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Methods of preperstion, optical properties, 8nd X-rey diffraction dete are reported for

alx batrigm aluminste hydrates,

Three of these were obtained suecessively by precipitation

from supersaturated barfom alumingte solutions at 30° C.  The Brat, desighaled by tha
empirical formula 1.1BaC A0y 9H;0, is metesatehble with respect to the second, Bad. Al:(y.-
TH}, whish in turn s metpstable with respect to Bad 41,00 4H,0, T lower hydrates,
Ba0. ALO: 2ZH.O end Balh AlLOLH:O, were prepared hydrothermally. 2Ba0. A0 5H,0
waa gbtained from boiling bariam aluminste solutions,

I. Introduction

For several years, the caleium aluminates and
their hydration products have been studied by a
number of investigators in various countries.
The widespread interest in these compounds
resulted chiefly from thetr importance in relation to
hydraulic cementz. In spite of the large amount
of work that haa been done, it cannot be sald that
the relationehips of the vamous hydrated caleium
aluminates are fully established. Among the
difficulties connected with the problem are the low
solubilities of the hydrates, extreme fineness of
precipitates, slowness of approach to equilibrium,
and persistence of metastable phases.

In view of these difficulties it was considered
poasibila thet s study of the aluminates of harium
might digclose 8 series of analogous compounds
from which might be drawn some inferences as to
the nature of the caleium aluminates. It was
known that the solubilities of the barfum com-
pounds were much higher, and it seemed not un-
likely that the other difficulties might elso he
minimized. During the eourse of this investiga-
tion it soon hecame apparent that the hydrated
aluminates of barium were in no way analogous to
those of calcium; nevertheless, the study was
econtinued becavse of the importance of the banum
compounds themeelves. The barinum aluminates
have found application in water purification, and
it has been proposed that burium compounds
might replace thoge of ealeium in eementa for
apecial purpoaes.

The hydrated bariom aluminates have been
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studied by several investigaiors, notably E.
Beckmann [1]' and G. Malguori [2]. The latter
gives a solubility diagram for the system BaQ-
ALOCHO at 20° O, and indieates that the cem-
pounds Bad ALO.OGH O and 2Ba0. AL, H5H.0
ceeur as primary phasezat this temperature.  Beck-
mann reports a compound 3Ba0.ALO, XH.0, in
addition to the other twoe, and the BaO:ALO,
ratio of the 111:6 eompound is zaid to be variable.
Neither optical nor X-ray data were found in the
literature for any of the barium alominate hydrates.

lI. Methods

The genersl mathod used in the present investi-
gation was similay to that employed in the stedy
of the caleium sluminates [3]. Supersaturated
solutions of aluming in barium hydrozide were
prepared and allowed to stand, with ocemsional
shaking, at 30° C. The precipitates wera ob-
gerved under the microscope from time to time,
and changes in concentration of the solutions
were determined by analysis, Various methods
were used for preparation of the supersaturated
solutions. The most satisfactory was the treat-
mont of anhydrous barium aluminate with suffi-
clent water to cause practically complete hydroly-
sie and precipitation of hydrated slumina, followed
by boiling with barinm hydroxide solution to dis-
golve the slumina. The solution was then filtered
promptly while still hot. The anhydrous alumi-
nate used for tha purpose was either Ba(h Al

1 Flgnred in braokeds indicats the llternture pefarencos at the end of this
PapEF.
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or 3BaO ALDy; or a mixture of the two, as desired,
prepared by heating a mixture of barium carbonate
and gibbsite {Al;0;.3H0), in the desired propor-
ticns, at about 1,300° . The preducts usually
contained a little insoluble material, probabiy
corundum, but this did not affect their usefulness.

Other methods of preparation of the solutions
included treatment of gibbeite with boiling barium
hydroxide solution, similar treatment of freshly
precipitated alumina, and the interaction of
barium hydroxide and alominum sulfate in solu-
fion, Reagent grade chemicals were vsed except
in the easza of the gibbsite, which was a commereial
prodluct contsining 0.30 percent of soda. Solu-
tions were handled as rapidly as possible and
flasks were tightly atoppered, but no other.pre-
cautions were taken to avoid the action of carbon
dioxide. Carbonation proceeded rapidly when-
ever the strongly basic solutions were exposed to
the air, but the amount formed appesred insuffi-
cient to eeriously affect the analysis of the solid
rhasos,

