
STRU- AND PHk’iE CHANGm IN ‘THERMALLY TREATED 

MIXED HYDRO2U.DES OF Mg AM3 AI-EFFECT OF COMPACTION 

MechanicaDy mixed (I) and Goprecipitated (El), hydroxides of magnesium 
and alum%Gum were investigated in both powder and compact forms in the tem- 
peratunz range NO-HlOO”C using DTG, DTA and X-ray te&niq~~. 

Upon thermal treatment of the me&a&&y mixed hydroxide, the solid 
mater&l gives rise to products which at fit -me poorly crystaltine and then 
gradually pass into the crystalline state izidicating a mixtunz of MgO, 6, 6 and 
Humina t-ether with a new splnel. l%is new spine1 is stable in the temper- 
ature range 40&80O”C--th~ of its distinct d-spacings are at 4-87, 3-86 and 
3-74 A. 

Cqmcipitated hydroxides (n) pmved to constitute a new specks-prubab~y 
a hyd&ed sp*mei_ The spinet MgAlrOd commences to form at a temperature as 
Iow as 2oGQ6- 

Compaction with either 10 or 30 tons &I_“~ deceases the crystaltinity of 
products fmm II) dehydn&d GOO’C, whereas it favours crystailizatjon for the 
products from II_ Above - so0 “C, compaction has no appr&able effect on crys- 
tiliihSti0n. 

WIRODUCX-XON 

Mixed oxides, especially binary systems, have been employed succe&%y 
in many industrial catalytic ~nx;esses’*~- Reoently, Linnett and R&man3, have 
focussed attention on a type of such Systems in which both metal ions play a part 
in the geometry of the crystals. These systems an: spineIs witfr the font&a 
Mfl?M,,o- B”~~IY systems ia which Al and Mg form the trivalent and dialent 
metal ions, nzqectivety, have iately attracted some attentionc7_ Some surEice pro- 
perties and stxuctu& changes accompanybg the cakinatkn of the mixed hydmx- 
ide system were investigated’. However, in view of the oxideloxide interaction 



2_J_ Materid 
AWninium bydrwxide was prepared by the slow addition of 12 M ammonia 

soWion to an equal volume of 0_4M akninium nitrate (BDH) sofution. The fi- 
naI pH of the medium was 8.15. Magneskm hydroxide was also prepared by 
slowly running 2M ammonk solution into an equal vohune of I M magnesium 
nitmte (BDH) solution. Both precipitates wen= thomughIy washed with 1% am- 
monja solution and dried at IlO*C to constant weight T6e watex content of the 
prepared Al( and Mg(Om is 3434 and 30.88%, respclrctively. 

The pan=nt hydroxides are mechiinically mixed in I:1 mole ratio in suspezz- 
sion form. The pH of the medium was 8.75. The mixed precipitate (I) was then 
fikzd and dried to constant weight at 110 “C. Its chemical anaIysis comsponds 
to the formuIa MgO - 1.05 AJfl3 - 3.53 Ha. 

Copnxipitated mixed hydroxides of afuminium and magnesium were 
formed by pnxipitating a mixed solution of equal volumes of 031M magnesium 
n&ate and 0_4M ahninium nitrate with 1.6M ammonia solution_ The pH of 
tfre supernatant I@uid was 10. The pr&&itate @) was though!! washed wirh 1% 
ammonia solution till NO; fnee, firtered and dried at llO”C to constant weight. 
Chemical analysis of thii preparation a&sponds to the formula MgO -0.99 
AI,03 - 43 H&3_ 

Samples of the mixed hydroxides I and II were compacted in the form of 
pelrets under presures of IO and 30 tons in.“’ and are designated MC&, MC,,, 
M&_lo and MC&,,_ 

Ikbydration products of I and II in both powder (Mp, and MPd and cum- 
pact forms were obtained by therm& decomwtion in nitrogen atmosphere at 
tempemtures ranging between 2fXbItMlO *C for 5 3_ In case of compact& sampIes, 
compaction was eff’ prior to heat treatment The temperature of dehydration 
is in&cat& between parenthesis next to the sample symbol; thus, e.g., sample 
MC&, (200) indicz&es copredpitated mixed hydroxides (II) compacted under 30 
tons in.‘2 and heated at XN.3 “c for 5 h. 

