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Abstract:

During an investigation of the possibility of using column chromatographic methods for the analysis of.
Vanadium minerals it was found that the concentration of acid in the test solution determined to a great
extent the distance Vanadium will migrate in certain absorbents. The purpose of this thesis is to show
the effect of this phenomenon with various absorbents, solvents, and concentrations of acid.

Since the analysis of Vanadium minerals necessarily involves to a great extent the Geochemistry of that
element, a brief outline of the Geochemistry of Vanadium has also been included in the introduction.
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ABSTRAGT

During an investigation of *the bossibllity of using columw chromsto-
graphic methods foyr the analysis of Vansdium minerals it was found that
the concentration of acid in the test solution determined %o a greet ex-
tent the distance Vanadium will migrate in certain absorbents. The pur-
pose of this thesis is bo show the effect of this phenowenon with various
absorbents, solvents, and concentrations of acid. '

Since the analysis of Vanadium minerals @ceésari’ly involves to &
great extent the Geochemistry of that elemen"oj; a brief outline of the
Geochemistry of Vanadium has algo been included in the introduction.




II. IHTRODUCTION

Sinve this study 1s not only concernsd with the effect
of acld concentration on the migration of vanadium, but ig
also somewhat @ study of the separation of vanadium,fwomlaﬁha@.
ions, 1t is important Lo know what foms odcur with vanadium
For ﬁﬁaﬁ.wmasﬁn@ a.bmiaf summakry of the geochemleal oharacteps
latics of vanadium ls included in this lﬂtra&uetian#

Part A! Geochemisiyxy of Vanadium

The wide distribublon of vansdium throughout the earthls
crust has been ¢learly sstablished, not only in ores and coals
but in elays, limestones, sandstones and ignsous rocks: Vange
dium oceurs in eppreciable a‘meurits in the more basic igneous
and metamofphic rocks, up bo ,08% or moré of vanadium.tﬁioxideg
but sesms to be abgent or nearly so from the highly silieeous
rockss Some of the ipgneous and m&tamarphic roclks can carvy up
tm ,15ﬁ of vanadium trioxids 1n,farr1c aluminous silicabes
'agpe¢¢a33y in a biotite separated from & pyroxene gnaiss& In
generaly th@ search for vanadium should be limuted 56 roels
containing 1®$$ than 60% Sillﬂﬁa ‘ _

In the upper 1ithosphere vmzédimﬁ ig oxyphile, a behavior
dictated by the facht that it has three stable oxidation states,
igea, tfiﬁ, quadri-, quinquivélent'Vaﬁadium&' BécaUSe of itg
position in the pericdic %ab1é§ vanadium resembles phosphorous
and titenium in its wanner of oscurrence bus differs fram>them

in several respects,s It doeé not eecur in the @arly'pentlandite
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agsgmblages ow the late magmatic sulfidess On the obher hand,
vanadivm doss become enniaheﬂ“im-%iﬁaﬁiferdus iron orves due to
the replacement mf‘%itanium@ It aldo consentrabes.in basie
rocks, but hag no eonnection with the phosphovous content in
that,régpéetﬁ

l In igneous roeks venadium usually does ndé form indsperw
dent. minerals, bubt instead is concéaled in the  shrucburs of
other winerals, 'An exception is Ardennite, & complex MnENgane 50«
aluminu-arsenio=yanadium silicate in which the venadiuvm Geduds
aB VOg4 4

Because 6f the siwiler lonie radii of venadivm in ifs .
three oxidation states and ferric irony aluminum snd guadrls
valent titanium, venadium hes.a great wany replacemeny pés@ibiliﬁ
tiless Quinquivalent vanadium 8180 easily veplaces phosphorous
in Apatite, ' ' ' ' .

