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CHAPTER XXI

CHROMITM, MOLYEDENTUM, TUNGSTEN, URANIUM, AKD MANGANEER

BurrRUR, selenium, and tellurium belong to the uneven series of the
gixth group. In the aven sories of this group there are known ohro-
mium, molybdenwm, twngatan, and wraniuwm ; these givo acid oxides
of the type RO, like B0, Their koid properties arve less sharply
defined than those of aulphur, selenium, and telluriom, az {s the ease
with #ll elements of the even series a8 compared with those of the
uneven sgeries in the smme group. But still the oxides CrDy, Maly,
WO, and even U0, have clearly defined acid properties, and form
salts of the conposition MO nRO; with bases MO,  In the case of the
heavy elements, and especially of wraniom, the type of oxide, U0,
is less acid and more basie, becanse in the even series of oxides the
glement with the highest atomic weight always scquires a mors and
more pronounced basic charaeter. Henee U0, shows the properties of
& base, and gives salts U0 X,. The basic properties of chromiom,
molybdenum, tungaten, and vranium are most clearly expressed in the
lower oxides, which they all form. Thus chromic oxide, CryQy, is as
diztinet a base a3 alumina, AlQ,, ;

Of ali these elements chvomium is the most widely distributed
and the most frequently wsed, It gives chromic anhydride, Cr(y, and
chromie oxide, Or,0y—two compounds whose relative smounts of
oxygen stand in the ratio 2:1. Chromium is, although somewhat
earely, met with in natere ag & compound of one or the other type.
The red chromium ore of the Ursls, lead chromate or erocoisite
FPbhOr0O,, was the source in which chromium was discoversd. by
Vauguelin, who gave it this name (from the Greek word signifying
colour) owing o the brilliant colours of its compounds ; the chromates
{salts of chromic anhydride) are red and yellow, and the chromie salts
{from Cr.04) green and violet. The red lead chromate iz however, &
rare chromium ore found only in the Urals and in a few other localities,
Chromic oxide, Ory(y, is more frequently met with.,  Inesmall quantities
it forma the colouring matter of muny minecals and rooks—for example,
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of some serpentines. The commonest ore, and the chief souree of the
ehrominm componnds, s the shrome iron ore or chromite, which occurs
in the Urals! and Asia Minor, California, Australia, and other
loealities. This is magnetie iron ove, FeO,Fe O, in which the ferric
oxide is replaced by chromic oxide, its composition being Fel,Or,0,.
Chrome iron ore erystallises in cotabiedra of ap. o 44, it has a feeble
metallic lustre, is of a greyish-black ocolour, and gives a brown powder.
It is very feebly acted on by acids, but when fused with potassivm
acid sulphate it gives a soluble mass, which containg a chromie sals,
besides potassinm sulphate and ferrous selphate. In practice the
treatment of chrome ivon ore is mainly ecarcied on for the preparation
of chromates, and not of chromic galts, and therefore we will trace the
history of the element by boginning with chromic acid, and espeeially
with the working up of the chrowe iron ore into potesstum dickromate,
K Ory0, as the most common salt of this acid, Tt must be remarked
that chromie snhydrids, CrQy, ia only obtained in an anlydrous state,
and is distinguished for {ta capacity for easily giving anhydro-zalts
with the alkalis, containing one, two, and even three equivalents of the
anhydride to ona equivalent of base, Thus among the potassium salts
there is known the normal or yellow chromate, K ,Cr(),, which eorre-
sponds b, and is perfectly isomorphous with, potasainm sulphate, easily
forms isomorphous mixtures with it, and is not therefore suitable for
process in which it is neccssary (o separate the salt from s mixture
containing sulpbates, Asin the presence of a certain execess of acid,
the dichromate, K,Cr,0, = 2K ,Cr0, 4 2HX — 2KX — H,0, izeasily
formed from K,CrQy, the chjeot of the manofacturer is-to produce
such a dichromate, the more so as it containg a larger proportion of the
elements of chromic acid than the normal salt. Finely-ground chrome
iron ore, when heated with an alkali, absorbs oxygen almoat as easily
{Chapter TIL, Nota 7) a8 a mixture of the oxides of manganese with
an alkali. This absorption iz dee to the presence of chromic oxide,
which iz oxidised into the anhydride, and then combines with the
alkali Cry0y 4 05 = 20r0;.  As the oxidation and formation of the
chromate procesds, the mazs tuens yellow. The ivon i3 also oxidised,
but does not giva fervic acid, becanse the capacity of the chromium for
exidation is incomparably greater than that of the fron.

