion snd alkali ﬁetal éalt fusion proceduré:is'
nécééséry to decompone these compounds. -

The p:obiem was highlighted by Pakalna-(39), who confirmed
earlier wérk.by Gheqhovﬁ'(77)-gnd stated fhat direct methodse are only
adcurate‘when no-hydrbijtic precipitates or siliba are‘forme& duriﬁg the

' dissolutioﬁ proceduré;‘ This wes uséd as the bagis of an argument for
'élways carrying out a sepaiafion procedure before colprimetric'
déperﬁination of zirconium in steels. In the same paper a iécommended
- method was put'forwa:d; the zirconium ié precipitated with Cupferfon |
ﬁsing iron ss carrier. In this way, when the cupferrates are filtered

_ off; the inert forms of zirconium are filtered off along with the |

| cupférrates,ithua avoiding,lbsa of zirconium, The method is of course
tedioﬁs éince it requires 8 humbef.of filtrﬁtion ignition and fusion

stages that are designed to collect and decompose these inert materials,
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In 1968, Bernas published a paper entitled, "A New Method for.the
Teterminantion and Comprehensiye Analysis of Silicates by Atomic Absorpti§n 
Spectrometry"(?B).lBy uaing.a mixture of concentrated hydrochloric, nitrio-
and hydiofluoiic acids in a sealed PIFE lined pressure digestion vessel at;
i7050., complete decomposition of the silicetes was brought about. Since
_then th1° new dlﬂsolution technique hag been usged extensively for the

silicepus
decomp091t10n of eidcorenna materials before carrying out atomic
absorption spectrometry, including rocks end minerals (79), ceranmic
ﬁaterials (80) and Apollo 14 soils (81). The vessel has aiso béen uséd‘
for decomposing oiganid matter before atomic ébsoiption spectrometry, fdr.
trace metals in foodstuffs (82) and mercury in tuns fish (83). The
sdvantage in thése cases is.that as digestion is ¢arried out in a seéled _J
vessel there can be no losses of voiatile'materials. In steel analyéis ‘
the pressure dlgestlon vesgel has already been used for the determination
of nitrogen (84) and total aluminium (8%). |

- In the work described in this ‘chapter i£ ie:ahown.that the
pressure'digestjén vegsel technique of dissolution, due to Bernaé (78),‘
can be used to completely decompose the inert zirconium comﬁounds that.
are the result of-the ccﬁventibnél gcid4dis$olution teéhniques used in- |
steel enalysis. In this way, owing to the availability of the highly
selective reagent Arsenazo III._possibilities are opened {or the |
develogment of the first EEﬁeralty applioabley'direcﬁ'cdlorimgtric'mé&ha1 "

for the deteminzfion of 21 vconwmin steels.
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- EXPERIMENTAL

(A) DISSOLUTICN FROCEIURE

Tsble 3:1_ ‘Tests were carried out on BCS steel 271

. - Zirconium Coeff.: Recovery
Dissolution Procedure found - { of var*

Gl |7 X

Boiling 7.5M HC10, | S
for 30 minutes 4 - 0.0033 7 TS o
Preliminary dissolufion
in HCl and HF followed

by fuming with 7.5 KCto, | 0+9%% 6 1 88
to drive off excess HF

Recomrended procedure - S _

using pressure digestion 0.044 S 100

vessel as described in
Chapter IV, '

« Six detérminétions
X Basged on :esults in Tbble 435,

The.resﬁlts:shown in Table 311 iﬁdicate—tha nebeesity fdr_ugihg a
pressure vessel. The inclusidn‘of hydrofluoric acid in the diésolufion
mixture Qas found nécessary even when the pressuré vessel Qas used;_

_ Because of this necessity for a pressure trestment with a media.that
contains_hydrofluoric acid, it séems more probable that the low
recoveries of zirconium.6therwise.gxpefienced are nof the result.of
coprecipitetion of the zirconiumrduring the dissolution procedure (39) . 
tut ere due to the presence of refractory zirconium.compoﬁnds already B

- present in the steel. .

(B) ELIMINATION OF iNTERFERENCE BY THE DISSOLUTION MEDIA

._ After disaolution of the steeilin the pressure digestion vessel
ail traces of fluoride and oxides of nitrogen mustlbe removed from the
solution, as even low concentrations of fluoride ion in particular will

interfere with the reaction of zirconium with Arsenazo III.




- 20,

Attempts to aimply mask the fluoride'with Aluminium (III) or
boric acid were unsudceésful anﬁ unfortunately‘a more time conaﬁming
evaporétion technique has to_be‘adopted. Perchlofic acid was‘ﬁsed'since‘
this was the media of ghoice for the'colqrimétxic déterminatibn with -

Arsenazo III (Chapter II).

Table 3:2 Tests were carried out on BCS steel 271
(Zirconiﬁm content 0,044% m/h).