Feldspars are nearly devold of vanadium; but the pyrox- . _
enea aamphibole, ahd'the micas are normally carrisrs of vanadium,
in this vespset one mieca, roseoblite, ean be consldered o ba
a vanadium mineral because wich.of the aluminum in ibs sbruebure
has been repladed by vanadliumg :

Vanadium miderals of secondawy origin are mors Gommon
ﬁeéause they become wmoré highly soncentrated. Besavuse of the
higher redox pobtentialgy they ogeur as vansdatess The minsrals
might be considered Lo be miﬁ@ralcgiqal ourioslties because the

condibiong thet Pform thenm are seldow wets The vanadium in thése
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minerals noymally comes from enriched ground waters and ther-
mal waterss The chief metals found with thess vanadates are
calecium, manganess, (ferrie) irvony uraniumy'lead; copper;
zine and bismuth, They may form simple vanadates such aé
pucherite (bismuth vanadate) and steigerite (aluminum venadate)
or complex venadabes such ag deseloizite (a lead-copper-zine
vanadaﬁé) and carnotite (potassium vranyl Vanada%e)¢ _

| Vanadium,isffound in the biesphere in a numbév of planbs
and swall sea animals as well as in orude 0ils In Persian
crude oll, venadium can occur ay high as 2.88%. In any event,
1t congtitutes a poison for cracking cabylistse .

In the Geochemical eyele of‘Vanédium several imporbant
things are to be nobted. Solution and migration takes place ab
relatively high redox potentiéla and in the quinqui-valent stabe
it has a tendenecy to form anion complexes, When vanadium is
mobiiiée& it moves with the grownd water until heavy mebals such
ay copper; zine, or lead are meb and then vanadates will form.
Thig is especially true in the presence of dolomitic and cal-
citie limestones which give the water and appropriabe pH for
precipitation, Vanadium will also precipitate in the presencs
of sulfide ion, a2 condition often met in erude oil,

When a study was made of the effects of organic maberial
on the econcentration of vansdium in c¢lays and shales. 1t was
shown that as the organic material percentage went wup so did

the vanadium percentage. This is truve in general- for all
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sedimgnbary material containing cmgﬁnic-material»

These generalities I have mentiened are the nmore 1mpors
'tant characteristics of the Geocheminsry of vanadiumo They
should sexve at least as a partial gulde to undersbanding the
mode of occurrence of vanadium,. |
Part Bf . Considerations of the Thesis

Ep'to the prasent time no publications have been mon-

‘tioned in Chewlcal Abstracts concerning the effect of. acld

concentration on’ the migration of vanadium lons in column
ehromabography«  In aédi@ién@ very few references weve found .
concerning the use of .column chromabography for the geparation
and determination of vanadium, OF thq‘referendes avallable,
the most comprehensive,was written by T, Ashizawa (B=11),. This
8tudy covered vaﬁipus solveﬁtsy aﬁsorbenﬁs, and color develops
ing agents.that-wefe tried in order to devélop inorganic

| analysis methods for water samples, minerals, and varioug rocks
found in Japans. '

Sincg there was a general laak:éfainférmabiwn concerning
ap@rppriata solvents; abisorbents anﬂﬂegl@r developing agents
for in@rgémié.;blumm ehromatography, . a belef sﬁuéy had to be-
made @f’th&ée spubjscts as.the? apply tp'vana&ium analysias
After ﬁsabla combinations of the abave#named Faetors were found¢
-experiMen%ation could proceed; During this @xperimentationg it
was observed that in a bydrated calcium silicate (8ilene F.F.).

absorbent as well as in.other similar absorbenty there was a
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definite'tendéncy'far'the wigration digtance of vanadium to
be affeeted by the .acid concentration of the test soluta.onQ
A serles of tests was seb up to further invesuﬁgaﬁe this
"fact ' Columns were sab up in whlch,SQVeral possible faetors
such asg vanadium, aeld and other ion eoneentrations were
varled, one at a time, The effect of Varving these factors

ls tha basis for this The%isg




III, APPARATUS

Av  Apparatus Bebtup for vaéuum'svstem

- The origingl equipment usad by the author is 111us~
trated 1n Figure 1. Ih eonsis*ed of & column mad@ of- varlous
diamaters of soft @lass tublng pulled oub at the bottom o
conntrict it and enlarged at ﬁh@ bop to allow easy appliaation
of tast solu"bn,onsa The diam@tar of glass tublmg wasg varied in
size from 6mm to 1cm (0. Ds) to find a snitable slze to uses
The bottom of the tube was packed with a small wad of glass ‘
wool Ho prevent the absorbent from being pulle& ouf by the
ﬁvacuum,, Thi s column was p1aeed im a cork of suvtabla size to
Fit a 500mL” auehman flask ef the aonVentional Lype$ and cons |
nected to a water suction pump, A tesﬁ tube of suiﬁable length
was pla@e& below the tip of the column inslds the flask to cols
lect tha solvent coming through the column¢ |