The general procedure outlined sbove was
dezigned to yield date from which a diagram of
equilibrivm &t 30° C could be drawn. It has
been found, however, thet equilibriuzm in this
system is not attained sven after several months,
and further work will be required hefore the equi-
librinm diagram can be established. The follow-
ing generalizations may be made, however: (1)
From solutions low in Ba(}, hydrated alumina is
precipitated as the primery phese; (2) From
solutions sufheiently high in BaQ, hydrated barium
hydroxide, Ba(OH);.8H), is precipitatod as the
primary phase. The limiting concentration for
this phase, with no alumina present, is about 50 g
Ba0 per liter and increases somewhat with in-
creasing alumina concentration: (3) From solu-
tions intermediate in Ba(}, three hydrated barium
aluminates are precipitated succeesively, if the
alumina concentration is about 15 g/liter or higher.
From solutions lower in slumina, the second
member of the series is formed directly. These
three hydrates all have Ba(:ALQ; ratios close to
1:1. The fact that they are sometimes formed in
contact with solid BafOH): 8H O asuggests that
noe more basic barium sluminete hydrate exists
as a etable phase at 30° C. _

In addition to the hydrates precipitated at 30°
C, ona compound was obtained from boiling solu-
tione, oz described below, and two were prepared
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by hydrothermal synt-he;ifs. In the latter pro-
cedure, the material to be treated was placed in a
3-ml platinum thimble, which was capped loosely
and then placed in & bomb-type autoclave con-
taining sufficient water to saturate the enclosed
wir at the temperatures used. The thimble wae
supported above the water level by means of a
eniled wire in ordef to minimize the loss of dis-
solved substancez. The autoclave was heated in
a apecially designed furnace [4] or, ot the lower
teinperatures, in an ordinary laboratory oven.

In the chemical analyzis of the produvcts ayn-
thesized, the percentage of wnter was calculated
from the ignition loss at 900° C, with no correction
for carbon dioxide. Microscopic examination
indicated that the amount of carbonation was
negligible. Alumina and barium oxide were de-
termined by the usual gravimetric methods.

The refractive indices reported are for sodinm
vapor light. X.ray powder patterns were made
on &n X-ray spectrometer with a Geiger-counter
and sutomatic recorder, using copper Ko radiation.

IIT. Resylts

The various hydrates synthesized are described
below: '

1.1Ba0 ALO, 6H,0— The compound that is
precipitated first {rom  highly supersaturated
barium aluminate solytions, as dseseribed abowe,
may be designated by this empirical formmula.
Anglyses of zix preparations indicated BaQ: AL,
ratios of 1.14, 1.12, 1.12, 1.14, 1.12, and 1.11,
respectively. The ratios of H;O to Al in the
same preéparations were 6.1, 6.2, 6.4, 6.1, 6.0, and
5.9. The slight wvariation in BaO: ALLO; ratic
bore no observable relation to tho eoncenieation
of the solution, snd may be aseribed to experi-
mental error.  The depearture from s 1:1 ratio is
in apresment with the findings of E, Martin [5],
who claims to have isolated s compound, 11Ba0.
10ALOwcH ). Boeckiman [1] and Malquort [2]
alao reported ratios grester than unity. The
actual stoichiometric ratic remaina in doubt.
Thermal analysis indicates that most of the water
is likeratad below 1607 C.

Thia compound was precipitated from solutions
of proper eongentration, but formed rather slowly.
From cne =olution in which tha concentration of
AlQ; excended 17 gfliter, precipitation commenced
almost at once, but in more dilute solutione pre-
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cipitation was first observed after several days.
Clonstant sgitation appoared to have little if any
effect at first, but probably accelerated precipita-
tion after 1 had onee startod.  The compound
pxists in the form of needle-shaped vrvstals (fig. 1)

1. IHILG ’ ."1. | :U. .'.II H:U

Fravee 1.
Mmen fonklo, 00,

andl unparts to the reaction mistures the “silky™
appearance chnrncteristic of erystils of this shape,
Optically it 1z shightly birelrngont, biaxial positive;

= 1,535, v=1.540; the clongation is positive
N-vay diffraction data are given intable 1.

Frovipitation of this compound continues slowly
for approximately o week, after which there ap-
poars o new erystal phase, deseribod in the follow-
ingg paragraph.  The neidle orystals  simultane-
ously disappear, and the exeess Bal) goes into
silution.  The transformation reguires  several
duys for completion, the tioe being somew ot
viriable.

BaO ALOLTHO—This compound is produced
by transformation of the 1.0:0:6 hydeate deseribod
above, and is also precipitated as the primary phase
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Tanew V. Frderpdanor spacings and relofive intenaios of
KNevay diffrnetion bands for (e borium alupeinate Nydreates
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From solutions of somewhat lower aluming contant.
Three analyses of one preparation gave an
averaee molar ratio of 0007 Ba(): 1 ALO, 6. 7500,
In another prepacation, the ratio of Bal) to
ALy was the some, hub in two separade samplos
filtered off ot difTerent times, the ratio of H to
ALOY was G50 i one ease and G605 in the other,
These snmples hnd been washod with aleohol and
ether, wud it is believed that part of the water of
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eryatallization 15 s0 loosely bound that it s re-

movied by such treatment.  Thermal analvsis m-
-|||';;I.|"- r|,;1r [iisad r|[ I||_| wabip 18 |il--.|-|| ||!-I' |||'|||l.'.