Evsporation technique - Zirconiﬁm-found (7% m/m)

Evaporation to less than

1
HC 04

10 ml. with concentrated | 0.023 | 0,032 | 0,032 |

Evaporation to less than - U
10 ml. with 7.5M BC10, 0.044 | 0.045 | 0.043

Evaporation to e low volume muste be'carried out with -
dilute perchlbrio acid,  Low results were obtained

when the concentrated acid was used,

Hydrogen fluoride Iﬁrmq a conqtant boillng mixturo with wnter;
In the process of evaporation the hydrOgen flucride is removed in thé
form of its water azeotrope, This could possibly explain the necessity
of dilute; rother than céhcentrated, pe:chloric acid for the efflclentlﬂftV

" removal of hydrogen fluoride from the steel solutiona. -
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CHAPTER IV,
DEVELOFMEN? OF A DIRECT METHOD FOR ZIRCONIUM IN STEEL,

 BASED ON A PRESSURE DIGESTION TECENIQUE FOLLOWED BY
- COLORIMETRIC DETERMINATION WITH ARSENAZO III.

A survey of tﬁe liteﬁature of previous workjin'the‘field leaven
| little doubt that Arseriazo III is the best resgent available for the
determination qf zirconium. The following work described the
development of a method which ig a sombination of & spectrophotometric‘n
determination using this reagent and the pressuré.digestion'technique
described in,Chapter‘III. Owing.fo tﬁe sﬁccess of this digesﬁion.
* technigue inﬁcomp1ete1y decomposing the otherwise inertﬁforms_of
zirconium found in steels, it is the firsf widélyiappiicablé procedure
to be desoribed that does not réquire'a prior eepafation rrocedure.
rResulta obtained with British-Chemical Standard steels show a |
high degree of'preoisiqn for the recommended prdceduré."ﬂa would have
. been expecﬁed from the higﬁly seledtive and sehéitive.nature of
Arsenazo III iﬁ strong acid media, an in?estigatioh into possible
intérferences by the fifﬁeen dther metals most commonly founﬁ in steels,
ihdicatelapfliéability to‘a wide range of steels. The recommended
'procadure_hoﬁevér; would not be applicable, in its present form, to
high tungsteﬁ_sfeelé owing to the preéipitatioﬁ of tungstic acid at an

intermediste stage.

EXPERIMENTAL

(A) ~ OPTIMISATION CF REACTION CONDITIONS
~ Although a number of procedures which use Arsenazo III have
been described, a detalled set of optimum conditions for its use in .

. perchloric dcid media were not svailable.
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Colour development and stebility time:

Table 4:1 - Tests were carried out on solutiona that contained_

0. 4/ug/h1. zirconium, in 1 cm, cella at 670 nm,.

Time in Absorbance against blank
Minutes - Semple 1 |  Sample 2. _Sample_}
o | owsse ] o2 | ousse
5} 0558 0.552 | 0.554
jo | o.558 0.550 - | = 0.552
5 | ossT | o500 | 0552
300 1 0.552 | 0.585 | - 0,551
40 | o530 osas | 0550
50 0,551 : 0.'541 0.550 _'
o0 | o5 | o | o

" Over this period the absorbance of the hlank remainedﬁ
' constant. ' g
Full colour development is immedlate and the complex

‘ -is stable for 15 minutes, .
Measurements should be made within fiftéenfﬁinutes of adding the

reageht(




2%,

a8t 685 nm,

Wavelehpth of maximum absorbance of the cdmpiex:'

Measurementa were made on Unicem SPGOO spectrophotometer

;.calibrated immediately before use with a holmium filter at 637.5 nm. and ‘
o difdygmiwm -
- & dy%fZ&um—filter

-Téble 412 . Teste were carried out on golutions that contained

0 4’pg/h1. zirconium, using 1 cm, cells, against 5: ‘

blank. ‘ : ‘
‘Wavelength {nm) | 590| 600| 605{ 610| 615( 620 -530 640| 650
absorbance 1:0.,032]0.166]0.246 10,291 |0.300{0.284 0;240 0.281 0.396__
wevelength (nm) 660| 662| 664 666 668] 670] 675 680 700
absorbance 10.565[0.588]0,594 10.59210.581 |0,5500,437 |0.284]0,025

For maximum sensit1v1ty, absorbance measurements should be made

st 664 nm. :

Concentration of Arsenazo IXT:

‘Tablé 413

Tests were carried out on solutioné that contained

0. S/ug/hl. zirconium, since this is the maximum in

the proposed methed.

Measurement was in 4 om. cells.

at 664.nm.
Arsénato 111 |- 1. : AR B :
% m/V 0.0004 0.0008 0.0012 | 0.0016 0.0020 0,0040
absorbance + | .. ‘ - - . ‘
 blank 0,017 -| 0,044 | 0,054 | 0.070 | 0.070 | 0.148
absorbance - | 0.250 | 0.521 | 0.791 | 0.875 | 0.880 | 0.907

_The winimum permissidble concentration of ArSgnazd 111

is 0.0016% m/V.
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' For minimum blank abnorbances, withouﬁ the risk of impairing

senaitivity, an Arsenszo III concentration of 0,002% m/V should be used.