Tt was found that this bype of sebup had the dlse
advanhage of packihg the abSOﬂbenL th ﬁﬁghﬁly and alse drying
aub gt the bottomn

B@ Orlglnal Setup for Graviﬁv,weed Sydtem

To overcome the disadvantages of the suctlon sysbem;
a gravlty fed.column was tried, The awgaratus.con31sted‘of a
separatory funnel _suspended abaut Pour feet above the column
and connetted to it wibh\rubber Joubinge . The calumns were ma de
‘of 8o (0, D.) glass tubing, abmut B0em 1omg, and pulled out at

he bottom, The columns were filigd with the absorbent in the




form of & slurry to mboub one holl of their length, and the
solubion %o be bested was applied at the bop., The eoluwms
were then conmnected to the rubber tubing and a pinch elamp
opened to allow the solvent bo Flow.

Altho&éh this sysbew worked well, it had the dis~
advantege of allowing only ome sample to be vun at a tiwme
unless é minber of such setups wers used,

C. Apparatus Sstup for a ﬁultiplé Column Systeuw

The mltiple. colum sebup (Flg, &) was assanﬁially
the same as the originagl gravity gystem except that caleium
chloride drying tubes ﬁbre used in place'of 8 saeparatory tube.
The malbi-oublet bube was made in such a way thab é.aWuvee of
alr or nitrogen pressure sould be applied, thus obtalning
gravity and gas pressure at the same bime on the columms, Tk
was found later that the system [lowed sufficlently fast with
no gas prassure epplled, se this part of the apparatus wag e
moved,

This system allowed twelve columms to be run at
once with dwo six mulii-outlet tubes, This greatly inergassd
bhe speed of phe method and also its versatility. It too had
8 bad polnt in thabt the fmbb@rvtubing was attéckaﬁ by the
solvents being useds This was remedisd, by uging glass tubing

with surgical rubber jolnts as shown in Pige 4.
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Figure 1
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Simple Gravity Feed System

— Separatory Funnel

— Solvent

Rubber Tubing

-Test Solution

eAbsorbent

8mm Soft Glass
Column

— Glass Wool

— Collection Beaker

Figure 2
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Multiple Column Gravity Feed System

Multiple Outlet Tube

-Kubber Tubing

-Calcium Chloride
Drying Tube

Solvent

"Tube Clamp

8 mm (0.D.) Column
"Test Solution

Column Stand

" Absorbent

"Glass Wool

"Collection Test Tube

Figure 3
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Modified Column Assembly

- Rubber Tubing

m Glass Tubing
One Hole Rubber Cork

Calcium Chloride
Drying Tube

Gum Rubber Tubing

8 mm Glass Tubing

Gum Rubber Tubing
— Clamp

Tubing

Glass Wool

Figure 4
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IV,  EXPERIMENTAL PROCEDURES

The following conditions and proceduras were

followed for all of the experimentation eXcept where deviats

ions are specifically ﬂoﬁedg_ hese. condliions ape m@tjlisted

in any particular ordew,

1l; BEBxeept in the early experimentation, hhs‘abaorbent

belng used was washed and then poursd into bthe colums as a

thick slurryv,

This was done with m partial vacuum applied to

the botbom of the colﬁmn,ﬁo insure an even flow and no bubble

fofma@iong
2. The
2.4
b

Cs

a,

o

s The

{

absorbents used were as follows:

Aluminum Oxide--Baker Reagent Grade (1gnited)

‘thru #100 mesh,

Hydrated Calcium Silicate (Silone HeF.,)-=Columbia
Southern Corp.~<thru #10D wmesh. ‘
Tricaleium Phosphatbe--Malinkrodt R@égamﬁ Gradge-
ground to pass #100 mesh.

