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ACTION OF CAUSTIC HYDROXIDES UPON ALUMINIUM,

It is commonly stated,in the text books, that caustic soda
and caustic potash dissolve aluminium with the evolution of hydrogen
and formation of aluminates.

A number of aluminates have been obtained by treating the
oxide or hydroxide of aluminium with alkalies either in solution or
in the fused state.

Thus Unverdorben # gives an account of the preparation of
potassium aluminate by treating aluminium with a solution of caustie
potash, He says that the solution saturates itself almost completely,
though there always remains some free potash. He separates this from
the aluminate by washing with alchol after evaporating to dryness.

No data were given but he c¢laims the compound contained.

0 3%

A1,0, 52.13 4
L

K,0 - 47.87

This agrees quite closely with the anhydrous potassium

aluminate K Al O

4

- 74
Al0, - 52,02 3%

K0 - 47.98 4
Hydrous c¢rystalline aluminate of potassium was first obtained by

Fremy ##. He prepared 1t by treating amosphous alumira,which he ob=

tained by precipitation with ammonium carbonate,with fused caustic

potash or a solution of the sane.

# Poggendorf's Anmalen Vol. 7, Page 323 (1826).

#4 An. Ch. Ph. Series III, Vol 12, Page 362 (1644).
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In either case he evaporated the soclution under an air pump
and obtained some hard and brillisnt crysials which were very soluble
in water but insoluble in alcohol.

Fremy recommends dissolving the salt in a weakly alkaline
solution and recrystallizihg.

He noticed that it was only partly soluble after heating.

He dried in a vacuum and analysed with the following results:

Name Analysis Caleulated
of for
Substance K2A1204.5H20.
Al © 40,60 . 40,75
2 3
KZO 37.50 37.66
HZQ 21.20 21.59
Total 99,30 100.00

He says that the sodium compound is prepared in a similar
manner but crystallizes less readily.

The only account of an attempt to isolate the products formed
by the direct action of the alkalies upon metallic aluminium was
published by Cavazzi#.

He found that a solution of sodium carbonate will evolve
practically the same amount of hydrogen per gram of aluminium as a
solution Qf sodium hydroxide. He calculated that the first action is
between the metal and the water.

He states that 0.665 grams of aluminium were dissolved in a

boiling solution of cne gram of sodium hydroxide in 20 c.e., of water.

# Gazetta Chemica Ital, N0, 15, page 202.
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He then evaporated the solution to dryness and obtained a
gummy substance soluble in water,which contained for every 23 parts of /|
sodium 26.11 parts of aluminium instead of 27.1.

An experiment was also tried with a solution of petassium
hydroxide. The evaporated solution also gave a gummy suhstance
soluble in water,vhich for 39.1 parts of potassium contained 26,25
parts of aluminium,

Cavazzi also noticed that the amount of hydrogen e¥olved
in the action of an alcoholic solution of caustic potash on aluminium
depanded upon the amount of water present. The more water,the more
hydrogen will be evolved.

He concluded that the compound formed was K2A12@4, for he
claimed that one equivalent of alumirium was dissolved by one
equivalent each of potassium or sodium hydroxide,but it was found in
the laboratory last year that after the action between aluminium and
the alkalies had gone on for some time,a precipitation of AJ_(OH)5
takes place. This is caused by the hydrolysis of the aluminate.

Thus = K2A1204«§4 H0 - 2KOH:2 A1 (OH)S

If this be so,a certain amount of free potash must be found.

The question then arose,why would not more aluminium be
dissolved by this caustic potash set free?

In fact experiments showed that several times the theoretical
amount of aluminium could be dissolved. The evolution of hydrogén

ceased only after the metal had become coated over with a porcelain-
like layer of Al (OH)S'

Tt seems probable that the reaction might be carried on to

any length.



(4)

Although Cavazzi showed that water took part in the reaction,
the remainder of his arguments for the composition of the product seem
inconclusive.