o '( c) RECOMMENDED PROCHDURE_AND IS APPLICATION TO BCS STEELS

Tﬁe instructioos, given'beiou,'for:the_prcparation of the -
‘standard 2irconiuh.solu£iooe were ‘compiled uith_refereﬁce to'e“deioiled e
study of the subject by Pakalns ( 38).  The clain that they should be-
completely depolymerieedrand:therefore immediately eveiiable for use has
,been confirmed by thelfindingS'of the present work, It uould have been
: prefereble to have prepared these solutions from pure zirconium metal |
‘since zirconium salts of guaranteed analytioal-reagent grade are
‘difficult to obtain. Unfortunately, ziroonium metal ie_not readily
‘soluble in perohiorio'aoid. For the purposes of irooe aueiyeio however,
the.ueerof'noh aualytioal-reagent grade'ziroonyl chloride‘ootahydrate
.should not be detrimental, provided that the salt is of & reaeonable
‘purity. | | |

Aaoorbio”acid'hes been used as a mesking agent for iron(III) and
since identical calibration plots were obteined, with and without ita |
inolusion, it was not considered neceesary to add it to the solutions -
quring preparation of the calibration plot,

' On the strength of the evidenoe of the inveatigation deooribed
in Chapter 11, 7.5M perohloric-acid hag been used &8 the reaction media.
“The Blight changes from this Optimum etrength, that are a result of the
'evaporatiOn etage have been calculated not to ‘be eignificant within
- -the expeotedlerror of the prooedure._' -

The preesure digestion vessel uoed in this work was obtained from

S.-and Je Juniper and Co., Harlow, Egsex,
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g Rsagonts:
AQBA RPGIA - Mix equal volumes of oonoentrnted hydrochloric acid

(analytical-reagent grade, sp.gr. 1.16 to 1 .18) snd concentrated nitric

_acid (snalytioal—roagent grade, 5p.g%+ 1 42)
‘HYD_ROFLUORI'_C ACID, 40 PER CENT m/v -'Anglyticalfreageht grede.

PERCHLORIC ACIb, 7.5M - Dilute 1,300 ml. of oonoentratsd pérchlorioisoidf' ‘
(70 per cent m/V,Hanslyticsl—résgént grade) to 2”11trésfinoa volumetric .

. flask,
.ASCORBIC ACID - Analytlosl-resgent grade.

‘ARSENAZO III SOLUTION, 0.1 PER CENT m/V - Dissolve 0.1 g.rof Arsenazo III

- and’ about 0. 5 g. of sodium hydroxids in about 50 ml of water. Add _
concentrated hydrochloric acid dropwise with stirring, until the oolour
of the solution first chsnges to red-violet Dilute to 100 ml.‘with,'? '

§ water in 8 calibrated flask. .

" concmrmﬁm STANDllRI) ZIRCONIUM SOLUTION, 100 ng Zr w1l Iﬁ. M PERCHLORIC ‘
| . ACID Dissolve 0.177 gs of zirconyl chloride ootahydrate in about 200 ml.

'of M perohlorio acid by boiling under reflux for 1 hour, ' Cool and

.ldilute the solution to 500 ml. with M. perchlorio aoid in a oalibrsted

flesk,

 DILUTE STANDARD' ZIRCONIUM SOLUTION, 10 1g 7 w17 IN 7,54 PERCHLORIC ACID -
By pipette trsnsfer 10 ml of concentrated standsrd zirconium solution to
Y
s 100 ml. calibrsted flask, add 62 ml, of 70 per ‘cent n/v perchloric aoid

.solution and dilute to 100 ml. with water.
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| Preperation.of'calibration grapht -

. | By pipette introduce an aliquot of the dilute atandard ziroonium
;solution (0 to 3,0 ml ) into 8 dry 50 ml. calibrated flask. Add by
l_pipette 1 ml. of Arsenazo ITI solution and. dilute to 50 ml, with Te SM
prerchlorio acid solution., Measure the abeorbanee,at 664 nm.,of the o
fsolution within 15 minutes of preparation against water using 1 cm. calls;r

N Substract the eheerbance of the eolution containing no zirconium.
'Procedure: .
b Remove the PTFE liner from the pressure veseel and weigh into it

‘ie’en appropriate emount of eteel (Note 1 and Table 4:4) ' add 20 ml. of

| . aqua. regia and allow the steel sample to diesolve without heating.

Awhen evolution of hydrogen hea ceased, add 5 ml, of 40 per. cent m/V

"f:rhydrofluoric acid aolution, plaoe and seal the liner in the preesure rf

"lvessel (the 2 and inatruction manual where appropriate) and leeve the -
:fpresaure vessel in an oven at 200°C, overnight (Nete 3) | 2
| Cool the preseure veaeel to room temperature and open.it
'jeerefully. Tranefer the contenta quantitatively to a suitable PTFE 73

vessel with 25 ml. of 7. 5M perchloric aeid solution, - Reduce the volume

to less than 10 ml. by heeting the vessel on a hot plate (Hote 4), add

| f25 ml. of 7 BM - perchlorio acid solution and warm the mixture, if

"neceseery, to dleaolve any crvstalline material (Note 5), Transfer the
l-"psolution to a 50 ml. calibrated flask and dilute it to 50 ml. with 7 SM
perohloric acid- solution. - U o

' }1pette an appropr;ate dliqunt of the solution (see Table 4:4)
into e eecond bO ml, calibrated Aleek, sdd V. g, of aecorbic acid,.dilupe
te aboﬁp 30 ml. witﬁ-?.5ﬂ perchloric eeid eolptiop ehd-eeirl the fleek-:
-:uto_draeelre the aeeorbié ecid‘without heating. - Continue the | Lo
,l detbrﬁinefiqn as described in "Preparefion ef_Ca;ibratien Greph"_

beginning at nadd by pipette 1 ml. of_Arsenazo,III’solution“.' For




| ‘ateels oontaining ierge quantitioo‘of motals giéing coloured ions,

2.