Bone Azh--unknown analysig for impuritics-e
unknowvm producsr.

Diatomaceous Rarth-~-Tech. Grads

Fullers Earth--

Magéaﬁium Garbonste--Baker C,P,
Galaium‘OarbonatemuBaﬁer CuPu

eluting SOIV®nt§ used were as follows:

Methyl Alcohol <« Water (1:1)
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be Ethyl Alechel » Water (131}
6. Be~Propyl Alcohol - Waber (L:1)
dy  i80-Propyl -~ Alcohol (1:1)
G0 néBuﬁyi Aloohol » Waber (131) o '
f. Gavbon Tetradhloride |
g, Ethyl Acebabe .
h. Benzens _
i. mnﬁuty? Aleohol - AN Hydvoechloric Aeid (1:1)
js» n«Bubyl Aleohol « 1N Nitric Acid - Ozine. (14“)
4y The CDlewd@VﬁlelHE amenus usad were as followsg:
8., dydrmgan Sulfide passed through the eolumn
B, B—Lydronyﬁlnoline at the correet pH
‘c@ Ammoni um Polysulfid@ |
¢, Ultra-violet light (uranium)
s, Sodium Thigeyanmate .1N soln.
£. Awmonium Hydroxide 9N
B ?hmaphetﬁnggtia‘ﬁcid
5: The 3oluﬁimns:eon%aining V&nadgum were made uwp from
the following reagents:
| ay Sodium ovtho~vansdatbom-
b, Bodium meta-vanadates-
¢. Ammonium mebawvanadate-
ds  Vanadium Triaxide' |
6. Since the absorbents containing carbonabes and achive

‘Torms of silica evolved gas in acidic'solutions, the solubtdons
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were kept below g 2N =eld conditien during the experimentation.

"7§ In general, the solutions conﬁainiﬁg‘Vanédﬁum were
made up tn contain 10?@ mlero greams v/ﬁi and dilumeé ta the
u&aav@d eanaamtrataon»

8¢ Sinae,Vanadium will dQVelop a distinet éolor in
abgorbents econtaining active sziica%@sa no color d@V@l@p¢ng
solutions were needed with these absorbentsy

9. It was found that when absorbents were ugsed, the
Vanadium golutions could be dilubed to a coﬁcéntréﬁiqn of B
wiero gfams v/ml and still give a digﬁinéfly visible colored
lines | | |

iﬁw ﬁmleﬂs otherwlse notedy the. oalumnw were. Tuh fur
‘sixteen (16} hoursy This time was chesen for conveniencs and
- because very,little.mUVGmenﬁ gecurred after a longer period of
tlme . . |

11, ¥®hen the columms were filled, a line was drawa on
each column.at a predetermined height so bhab gqual zmounts of
absorbent could be add@dy As a check on the consistency of
packing, the amount of‘301vent flow from eath column wes
measureds Also, each bateh of solvent was ehecked with 8»
Hydroxyquinoline to é@a that ali of the Vanadium had besn re«
baineds

12 4 check was made of the ions that might inberfere

with the experiment, Solutions of phosphidte, chlorane, sulfate

and several other ifons were added bo the absorbent slurry to
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see What effect they had on' bhe migration 4istanse of bhe
Vanadium fong. -
136 ?h@ acid‘conaenkraﬁion'was varied %etweén 01 X
and 2 § in the second.section of bha ex@emm@ntatz_on. Below
the 01N acid conaeourata.ozx no m@aaufable movamam, was noted

in & bydpated caleium silicate (Hii@n@anF&) abéorbent@
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Vs GENERAL GONSIDERATION OF THE DATA

| In Part T of the data, consideration is’giveﬁ to Pinds~
ing an appropriate solvent and absorbent foy Vanadium, The
sw1VQnts'@hat'®érg‘tri@d are listed in Table I& Since some
work has bsen &cne by other authors on the problem of flnding
a sultable absorbent for quﬂdIUMg this GfOblem will be
covered in-deseriptive Fform, ' |

