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INTRODUCTION

A repcrt is made herein of additional experiments performed oa the

oxidatio:. of zluminum in comaci with mercuric jodide. Previous reports (1)
pointed out the imporiant influence of relative humidizy on the oxidation rate.
These experiments were extended to relative humidities as low 23 275 and
adgitional experiments were carried out ai 27-1060% relative humidity.

X-ray éiffraction studies nave also been carried out for the purpose
of determ® ing the nature of the reaction products and with the hope that an
insight might be odtained inte she cruciz! role played by watsr vager *n the

overzll oxidatioa.




DESCRIPTION OF APPARATUS

p S LU Lo

The apparatus used in the oxidation- rate measurements was the

same as described in the Eighth Quarteriy Report {1).

The X-ray diffraction investigaticns were carried out using

cooper radiation and coaventicnzl powder technigues.




EXPERIMENTAL PROCEDURE

Tke procedure for measuring the rate cf cxidation of aluminum in
the presence of mercuric iodide has been given in the Seventh and Eighth

Quarterly Reports. Samples of Reynolds 99_999% aluminum, having

2

exposed surface areas of approximately i.25 em®, were used.

The oxygen consumed during 2n experiment was measared by a2
Pressure gauge; 2né vziues ¢f AP in mm Hg were converted to AWO in
2

2. X .
mgfcm™ irom the following:

AW= VM L~
i.25R T

VM . - -
where TZ}%E_I remained ccastant throughout the experiments. Yalues

of £ were plotied vs. time for each experiment ané the slcpes of the
linear porticns of the curves were graphically determined.

The oxides used in the X-ray diffraciion studies were investigated
cduring several periods of aging vnder various conditions. In ail cases
k¢ oxides were X-rayed immediately 2iter being taken from the reaction
chamber. Upon aging in a) a very dry atmosphere. b) a very humid
atmosphere, 2r ¢) at room conditions, for different lengths of time, the
oxides were periocically X-rayed. Comparison of succeecing X-ray

patterns indicated any chianges in crystaliiaity wpon aging under the

different condiliens used.
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RESULTS AND DISCUSSION

As previsasly reperted (1). the oxidation of aluminum occurred

linearly with time in the presence of mercuric halides and water vapor.
The siope of this linear curve was constant at any particular relative

humidity and increased with an increase in reiative humidity.

"

The first portion of this report presents additional data to be used

W

in conjunciion with 21! the previoas oxidation-ratc measurements. Severai
new saterated-salt solutions have been ".sed to giva relative humidities
diiierént from those used previously. The slopes of the oxidction-rate
curves are iisted in Table A along with the relative humidities obtained
from the saturated-salt solutions.
Figures 1 ang 2 are rate curves fo- experiments at 100% R.H.;
Figures 3 through 52t 92.9% R.H.; Figures é and 7at 74. 9% R_H.;
Figures 8 through 10 at 54.2% R_H.: Figurecs 11 and 12 at 26.6% R_H.

The influence of the relative humidity upon the oxidation rate is
noted in Figure 13. where the average vaiues of the different slopes {m)
are ploiled vs. the relative humidities 2t which the slopes were dete mined.
The lazy - S curve is very similar to Figure 33 of the Eighth Quarterly
Report (page 34) but additional poirts have been included which change

the shape somewhat. The rapid increase in oxidation rate is still noted

ir the 60-75% R_H. range.




TABLE A

Values for the Slopes of the Cxidation Rate Curves at Different
Relative Humidities at 30°C.

Saturated Salt Relative Slope (m) *A g. Slope (m)
Solation Used Humidity (%) mg())l cm?Z/min mg02/cm<imin
Distilled Water ~100.0 0.630 0.615
~100.0 0.610
(NH,)H, PO, 2.9 0.583
52.9 0.665 0.613
92.9 0.6350
BaCl,- ZHZO 85.0 - 0.559
(NH,;)ZSO_; 81.1 - 0.520
Na{l 74.9 0. 466
74.9 0.475 0.472
NaNOj3 72.7 - 0.409
NaNO, 63.0 - 0.271
NaBr- 2H,0 56.2 - 0.213
NapCr 04 54.2 0.200
54.2 0.20G 0.202
54.2 0.206
N Cro3 11.6 - 0.136
- Nal- 2H20 36.4 - 0. 03D
- KF 26.6 G. 049 0.047
26.6 0. 046