3‘-to evoid difficulties in removing the liner after digestion.

S

..4.

'liner.’ 3

.:ziroonium with Arsenazo III.

H‘compound may orystalliee out on, evaporating to 10 ml. This-

decomposed by wann perchloric aoid solutions.

-

_ determine the abeorbanoe'et 664 nm, of an aliguot of steel solution in-
-the abeence of Arsenazo III and deduct thie abeorbence together with the

"f'Areenazo III reagent blank from the absorbanoe value obtained with the :

"eample. N
- :Notee: . .
:1.' Safetx note. Perchlorio aoid must NOT be inciuded in the digeetion

mixture in ‘the eeeled pressure veseel. The liner should be
perfeotly oleen and dry, and care ehould be taken that no traoes

of perchlorie aoidffrom the previdue determination_remein in thel‘-

Corrosion producte tend to form at the eurfacee between the metal

- and the liner. Theee surfacee should be cleaned regularly in order

'.For eome eteele thie digeetion period cen be reduced.- Complete ___:&
-reoovery of zirconium was. made from British Chemioal Standarda

__Steele;Nos..271 272 274 and 275after only 2 houre digeetion.'

_Thie evaporation etage to, remove hydrogen fluoride and oxidel of

-‘_nitrogen, although fime oonsuming, is very important. Traces of -

fluoride, in particular, interfere with the reaotion of

'~With ateels that have & high chromium oontent a red chromium(VI)_;

o preoipitete dieeolvee more reedily if ahout 1 g of eecorbic aoid"

: is added after the 7, BM perchlorio eoid solution. Thie treatment‘ E

f ehould be eerried out without warming as aacorbio eoid is rapidly_=--«
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Results obtained with the prooedure described fcr the preparation
| "":}of the calibration graph using the dilute atandard zirconium solution had -
“:a ooefficient of variation of. 1.5 at the 0, 4;ug Zr ml 1evel‘£oxl10 .; .
'-_determinationa._._ - e o ' o l<  |
|  The calibration graph vas linear in the range 041 ta o 6,pg 2r m1. ,;
'"and ita slope corresponded to a. molar &bsorptivity at 664 nm. for the 3 j”"‘
.'fcomplex of 1,32 x- 105 1. zo1”! cuf1a"' ‘ | |
Reaults obtained with six British Chemioal Standsrds steel
- reehples-using the recommended procedure are given'in Table 4:5. These.
rlshow good reproducibility and compare well with results obtained by other;f'

o methods.‘/

" SUGGESTED SAMPIE SIZES AND ALIQUOTS FOR VARIOUS STEELS, -

". ?abie‘4:4- o o L o :
‘ C 'Although in many inetances the zirconium content of

f_:the ateel will not be known even approximately, the i
"sample aizes and aliquots recommended here will give f'f:l
an. indication of a suitable amount of sample to take :
"”ae 8 triel. The sample size and aliquots recommendedi'
- for each range of tin content give absorbance valuee fi
o between 0. 3 and 0.6, except for steel. samplea .j‘f‘ N
"containing less than 0 004 per. cent m/h of zirconium.5 :'”

Expected zirconium | Amount ofeteel 'AliQuoﬁ'ﬁekeé?T
o content - “to. be taken - | RS
- per cent, I_n/mo _ o ge e b o ml,
- e e e L
0,001 ~ 0,006 - 0.5 [ s
0,006 - 0,01 o, 5. | A5
C008 -002 | es | 0
0,02 - 0,04 | _Q.54 . B s
004 =005 | 04 L a5
1 0.05 - 0.0 o | 100
0.0 - 0,20 0 s
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' 7'fDetermination of zireconivm in Bcﬁ_éteelsi ‘

,Tahle-415 N

" zirconium content, per cent m/m

] gtee1 | BCS valuess. fﬁzifﬂgg** x-rayi+ | .Recémmended :

1 Chemiecal Spectrographic procedure.fluomscmce y procgduref+ _
271 o4 .04 044 | '._'043' | 044, 045, 043
2tz | W03y | L03, o3| 029 .03, 4033, 1,033 |

274 ‘°°5' ~ .0'1(')”‘ 012 .ot0 | o0, 011, J011-

215 3_0_1-5' w0z, 021 .019 .020, .020, ,021

2716  .005 .605 .008 006, .006; .006, ,005

| 2] o4y | .05, .051 050 | .050, .048, .047

T _Resnlts of Keller and Hennesen (52),

. Results of Xlima and Scholes "(86).'."