Part IT of the data dedls £lrsh with the effects of

varying the concentration of Vanadium in the aolnﬁionrb@ing
testeds The meidity of the solution veried at the same tlme
that thewvanadium concenbration ;éfﬁéd; ‘Next the acldity
alone was varled hetwaen zero and 1 W acid condit?ons,1 Lagbly
the aéldity wag varied ‘with a acnstant gmount of nﬂgrfsrigg

anlon added to the absorbentu
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VI, DATA
Part Is

In Table I, data concderning the use of a numwber of
solvents 1g listed. Althmugh this bable shews the effects of
these solvents on the migration of vanadium, it does nobt sHow
other importént factors we ﬁust'knowvin order to pick g sult-
able solvent, For example, -1t does not show that n-Putanol
and water move go slewly‘th&% th@ bottoms of the ﬁolummﬂ‘dvy
out and cracks Uthers, sueh as m@uhancl anﬁ.watcr, move 80
fast in hydrated calcium Silﬂcane uhdt fnev do noet give a good
sapaf&tlon of vanadium from the other lon@'uhat occur with itg
Another factor that had to bs considered was that‘501V@nts that
are acidic in nature oould‘hot be used easily because they
caused excesglve channeling in the absorbents that the author
euployed. It was Found thaﬁ.mﬂfrapanol and water was the best
allwafaumd golvent that could be Pound.  For that reasah, it
was used almost exclusively in Part IT of bhe experimentation,

Aluminum Oxide was the first absorbent to be used,
It had to be ignited and then re-ground to pass #100 mesh
before it was suitable as & column mabterial. It was Found
that this absorbent did not give very good separations and
dried 5ut easlilys causing channelinggi-i

Bone ash wasg a‘@modvab@orbént for venadium as well
as other ions, excluding urvanium, It did, however, have a

very slow zolvent flow rate which caused the columms to dry
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out sasily. ,

The carbonate absorbents were ineffeciual because .
of the gas evolved when the acidic tegt solutipms Wwere applied,

Hydrated. caleium silicate and Diatomaceous Barth
had the properties of very good absorbents for vanadiam, Theﬁ
_4ldTot dry ouﬁ or-ohannel-axc@pﬁ at high acié'ccncentraticna«
_They gave good S@Paratﬁoﬂm of vanadium from other fons such ag
copper; lead; hmﬂmuth and cadmium,  They d1d not, howevery g
bein uranivm at all, This fact, of COUPSE ,. haﬁ‘bheuadvanhage
of completely s@pafating vanadium from wrand nm in earnotlte
oré, as an exguple, , - o

Because of bthe distinet advantages of hydrated cal-
eigm silicate and ﬁ&atomaceous.Earth.§Ver,th@ ebher abs@rbents
tried; they were used exclusively in the experimentation of
Pert ITs.

| A lit@rature.sea$ehgrQVQaledqthat the best color

developlng reagent for vanadium wag 8-Hydroxyquineline (oxine)s
This reagent was used to dGVﬁlap color for vanadmum whenever
this was nacasﬂer, It was not na&deé in hyﬁﬁacad ealeium
‘ailizate or Diatomaceous Farth bacause vanadivm developed a
distinet color wlthout the &ddlbLOn of a separate reagento

The Followling lists ave: %he kay %@ the numbers uSsd
vo indicate the different solveunts and venadium contalning com-

pounds used in the exp@rimﬁntatlaﬁq

Sk NN o e 0 e Wirp Nt ank o IS e
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Solution Muwbsr et

&y

Bodium wabaevenadate

S Amnoniun sebasvanadabe

Bodlan srtho-vanadate

Yanadinm %rﬁmaﬁﬂa

Hodwvent Bumbae Ldeby

Ly

Hothanolewator {1:1)

Wethenole-1 ¥ Btrie Aoid (1e1)
Ethanoie-Haber {1:1)