A wixture of lime (sometimes with potesh) and chreme iron ore
is heated in a reverberatory furnace, with free aceess of air and at a

The working of the Ural chrome lron gm inte chremiom compounds has beea
firmly established In Bussa, thenke do the endesvours of P, K. Usbokoff, whe con-
structed large warks for this prrpees on the tiver Kamn, nesr Elnbongi, whese as mach
us 200 toms of ora wre treated poarly, owiog to which the importation of chromise pre.
parstione into Bnsali has consed
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red hest for several hours, until the mas hecomes yellow ; it then
contains normal caleium- chromate, CaCrQ,, which is insoluble in
water in the presence of an excess of lime!¥ The reseltant mass is
ground up, and treated with water and suiphuric acid. The excess of
lime forms gypsum, and the soluble ealefum dichromate, CaCr,O,
together with a certain amount of iron, pass into sclution. The
solution it poured off, and chalk added to it; this precipitates the,
ferric oxide (the ferrons oxide is converted into ferric oxide in the
furnace) and forms a fresh quantity of gypeum, while the chromie aeid
remains in solution—that {5 it dots not form the sparingly-soluble
normal salt {1 park soloble in 240 parts of water), The solotion then
contains a fairly pure ealoium dichromate, which by double decom-
position gives other chromates ; for example, with a solution of potassiom
sulphate it gives & precipitate of aleium sulphate and a solution of
potassium dichromate, which erystallises when evaporated.®

Potaggium dickromate, K CryOy, ensily orystellises from acid solu-
tions in red, well-forued prismatic erystals, which fuse at a red heat
and evolve oxygen at a very high tewperature, lesving chromie oxide
and the normal salt, which undevgoes no further change 1 2K Or 0y
= 2K, vy 4 Or.0, - Oy, At the ordinary temperature 100 parta
of water dissolve 10 parts of this salt, and the solubility increases sa
the temperature rises. Tt j= most important to note thet the
dichromate-does nol contain water, it is K CrQy 4 OrQ,, the acid
salt correeponding to potassinm aoid aulphate, KHSO,, doss not exist.
It does not even svolve heat when dissolving in water, bat on the con®
trary produces cold, i.e it does not form a very stable compound with
water. The solution and the galt itself are poisonouws, and act es
pawerful oxidising agents, which is the character of chromie acid in
general. When heated with sulpbur or organic substances, with
sulphurous anhydride, hydrogen sulphide, &o., this salt is deoxidized,
yielding chromic compounds.? ¥ Potassium dichromate ? iz used in the
arts and in chemistry as a source for the preparation of all other

Vbl Bt the saleium chromats is solnble in water i the preseace of an excess of
chtomic acid, an may b osen from the foct thet o aolution of chromio aeid dissclves
luﬂ’ There are many varlations in the details of the mnsufueturlng processes, and these
wnast b looked for [n works on tochnieal chemistrs. Bub we mey add thet the chromnta
mny alsc be obtained by alightly rosating beiqusttes of & mixdure of chrome fron and
lime, and tien lonving the resultant e to the soklon of meist sir {oxvgen is absorbad,
and ghe mass turna yallow),

#hl The oxidising action of pateasium dichrompte on argenie substances b thé

ordinsry tempernfure i arpecinlly morked wnder fhe action of light, Thus it acts on
gelatin, =8 Poulven dissoversd | this iz applied to photopuaphy in the processss of phote-