e Zirconjum ia afnonfétqndardised element in'ﬁheSQ steels

o Results obtained from three different dissolutions of the

rfsteel'sample;




(D) INVESTIGATION INTO POSSIBLE INTERFERENCES

 The effects-.oi_‘ fifteen other metélé on the determination of

“' zirconium aré shown in Tgblé 4:_6; The metalsziq;-coﬁium raﬂoé chogen -for;_:
- study are well .above those normally found in'stei;ia:‘(BT_) . |

Table 4:6 - . . : SR
¢ . Amount of zirconium added = 20.0)1g.-‘_ .

|Metal to zirconium| Zirconium f oﬁnd[)ig.

| Metal ratio

LAhtir_nony-, _ : - .to o 1903, 19,2
Arsento 100 . 19.6,.19.5
Mar.tganese. B 10,000 . 20.0, 20,2

‘Copper | 10,000 | 20.7, 20.9% .

.50 188, 19.0
100 | AT, 1709
o | S3000 1 13, 93
Muintun | 1,000 | 19,8, 19.2
"Tn | o © 100 . 19.8,.1"9'.0

|
Pitanium | 0 - 19.3, 19.3".'_ .

Jreaa | 100 | 2003, 1905
SUE EE 0.5, 195 -
E‘'-I".’loil.w.f‘rad'esanu::n - 1,000 | 19,3, 19.3 1
| chromium  ‘ 10,000 '_‘“ 18.8, 19.3% . .
':‘Ya£Adium- 1,000 | i9§5; 19,3+

Cobalt | 10,500 . 19,3, 19.0 -

Nickel 3,000 | 19.3, 19.0%

# These mekals prociwed tons in the dissolution process which
absorbeil at 664 nm. A correction was mde for this (see
o ' Frvre’dure). ' | o
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‘Pitanium interferes to pome extent. Inoressing Lho quentity of

'Arseﬁazo III used &idohot’improve the.situotion.‘ Attempts to mask the

titaﬁium with‘hydrogen peroxide, which forms an orange-?eroxo-complex.

with it, were unsuccesaful. The presence of peroxide in the syatem S
.resulted in the oxidation of the Arsenazo III. Novertheless, titanium e

could be tolerated up to s 1eve1 of 100—fold that of zirconium, where o!:\

' .the error is only about 10 per cent, 'Thia would suffico.for_the vast

'-_ majority of steels. f" o

'_ Tungsten, whxch has not been inoluded in Table 4:6 is the only i

metal that interferes seriously. A colloidal precipitate of yellow -

 tungstic acid forma when the digestion mixture is evaporated to 10 ml..

X Thia precipitate cannot readily be filtered or centrifuged and it is

| Vprobable that zirconium is copreoipitated. Consequently, the proceduref'

“dn its preaent form cannot be épplied to high tungaten steels. Of the .

_steels. studled here, BCS 276 and 277 contained the largest: amount of

,tungsten {0.20 and 0.12 per.cent m/m respeotively) qnd this amount of

'tungsten did not'interfere in the determinstion,




10,

11,

12,
13,
14-

15,
16.

17.
18.

19.
20,

2,

22,

250' ’

R4

Nsrita, K.y J. Lhem. Soc. Japan. Pure Chen 3ect. , 1955, Z“J (9) 1026

Morimoto, Y. and &%hizéwa, Tes Japah Anslyst, 1961, 10, (6), 668

 Knopkar, S.M. and“Dharé,'s C., Ansl. Chem., 1965, 31, (9)y 1158

' .Pure Chem, Sect., 1957, 18, (6), B854.

.Flgschka; ¥, and Farah, M.Y., Z. Anal, Chem,, 1956, 152, (6), 401.

: Young,'J.P,, French, J.R. and White, J.C., Anal, Chem. 1958,

REPERENGES

Hayes, w.G.-nhd-Jones, fi.W., Ind. kng. Chem, Anal. Fd., 1941, 1, 605
Rucsel, E,H;, 'U.o. Atomic Energy Comm, Hep. DP-161, 1956, 7 pp.
Eberle, A.R., Eintg, L. end Lerner M.W., Anal. Chem., 1962 24, (9) 117r

Mills, E.C. and.He%Fan, S.E.; Metallurgis, 1955, 51, (305), 157.

Degenhardt, H., z. Anal. Chem., 1956, 153, (5) 327.-

Stanton, N.B., Analyct 1968, 93, 802.. _

W1lllams-Wynn, . A.,' J. Soc, Leath. Tr. Chem., 1958 42, (11),. 360.V ff
Gﬁbell, 0. and Jagob, A., Helv. Chim. Acta., 1956, 3_J (4), 1026
Dragulscu, C., Siq@nesca, T. and Policee S., ‘Talenta, 1964 11, (5), 747.i

Ishibashi, M., Kohars, H. and Fukamachi, K., Japan Analyst 1968,
| : : 175 (*u~ , 1524,

¥ato, K., hura%e, T, and Kaklhana, H., J. Chem. Soc. Japan,

Sastry, ' N., Krlehnamoorthyl T.M. and Sarma T.P,, Curr, Sci. 1969,_
38, (12), 279.