Bthenole-t ¥ Wibrie Acld (e1)
neButanol--1 ¥ Hydweehlorde feid (131}
peButantle«1 ¥ Hitrle Avcide-3% oxlue
neButanole-Poaboy (1e1)

hePrapmnols«1 ¥ Nitelie feid {13}
nePropanol-«Woter (1:1) |
iso=Fropanole~1 ¥ W ipie #eld {1:1)
LeowPropanole«Water {1el)

Carbon TYebraehlorlds

Rybwd Acobate

Banvene

& Ohlopofors
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_Table T

=

Hicrom

| grems/mlk of Soin,

in
Rum -

Hymbey

4
o

in Centimaters
- Tine of

: S@lnﬁion'ﬂbrmality
- Vanadium Migration

iy

,fgeﬁsehi?aticn ot
| Bistance of

I &n Pours.

- Varads

~ | Bample Nimber
o Smlﬁ%i&aﬁ&m&erf
Ehsorhent

D
oy
e
> -
o
L
o
i
s ]

Hydrated Calcium
Bilicabe

w1 Solvent

R

It ’ iu 35 B 9. | i

1280 " , 0. | "
fjeppry o pviss | s jos o

w0
[6)]
a
i-.d
P

D

[oy
&
R
ot
£

L)

t‘ggfrn  ' 1 LU R B O o5 ‘: 1

ID Eg # ' : ' 4: 66 l le ) gba E o
ﬂgaﬁfp_' ‘ i3 :_uj 35 1 o5 9,0 } .ﬂ

EET I 18] 66 1.0 | 65 | v
;8E ri - L 1t twd 3% 25 635 fh 1l

sl " | 161 66 | 1,0 | 3,0 -
lomfn | o Pl 23 | 5 |z | o

Commentys ALl of the above solvents developed color in the
column without the addition of color developing agents: The
color was a dark grey in each case except for solvent number
6, which gave a reddish-brown due to the oxlme o :
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Tlabl& I (Gﬂglﬁ,b' |

on

b

Hioro=

e

-} Vana@ium ¥
j ¥ Cen

im
Cimeters

i
in Howrg -

Vanadiv

Solution Normality
£
{ Time of Bon

Solvent &ma‘t_aer
H Scﬁesﬁimﬁeﬂ of .
wn
grams/ml of Soln,
| ﬁi’sﬁana&i@f o

' SoTution Mamber

| Semple Wumber

| Ahgorbent

-3
D
(e
=t
Q.
O B
oo
o
43
1_.!'
&>

Hydrated Calcium -
S11icate :

33‘ W 31 1 ' Tu 35 1. »5 147 1]

et
G2
R

Vig|n " s es {20 ) .|

LSRR g lol 66 | 1.0 f 2,6 | »
tori ot iy & 2% B :15{5 25

jig] e " faol 66 | 2.0 | wa | ®

ipyin " 11 B8 | .5 1 .0 ]

Tigl o .. o {11} 66 L0 | 30 | v .
: QK 5 L3 oy . 5% 05 la‘? i i

fin) LI {12] 66 | 2.0 § 1.0 }
IEAE o Ind s5 | 5 | .6 "

|

Commantss A1l of the akove solventbs developed color in the -
columng without the addition of eolor developing agents, Ths
color In each eame was & darlk grey line sbout 1 to 3w wide,
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‘i‘ab e L. & &

1 snsorbeont

- Solvent Number -

| Concentration of &

=

i Vanadimm In Micre:

=
;
o 4

1 grams/ml of Soln,

| Solution Normalidy

; | Distance of

 Vonadiun Migration ||

Cendimetorsy -

: Time 6f Bun
- dn Hours

|

Lﬁ%m?laﬁ&mbat |
o fSalﬁ?bicn Humber

lm‘ 13
BN ] ' k1 d

113" nﬁ~
bop| v |

- Hydrated Caloium

Bllicate

i
W

14

w

"

RO

5]
L6

86

33,

1513

| 1.0

o
I

Yo
18

3.51_

£ 6

1.0 |

R

ki

I

"