Y=

eSS e et ol i -III£I|| amount ol INPuriey |||||-.'-.|-.|

1'-f.--l'-n---'u||lir' exprinntion reveslidd Ul

Ly b ||_1.|i.-|||--|i wluming This
ahieehil, oxreesy of _I'I.!-_l' aver Bal)

explain the
The eompound
appeurs e the Torm of exveedingly thin Hakes,

i ]

1'.['['|"‘L!|II:HI|I‘| poclangular o ooulline (hg. 2
The ervstals obtained were too small to peromt »
determination of opticnl charsetor amd sign,  The
1.560G T

A-ray dato are given in

imndices of refraction are o L.Das,
longution 1k

table 1.

POSITV ¢

Bath Al THLO

Frioves 2,

Cn stonding for several months, the reaction
mixtures contimued to preecip bate this -'“IIi|ll'aIIIIf|
slowly until the eonecentration of ALC) was of th
order of 1 Letier

Batd Al 4 k00 This vompound was frst ab-
aervind in oneoof the resetion mixtares deserbed
It hoed stood ot 20° ( {or

apparently o state of eguilibrivm bisd been vogelud

.|hu';l' | III1|‘.I||-- AT
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botweenn the selution afd  th
bl ALCY, THLO

wyetals, svorneme 2 mmeimn leneth (G 3)

procipibatie ol
Tl pew phoze oecirred as pris-
Impen et
Beepuze of their size

they were readily separated

hexabyvdrate Tor exomination and anal-

I'iagvie 3 Baly, Al A0, prisatie form

VEIS The Bal) ."|.|4.|__ H.0 ratio was caleulnted to
baie 0,07 21 2500, from whaeh it was nssumed that the
formuls was Ba( AlLO, 4H,0

in constdorably differont ervstalline habis

Lanter the same
|r||.|"-|
(. 4) nppeared in severg] other ronetion maxtares
:\; iy l.:.l!l'-.!:nl il ||:Il| |,|:I'||_||| |!;gl;| -||II'U.|'I.| ;.I Lin

be identieal with the prismatic form.  Analysis
ol twio Préparalions  guie the |I|-||u'l.'-:!|;_' P lbins
(OSBal): LALO, :3.094H.0  and 0.00Ba0): LALD

A H, Refractiveindicesol the teteahydentour
e, .25 8 1. bBidn, g | G50 It 12 sl Pty
The erystals of prismatic habit arousually twinnoed
X-ruy data are given in table 1

I]-ll-.' '||Il ]

only barmm aluminate hydrates

:'|l|II|H'|||||1|*- deserthed above were thu
formed at 30% O
i any of the reaction mixtures studied. 1t s
obvious that the st two are metostable with

respeet to the thivd, at [psl over s cortain range
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M j N
Frotonm 4 BaCry, AlOg 410 rhambaliedeal faem

ol coneentration not yet defined. It appears cer

tain, wlso, that the heptalivdeate s less stable ot

higher tomperatires Thas i= anpported ||_l. tlie

A spmple ol Bat ALO,

THLY in contact with barium sluminate salution

following experimenl
was withderawn [rom o reaction mixtare that b
staod for 4 months at room temperature without
appatent change.  The sumple was held at 60% O
for 7 doys, at the end of which time 1t was [Tound to
have been changed complotely to Bat) ALO, AHA)

Bal) ALy 21,0

|:lf I|||.' hl'll[;lll:\'il['“!!' PECHTATION l|1'.~:{ ribedd 1 the

v hydrothermal treatment

proceding paragraph, o new erystalline compound
Wiis The moelar ratic indicated by
..||||||_l, aiE wus 0,99 Ba0: 1 ALO 2 000 1t may this
Baly Al Thits
sime compound, with minor varjtions in crysiol

altamined

bt ponsidered o dibvdrate ol
habit, was abtained from samples held st various
temperatinres ranging from 124% to) 215% O, [o¢
(=ee table 20 AL lower

Lempergtures the totrnhydrate was Tormed (gee

periods of 2 10 4 davs

above), while al |||;._fl:|-| Lern perit s the mono-

hvidrate deseribed below was produced

Barium Aluminate Hydrates

Pampm 2 Hlyddrothersad trecbmend o Babk ALy TH O
Foaeadl M i cerariiile sodidion
(RN LE] Thn
e yuiclig
i (¥
L Hatd, ALy dH T
1
3 I Hin k. AR 1
i s
‘ Wi
| M
4l i
e D0 A0 2R ek, o Ch Al Chy TTH
. b3, A b0y EL0h
I 1
1 | 1

Tha -|||||\'1|I'c1ll- otcurs a8 [at |=|4|'.r'-. II-|J:1||_1.'

grown together i Tolisted agrrerntes A fragmen|
of one of these agrresates 18 shown in figure 5,
photorraphed under erossed nicols.  The erystals
are binxinl positive, with very low birefringenes,
andd parnllel extinetion.  The indices of refraction

are: a=1.010; y=1.hH14

Fravre 5.