The objJect of my work upon this subjeect has been to investi-

gate more thoroughly the action of caustic hydroxides upon aluminium.

Composition of the Metal.

The metal used in our experiment was so called c/b. aluminium.

In the analysis of it we followed in general,the methods given
by Handy#-

(1). Determination of Iron.

The method recommended in this journal viz. titrating with a
standard K Mn04 solution,was tried and found to yield unsatisfactory
results owing to the small amount of iron present in the aluminium.

The K Cwm S solormetic method was then tried. In this a
standard iron solution was prepared by dissolving 0.1 grams of piano
wire in 5 c.c. of concentrated hydrochloric acid,10 c.c. of water and
a pinch of potassium chlorate. The whole being diluted to 200 e¢.c.

1 c.c. of iron solution =0.0000499 grams of kion.

1.0024 grams of aluminium were thén dissolved in acid and
diluted to 50 c¢.¢. and put into a Nessler's tube.

A blank with the same amount of acid as was used in dis-
solving the alumirium was prepared in another Nessler tube and |

diluted to 50 ec.c.

About 2 c¢.c. of K Caa S éolution was then introduced into each
and the number of c¢.¢. of standard iron solution required to give,under

the same conditions,the same intensity of color was noted.

# Journal of American Chemical Society Vol. 18, Page 766. (1896).
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The blank required 0.2 C.c. of iron Solution.

The Substance " 1.3 ¢c.c. " " "
1.3 - 0.2-1.1 ec.c. of iron solution cdrresponds to the

amount of iroﬁ in 1.0024 grams of aluminium, or 0.054 per cent.

(2) Determination of Silicon.
The method used was that given in the above reference.
The ignited filter paper and residue were treated with hydro-
fluoric acid and a few drops of concentrated sulphuriec acid. The 1oss‘
equals silicon diexide.

Analyses.,

Number Wt. of Metal| Wt. of Sioz Wt of Si. |Bercent Si.

1 1.0000 0.0089 0.0042 0.416
|
oft 1.0024 0.0093 0.0043 0.43 '
(3) Test for Copper.

The aluminium was treatéd for copper as described in the
reference.

The solution of the metal was treated with zinec to precipitate
the copper. The residue was dissolved in diluted nitric acid,filtered
an evaporated to dryness.

The evaporation was repeated with concentrated H Cl,the re-
sidue was taken up with the water and K4Fe Cu6 added. Not the slight~

est trace of eoloration appeared.

#Analysis made by Dr., Allen.
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1
2
3

Three methods w

Precipitation with N Hép H.

(6)

ere used.

Precipitation with N H,0 H‘*(N'H4) 2 s.

Determination of Aluminium in Metallic Aluminium,

Precipitation by passing carbon dioxide through a caustie

hydroxide solution.

In all three methods the aluginium was dissolved in HCl,filter-

ed and the filtrate diluted to 500 c.c.

A portion of this solution was then taken for analyses.

The following results were obtained:-

1 By precipitation with N H40 H.
1.0011 grams Al to 500 e¢.e¢. solution.

Number Amount of Solution| Weight of Metal| Weight of | Percent of

taken in Al.in metallic
for analysis Solution A1203 Alluminium.
1 50 ec.c. 0.10011 0.18802 99.60
2 50 c.c. 0,10011 0.18772 99,43
2 By precipitation with N H40 H< (N H4)2 s.
One gram of Al., in 500 e, ¢. of solution.

Numb er Amount of Weight of Weight of Percent of Al,
solution taken Metal in in metallic
for analysis Solution Al,04 Alluninium

3 75 c.c. 0.15012 0.28096 99,34
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(3) By precipitation with CO,, 1.0008 prams of Aluminium
in 500¢.e¢. of solution.
Number Amount of Weight of Weight of Percent of Al,
solution taken Metal in in metallic
for analysis. SQlution A1205 Alluminium
4 75 ¢.c. 0,15012 0.28224 99,707
] 5 75 ¢c.c. 0,15012 0.28146 99,43

Number four was not washed as thoroughly as Number 5., hence it
is possible that some potassium salts remained with the aluminium.

