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W10!

Tho advent of titlniun Oh the inch-trill Iccnc u c Itrmtml natal

bu boon” of inmuing importance in rcccnt you-c. It- no. in cm

mo atriking whoa its out 1- considered. it the prclcnt mt

E. 1. du Pont do Honour: and Coupon: cupplicc titaniu- nctcl having a

purity of grater than 99.5 Wont. sponge lath]. mu ’7 .50 1303' pound

in pound Iota, we ingot sum 1- 815.00 per pound in pound 1mm.

The combination of coalition which no pounced by titaniu- Ir.

until. It. night 1. interlcdiato bctwcn claim: cud iron, but

nunrtholcu it but an mun-at omngth-tomight ratio (2) . That for

structural upplioctim in which WII cabincd with Itrchgth in In

inortInt factor, tho no or titanic: or titula- alloy- nhou a vary

pro-icing future.

Pcrhlpo the nut «handing physical property of tittniu :- its

ruiltnncc to ccrrocivc “batman. tutu taro shown that mainly

pure titanium in reactant to boiling 311cm ccctic acid, boiling 10

pcrccnt Iodiul hydroxide , in concentrated nitric acid , and rchtivcly

dilut- m hydrochloric and mum-1c ccids . Thor. no mo induction.

thIt a plain ti].- 1. found on titaniu by boiling nitric acid which

in very rcliltlnt to turthcr ctttck by thc «id. 811% aptly tutu, con-

ducted on:- c poricd or 1000 hours, hm cxhibitcd no nun. cttcct (2).

In its motion- uith mu, tinnit- in quit. active. It tacitly

tor-I Idhcrcnt and uhtivcly ilpmublc oxide and nitride outing. at





tonporotnroo up to noo° r. u m:- mpmtm- tho um diooclvoo

in ito on oxide, and I111 in tin boccoo abrittlod. Wagon, hunter,

bohovoo Quito ditrorontly thon dooo oxygen ond nitrogon. it tnporotnroo

obovo 600° r, hydropn :- obocrbod intorotitiolly by titoninl. ‘l'ho

oboorbod goo ooybo ro-ovodbyhooting tho-etc]. ino high mot

olovotod to-porotnroo (2) .

lloot of tho prooontodoy titoniu producod in tho Unitod Btotoo io

oodo by tho mu prooooo. rho method conoioto or rodocing tho pnroot

podo of titoniul totroohlorido ovoiloblo to Iotollic titoniu by

nognooiu. lollwing tho roduction, tho rooultoht opong mo of notol

io loochod ulth diluto hydrochloric ooid to ram nnrooctod nonun-

ood oognooiu chlorido.

Tho octul rodnction 1o Moonpliohod in o uhbdonun-linod iron

vooool, unda- on otnoophoro or organ. Irho inort goo io nocoooory to

protoct tho um, particularly that hot, tron ongcn and nitrogcn. It

hoo boon lhO‘II thot tho proportioo of dootilo titonim oro ottoctod

odvorooly by I factor of up to 20 by thooo goooo dimlvod in tho notol

u cupuod to tho ooIo onount of notollic impuritioo in tho notol (12).

With tho ovoihbinty o: o oonoiotontly good «any or unm-

ootol oomod, it no thought thot o otndy or titonouo oolutiono dorivod

tro- tho notol oonld bo of intoroot.

It hod boon notod tilt in tho proporotion ct titohono onlroto ooh.

tiono nood to rogcnoroto Holdon oilvor rodnctoro in tho otudont loboro-

torioo, tho oolutiono ooo-od to bo largely oonpcood a: num- (m) .

It no dooidod to dotoroino to flat oxtont tho titoniuo no prooont in





tho trinloht ototo . If it oorc prooont mtitotivoly u titlninn

(III), thio toot could ho and to prop-re mama titononl rooming

oolntiono .

Rota-moo in tho litoroturo to tho opoctrophotoootrio chorootor-

iotioo ct tit-moo oclntiono on very oconty. '

Thoroforo, tho purpooo or thio thooio io twofold: 1) to otndy tho

propontion of titonouo oolntiono directly from titlhin notol cod

2) to invootigoto tho spectmphotmcm proportion o: um ooluticno.
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HISTORICAL

In the hydropn onli‘ido ocholo or qualitotivc ono-lyoio, titanim

io found in the nan-mid- onltido' group, provided thot o luffioiont

cuntity of otrong ocid io prooont to provont ito prior ivdrolyoio and

ccnoecnont precipitotion.

The oldeot nothodo ct dcterninin‘g titoniuo oore groviaotric , end

booed upon the one oith touch tetrovolent tit-him oolto were hydrolyood

end precipitated . The hydrono oxide in cmntitotivoly procipitotod ot

a pH at 2.0 (13). the odauotnont or the p11 or the «lotion Icy con-

veniently be node lith o-cniu moi-oxide, oodiu hydroxide , oodiu

corbonoto, or our other We 00W.

Titanic iono ore precipitated by phoophoto in ocid oolntion , at o

p3 of. oheut 2. louver, thio method or deter-notion hoo one nndeoir-

ohlo tootnroo . The precipitoto or titonic phoophote io very gelotinono

end dirticnlt to filter ond Inch. In oddition the coopooiticn of the

ignited precipitote vorieo occcrding to tho ocid in the collation tron

which the precipitation in node (5) .