Hat), Al 2H 0
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Bal) ALD, HO
upproximating tlus formuls was fisst obtained by

A erystalline compound (hig 6)

hydrothermal trestment of anhydrons Bad) AlL,
for 7 days at 2757 C. The same eompound was
luter prepared in the same manner st tempern-
tures ranging from 260° 1o 450° ', also by hydro-
thermal treatment of with
Ba{OH ), solution. In &l eases there was a con-
sidernble amount of coptammation by ather sub.
often unidentified. A

hyvdrothermal
Paty ALY ST in contact with barjum sliminate
solution, st temperatures punging from 2229 1o
205°% Y (able 2).  Similar treatment of 2Ba0) Al,-
Oy 5HAY (deseribed below ) at 280° € yiglded the

same compound, In this epse the exeess Ba()

u‘1il|l~=:||l' 10 by

I‘I.Il.]JI'I"". hi ey ]II'IJII,HI'[

wins obtained by trentment ol

rertpinsdl in solution in the supernatant lgud
Analy=es of three preparations gnve the {ollowing
molar ratios: BaO:ALOGHO=1.14:1:1.08;
L1610 1120100848 The relatively

agreement sugeests that the departore from o 121

errrl

ritie may not be due to rnpiriiies, a8 wWoas first

bielieved,  TEmoy indieate, instead, that the sim ple
formuls @iven 18 incorrect, or that solid solation
In the absence of further evidenee,

formula BalO ALOGHAY will be

Ly oreur
however, the
used lor convenienee

This compound belongs to the eubie system
and has an index of 1644, X-ray dota are given
in table 1.

TR 0O.ALOLSTTLO

at boiling tempernture from barium alominate

This compound is procipitated

solutions over o wiude panee of concentration. It
muy he prepared readily by boiling o niaxture of
eibbsite nral Bariam ||I'|.'|||'1|\J|f|' anlution, the eon-
centreation of the lntter being of the oeder of 50 ¢
Bal) per liter
wrounid the particles of gibbsite,

filtered aud the Glteste
by boiling, a reasonably pure preparation of
2Baly AL AGHL) will be obtamed, The produet
is conrse erained and relatively resistant to attaek

The hyideate forms o coked mass
|F the aolution

& then coneentriled

by water and dilute HCU (fez 70
twio such

Analyses of

Proparmiions. @ive the molar ratios

Fynomm i

By, Al Hol)

T TR A LT e A ] ]
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1.96:1:4.85 and 1.93:1:4.75, The departure from
& 2:1:5 ratio probably is due to the presence of
a sinali amount of hydrated alumina. Most of the
water cail be driven off below 250° O, .

The orystals sre bigxial positive; indices wre;
a=1.842, f=1.665, y=1.676. The density is 3.42.
X-ray dats arc given in table 1.

Malquori's solubility diagram [2] indicates that
2Ba Al 5HQ is the stable sohid phase in
contact with barium alumingte solution over &
certain range of cencentration at 20° C. In the
present investigation it has been obtained only
from hoiling solutions; at %0° C only the 1:1
for 1.1:1) barium aluvminete hydrates have becn
precipitated, even from solitions saturated with
respect to Ba(OH),8H ). As a preliminary
determination of the stability of the 2:1:5 com-
pound at room temperature, equal quantities of
the zohid were placed In comtact with barium aln-
minate selutions of five different concentrations up
to saturstion with respect to Ba{OH). 8H0O, and
kept for several months, The solutions were
analyzed from time to time. In every case, the
solid dissolved slowly and incongruently with a

Boriom Alumingts Hydrates

slow increase in the ratio of BaO to AlO; in solu-
tion. These cesults require further confirmation
but they strongly suggest that 2Ba0, AL, GH.D
is not stable in contact with barium sluminate
solutions at room tempergture. The slowness
with which it reacts with water may easily lead
to an erroneous assumption of equilibrinom.

The X-ray powder diagrame and the photo-
micrographs were made by Mrs. E. Golovato and
the thermsal anslyses by E. 5. Newman, both of
this Burcau.
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