Great care was taken to weigh the dehydrated aluminium quickly
atfer removing from the sulphuric acid desiccator,as we found that it
absorbs moisture rapidly when exposed to the air.

We also tried the expseriment of heating these precipitates in
the muffle furnace at 1000 degrees C, They still absorbed moisture
rapidly when exposed to the air.

No determinations were made for carbon in the metallic

aluminium,on account of insufficient time.
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Potassium Aluminate.

Method or preparation. About 2.25 grams of aluminium,cut into
small pleces was treated,in a large silver cricible,with a 10 percent
solution of caustic poﬁash} About 7 grams of K 0 H being used.,

The whole was heated by a Bunsen Burner. The flame should
be keptilow,

After the action,which proceeded quite violently at first,had nearly
ceased ,the whole was filfered into a small svaporating dish and placed
in the vacuum desiccator which was thern exhausted.

In from two to fbur day,depending somewhat upon the temperature,

crystals of potassiuﬁ aluminate commenced to separate out., It is
better to filter befofe crystallization,as some alumina,formed by
hydrolysis,separates out‘éﬁring the evaporation.

The filtrate was again placed iﬁ the waccum desiccator and in a day
or so was evaporgated to dryness.

The crystale were unext pressed with a filter paper,to absorb any
solution remaining upon fhem,and then transferred to an agate mortar
ﬁhere they were rubhed with absolute aleohol until all the free’KOH
was removed.

They were then dried between filter papers,then on a porous
plate and finally placed in a vacuum desicedator ovevcoucz. H2804’ to dry.
The ¢rystals formed botryoidal aggregates and vhen the mass was
examined under the microécope we found that it appeared to bLe made up
of wart like masses,and these in tufn seemed to be composed of a great

many translucent plates. They were quite hard and a xnife blada had
to be used in removing them from thé dish. On the other hand they

seemed quite brittle and were easily groun& to a powder.
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Quite a large number of potassium aluminate preparations were made
while only a few fairly good analyses were obtained. This is due to the
Tact that it is extramsly difficult to dry them thoroughly,and after
they are dry to keep them so0 while transferring from one dish to
another or while weighing.

We found that it would constantly gain weisht even in a ground
glass stoppered weighing bottle while standings in the balance case.

Another difrTisulty with which we had to contend was to keep them
from carbonatinzg. A very short exposure to the air is sufficient to
form enough carbonate to throw off the anddlyses a few tenths of a
percent.

Method of Enalysis.

After the aluminate had become thoroughly dry which required about
seven days#, it was quickly transferred td a weighing bottle and a
portion weighed out for a water determination,and one for alumina.

For the determination of water a weighed portion was heated in a
platinum c¢rucidble,for several minutes with a blast lamp,which gave us a
temperature of about 850 degrees C. After cooling in a sulphuric acid
desiccator it was weighed again. The loss represents water.

The alumina was determined by precipitation with NH40H.

The filtrate from the alumina was evaporated to dryness in a
platinum dish,over a water hath. The residus was treated with HpS8504

and the potassium determined was KZSO4,

LR A e e -

# %This point was determined by making water analyses every few days

until the warer remained practically coustant,.
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Analyses:
Number H K
K
2A1204,5320 21.56 40.80 37.63
1 21.82 40,25 57.93#
2 21,57 40.61 37.02

We also tried drying the potassium aluminate,by heating in an
abmpsphere of hydrogeh at 100 degrees to 105 degrees C,

After b 1/2 hours heating it failed to lose weight.but pained a
very little.