Cnprcrron precipitotoo titanium oo o rothor voluoinono , flooculcnt ,

golden procipitetc, oven in otrong ninerol ocid oolutiono (6) . Ferric

iron io oloo precipitoted under thooc conditiono .

According to ”11:11 and Schneider (8) , tetrovolent titonim noy be

precipitated by main hydroxide tron oolntiono contoining aluinun

In! rod-tic iron by cuploxing the latter rith the dicoodim nlt of



ethylene dinino totroecotio laid (Voroono) . 'l'ho precipitate of the

hydrono oxide of titoniul io ignited to titoninn dioxide .

Volt-otric nethodo for the dotornintion or titlniu are dependent

upon the redox reectiono of the elccnt.

A direct method, rewiring no preliminary reduction, lo the titre-

tion or titoniun (m oith otondord out-in (:1), doing a potentio-

ootrically dotaninod oudpoiot (h) .

the conpleto oomroion of tetrovolont titonim to ito trinlent

otote requimo o powerful reductont. Biochett (l) ooeompliohed thio by

reducing titanic oelto vith pure electrolytic iron in o oorbon dioxide

oheophere . Bo clad-ed thot tocnty ocuivolonte or iron are neceooory

for the onentitotive reduction , end thot the promo ct tori-one iron

oppoored to otohililo the oolntion ogoinot lir oddetion. Liter ill the

iron hod diloolvod, the titonono oolnticn cu titroted nth otondord

ferric chloride, coin; poteuill thiocyonote on on indicator. '

no ond Del (3) otlte that titoninl (In) is lore reel-toot to oir

oxidotion in ulhrio ooid oolntion than in hydrochloric ocid oolntion.

Syrokc-okii end 811cm (9) oooert thot ocetic cold and menin-

nlfote taro conploncewith tit-nil. (III) in oqnoono oolntion ohich render

it looo oenoitivo to air oxidation. After reducing titonim in o binnith

roduotor, they oonploto the procedure by titrlting oith ottndlrd eerie

onltoto, coin; ooootheline u on indicotor. They cloin thot it io not

nocooeory to protect the eolntion vith on inert ohoophore during the

titrotion.



Jonnord (7) in o review article, reforo to several nothode of pre-

pering titlnono oolutiono. The use of metallic ollcim, nine in sulfuric

ocid oclnticno , oodiu onide , hydrogenetion noing o phtinnn oetolyet,

end electrolytic reduction ore diccuceod.

A nothod of mlyzing commercial titanium hotel hoe been reported

by Thonpoon (10). rho ouplo io dioeolved in potoooiuo acid oulroto

tad o little sulfuric told. After complete diloOlution, the cooled nelt is

diooolvod in dilute hydrochloric ecid eolution. A preliminlry reduction

in occompliohed by nee ct oino calm, otter Ihich it in puood through

a Joneo rodnctor. rho titonono oolution io titrated under en inert

otnocphcre with otendord ferric chloride .

The deteninotion of .111 enounto of titonit- io boot coco-pliohod

by colorimetric noono . In enlfm'ic ocid oolntion, titanium (IV) girco

on intonoo yelloo color upon the addition or hydrogen peroxide (ll).
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Room" Hood

1. ‘ritoniuo octel (sponge) - Supplied by E. I. do root do Ion-euro odd

Company, Incorpcretod.

2. Poteeoinn dichrt-oto .. lollinchrodt Pri‘ry Stondord grode, checked

ogoinot e couple onppliod by the leticnol Bnroon of Stendordo (Huber

136).

3. Ferric chloride - Boker end Ado-eon reopnt code. A 0.1 nor-ll

oolotien, node by diooclving 21.0 g. or the honhydrote in o liter of

oclntion conteining 10 ll. of hydrochloric ooid, no otondordiood

ococrding to the noth of Willord endm (no).

It. Corie Mani. lull.“ -- Supplied by the 0. Frederick filth CW1

Coupony, Oolnbno, Ohio. A 0.1 nor-o1 oelutien io node by dieoelving

635.ctthodihydroteinolitoroi’ononomlnlrnriouid. the

«lotion io otocdardiood opinot oreeniono oxide (15) .

S. Areoniono oxide «- Bckor end Adlnocn Prion-y etlndord undo, lot

number 0020.

6. Citric ocid - lorok reogent code.

1. Sodioo diphenylonino onlfomto .. A 0.01 oom- oolcticc' o: tho indi-

actor on propel-ed (16).

8. Ferroin indiutor - A 0.025 nolor relation, onppliod by the

c.1rrodoricka-ithcbeoiu10mnomuood.