Parissekis, G. and Konotoysunakos, J., Anal, Chim., Acta, 1963,

29, (3), 220. o o

30, (3), 422.

Chernikov, Yu, A., Luky anov, W.F. and Xnyazeva, E.M.,
Zhur, Anal, Khim., 1959, 14, (2), 207.

Maekawa, S., Yoneyema, Y. and Fujimori, E., 'Japan Analyst, 1961,
10, {4), 341,

Green H., B.C.I. R A. Journal, 1962, 10, (5), 586.

Leeb, A.J. and Hecht, ¥., Razdex Rundschsau, 1963,(i), 360.

Young, J. r. end White, J.C,, Talants, 1958, 1, (3), 263.

Hibbits, J. O., Rosenburg, Ae F., Wllliams, R. T. end ¥allmann, S., o
Talanta, 1964, 11, (11), 1529, | -



29,

.50;
3.

TR

33,

4

35,

36.
37,

58. '

39.

40,

44

46,

48,

e

‘*wood, D. p,' and Jonas, J, .T., Analyst, 1 965, 90, 125.
”Kajiyama, R. and Senums, K., Japan Analyst, 1970, 19, 1165.

.Dragulescu, Cey blmonescu, T. and Nemes, G., Revue Roun Chim, , 1968

13, (1), 1469,

Uzunasa, Y., Hayashi, K. end Ito, S., Japen Analyst, 1963, 12, (3), 252.

_Kuznetsov, V.I.,_ Je Anel. Chem., 1959 _QJ .

Savvin, S.B., DOklady._Akad._ Neuk, USSE, 1959, 127, 1231,
Savvin, §.B., Talanta, 1961, 8, (9), 675, :

Elinson, S. v., and Mirzoyan, N.A., Zavod. Lab., 1961 2L (7) 798

.Goryushina,-V.G.,:Romanova, -E.V, and. Archakova, T.A., ‘Zavod. Lab., 1961

21y (1), 795,

-MuStgfin, I.S;, Shchukina, V.S. and Malinca, I.V., Zh: Anslit, Khim.,

1966, 21, (9.),_ 1136,

Pisarenko, L.D, and Bondarenko, I.A.,

Mashinostoenie Inform, Nauchno-Tekh, 5b., 1964, (2(26)) 77-80, :
Ref. Zhur. Khim. 19CDE, 1965, (5), Abs. No. 5G°129.

Savvin,_S.B., Kadener, D.S.,-Ryabova, A,S., ZhurE ?nal Khlm., 1964, :
: o . . o 5 561,

Kammori, d., Taguéhi, I, and Komiyag R.; Japan Analyst 1965,
. ' S 14, (2)’ 106.

Pakalns, P., Anal. Chim, Acta., 1971, 51, 51,
Pakalns, Puy. Anal. Ch:.m. Acta, 1969, 44,773,

Sulek Z., Kremer, J and Dolezsl, J. Colln. Czech., Chem. Commun., 1969,
- 34, (6), 17205

Sekine, K. and Oniahi' H., Anal. Chim, Acta., 1972, 62, (1), 204,

‘Dedkov, Yu.' M., Ryabchikov, D.I. and Savvin, S. B.
Zhur. Anal. Khin. , 1965, 20, (5) 574,

Savvin, 3.8., Dedkov Yu, M. and Romanov, P N.,
Zhur, . Anal, Fhim., 1967, 22, (1),

‘savvin, S.3., Talantal, 1964, 11, (1), 7.

Muk, A. end Sevvin, S.B., Zhur. Anal, Chin. , 1971, 26, 98.

Goryushina V. G., Romanova, E.V. and Archakova, T A

‘Zavods lab., 1961 27, 795.

Kirbl, J. and Pribil, R., Chemist-Analyst, 1956, 45, 102,

‘Cheng, K.L., Talanta, 1959, 2, (1), é1.



49.
‘50,

M.

52.

- 55
54,

55,

56,

58,

59,

60.

TM.

62.

66.

67.
6.

69.

Y
.

_ i:72.:
T4,

' Katyal, M., Trikha, K.C. and Singh, R. P.,

'Luk'yanqv.‘V.F, and Knyazeva -E M., Zavod. Lab., 1Q60, gg (5), 265.

1Tikhoho§,‘v.n., Zhur, Anal. Khim., 1966, A, (10) 1172.

.

Cheng, x.L;; Anal, Chim. Aota., 1963, 28, ), 41,
‘Rericha, X, and Mayer, V., lutun, Listy, 1962, _1, (1 ) Gﬂj.

e | )
‘Chechova, 0., Chemist-Analyst, 1967, 56, (4), 94.

Keller, H, von.,?énd Hennesen, K, Arch Elsenhﬂttenwes., 1968,
: ' 12, (12), 921, - -

- Budésinsky, B., Coll. Czech, Chem. Commun., 4963, 28, (7), 1858. L

Challisy H.J.G., Analyst 1969 2&, 9. ',?
xshiwatari' Y., Jepen Analyst, 1962, 1__ (12}, 1?83. _-"

Tolmachev, V.N., Gol'tsberg, I.M, and Konkin, v.D.,
Zhur. Anal, Khlm., 1967, 22, (6), 950,

| Prlbll 'R. end Vesely, ., Talanta, 1970, "1, (9), got.