This was probably due to the formation of a small amount of carbon-
ate although a stream of hydrogen was kept constantly passing through
the vessel in which the heating was carried on. After cooling an

analysis was made with the following result:

i 3 ¢to K 9 & 3
Constituen 2A12 4.'Z>H2e'} Found
Hy0 21.56 21.49
Al © ‘
oYz 40.80 4@.56w
K 0o
2 37 .63 57.59#

Sodium Aliminate.
The sodium aluminate was prepared in a very similar manner to that of
the Potassium aluminate,
Two preparations were made and the product in each case was to all
appearance identical.
In the first we treated 1.12 grams of alumindum with flve grams of

NaOH in a 10 percent solution,while in the second we used 2.71 grams of

# By differencs.
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aluminium and 4.0 grams of NaOH in 50 c¢.c., of water.

After about thres guarters of an hour the aluminium was nearly
all used up,but hydrolysis had thrown down a cousiderable wuantity of
erystalline Al(OH)S .

This was filtered off and the filtrate placed in the wacuum

desiccator over wight., A thick,transparent,highly refra:tdeiug
liquid was obddined. This was Tiltered into a watch glass and allowed to
remain in the vacuum desiccator until amothing but a gummy mass remained.
It was then transferred to a mortar where it was repeatedly washed with
absolute alcohol,at the same *time being mixed ahout with the pestle.

In a short time it became whiter and looked very much like taffy
candy.

We then placed it in the vacuum desicaator and coucentrated sto

and P
205’
An analysis was made of the first preparation,about two weeks
after 1t had been placed in the desiccator to dry.
The mass was still quite gummy when the analysis was made.

The following results were obtained:

HO = 32.897%
(57
Nazo — 27.06 ¢ (By difference)

The second preparation was analyvsed after drying ten days over
concentrated sulphuric acid in the vacuum desiccator,and also again

after remaining over P 05 until & portion had become somewhat brittle.

2
The following results were obtained:

First analysis H20 = 33,94 %
AL0, - 43.68 %

Na,0 .- 22.38 % (By difference)
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Second Analysls

H,0 = 31,54 ¢
A1,05 = 40.46 %
Na 0 = 28.00 7 ( By difference)
A third analysis was made Tor water after one wmontn's drying
giving  H,0 = 32.16 A

Calculating the ratlo of A1203 to Nazo in both preparations we find:
(1) Alp0,: Nay0 ::3.9:4.8  1:1.23

(2) A150,, Na,0 713.9:5 1:1.26

In bLoth cases it 1s nearly 1:1 with the soda in slight excess.

This shows that the formula is most probably Na2A1204.x H,0
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Lithum Aluminate.

The 1lthium hydroxide used,in the preparation of the aluminate
was freed Trom any carbonate by boillung with calcium oxide and Tilterw
ing.

Two grams of aluminium,cut into small pleces,was treated with four
grams of 1ithium hydroxide in 70 ¢.c. of water.

The astion is quite violent axd as scow as Lt has agearly ceasad,
or vhen the solution bscomes saturated with lithium aluminate, the
liquid dis filiered into a porcelalin dish and plsced in the vacuum
desicecator.

In fifteen or twenty mirutes all of the lithium aléminate will
separate out as a pure white,soapy looking mass,

This was filtered and washed repeated with cold water. It was then
washed with alechol,dried hetween filter papers,then on a porous plate
and finally allowed to stand in the vacuum dsicceator until it was}wfﬁ%ggﬁz?h’ég

When examined under the microscope it anpears as wart-like
aggregations of very small crystals.

An experiment was made in which I tried recrystallizing from a &
percent sdlution of LIiOH but no c¢rystals separated out after standing
for nearly a day in t'.e vacuum desiccator.

s
1

Thig shows how diTTicultly soluble the lithium aluminate is in a
1ithium hydroxide solution.

Six differsnt preparations were made but no good results were
obtained owing to the extreme difficulty in drying them and at the
sane time keeping the carbon dioxide,in the air,from converting
the partially intd lithium carbonate.