Por Nate § see p. 279,
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chrominm compounds, Tt is converted into yellow pigments by means
of double decompogition with salts of lead, barium, and zine. When
solutions of the salts of these metals are mixed with potassiom
dichromate (in dyeing generally mixed with sodn, in order to obtain
normal salts), they are precipitated as insoluble novmal selts ; for
example, 2BaCl, + K OOy + H O = 8BaCe0, + 2KC1 4 THCL Tt
follows from this that these saltz are Inscluble in dilute acids, but
the precipitation is not complete {as it wonld be with the pormal salt).
The barium and zine salts ave of a Jemon yellow eplour ; the Iead sals
has & still wore intense oolour passing into orange. Yellow cotton
prints are dyed with this pigment, The silver salt, Ag,OrQ, is of &
bright red colour.

When potassivm dichromate i3 mixed with potassium hydroxide

gravuars, photoTithography, plament prinkiog, &o.  Under the setion of light this pelatia
in oxtdized, and the chromie anhydride deoxidized [nto chromie oxide, which uniles with
the gelatin and forms & compound insalabla io werm water, whileh where the Jight s oot
waled, the gelatln romaion soluble, ité properliss being unaffected by the presence of
chromis acid or potnesiom dichrooate.

# Ammocivm ond sodium dichromstes wre now dlse prepuesd on s Inzge seale. Tho
sodinm salts may bo prepared io exoctly the swme manner ag those of petamiom. The
normal ealt combines with ten equivalents of woter, Jike Glanber's salt, with wihickh it s
isomarphous. I solution abeva 807 depesite the anhydrons salt,  Sodinm dichromats
cegstals condaln Mol 0u 2,00 The ammonium salis of chromie acdd are olisined
by saburabing he anbydride iteell with wroonin, The dichromate iz cbtained by
aptarnting one part of the aobydrids with nmmonis, and then adding & pecond part of
anhydride and evapornting under the receiver of an pir-pump,  On ignition, the normal
and asid salis Teave cheomie cwids, Potassiom smmoniom ehromabe, NWH KO0, i
chiained in yellow neadled from a solution of pataanium dichromats o aguesans ammoniag
it nod only loses ammoenin and bacomes converted into potassinm dichromate whon
ignitod, ok alao Ly degrsen nb. bhe oedinary tamperstors, This ghows the feeble sperpy
of ehramiz ncid, and its kendency 1o form atable dichromates, Magnesiom chremate ia
noluble in water, as alse in tho strentiomsalt.  The calcium salt is ulso somewbat scloble,
bal the bartim salt is plmook insalable, Tha isomarpbism with sulphucc acid in shown
io the chromates by the fasl that the magoesifm aod ammaoniom seits form deable salts
contalning six equivalents of water, which are perfectly fsomorphous with the eorres
ponding sulphates. The maguesiom enlt cryetallises (o large orystnls conbaining seven
equivalents al wabsr, The bersllivn, ceriam; and coball salts sre ineeluble io waber,
Chromic xeid dissclves munganous cartovbnts; bul on evaporaticn iha eslutlon deponita
manganese dicxide, formad ab the expanes of the cxygon of the chromie aeid,  Chrombs
acid nlso oxidisea ferrons oxide, and ferric oxide is aoluble in cheomic neid.