*Overall average slopes, using these data with data from page 8, Eighth
Quarterly Report. The value of m = G.566 for the last experirment at
100% R_H. in the Eighth Quarterly Report was omitted in calculating the

average.
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The latter portion of this report is concerned with X-ray diffraction

stucies of the oxides formed at different relative humidities and under varioss

Table B summarizes the X-ray éata collected on 2 number

aging conaitions.

of oxice ss mples.

in evary case in which the oxides wera X-rayed immmediately after

film regardless of

preparation, there existed ore to three faint lines on the

the relative humidity 2t which the oxidzs were formed. Upon aging in the

desiccator, even for long periods, the lines either became fainter or dis-

~y -

No correlations of these Jines couls he made with

2ppeared altogether.

- -

iorm of 2luminum oxide, mercuric iodide or metallic aluminno,

spacings 2re as fsllows: 2.20 A., 1.9% A, and 1.33 A,

One sample which was formed near 100% R.H. was placed inan

oven at 1i5°C. for ten hours. There zppeared to be no change in the stractare

ted), aza the small

of the oxice {one faint line which could rot be cosr

weight-loss was assumed tc be due to surface water. The same sample

was than placed in a high relative humidity ckamber (near 100% R.H.) for

sevexnty-one hours. The same single line 2t 1.99 A. was obsezved, After

returning this sample to the kigh humidity chamber and leaving it foz cne

moznth, the final X-ray exhibited seven diffuse lines corresponding to

0231505 - Hy0. or boehmite. The physical appearance, howaver, did not

Since this oxide had the tendency to form the monochydrate when

change.

kept in 2 high humidity chamber, the original oxide was assumed to ke a

more anaydrous form. Tais conclusion is consistent with the unchargzed



TABLE B

Oxidc Formed
at .H. (%) Aging Time Aging Conditions No. Lines Correlation

~ 100 (o] - 3 faint none
~ 100 16-1/2 hrs. Desiccator 1 faint none

81.1 O - 1 faint none
Desiccator none rone

Q i faint r.one

O - 3 faint none
21-1/2 hrs. Desiccato: 3 faint none
92-1/2 hrs. Desiccater 3 faint none

0O - none none

C Boiled in Hp0 11 5 032 « A1,03-H0
5 min. & dried
in air overnight

Boiled in Hy0
30 min. & dried
with heat lamp

Roiled in 0. IM
HC1 for 30 min.
washed in HZO’
EtOH & Acetone

64 nrs. Dessicater 1 faint

10 hrs. Oven at 115°C. 1 faint

71 hrs. - 100% R.H. 1 faint

1 month ~ 100% R_H. 7 faint-
broad

10/ Room 1-2 faint

60 ars. Room 7 faint,
sharp

86 hrs. Roor 17 strong,
sharp

146 hrs. 17 sharp

2 months 22 strong,

sharp




X-ray pattern of the oxide after heating in the oven at 115°C.

Another cxide sample formed at approximately 100% R. H. was boiled
in water for thirty minutes and Grieé with a heat lamp. The X-ray pattern
contained eight broad lines corresponding to e(Al,C3- H;0. This
demonstrztion further suggested the less hydrated nature of the initial oxide,

for Spooner (2) found tha* an isolated anhydrcus oxide was converted to

°!A1203' H,O when boiled in weter. A second oxide sz .ple formed at

22.9% R_H. underwent the same transformation tc c(A]‘1_03- Hy0 after
exposure to boiling water for five minutes and drying in air overnight. The
X-ray pattern contained eleven broad lines.

The formation of the trithydrate from the amorphous oxide 2lso
has been accomplished. The oxide was prepared at ;90% R.H. Two faint
lines. which could not be correlated with any known aluminum oxide, were
observel on the powder diffraction photograph. Upon aging at room conditior
{the sampie was placed in a plastic vial 2nd left on the table top) the oxide
began to crystallize slowly. After two months, the X-ray pattern contaired
twenty-two strong, sharp lines corresponding to the pattern of aAl,03-3H,Q.
The X-ray patterns at various stages of this transformation are giver in

Figure 14 over the entire two-month period.




FIGUGRE 14

X-Ray Powder Patterns Showing the Transiormation of Amorpasus
Aluminum Oxid: Formecd near 100% R.H. to ¢Al;,05- 31,0.

8€ Hours

¢
4
H
1

Two Mouths




Thereicre, under less drastic conditions than exposure to boiling

water a degree of hydration greater than the monoaxydrate was obtained.