2.2. Apparatus and rechni@ue 
Thermogravimetric anaiysis was carried out with the aid of an automatic 

rec&ingth em&aIance, at a heating rate of 10°C min?, manuf&ctured by 
Gebriider Netzsch, ABT, friifm sek Bayem, G-F-R 
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Diffkrential thermal analysis was carried out using high temperature a-al- 

umina as inert standud and a program temperature controller “Ether” transitroi 
type 9SW2 was used to permit a Iiear rate of heating, being 1Odeg rnin-’ 
together with a Cambridge Reconier Mode’t ‘W’ for recording the temperature 
difference, 

X-ray diikction patterns were obtained by means of a GeneraI Ekctric X- 
ray Diffraction Unit, Model XRD-6, using Ni-filtered Cu radiation. The ddis- 
tances were calculated and cornpax& with their relative intensities with recently 
pub%hed patterns’ and also with the data in the A!%M cards9_ 

RESULTS AND DiSCUSSION 

Therm~vimetric analyses of aluminium and magnesium hydroxides re- 
presented in the difkrentid form in Fig. 1 (curves a and b) show a sharp band 
in each, centered at 280 and 3fiO “Cwhich axe associated with their decomposition 
to the corresponding oxide namely Al203 and MgO, mpectively. At temperatures 
below Z?O*C some toosely bound water is evolved. 
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weakly bound water, an in- temperate legion covering the range 180 
to --5oo”c, WIlenz variabIe stlWtu& changes seem to’take pke with the evo- 
Iution of most of the water cxmtent, and a high temIxz3mlre region above 500°C 
and~~enent,~tismslinlyduetotfieevoIutionofthe~gtrar;es 
of water. The dehydration of this mixed hydroxide Isgins at a reIativeIy tower 
~~(-180oc)thanthe~aonstituenthy~.No~dis- 
tincfefIiiofeacb axqunent anz de&y observed, but compact&n ,beIow a 
presswre of 10 r.ons iIL-= seems to cause the MividuaI hydmxides to’manikst 
~resauradawkieshouMeaiT;ohsenredatl80_380”efo~~byamax- 
imum at 42U”c @ii Z&b)& Inaease in compaction to 30 kq in--* appears to 
-_ _ 

dstmgu& firrtfier the MividuaI efkcts of the decompp&itio~ of each hydmxkk 
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Coprecipitate& pgamtion II does not show an initialm slow rate process in 
its l3TG curve @iiS 3(a)) but instead a rapid evolution of water irapour takes 
pke and continues to bigber tern pemum+~p to 570 “C. This broad peak shows 
a plateau over the tempemture mnge 170-380°C. 
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A comparison of the low temperahne region in both I and II impI& that 
the initial ~rn~~~ of each are difkent. Though both amtain auburn and 
magnesium hydroxides as starting materials and as identified by XRE, it seems 
that in -On II an a.morphow compound is form&, probably a form of a 
hydrated spine& which is easily dekiydrated at low tempe&ures. The formation 
of hydmted spin& under similar co+iitims was previously neported with other 
ox&te sy!Stems4- 

compaction with 10 -and 30 tons in._2 - IS found to favour the .dehydration 
of the individual components to some extent, to take p’ace abruptly with no o+ti- 
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DTA curves of aluMniurn and magne&m hydmxicks digplay one emb 
thermic peak ezxh, centered at 320 and -4lO”C, respebrely; which are at their 

_ _ 

-preparation 0 displays two endothexmic peaks at 330 and- 410°C 
FLi 4(a)), which reflect the cfiaraderlstic features of the individual mmponents, 
namely aluminium and magneskm hydroxides. 
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Compaction afl” only the height of the endothermic peak at 415”C, 
which may result if in such a compaction process the aluminium hydroxide sur- 
roundsthe magnesium hydmxide to form a shielding~ effkct (Figs. 4(b)-and- (c)J_ 

pnquatkn II dispIays only 01~5 endothemtic$eak akmen- 
cing with a steep shoukk and centered at 320 “c- (Fii. S(a)). Two pmcesses are 
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believed to take place axxsecutively, one responsibIe for the shoulder and the 
other for the peak at 320°C. From XRD, the starting material shows lines char- 
acteristic for both aluminium and magnesium hydroxides with those of the for- 
mer hydroxide more pronounced. This signifies that upon ~p~pi~tion the al- 
uminium hydmxisie formed a shield around the magnesium hydroxide- This 
might be due to the adsorption of aIuminium hydroxide on the surface of magne- 
sium hydroxide. As a result of this adsorption, there is an indication of some in- 
teraction between both hydroxides to yieId a new compound (cf. section 3.3) 
which might be tentatively called a hydrated spineI_ Ako the compiete disappear- 
ance of the endotherm at 415 “C characteristic of the Mg(OE&MgO tmnsforma- 
tion, is in agreement with the XRD results which prove the presence of the spin- 
ef MgAl@a at a tempexaturu as Iow as 200°C. It is, therefore, reasonable to as- 
sume that the observed endothermic effects arise from the dehydration of the hy- 
drated spine! and the spine1 MgAl#g together with the decomposition of the re- 
maining giite_ 

Compaction d&.. not -infIuen& the general trend of. the DTA curves 

ob&M (Fig. S&) and (c)). 