Ommof the ehromotes most oaed by the dyer s the insclobls pellow ledd chronats,
PhirD; {Chaptar KVITL, HNote 48) which is precipitsted oo dixing salutions of
PuX, with scluble chromabea, Il ensily lorme 6 basic sall, haviog ihe composibion
PO, PRCrO, ss o orystnlling powider, obtained by fusing the normal zalt with nitre and
then rapidly washiog in wnter. Tho swne substooes i obtsioed, although impure and
insmall quantily, by Il.tbt.‘lin_g lead chrowmata with neateal polassinm chromate, eapecialiy
on boiling the mixtoze; and s gives the posatbility of sttaining, by menns of thesa
maderials, various tinks of lond cliromsate, from yellow to red, presing through different
orange ghades. The decompesition which ‘tekes place {Inoompletely] in this case in
a8 follows : APLORD, + Bl = PLCe0, PhO + K Cep0—that [s, potassium dichraomate
ie formed In Bolution,
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or carbonate (carbonic anhydride being disengaged in the latter case) iv
forme the normal salt, K, CrQ,, known as yellow chromats of potassium.
Its specific gravity ia 2-7, being almost the same aa that of the dichro-
mate. It abgorbs hent in dissolving ; one part of the salt dissolves in
175 part of water at the ordinary temperature, forming & yellow
solution. When mixed aven with auch feeble scids aa seetie, and more
especially with the ordinary aeids, it gives the dichromate and Graham
obtained a trichromate, K CryQ, = K,0c0,,2Cr0;, by mixing =
solution of the latter salt with an excess of nitrio seid,

Chromic anbydiids is obtained by preparing & saturated solution of
potassiume dichromete at the ordinary temperature, and pouring it in e
thin stream into an equal volume of pure sulphuric aeid,* On mixing,
the temperature naturally rises, when slowly cooled, the solution
deposite chromic snhydride in needle-shaped crystals of a red colour
sometimes several centimetres long. The eryatals are freed from the
mother lquor by placiog them on & porous tile B2 Ttia very important
at this peint to call attention to the fact that a hydrate of chromie
anhydride is never obtained in the decomposition of chromic compounds,

& Tha gnlphuric acid should pot eonteln any lower oxides of nitrogen, because they .
redocs chromic anhrdride into chromic exide. I & solution of & chromate be beated
with an excess of aeid—far lnutance, sulphurio or bydrochloss sdd—erygen of chloring
iz avolved, snd s solution of & chromie salt is fermed, Hemos, ander these cireums
stanced, chromic aszid cennot b obtuined from e salte. Ome of the frek methods
amployed soisinted (o converting ite ealta into volutlle chronediem hezafuoride, CeFg
This asmmpeund, oiteined by Unverdorbon, may I+ prepared by mizing lesd chromata
with Jucr spar in & dry sdote, and troating the mixture with faming sulphuric scid ina
platinomt vesael 1 PhOrO, -+ 30 F, + dHy B0, = PoS0, + MOS0, 4 4.0+ OrFy.  Fuming
wulphuris acid is daken, and o compidarable cxsons, Teenuse the chrominm Aueride which
in formed i very easily decompossd by wubar, I8 is volatils, end forme & very ceustle,
poisonans vapour, which condepses when cooled in o dry platinum veseel nbe & red,
excesdingly wolatile Equid, which fames powerfully in sir. The vepours of this
substance when introdnced into water are decomposed imbo hydecfluorie aweid and
chromis snhpdride : OrFy+ AH0 = Orlhy 4 BEF. 1f very little wator be taken the hydros
Buoric nekd volabilisen, sod chroemie sanbydride sepambes diccedly io erystale.  The
chlarsahydeids ol chiromic acid, CrOgCly (MNete B), s also decompoasd in the sume
manner, A salution of chromic acld and & precipitate of hariom sulplnts are formed by
freating the insoluble banom checinate with o equivelsnt guantily of solphuric acid,
I corefully eveporated, the scloion yields ¢ryetals of chromde snbpdride. Fritzscha
ghwa & very convenient mothod of preparing chremic anhydride, based on the relation
of chromic to mlphurie ncid. At the szdinery temporature the strong acid dissalves
both chromia anhydride aod potsssion chiomate, bat if & certain amconk of waler &
sdded to the solukion the chromio anbydride separstes, and if the smount of water ke
fnoressed the precipitaled chrotis anbydeids s again digsclved, The chromic anhy-
drido i= abmest all seprrated from the sclotion when it-conteine tweo equivalents of
wator to one eguivelent of solphuric acid: *Many methods far the preparation of chromie
anbiydrids are based on this fack,

ébls They canmot be fAltered through paper or weehad, becauss the chromiz
anbydride i vedosed by the flter-papor, sad is diseplved doring. the process of
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