W

I
e

Gommentss Al of the above seimm;;s developed golor in the |
eolumms without the addition of color developing agemte; - The
color wag grey for #13 and #14 and g yellowishegrey for #15),
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‘ .HP%rﬁ D ST 2 o Y

LeTs

Vanadiom Migration
Continet

in

- grams/ml of Selm,
| Solution Normality

| sample Manbey
§ Vamadivm in Microe

1 Coneentration of
1 Bishance of
E; Time ‘6f Run

| hsorbent
- in Howrg

& ;SiﬁﬁﬁﬁlﬂmﬂmT
@ | Solvent Number

Oy
.
\}mﬁ
r
O3

Hydrated Caleium
Silicats . . o
59 B . ki i ’ 34 . 59 : ng | 2&‘5 ’_ "
jeoj® 1  w Civie2 | .8 aa| v

62 " ““ [m 1 a0 #6 | Lo

IS#G | 18

[¥7]
.

IEEI o | o83 W81 ns o
{salm " Coqtles | o 10 v
1@@‘&1 , i : ﬁY  % o2 B
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VII, DBISCUSSION .

The following ls o discussion of. Papt TI enly

It i to be noted first bhat orily two &bsovbaﬁta wave
uged in Fart If, The reason for thls is that bhe acldity
effect was not nobted to steh an sxtrems in any of ﬁha other
'absarbanbs tried by the asuthory. | ‘ ’

In Tables IXy IIL and IV the migration of vangadiun
at any eancentraﬁion:S@ams ﬁ& eav:el&@G Wel1 with the aeidiby
“of the solubtion it te ins The change fwam,a light to &
darker colow edrr@l&tes.with.éh@»vanadiam concentration,
3ilens BuFy - soemed Go allow a longer migration distance than
Dfatom&c@ouﬂ Eerth at equel coneentratlons of vanaﬁ lumg

Addition of bk@gphate ions seewmed to slow the venadium even

more; bub not inm a linear manners There is a disbtined bresk

point at whieh the phogphabte ions slow down th&.vamadium'ﬁs a

greater exbtents

In Tabl& V the adﬁ1¢lsn of a constant amount of wurans
1um ions 1eag%hened th@ distaﬂe@ Qf wigration a caﬁst&nt '
amaunu» This was due ts the &Qidlby of the uranlum golutions
It is %o be noted hore thaﬁ nong of bh@ uranmnm waw rataﬁﬂ@&
by thls abaorbenta | | | ’

In Tables IX, %, XI end XIT a migration was abg@rvaﬁc
L to vecur in newbtral or slightly alkaline solution, but it was
a constant values This means that the migrablon distance is

daefinitely earpelamad with aeidiby in these absorbeatsm.

sy
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Table XITI illustrated that bwo forme of vanadium in
very low‘acid éoncenﬁratian‘migrat@ only a very shgﬁﬁldis«
tance, The fact that each migrabed equal distances led the

avthor to use only one form in %the experiments bo f@llewg

mables LIV bhrough XXVI and the acccmpwnﬁlné graphs
show the effects of accurately . conbtrolled acid aoncentrations
on the migrabion 9? vanadium, They also ssrve to show bthe -
effect of interfering anions to a more accurabe degree, Nobte
hore that the phaaphatg iong had & depresding effﬁét o vanadivm
migratian‘whilelbhe sulfate and chlorate ions had a ralsing
effect which was somewhat linesr im‘nature!

@i@ﬁ-th@s@ generalities in mind, obtained from the
various btables, We'aém alébarats Purther on the data, The
most évideaﬁ fact we can see in the data 1s. that the migration
,Glstance of vanadium does depend to s great exbtent on the
acidiﬁy»mf'thsaSQlutiﬁn‘baiﬁgltasﬁed%: In ﬁa&ty,svéf the paﬁgé
of zero to & W acldie eonditions, the distance of wovement Igs
& linear éﬁ@f@ﬁ@ian.mf'aaiﬁiﬁy@ A%ﬁveut@is'ﬁ,Eﬂaeid.c@ﬁéi%imﬁ
the effect 1s one of leveling offy, Ividently. the effecht ecan,
be eﬁpiﬁiﬁed in. the fallawing.manﬂeﬁ&?;The”ae%ive”ﬁiliaa forms .
In the absarbﬁnﬁﬁxuséd>ha& a greatey bendency to absorb the
hydr@gem,i@ns.th@m:the”vana&iumvions.@ith which they eame in
contacts As the hydrogen lons were used in the progess.of. .
movihg down the columms there is a8 greabey chanaé.fgr the