9. Aulgeaoted cine ~ suppliod by the o. troderick a-ith coo-ital Guglny.





Properetion end Anelyeie of 'l‘itenoue Iolutiono

One of the emugee ef titeniu, nonely ite euperior roeietence

to ecide end other oorroeion-cenein; egente, io en inherent difficulty

ohon the probl. of dieeolving the notel properetory to on enolyeie ie

eoneidered. flinoo the elenent ie preotioelly inporvioue to the notion

et roan moi-etch of eny einglo oinu'el eoid except hydrofluoric, it

no firet necoeoory to conduct eooo prolioinery quelitotive teete to

find e eetiefectory oodioo in uhich to dieeolve tho mph. '

To thie end the follcoing eolvente were needs

1. calm-id acid (1 part of acid to 1pu-t of actor). rho ootol

dieeolved reedily et firet, but econ port of the Iter euporeted. At

‘ythie point titenoue eulfeto oryetelliood free tho eelution, and cootod

tho undieeolv'ed hotel to ouch on extent tht the eolrent touch of the

eoid econ et0pped.

2. Sulfuric ooid (13h). rho ection of thio eolvont one approciohly

eloeor, but nonetholeoe effective. The difficulty of oolte oryetellioing

from the eelution no not encountered in thie olee.

3. hydrochloric acid (1.1). the dieeclving action of thie ocid eee

ecleehet clover then thet of the lIl eulfnric eoid.

b.0nepertntorulperteulfuricecid~lperthydroehlcric

ecid - 0.5 perte of phoephcric eoid. ‘fhie eolrent bed the ouickeet

dioeolving ection upon the titonim. lo the oomple opproeched the etege

of being ecnplotely in eolution, it hod dieintogrotod into new perticloe ,

Ihichoereeo nelloetoboberelyvieibleeere it netforthebubbleo"

of hydrogen evolved fro- thoir eurfecee.



5. Ten 3. pcteeoiul eulfete ecid -~ 5 n1. concontnted eulfurie

ecid . In the eolvont the titenim oenple initielly dioeclved ouite

roedily, but econ the ection docroeeed ocnoidorobly, end finelly coeoed ,

oltegother. Billie the due to the for-etion of titonone eulfote on the

curfece of the eipeeed hotel, ohich very effectively protected it from

the ection cf the eolvent. The foeed one no light yellovohilo hot;

upon cooling it turned ohito. not dieeclvod in oatoo, no blue color

eee inperted to the oelutien, indic‘eting the ebeenoe of lay trivllont

titenim.

It had been noted in thoee prolilinory tooto that tho oolotiono

rooulting tron the dieeclving of titanic: in meridian; ecide were

the typioel blue eelcr of trivelent tit-hide. Accordingly, it too

decided to eeoertein ohothor thie feet would furnieh e neeno of determin-

ing the poreentege purity of the onple.

‘fo ineuro oooplote protection from eir oddetion, the opporetue

in figure I wee need.

A ie o 500 ll. nob bottle, into ohioh no pleced e eclutien of

titenooe eelfeto , end wee errenged thot the inert gee bubbled through

tho aclctioc before nun; ito exit. 3 ie e 25o o1. zloee otopporod

(moi-d teper) iodine fleck, containing tho oooplo end the eolvent.

G ieefeur inchedeptor tube,rithene end etondordtepertofitinto

the iodine flock. D, e 60-1. eeperetory funnel, oee connected to the'

edoptortubeeithetoe-holerubboretcppor. rhorueinihghouoao-

fitted Vitho piece of right enae glue tubing, the outeide end of

‘Ihioh no connected to tho nhhcu tubing min; in. the titeneue enlfete
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‘ FIGURE I

DISSOLVING APPARATUS



oeehbottle. theonlypieoeofrnbberinthoepperetueieeocneideroblo

dieteneeeleyfrcetheeolution,enditiethcroforovoryenlikelythet

layofthetitemeolnticneeuldecneintooontutiithit. Intotho

croondgleeotopeftheoeperetoryfunnelneinoortodl,ooixinch

Inlegreundioint. Thieloetpieoeofepperotuenonooeeoorytoprev'ent

liquid condoning in the eeperetory tunnel two being opottered emnd

theoroe. rhinoptttorihgiooouodhythoihcrtgoohuhhlihguptmvough

the eyo‘ten. _

Toeeoperete inert peeeeeroueed,nitro¢eoondcubendicxide.

theeoeereeuppliodfrooeteol cylindere. Inerdertcinourethereoovel

efonytroceo of oxygen proeeotintho geeoo,thoyoero poeoed through

thoprolininry ecrubbingfloek.

ie-pleefebcnt 0.2 g.of titeniuoeeoocuntolyoeighodend

plaoodictho iodido fleck. thirty :1. or the oolvoct (lo .1. actor,

10 ll. eoltnrio eeid, 10-1. of hydrochlorio ecid, end 5 ll. of phoephoric

ooid)otoiot:oduoodthnu¢hthoduppihgtuml,oodthaioartpo

ellewodtepeee intothefleeh endoeeepethrouhthe funnel. fheoon-

tenteofthefleekeerehoetedtoouiotboilingenohotplete. rho

coupletedieeolvingofthoeenpletcekn'uebcntonholn-tcenhonrend

obelf. Bincethooeightefe-pleueocopooedoffmfeurtoeio

hell piecee of notel, the roeietence of titeniun to ecido of even thie

«mud etc-onsthieooeflyepperent.

lolhdngcupleteeelutionofthoeonpleSOIl.oferonghly0.l

ncreeleolution of tonic ohlooidooooplocodiothodrcpping funnel,

endtbeepperotueroecyedfrcnthohotploto. fhefloeefinertpoeee
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otcpped, end noet of the ferric chloride no droen into the flu]: by the

rechlction of preeooro oeueod by the cooling of the flock end ite contente .