Hurtig and Xolbi (3) similariy found a limited quantity of bayerite ( /3 .41203' 3H20)
«hen arhydrous AIZO3 2t 20*C. was lef: in contact with water vapor ior oze
month, Kiselev and Smirnova (£) found that 2 mixture of c(A1£O3- HZO and
0(.—1}203- 33-:20 was formed vhen anhydrous .%1203 wzas left in contact with
satuarated water vapor at 37°C. for several weeks. -

Ben:ley andé Feachem {5). on the other hand, found that the trihydrate
=23 forned when amorphous Al,03; was placed i siquid water 2t 20°C.. but
oxzly the monohvdrate was found wihen the 2mnorpous oxide was washed in

iquig water for four cays a2t §0°C. Other workers {6). (7}, .8), fsuc< that
the n.onohydrate was formed {rom anhydrous alumina when exposed to liguid
water or waier va2por 2t higher than room temperatures. The reasoxn for
the {ormation of different hydrates uander similar conditions apparently is
not vet understood.

The oxide szmples were often kept in plastic vials which were
exposed to direct sunlight for short periods during the aging. In order to
determine the possible eisect of 2ging in the preszace of radiatiosn, - few of
the amorphous oxides were exposed to infrared and ultraviolat light. No
eifect on the chemicai or crystallographic transformations v 15 observed.

The exact nature of the original armorphous oxide may be examinecd
by comparison of resulis with those of other workars. A consideratic body

of experimental information is available in the literature on the hvdration




and dehycration of 2ivrninum oxides. A few of the published reports waich

hava 2 direct bearing on these studies will be cited.

Althougz some authors consider the dGiiferesnt hydrated oxides as
kydrox:des, the authors of this report will use the notations boenmite anc
kydrargillite or bayerite as representing true hydrated oxides. A1;03-H,0
and .-11203- 3520. respectively. For instance. Glenser and Riech (9)
designate boehmite, hvdrargillite and bayverite 2s § A.O0H, ‘.%!(0}1)3 and

1l - gz .. iz s
2 Al(OH)s. They maintain that the phases shcui€ be cossidered 3s non-
stoichiometric hydroxides with changing CH contzn:. The same designation
was used by Torkar (10) when he stated that the trihydroxides only exisi
at relatively iow temperaiures, and the monohydroxide i room temperature
or slightly a2bove.

in 2 pa2per concerning the termmal decomposition of the kydrates in
dry 2ir, steam a2nd room air. S:tompf et. 21 {11} state that the partially
Zehivdrated 2iuminas tend to adsort water, but do not form crystalline
hvdrates at room temperalure. They assumed that rehydration may ke
piace at high temperature in the presence of water vapor. The irfiuence
of hydrate particle size, water vapor coatent, time, ftemperature and purity
was given with reference to the phasc traasformations. These acthzr
noted that the X-ray pattern of the procuct formed during the thermal
decomposition of P AIZOB- 3!120 was identical tc that cbtained for the
hvdrated oxide formed from the action of water with amalgamated 2leminam.

The present stedies, however, have yielded zhat apuears to be i
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orphous oxide formed by exposure of

amaigamaied aluminum te waier vapor. The nature of the initially-formed
amorpious oxige is still undefined, howeve-

in an extensive paper investigating the vacuum dehydration and
subsecuent reavdration of the alumina hydrates, Papee et. 21. (12) nave
girecily to the irihvdrate upca reaydration. The toizl dehyvdrated prodect,

A1,O 0.6 0. tensisted of two phases: bochmite, representing approximnataly

h
1y
[}
oy
o3
0
o
(4]

oduct: and the iransiticnzl phase, reprascnting 715% of the produci,
2né having 2 composiiion A1203- 0. 45552 . Upox rchydrztic: the btoeluaitic
shase remainec unzliered whereas the transitiozal phase was guantitatively
rransformed into baverite. ﬁ A1,0.-33,0. Detection of the two phases in

the dcayvérated product was difficult baczuse only the bochmitic phase was

casily detected by X-ra2y ar2lysis. The transitionzl phase appeared to de

raciicaily amorphous with only one X-r2y line 2t 1.395 A_ in the proximity
of very sirang lines of the over-shadowing bochmitic phase.