vanedium to be absorbed: This phenomenon is also shoim by the




o ‘

faaﬁ; not wentioned pﬁﬁvimﬁﬁlyg that the band of vémadium‘
aoldw éeve&opménﬁ widens llﬁb. Iy as the ao¢diny Hoe s upp
In 1ew agldic condidions the hydrogen ions av@ absorbed mmwa
rapldly giving the vanadiuvw ionsg less opportunity bo be
abserbedg As, the acldity goes up the bime requived rfor
absorption goes up at a rate dependent on the spesd of 801~
vent flow ‘and various other factors. This means that with
a change in btime in a locallged area vanadium has a greater
chande of abs@rptlen and. way be absorwed in a wider bands
This of course infers an unequal spread of hydrogen lons in
the'gnlumnsﬁ Since thig émiﬁiﬁy effaqt depends on using the
hydrogen’ loms before the vanadium ifons. can be gbsorbed, 1t
would nedsssarily mesn bthat the migra%imn digbance of twg .
tnequal concentrations ﬁf’Vanadium at egual acld conecentrabions
should be aspproximately the sames This was found to.be the
Case., | |

Wher foreign anions ave added Bo tha'ahgafb@nty the
dlgtance of‘Vanadium,migraticngehanges.ﬁo.amlobaerﬁablé degtee
In the case of phoyphate ﬁmmg,iths digbance 18 shorbened, Thig
means that the phosphate lons cen absorb the hydrogen lfons and
keep them immobile so that the venadium ions can be sbsorbed
soone®. It also means that the aveas Qetween the absorbent
parﬁiclés that were foruerly £illed by waber mmleﬁules aré now
filled by a combination of water molecules and reaetivé vhog-

phate lons., The cowbination of these two absorbent fong would
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shorten the mig;i’aatign distance,

With fowelgn sulfabte and shlorate amioﬁw adé@d ﬁo‘ﬁhe
absorbent the migrabion distance is 1eagﬁhenéd;._ This weans
that-theéeAions are t@nding to cut down the absorbing vower
of the silicabe lons, The change in mig%ation &istaﬂc@.shoﬁla
be variabla‘wiﬁh the amount of these foreign anioms that are

added to the absorbent.
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VIIZ, SUmARY

lx Change of acldity ovey the rangs of gerd to 5 U
eondlvions cavses a lMneay valss in the wmiprabion distance of
vanadiom,

B Above 3 I neld conditions; the dlsbarws of wlgrse
tion tends bo level off, '

S With ¢ comsbant 20idlty and gonatent ranadioe sone
centration, the disbtance of vanadivm wigrstlon ip devendsnt
te o large dogres on the forelse anions rromonbe

¢« I the Yorvelgs sulons prepent bave & bondeney to
opowplex with or absert vanadium, the wigratlion distance will
be phortensd. If, on the other hend, the forvelpn snions dew
@éﬁ%a tha abgsorbing powsr of the absorbent, the mipration
digtence will bes lengbhened,

3o With no forelpn anions present, assidity constant,
and vauediom concentrabion sonptant; the sigration digtanes of
vanadivm depends on the rate of solvend flow, tyve of absovbent,
Cagroo of nacking and other wiseellansous factors,

6. itk the particuley sboorbents used by the author,
nw-Propanol and Water (11l) was found o be the best solvenbs
It gave the best separabion of vanadinm frow obtber lons thab
acour with vapadium,

7o To develor eolor for vansdivm, oxine in absoluts

Bvhaniol is the boesb reapent available,
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