Rollover, it no uouelly noceenry to remove the rubber tubing in order

to elloe the complete introduction of the ferric chloride eolution. The

ferric chloride no nehed into the flock with e fee nillihtero of

rotor, thereby leeving tho upper port of the opporatuo cloen end in

reedinou for nee eith enother eenplo.

Ae the ferric chloride oxidised the titenoue ion preeent to titenic

ion, e hoevy ohito gentinoue precipitete of titonic phoophoto eloely

fouled, over e period of perhope o minute. .

'i‘ho resulting fort-cue ion produced by the oxidetion of the titenoue

ion no titrotod with 0.1000 nonel poteeeiun dichroneto, doing the

ecdiun eelt of diphenylenine oulfonic ecid co the indioetor . the color

chengo, from green to dirt blue, no reodily dieeernoble, in epite of

the mine precipitete of titenic phoephete proeent in the eolution .

An indicator correction of 0.05 .1. no opplied in eech ecee.

rho reoulte ihrohlo I eere oelculetod eepercentpurity of tho

titeniu, ee follow:

Percent titenin :- ml. roegent x nornlity x 0.0h790 x 1% . }

to ovoid the precipiteto of titenic phoephete eubeequent to the

edditicn of ferric chloride, the effect of citric ecid, e well-m

coupled.“ “out, no etudied . Ineofor oe preventing totrenlent

titohiuo free precipitoting in the ocid eoluticn, tho citric ooid too

euccoeei‘ul. An eeeunt of obout 200 mg. of citric cold no need.
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TABLE!

DERMATICH O? my 0? TEAM BI THEATIIG

' WITH STANDARD P011351m: DICHRCHATE

 

 

 
 

~_ _ h d W A ‘ A “m“ ___ l L, i _ -- h- z

sample “61 t K :- Titeniun

. w_ " i do 7, (n1) ' ' ' g}, Wifi,

1 0.2072 - ' 113.16 99.76

2 0.2016 111.95 99.67

a 0.2222 ' no .21: * ‘ ‘ 99.23

"c .1807 37.5? 99.5

Recover, the citric eoid foiled on ten other eounto. The indioetor

oudpoint no not nearly ee eherply defined to eith phoephorio acid, end

eferncrc eeriouo factorne thofeot thettheoitriceoideloelyre‘

duood the dichrooete . Oonoequontly, any titntion with the etondcrd

reegent no needingleeo. thie rentively eloe onidetion of citric acid

by dichrnote ie illuetretod in ‘feble II.

 

 

 

mm 11

0mm 0' CHRIS ACID BI comm WIT}

mu;W : — A ‘ '- ”for 4 - ' L in ‘ 3

aooplo rooo. r o, nor-,0, Time

(a) ‘23 not... (on)
_ r f , i d (-1)”. g

l 5.00 0.112 1.99 0

2 5.00 0.53 2.01 S

3 5.00 lo1.37 2.33

—v—» v-w fl

Eooh onplo no identicel, end oonoieted of 5.00 :1. of poteeeiun

diohroeeto,800ng. ofoitric ecid,25nl. ofnter,end5nl.ofeulfurio

ooid. After etending for the indiceted period of tine, $.00 ll. of



ferroue eulfete no eddod, 6 drop of eediuo diphonylenine enlfcnete

indicetor, end the ecluticn titretod to the cuetnery endpoint. Since

the fen-cue eulfete hod been etenderdieed end found to be enctly

oeuivelont to the poteeein dichroeeto, the enount of dichrnete reduced

by the citric ecid noy be found by eubtreoting the 5.00 of ferroee eulibte

pipettedintotheeelutionfrnthc totelm-berofnillilitere ofdi-

chronteueed. Itiethueepperentthot citricecidieeloelyczidieed

by «11ch under the condition neceeeery to titreto ferrcue ion

with dichrneto.

In order to diepenoe eith the no of phcophcrie eoid, noceeoery in

the titrotion of ferroue ion Iith dichrceete, the procedure no Iodified

to one degree, in thot oerete no need no the titreting egont, eith

ferroin co the indioetor. the cnpeoiticn of tho eoid eolvent no ehongod,

eith nter being elbotiteted for phcephorio ecid.

lonvor, the proceee of dieeolving the hotel undor en inert encephore

no net elterod, nor no the oxideticn of trinlent tit-nil. to tetre-

velent titeniun coin: ferric chloride chengod.

leeeueeoftheehrpneoeoftheendpointenditoeuddeneppeerem

nth little nrning, e enell «entity of the reduced eolution no lith-

dreen in e nell nedicino dropper ot the beginning of the titretion.

After the color oblige 0n red to colerleee bed token pleoe, thie nount

no nehed book into the nein body of oclution, end the fine]. endpoint

eeuticuely cbteined droptdoe. throughout the coerce of thie cork, eeverel

lcte of auto eolution tore propel-edend otohdordiood, «counting for

the different nereelitiee in the following teblo. The reenlte of the
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eorete titrotiene ore iteoieed in feble In. Ae before, the rooolto ere

celculeted eo the percent purity of the hotel.