Alimnrin, I, }., Fedeeva, VoTay Nifautlev, E.E. and Litvincheva A S., .

Zhur.  Anel, Khim., 1969 24, (9), 1586

Nabivanets, B.I., Zhur. inal. Khim., 1962, _1, (5), 585.-

'Champion, P.M., Crowther, P. and Kemp, D F.,
 Anal, Chim, Acta., 1966, z_, (4) 413,

| iBabko, AK, and Vasilenko, V. T., Ukr. Khim, Zhur, 1961, _;1, (3), 96. -

HE8rhammer, L., Bdmsel, R, and Hieber, W.,
. bnal. Chem., 1955, 148, (4) 251,

Oka, Y, and Yanai M., JapanAnalyst 1964, 13, (3), 207,

'Katyal M., Gupta B, P. and Singh, R. P., Curr. Sci., 1965 34, (15) 455

2. Anal, Chem. 1967, _}L, (2), 107.

‘Tﬁma,:H-”aﬁd'Kébicky, V., Talanta, 1961, 8, (10), 749,

Geissler, M., Lorenz, G.,and Angermann, W.
Neue Hutte, 1969 14, (1) 50, -

.-Klmura K. and Sano, H., Bull. Chem. Soc. Japen, 1957, 2_, (1), 80. 'F :

Zharovski F. G. and Pileipenko, A, f., Zavod. Lab., 1957 23, (12) 1407.'.

Nazarenko, VoA, and PoluePtova, E.N., Zavod. Lab.; 1962, 28, (6) 656.
Cherkesov, A.I and Pushinov, Yu, v., Zhur. Anal. Khim. , 1965, 20, 665,

Brookes, A; and Townsend, Aa,' Analyst, 1979, 95, 529, -



.
6.

.

8.
79.

o, -

81,

e,

s,
84.-'

8s.,

86.

87.

35,

Savvin,‘S.Bé, ‘%aiénth 1961- 8, 673.

Savvin, S.B., Kadaner, D.S, and Ryab0va, A.S :

‘Zhur. Apal. Khim., 1964, 19, (53, 561,

‘Lhechova, D., Chemist-Analyst 196?, §§5794.

Bernas, B.; Anal-Chem., 1968 40, 1682.

Abbey; S., Geological Survey of Canada, 1970, paper 70-23., S

Eardley, B, .P, and Nountford AJH, Proceedlngs of a Symp091um held

in March 1970 BoC. of Chemical Industrv publication, p1 24

Schnetzler, Ce C. and Nava, D F., Earth end Planetary Science Lettera,
. 197, y 346, - _ ‘

~ Nelson, G. and'Smith,.D;C.,, Pfoc.'Soc.‘Anal. Chém., 1Q72, De 168.

leak,_w.;'xfinitz; B, and Wiliiams, J.Cuy J.AOKC, 1972 55, T4l

Menis, O., N B. S. Technical Note 454, 1968.-

Headfidge, J B. and Sowerbutts, A., Analyst, 1973, 2_, 57.-

.Klima 2. and Scholes, P, H., Analvst 1975, 98, 551

"Const1tuent Elements in Steel and Cast Iron"

-London and Scandznavxan Metallurglcal Co. Ltd., 1961.‘



. GENERAL DISCUSSION. |



CENEEAL DISCUSS ION

The development of the method for the determination of . tin in
. ateel, désofibed earlief, required essentially a rationalisatioﬁlor‘the‘
findings of previ;us wdrk.and the developmént of_separation and_mésking
'ieéhpiques to~§ompénsate for thé‘abéence.of a highly selective reagent..
It was not éppareh#nfrom é'gurvey of the literature which of thé
reagents fdr.the colorimetric determination of‘tin*yna superiora
Cbnamquently, a.cumpafntive study was neceaeary;' As none of_the reagénfa
.could be: deacrlbed as highly selective, selectiv1ty waa not uaed as one.
of the crlte;ia of this study. Catechol Violet,- in the presence of CTAB,- |
émerged‘as the best reagent on the grounds of the remaining crxteria,
némely adherence:to Eeers' Law; speétrél_charaéteristics,'senéitivity and.-
reproducibllity of results. | | |

'The abaence of a highlv seleotive reagent for the determination  “"