The first and secdnd preparations wereall used up in malking water

analyses,to deternine when the substance was dry.
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The water in the third preparation decreassd from 41.40% to 40.98%
after standing six days 1a the vacuum desiccator,
Further analyses of this cowmpound were prevented by an accident
but the last water determination corresponds rather closely# with the

water in Lizo 231205. 9H20.

The fourth preparation durred brown while drving. Thils was
probably caused by a 1little 1lthium hydrate which was not completely
washed out and whic. h colored the alecohol in washing.

The fifth preparation was heated in an atmosphers of hydrogen for
elght hours,after which it gained slightly.
Examination showed that some carbonate had formed during the
heating.
Thd slixth preparation was drled over conc. sto4 and p205 for five
days.
Adalyses gave the folloving results which show that some free
aluminia must have been present.
H,0 = 37,487
AM-05 = 59,627

1i,0 = 2.90% {By difference)

# 40.98 7 irnstead of 40.45%,
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Barium Aluminate.

The barium aluminate was prepared by dissolving 12 grams of

Ba (OH .
a( )2 8 Hzo in 30 ¢.,e¢. of hot water.
This was filtered into a 250 c¢,ec. round bottom flask.
About 2 grams of aluminium was then added,a few pleces at a time,
had nearly ceased before introducing

streaam of hydrogen

waiting each time until the action
a

any more,
The flask was heated cover a water bath and
passed through 1t to prevent the carbon dioxide,in the alr,from entering

consideravle guantity,of a granular,trans-

=

and forming harium carbonate.,
&

After about two hours
rarent,crystalline substance formed adhering to the glass vessel and

to the strips of aluminium,.
The liquid was decanted and the crystals washed into a Tilter where
iy G &L

the pieces of aluminiim were separsted out, the crystalline layer of

barium aluminate bveing broken off,
The crystals after being washed with water several times were
transfTerred to a large watch glass vhere they were treated with water,
and carton belvg washed away.

the lizhter portions,irnc¢luding siliccen
and on the porous plate the

After drying between filter papers
crystals were placed in 8 calcium chloride desiceator to dry.

The barium aluminate has a high specific gravity,is iuscluvble in

water and is very easily carbonated when exposed to the air for any

length of time.
WVhen examined under the microscope the crystals appeared as small

rectangular,transparent plates.
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The following results were obtained upon ahalyziug the crystals:
Preparation I,
This was allowed to remain over Ca012 Tfor 12 days and the
water decreased from 14.E6 %'t& 15.1%5.

No analyses were made for BaQ or Alzﬂ
5-

Preparation II,.
H,0 = 15.23%
Ba0 — 60,409

. o
81,0, = 21.697

PreparationIII
Ho = 14,547
Ba0 — 59.30%
o
A1205 = 24.03%

Another preparation was madse in which the flask was heated by the

direct flame just hot enough to keep the solution in geutle ebullition.

After about four hours the liquid was diluted with hot water,filter=
ed and washed.,

A large yeild of a very fine powdery substance was obtained which
after heating, in an atmosphere of hydrogen, till its weight remianed

practically constant, analysed with the following results:

HO - B33, 407
Ba0 =  6.29%
A12°5 - 50-51% (By difference)

This shows that there was probably some Al O

203 set free during the

preparation.

The akalytical results obtaired in this study seems guite incommen-

surate with the large amount of time put on the work,but the difficult=

ies encountered in preparing pure substances were so great that much had
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to be done before proper methods of preparation were discovered,
The sodium and potasium compound arc very sasy decomposed by water
and all are sensitive to the action of carboni€ acid. Besides,the
compounds loose their hydroscopic moisture slowly so that hheh time

was consumed before they were readyr for aralysis.
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ywew Mehtod for the Determinstion of Aluminium,

The 0ld method for the determiration of aluminium,that is by
precipitation with NH40H affords considerable difficulty for the reason
that the alumina comes down &as a collidal precipitate which soon fills
the pores of the filter paper,thus causing con:-ideratle loss of time
ir washing out the soluble salt, and if the precipitate be large it is
almost an impossibility to wash it through without some loss.