TABLE 111

DEWHG 0' P031?! G 2mm 3! THEATIIG

um 81AM CRATE

 

 

 

lenplo Wei t I Corete Corete 'fitenim

W (5' i W (-1) W i

1 0.182h 0.09M 1.0.22 99.60

2 0.160; 0.0910 36.35 99.87

g 0.2062 0.0910 16.60 99.89

0.1827 0.091;) to.” 99.61

5 0.1689 0.1083 is.» 99.15

6 0.2112 0.1083 .15 99.31

Severe]. titretiono eoing celete oere node ueing the origin-l eeid

eelvent conteining phoopherio eoid. there no no eignifioent difference

inthoeereeulteehonecnperodutheolntiooe conteiningnopheephcrio

eoid. lenver, enother difficulty, in oddition to the precipitetion of

titenio phcephote , no the precipitetien of eerie pheopheto . More,

ofter nob edditicn of reegent, eutfieient tine bed to be elloeed for

the procipitete cf eerie phoephote to roect . In epite of theee preoentione ,

eetiefectcry reoulte eere obteinod, eo indicated in feble IV.

Beeeueo of the length of tine neceeeery to dioeolvo the eenple, it

nedocidedteeoeiftbielongtheftdneeouldbeehortenedbytheuoe

of‘o cetllyet. low treneition olenonte, end puticulerly thceo of the

pletinun group, exhibit the property of incroeeing the opeed of then

typee of reectione in ehich the evolution of hydrogen ie involved.
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TABLE IV

trauma or W8 8011111038 00mmmom ACID

 

 

mp1. Wei 1) I Cant. Gel-Ito Titania:

:37” (ml) , - _1 i

1 0 .2155 O .1083 kl 31:3 99 .145

2 0.1531 0.1083 29 6 99.78

3 0 .1736 0.1083 33.30 99 .117

i eteokeelutionefomnpletinieeoideeeeedeupheflngecmen-

tntion of 0.01 as. of pletinue per milliliter. Vex-ion hell Inmate

orthie eolntionveae eddedto theecid ulnatMtheti-e remix-ed t0

diuelvetheII-plenoted. Inpnml,thetinemeutd0nbyeheute

gutter. louver, u my be eeen from $3113.01, the reenlte of the de-

teninetione were very emtic.‘ It ie pruned thet the prance 01' the

platinu- nekee the titeneue eelution lunch we uneitive to eir undetien,

einoe the «tail amount or the utelyet edcbd ie not affluent in ital!

to man. the titlnoue ion, each 1- 0: mu present in owning

abundeme u competed t0 the pletimn.

m I

mm Cmm “HHS! m ACCURACY Cl’ ms

DMWTIOI 0P rmm

le-ple . We Drops of delete Titania

 

( . Pletim (-1) 1

1 0.1829 i ho .16 99.18

2 0.1818 111.13 99.65

: 0.2081. s 9.51 98 .31

0.2115 3 .32 98.85

5 .2031. 2 39.81 99.20
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To teet the nlidity 01‘ the values obteined for the percent purity

of. the titenhl, the metal In detemined using a etuderd‘nethed. In

thie one the eemple eel diuolved in lab eulturie e010 end peeeed

through e Jones reductor. the reduced solution wee caught imediltely

in en emcee of ferric chloride end the equivalent Intent 0: ferrou- ion

he titl‘ted both withW pottaaim dichrulte , Cad Idth mum-d

aerate. In each «I. the Ippropriete indicatm' m need. The results

ere tabulated in m. VI.

unit '1

DBWTIOR (3 2mm vane TEE ”HES moron

  
-.~- u-.—_~-¢oq‘ —--—-. .~.*—N'~’m‘-_h“1ww‘in.“ Mme—qufi-m‘mw.“

Sample wait I “09.0, I gamete 810$» Titeniu

  

 

._ S

1 0.18 9 0.1000 38.33 99.8h

2 0.18 0.1000 8.22 99 .39

i 0 .2070 o .0908 1 .39 99 .59

0.19911 0 .0908 115.76 99.82 ‘

5 0.1901. 0.1083 36.60 99.68

In connection eith then end other reeulte it might be Iell to

indieete the difficulty of obtaining e repreeentetive euple 01' titenitl .

The metal used in thie work varied in tile fr0m mall duet-like patielu

to lerge lulpe weighing eeeerel' great. The netel ie may end Quite ‘

ductile, ee thet iteu impouible to gum up 0 urge haunt Ind iron

that chooee I repreeentetive maple . Gomequently pieoee of titanim

approxineting the eize e! e an pen were need to mine 08. num-

eelntione. heme er thie erbitrery method of choosing the maple, it
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cannot be positively etated that I 317911 solution repreeente e homo-

geneoue portion of the entire “enable batch of titenim.

For eflple, the reeulte of five detemimtione min: the J0me

roduotor everege out to be 99.62 percent, uhile thoee detemimtione,

thirteen in ell, nede by clinching the titanium directly in en inert

etmoephere, here on over-ell everege of 99.61 percent. It any therefore

be eeen thet While there 1e dignity emong individual emplee , the

average purity of the heteh of hotel need ie quite eminent.