_of tin means that if 8 method is to be applicable to a. wide range of
' steela, the apectrophotometrio determination must be preceded by a
. peleotive extraction procedura., The literature survey on thig subject
proved'mbra“fruitful than.in'the case of the choice of a reagent. There
~is no doubt that the simplest and most convenient method'ofyseparating
tin ié by sblvént'extraction of;tin(IV)'iddide followed by backsextract;on‘.
with sodiun hydroxide solution, . | |
In viéw'of the abgence of a highly selective reagent for in
‘ fherefore;.fﬁé‘ﬁeCQEméndgd method is_fhe best,pbssible compromise; it is
n combinatiénrpf‘the‘béét separation and spectfophotométric procedures
avallsble, and the‘succésg‘of lnctic gci&‘in évercbming interference‘by
ﬁavé:a} alloying eleﬁents,-inCIuding thé longstanding problem of
4molybdehum interfefence, renders the method applicable.to a wider range‘of
steels than any other method prev1ously descrlbed. | -
| At the present time, the most populer reagent for tin, used in

the British Steel Industry, appeers to be Fhenylfluorone. On the
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evidence of this wark 1#3-@39 should be discontinued. Direct mathods !
have been published ubing this réngent and its popularify would appéar‘to
have sprung'from-thé obvibus attractiéﬁ of these, Phénylfluoroné ﬁowevér,
is not highly selective for tin and thereiore there is no more o
juat1f1cat10n fnr uqing this reagent in 8 direct prooedure than there is
for using-thg many pther reagents that are, in fﬂct; superlur “in most '
' o£h§r r§spécts..f . _ ‘_ _. J |

Because of the hlgh degree of selectiv1ty achieved by combining __"
the Catechol Violet/CTAB colorimetric procedure with lactlc acid masklng '
gnd with the iodide extraction‘procedure where necesgary, the full
_ proéédure shduld.bé‘a?ﬁlicahle to the determinatioﬁ'of tin in other meﬁals
and allové. As interferences in many of these matrices would be
| oonsiderably less than in steels, the direct procedure without iodide
B extraction would often‘suffice.

" Recent work has shown thut diaperaiﬁg ngeﬁfé,funed in chromogenic
éyétems, do not alwa&s simply éct as:dispefsanté-but react chemically with
the coloured bpeciés; Careful choice of dispersing agent can often lead
. to considerable 1mprovements in the analytical characteristics of . the |
.system. The tin(IV)-Catechol Violet-CTAB system-can‘be considered as 8
typical example and CTAB has been shown to play a dual role in this
.system; that of forming a salt with the coloured species and that of a
dispersing agent. bat1on10 surfactants, such asg LTAB have an
 exceptionally high solubllising effect on dyestuffs and on this p01nt
nlohe, they could thertfore be used to advsntage in many other. qyatems
_which required a dispers;ng_agent. The dual role mechanism of the CTAB
action however, suggests that marked improvements, of the type observed |
with the tin(IV)-Cétechol Violet sysfem, éduld.oniy be eipected,in cages

whers the binary complex is capable of forming an snion.
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fhete is a hlghly gelective reégent nvnilable for the determinntion of;.
zircnnlum, nﬁmely Arsenazo III. For this reascn, in the development of s
method for the determination of.zirconium in steel,:the choice‘of'rengent'
Qas simpler and lesy rationalisation of previous wdrk was necessarﬁ_than
in the case of a method for tin., In addition Arqenaéo IIi is h1351V' |
sensitive, its complex with zirconlum(IV) in soluble in aqueous solution;
and the spectrﬁl characteristics of the 21rcon1um(IV)-Arsenazo III system
are virtually 1deal for spectrophotometric meaaurement.

One magor problem however remsined in applying a-coIoriﬁetrip
procedune to the determination of zirconlum in 5»9915. 'Ziréonium exists
siluceous
in gteels in chemlcally inert-s;l&caceous forms which are not decomposed

by the conventlonal acld disselution technlques., Prev1ously,‘it was
'neceésary to coiléct énd decompose these démpounds by lengthy and tedious
preclpitation, filtratlon and alkali metal salt fusion procedures.‘
Lonﬂequentl r, in spite of the ava1]abil1tv of & highly telectlve reapent
for zirconium, no direcct method, which was generally appliCable, had been
deagcribed. . | | -

‘ By ﬁsing-a FITE lined pre'éure diﬁthion ves sél thé sleeln can
be treated w1th otrong aclds at higher temperaturvq than are possible at
Btmospheric pressure., *In‘thls way the qhemlcally inert forms of .
zircoﬁium are cdmﬁlétely &ecnmposed and it is péssible to apply thé
-Arsenaio IIi spectrqphdtdmetric determination directly'to fhe Stéelj
solutiOn."' | |

"Tﬁe'pressure diéesfioh veséél'used_in this woik ﬁag.originally‘-
designéd {or the preparation.df soiutions-of siliéutea for tréCé:metal
determinatiohs by atomig absdrption gpectrometry, Zircgnium is onq of
the .least sensitive elements in étomic;absorption spectromett& and forl
tﬁis reaéénrépecfrophbhometric methods would be preferable.‘ If" however,
ﬁtpﬁic absorption sPectrometry is to be.uséd, there éppears to be no

reason why the dissoluticn procedure, outlined here, should not be used

for this purpose also,




tha FhoDs thesin of D, i, Mariokt (1{!7:’)), i nvnlﬂng the detormination nl
£ﬁngﬁieh and ﬂréeuié,“lhrgmly completes the required inﬁagtigmtién 1nt6 ‘
the spectrophotometrié analysis of steels, the possibie remaining
exception beiﬁg:the.determination of boron for whick, at presenf! the:é -

4.
- Phe work deésoribed in thih.thesia, along with that contsined in . -
is étill noe reiiable-meﬁhod.' -