When the dchyération teok place under atmospheric pressurs, the
product indic ted only 2 very weak tendency for rehydration, 24 the Y-ray
Gizgrams were esod 10 identify the transiticnal phase as essentially <21 (X))
2lumina with the main lHnes at 1,365 A_, 1.92 A. (verv diffuse), 2.12 A
and 2,41 A,

The origizal oxide formed in the present study near 100% R.#H. and

under pressures slightly less than atmospheric, aged to Alz03- 3H,G.




Similarly, Papee ei. 2i. formed z traasitiona! phase of alumina by dehvdration
of hyérargiilite under vacucm, which subseguently rehydrated to Al,03-3H,0.
Both the originai oxide of the present stedy 2and the transitional alumina

exhibit similar X-ray difiraction patterns, namely much scattered radiation
zné oxiy one to three deflinite lines. Both these oxides 2150 apparently
coxtained less water tlan thei correspording to the monohydrate. Furthermore.
2 very iinely divided sample of hydrargillite useé in forming the transitional
2lumina was found Dy Fapee to be composed of lameliar microcrystzls having
ihe dimensions of 1,600 20 10,000 A. Heyxz 113§ fo=:qd inel the particie size

of the amcrphous oxide formed in this study was 100 to 2, 3638 > in size

These dimensions. then, 2re ox the same order of magaitude.

Tae traansitional alumina exhibited 2n X-ray pattern resembling that
of chi (X ) alumina. The oxide fermes in tiis study 21so exhibited 2 strong
X-ray line (1.9¢ &A.) close to 2 difiuse lina of chi-alumina (2.00 A_}.

DPapece et. 21, have proposed 2 mechanism for the formation of the
transitionzl 2icmina based on 1) casc of water vapor transport through the
oxide znder varying pressures. and 2) size of pores through the oxids, and
3j e specific seriace 2rea. It wa> found By adsorption of TgHy, 03

Tansitionzl 2lumina that the smailer the pove size the greater the desree of
reaydration. This tendency for rehydration was directly relzated to the
rery large specifiz surface area and the small pores of the transitional

alamina. Likewise for amorphous oxide formed in this study it was assaumed

that the finely divided material indicated 2 very large specific scrfsce area.




Bernard and Randall {12) have maintained that the diffesion rate of
wzier or waier vapor tirough aluminam oxide layers is the governing factor
in hydrated oxide growth. Trerefore, not only is water transport 2 major
fzctor curing dehydration of 2 hydrated phase to transitional zlumirna, bat it
is conversely a mzjor factor in hvdration or rehydration 25 well. From
either cirection {dehydratior. or hydraticn) 2n intezmedizte material, such as
transitional alumina may exdst which is the easily rehydrated phase 2rd
which is primarily dependent on the same factor,water transport. AssSuming
ihis to be true, it appears that the initizlly 2morphous oxide may be similzy
to the iransitional alumina described by Pzpce.

On the otker kand. there 2lso exist points of cissimnilzrity betwean
the two oxides. Tae methods of preparation are greatly different, i.e.
vacuurn dehwvdration of hydrargillite at high temperature for transitional
2lemina and essentially room temperature growth from amalgamated
2leminum at high relative humidity for the amorphous oxide of this study.
The "d™ spacings for the transitional alursina {1. 395 A_) do not correspond
to the main X-r2y line for our oxide (1.99 A.}: and the product for the
rehydration of transitioszl zlumina was IB Al,O3- 3H,0, whereas the hydrated
product of our axide was O .:uzos- 3H2Cv. Finzaily, the existexzce of cki
aiomina indicates 2 {ormartion temperatare of 400-600°C. 1t is unreazsnzdla
to belicve that suzh temperatures were reached in the reactior vessei.
Concering the two methods of rehydration of these oxides, the transitional
alominz was rehvdrated in liquid water at 25°0.., whereas sur cxide was

rehydrated in air under room ccnditions.




iy
$y
»

in

T 2ppears that the tramsitional 2ivmina of Papee et. 2l

e
0
n
"

milar in maar respects to the 2morphoss oxide formed in the present
study. The similarity is not guantitative, however, ané future studies sheuid

-

deterrmne if these points of difference 2re one of degree or of kins.

) Tne chief experimerntal fact whickis lacking 2t the present tire is the
water coaient of the smorphows oxide. Unegrivocal measurements designed
i0 determine the composition of the product are difficuit to formclate because
of the possible perturbing infineace of smail amounts of unreacted mercuric
iodide. metallic mercury, 6r particles cf aluminum &2 gievimetric or

ther.s2i measurements. Considcraticfi is being given at tha r~resent innz

1o carrying out such experiments.
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