Irheprmiee ehoenhytheeereeulteeeeleoteindieete theten

mined ample of titedm metal could be dieeolved, using the proper

preeeutione, end he uployed u e standard eolntien.

re thie end , therefore, e ferric chloride eelution me etenderdieed

by reductim with etennoue ohleride, renal ef the flight one” of

emu ion with eereurie chloride , end odditien ef the fermee ion

with mo poteeeiu' diehromete. the everege of three detmimtione

core the heredity of the ferric ehloride eelution ee 0.1008.

For the dinelein‘ 0f the titeniue mp1... e 250 el. Pyrex volu-

Ietrie fleck we lubetiteted for the iodine fleet, coincident eith the

eeieeion of the edeptor tube. The the ample could be dimlved, end

eftereeolinz, dilutedtoteleee,eithnoexpeeereetexvtieetethe

ewgen of the eir. ‘

The enter need for dilution pnrpuee wee treated ee that it eonteined

no dieeolved cum. Fir-t it wee boiled, after ehieh eodiul oerhonete

eee dieeelved in it. than me before being need for 41.1mm, it as

eoidified eith omentreted hydrochloric Mid, end briefly etirred, eo
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that the eeoeping oerbon dioxide gee eetcreted the eolution. It on

neeeeeery to eeidify the nter in order to prevent the preoipitetien of

Ivonne titenoue oxide ehen diluting the dimlved euple to vole-e.

Allthetine the dieeolvedeeaplemoooling,eetre-ofoerbon

dioxide no elleeed to peee ever ite eurfeee. Once et reoe taperetnre,

the eolntion we brought elnoet to the sort by introducing the dilution

enter directlyW the leperetory mnnel. The find. edJneteent one

node with e Iedioine dropper em:- rumor the Mel. The finel

eolntien no nixed thronghly.

After mixing, the beret eee filled eith the tit-none eolution, end

titretione of the etlnderd ferric chloride eere conducted. ‘l'he imlioetor

need for theee detereinetione eee ten ll. of e 1.00 g. per liter 00an11

of Iodine thiooyenete, eith the oolor ehenge going free red to oolerleee.

The indioetor no not edded to the titrated eolution until e point ehent

m ortm'eenillilitere fronthoendpeint. Beeulteere mama

'11. In eeeh cue the nullity of the titemue eolutien in oelcoleted

enoheeieoftheeetelheing”.6pereentpore.

In 110' of the reenlte obtained by directly cinching titenine, it

ie difficult to exploit: the feet thet the error involved in the detonin-

etiene in reble m ore eleeye neptive. it firet it on thought thet

dieeelvinatheeupleineryrexveluetrio fleeknightpeeeihlyhenot

ee eetiefeotory ee dieeolvinz it in en iodine fleet.

Remover, the titenime content of two onele wee determined by die-

eolving in e rye-e: Sleek, oxidising eith ferric chloride, end memt

titreting of the ewinlent mount of ferrene produced Iith etemlerd



um VII

USE 0' meanWEA3 A cameo 001.0110!

  

e 2101, A e 2101.

 

luple Wei t 1.01 2101. Error

(Jh (-1” (-1) Gelonleted round mu pa-

, - 1 , _ fhoneend

1 0.6380 19 .97 18 .21 0.0531 0.0527 -8

2 0.6227 19.97 3 .16 0.0518 0.0m -8

3 0.6581; , 19.91 36.91 0.05148 0.0515 .6

h 0.6186 19.97 39.39 0.0515 0.0511 r8

5 0 .0506 -60.611: 19.9? 39.81 0.0509

oerete eolntinn. "the tee veluee found were 99.85 the 99.60 pment,

indioeting thet the dieeolving prooeee on not et rune. '

Another poeeibility 1- mm. the titenone .eolution 1- oxidised m.

beingtrlneferredfraefleektohuret. Thieeonldheve tobedoneine‘

tan-1y reproducible way to eooount for the ooneietenoy of the neptive '

0W.

Studiee to chew the rentiee etebility of titenooe eelutione were

eleo conducted. 1 eolution of tittnoue chloride he moved to etend

foreperiodoftileinevelueotric themflthmetmtledeto

protect it c... eir ondetion. After luffioient salmon hed been eith-

dreentefillthebnret, theetopper ofthefleeknerepleoed, hntno

oerben dioxide no oironleted throng: the fuel: to diepleee the eir

croonintotheneekinthe treneferringproeeee. Inthieveytheeetuel

eonditione eel-ins e eeriee of titretione mid prevail. the titenone

eolntien ole ensued to etend for twenty-fun- houre under e cox-hon dioxide

etIocphere before the tint euplee lore fltMrem. 1e indicated in



Tehle VIII, the Nation 1e quite euhle for e reeeoneble length of

time. In etch me, 19.97 :1. or tit-mu chloride wee treated with

eunderd ten-1e chloride , using thioeyenete u indium. The weight

a! euple see 0.6310 g. heung e eeleulated normality of 0.0529.