For this reasons experiments were made upon the precipitation of
alumina from an alkaine solution, by means of carbon dioxide,.

Very safisfacotry resutls were obtained as all of the aliminium

cabh be precipitated and it comes down as crystalline Al(gg)s whieh can

be filtered quickly ard consequently washes through in a short time.

This method can only be used in the absence of metals of the fourth
groupe,incliuding Lithium,t=t—3¥4 1.e. in the absence of &l metals
which will form insoluble carhbonates.

The substances in which the aluminium is to be determined,should be
dissolved in acid,preferably hydrochloric acid,care being taken not to
add a large excess,

¥ow dilute about 200 ec.e. and gradually add to this sclution of
KOH until the precipitated alumina redgssolves.

THe sﬁkam of carbon dioxide is now passed through the c¢old solution
until aluminium is precipitated.

Remove and wash thoroughly the glass tube through which the carbton
dioxide was le®d irto the sclution,

'~ Place the beaker with both solution and precipitate over a Bunsen
bruner and heat rearly to boiling,allow to settle,decant through a filter
paper and wash once by decantation,using from 150 e¢.c. to 200 c.c. of
boiling water,filter and wash the A1(OH) remaining on the filter

several times with hot water:
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Dry and ignite,in a weighted platinum crucible,at a white heat.

Allow to cool in a sulphuric acid desiceator and weigh as Al 0
Y.

3
The following tables give a few results showing the degree of

accuracy which can be obtained by this method.

The substan ce analysed was Ammmnium alum, (C p)
Weight of Time Weight of | Aluminium
of in Found
Kumber | Ammonium A1.0 Ammanium
alum Precipitation 2735 Alunm
0.3068 30 min. 0.03392 5.978 % 5.860
0.5034 60 min. 0.05792 5.978 % 6.101
0.7622 45 min, - 0.,68742 5.978 % 6.082
1.9389 60 min. 0.21822 5.978 % 5.96,

A few other experiments were made in whiceh I tried this method of

precipitation from a nearly saturaded soclution of potassium sulphate and

also from solution containing lithium salts.
In each case 200¢.c. of sclution was used. In which Number 6 and 7

Li(OH), was firat dissolved in hydrochloric acid and: then added to the

solution.
Weight off Weight of Time of |(Weight |Aluminium

Number | Amonium | Foreign Salt|Precipi~ of in Found.

. alum added tation.  |Al_O, Armonium

23 alun

B L7245 16 gr.K2564 60 min. | 0.0786 |[5.97% 5,75

B .2593  0.4" Li(OH)5 | 1 1/4 hr. 0.03522|5.97% 7.16

7 .6384  0,6" Li(OH)p | 1 1/4 " | 0.08252|5.97% 6.84
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The above reai 1ts shows that it is possible to use this method in

the presence of suphpates,while by the old method the results are always

too high. It being necessary,in such cases,to dissolve the precipitated

alumina in HC1l and reprecipitate with NH4GH.

We thought for a while that this method could be used in the presence

carbonates,especially the acid carbonate¥#

of lithium salts as the
are somewhat soluble 1n cold water, but aRalysis 6 aad 7 show that

'%io high results are obtained although the precipitate was washed

thoroughly with both hot end cold water.
In each of the above cases the filtrate was tested for aluminium

with NH OH and(NK4)2 S but in no case was the slightest precipitate

obtalned.

—a—

# One hundred parts of water dissolve:.X,48 parts of Li 00
2¥Yz at 15 degrees.

100 par ts of water dissolve 5.5 parts of LiHCO5 at 13 degrees.
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