TABLE VIII

STABILITY C" 1 W8 OWE 3014071“

‘_._L A

L. ' 4* ‘r ‘4 " V P A .h_. _‘___ _J.|‘

 

the 1101. F801. ' m1.

fibre) 151)?“ _ ill) . . . e a a. a

314.5 19.97 10.29 0 .0519

h? 19 .97 10 .05 0 .0507

57 19.97 9.82 0.01.95

72 19.97 9.10 0 .01575

It eey he ebmed thee ee um muuon 1e either-en tree the

ma, the Ounce me of the Column eapoeed heme. wetter, lending

to e more tepid autumn 01' the Deletion. In addition, the eheelnte

haunt ermhtheneekm,eleeeeeeluemgthe rete of

“the.

A machete um mm. alumna“. Themnlte

me very nettle, Ind varied from “much to aeration, even when they

were run eee efler eeether. Peer timum, 'meeeeively eede um

the wee er the pmleee one, dropped in fluent: m- 0.0510 for

the am, to 0.0105” the net,“ menu. 1!.
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TABLE II

STABILITI OF A TEAMS SULFATE SOLUTION

A- A- _. _—_

._A

 

 

“(513334) egg 4 lag-e . t ' Tiawoeh #

39.16 19 .97 0.0510

£23.15 19.97 0.050?

.03 19.97 0.0503

hO.6h 19.9? 0 .0h95

T.— fir fiv— fl.—

Bpeetrophotanetrio Ethane 03 Tim Solution

Deanne of the blue coin or titemue eelutim, it we hetero). to

em a epectmphetaeetm away of their proportion. ‘

TheWneed eae a neonate chute epeotrOphotmeter, lode]. m.

core: celle hem; I light path of 1.000 m. were eupheyed to com the

«rim eolutione. leeeurenente were nde mr e epeetrel rage of 3:0

to 700 minim». hhter we need ee e eolvent bleak. Greph I ehove

e {wily of me for eolutinne containing verging mount. of tit-none

mete dieeolved in one eon:- We «:16. It hey he oheerved tut

the memregflerendnooth,eiththeemmmionetszo

nun-1cm. An We in the ementretinn of titaniu- eeneee no

shift of the point of nihili- Mimi.

We talking theee datemmtione, e mime not he noted. Upon

Mug for e period of the , the Mittens: e! um eolntiohe

damned. Atflntthiemthonnzttoheduetotomtioneteoouodm

diepereien of titanic oxide, «need by ur-ondetion of the titenone
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eolutione . To diecovor the truth of thie matter, e etreen of oxygen .3

elloeed to bubble through 3 ample or titanouo Bullets until the blue color

had disappoered. The tremittency of this solution one measured, and '

found to ho 100.1 percent. It we therefore concluded thlt no collodinl

dllperlion of titan.“ (IV) oxide III formed. ’ —

The cam of this eppercnt discrepancy in at present m.

However, it ie possible thet titanoue end titanic eulfate form e more

deeply colored couple: then either or the too eelte clone. Eventually

enthetitenonemlfetc heirg-ozidleed,thecoup1exiedeetroyed,end

linoe titanic sulfate in colorless, the trenmittency of the eolution

stains 100 percent.

Thue there are two Opposing factors at work. 'the complex tends to

mko the lohtion trunnit leee light , while the titanic eulflte formed

by eir oxidation in colorleee. Therefore, over e period or time, the

thanoy o: e eolnt‘lon o: titenaue euli‘lto would deoreeee to a minim.

the, alter which it would increase until ell the titenoue mutate wee ‘

oxidilrcd. '

The dete in Table I represent a sample of 151th mace tune-o

nitunoy and titenoue content no meeeured over e period of tine. The

tremittenoy no uncured et 520 millinicroneg inedieter otter the

obsomtinn the titenoue content of the solution the detomlned by

titration with etenderd omte. Ae indicated in the tl'hle, the tune-

nittenoy and um content both decrease .

It than in Ipperent that if Irv mtitetlve nothing 1e to be de-

rived from epoctrophotonetric memento of titeuone eolutione, they
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.mx

WAR!” (I TRAIW! AID W3 comm G A

TmlOUS MATE 301mm

* _ "LA " ‘ k A _ i *r A.— :_k :-

7. fl

Irene-little” lg. I: per Ml.

 

 

71-0

(115;) E i , __ A o __1_

0 515.5 2 .80

16 50.0 2 .78

65 .5 39 .8 2 .61

92 C5 31 no a obs

 

mid etneeeeeityhew to benede inedietelqener mung-ha

diluting the euple, end before any Mable div-mania eee occur.

to thieendeeverel euplee erminguonnteottiteniueere

dieeolved, end neeeureueente et 520 eilliniorone eede inedietelar otter

m. At the lime tine, e wlmetrio deter-13th:: of their titem

content wee eleo nude. ie illoetreted in Greph II, plotted on eelioleg

paper, the 33pr e: trenmittenoy on the chm re. concentration

onthe ordinete reenlte inveryneerlye etnight line, indioetingthe

adherence to heer'e he of the titenooe eolntione ever the rouge oi"

commotion etndied. The solvent in eeoh nee In 1!! eulrm-io laid.

A We eedd «lotion ot titenme chloride no eleo prepered

endetudiedinemrlinfllrtothetim “Into ”lotion. The

eolvent eae 1 n hydrochloric Mid. ie eheen in weph m e eoiution or

titeme chloride heeing ehent the clue concenh'etion to one or titem

emu, More W1: one it in mummy. the dietinotione

say he eeen in the ulh'ewielet region, at the point or ninime Wtunoy,
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end inthe red region. A titeneue chloride eoletioe tree-in eon-

eiderehhnoreintheredportionottheepectmthendoeeetitmu

eulteteeeletien,eteetmiehieepperentemtetheeye.

lhe tron-italic: aim of the tit-none chloride ulntion hee

ehitted to 505 Wu, tron ite poeition of $20 mini-1m for

e titeneoe eolfete evolution.

A titmooe chloride eolntion, ee Waxed from e um

eultlte eelution, eatihite en increeee in hermit”: for e corrupond-

ingdeereeee intiteneue concert-retina. Thienotieehom intehle II.

mun '

0095-31“ W name! no names mm W A

rmloue OWE 301111210!

“ARM _._L __L - ._ w ‘4—

.w j—wfi a VTfi

tremittenoy lg. n per Ill.

  

line

A A mix.) L» A E M e :—

0 ' 69.5 1.99

13 69.5 1.95

1:65 70.6 1.86

71 72 .8 1.72

95 75.1 1.1:8

It would here been profiteble to eerry out father etediee in

different eoide. Hm, men it we ettenpted to dieeelve tit-him in

perchlorio laid, it I! dimnred thet the netel m ineoluhle, even in

eelntioneCW 50 percent concentreted perchlorie Mid.

Atteepte to diuolve the retel in phoephorio acid eleo proved fruit-

leu,eetheeotionneextrenelyelow. A emple die-olvodineither

Wicca-Wenonah Mohneeddedeoeephoephorieecideleo
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III cheer: to be untouible because of the precipitation of titanic

phoephete , oeueed by eircoxidetion. ‘lhie precipitete turned on the

cornea of the eolution in the Core: celle, end drifted down put the

cell undou, making the reading erratic Ind unrelieble .

An attempt In redo to tren‘efer quickly the e‘olution to the cell

in en emoephere of carbon dioxide; heuene m then ellmd to fleet on

tap or the titeooue eolution to protect it me the 112‘. Thie too

poured mcoeeei‘ul, booenee the titemoe eoluticn crept up the eidoe of

the cell from underneeth the benzene , Igin resulting in lit 0:1th

end comment precipitetien of titenio phoephete . f

w The beet eolvent tor mtfllic titeniue is tum-encode eoid. Even

indflnte metronome acid, the dieeolving owom'

liberetien e: heat, end proceeds very widlv. The rennin; titenoue

relation in ween, which open air-oxidetion hem colorleee .
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“13011131083

Retina awn- diuolm 1n hydrochloric or man-1o told to

mutiny for: tittnhm (III) . rm tit-noun solution in my

Ion-11.170 to Sir oxidation, and in order for it to rennin in tho trib-

nlont cute, ongon mt be minded tron tho Wu. This to mfly

ucomulhed by pronoun; the solution filth In mm tmuphm of

urban dioxido or nifi'ogou.

The ”luau-1o (inclination of tho purity of I mile 01‘ um

metal 1- that away upland, me no premium-y reduction a:

mum. (If) u mun-n. I 1

Th. pm. at phalphoric acid in tho aolutipnW tho M'-

ing of titanium mo'all. Although phosphate tom 0. precipitlto with

tannin (m , m precipihto do" not eon-tuna In interference with

tho Wat timtion.

Human (In) a dotminod by oxidation no; ran-u ohlorida and

titration of tho aquiwlcat amount or iron (I!) am dam-unto or cox-m .

standard reducing ”lotions of titanium (III) my be undo by 6.110on

mg 3 Signed up]; of “Swim 01' known purity in h 93'”: ”metric

that Ind diluting to volm . unann- tolutionl 1n hydrochloric Mid

'm more mus than those in mitotic mid. Rollover, own the former

on: not be used tit-h In new of grotto:- thnn about ten part. per

W.

spectrophotometry: studio! of tumors Iolutiona shoved flat the

anion pro-ant in a given ablation carted In upprooilblo effect upon the
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trmitting curvo . In a wdmouorio ooid Iolution titanim (m) not

3 point of minhmm trmmittancy at 505 millimicronsg in sulfuric acid

solution the minimum tranmittunoy occurred at 520 millimicmnl.

A decrease of. the content of tittnium (III) in mum-10 acid loin-

tion in not Icompanied by an increase in the trananittanoy of the

solution. In the use of 1:1th solution in hydrochloric told, tho

expected situation prevails , and 3 decrease or titanim (III) content 1.

acmmpanied by In 1mm in the tranmittancy of the solution. Ream-

menu loading to this 001331qu were 3365 It 520 minimum.

11m Deletion- in sulfuric acid adhere to Bum“. ht. Inner,

the color or these ”lotion- 1- not very intense, ind the procedure

would not be motion]. for column. oontldning lou tun one mmigru

or timiul (:11) pa- dimmer. Another pom to be remembered in

that colorimetric neaa'urementl out be moo immediately lftor dflutihg

the mp1. to whoa. Immune, the color or tittnim (In) my be

Mathematnmtrio dotminltionoftiuniu.
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