X-ray diE&n pattems determined for the indkidual component hydrox- 
idesand represnted in the four of the Dehyogram of Fig. 6 identifies alum& 
tium hydmxkie to he aomposd essentially of hayerite and traces of hoehmite” 
wheras rnagnaium hydroxide CXXUIS as brucireg. 
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The mecMy mixed pneparation I, in both powder and compact forms, 
shows deariy the CharaderIstic diffraction lines of the two hydroxide components, 
bayerite with traces of boehmite and bzucite Chmpactbn affects the cryzsta%nity 
oftksamplesingenera),andusing30uwsift_-”compactionorusesa~ 

- _ intheintensityofthepeakscharadensung the samples, Upon the iahamal 
heating of the me&mkAIy mixed sample to 200 “C, the powder sample retained 
th===aystal stnrdure as the original powder sample. But upon compaction 
thegystallinityofthe~ydratedsampkdegieases markedly. Not only did the 
~rcensiries of various peaks diminish but also about 50% of them disappeared 
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when  compaction was achieved under  30 tons in --2. It  is believed that compac- 
t ion  destroys the  crystal lattice which is also facilitated by heating and causes an 
overlap of  t h e  different X-ray reflections. 

Heating at 400°(2 would certainly decompose brucite into its oxide and 
should likewise affect bayerite to give one or more of  the modifications of  alu- 
mina. From XRD (Fig. 6) the  peaks obtained denoted the existence of  a mixture 
o f  3,- and 0-alumina together with a band having a d-spacing of  4.87 A. No peaks 
were observed which would characterise the  magnesium present either as magne- 
s ium oxide or as magnesium aluminate (spinel). It is, therefore, reasonable to as- 
sume that  the  4.87 A, d-spacing indicates a new spinel between magnesium and 
a luminium formed under  the  alx)ve conditions of  preparation and at a temper- 
ature which is very sensitive to both bayerite and brucire transformation. 

The  solid state remains invariant by heating to 500 °C but  the  crystallinity 
is decreased. Two definite peaks characteristic of  MgO appeared which did not 
exist in the  400 °C samples. In the meant ime the new line previously observed 
at 4.8"/A for samples heated at 400 °C disappeared at 500 °C. Compaction had 
almost  a negligible effect upon the crystal structure of  samples obtained at 400 
and 500 °C. 

The  closely related lattice structure of  3,-alumina to that  of  spinel MgAI20( s 
is expected to facilitate the  formation of  the latter which took place on raising 
the  temperature to 600 °C. At  this temperature some of  the alumina is trans- 
formed to the  a-form together with the  formation of  magnesium aluminate. 
Compaction seems to influence the arrangement of  the different structural species 
in such a way as to mask the  MgAI204 and most  of  the a-bands exposing peaks 
characteristic of  MgO, 6- and a-alumina. A peak occurring at 3.74 A was also ob- 
served which is not included among those o f  the well-established peaks for al- 
umina  or magnesium spinels. Such a peak might  be correlated with that  formed 
at 400 °C which gave a peak at 4.87 A;  each peak being a result of  reflection from 
a specific crystal face. 

Heating the solid above 600 °C, namely at 800 and 1000 °C, stabilizes the 
crystal structure o f  the  solid material and more defined X-ray patterns are ob- 
tained at these two temperatures. The  XRD patterns o f  the samples heated at 
800 °C also showed a new peak centered at  3.86 A which disappeared at 1000 °C. 
It  is thus  believed that  a new spinel is formed which is stable in the  temperature 
range 400-8(}0 °C, three o f  its distinct d-spacings are 5.87, 3.74 and 3.86 A. It is 
interesting to note that  the  d-spacing at 3.74 A was previously reported to exist 
in the  sys tem magnes ium-a luminium hydroxide mixtures under  different exper- 
imental conditions. 

It is generally observed in the  present investigation that  the temperature at 
which a luminium hydroxide transforms to the  different a lumina modifications is 
much  lower than for a pure species n o f  AI(OI-I~. The  presence of  a magnesium 
hydroxide-oxide system seems to facilitate such transformations (causing them 
to take place at  lower temperatures). 
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H is found to consist  o f  M g ( O H ~  and-gibbsite with traces of 
n ( x d s u ~ d ~  (Fig. 7);, both being different forms o f  a h n n i n i u m  hydroxide.  Gg)t~- 
ice., a product of bayc, i ~  and previons~y nax)m:d by otix:r~ to I~  ~sily f o n n ~  
in  lxesence  o f  an  ~Ik~li, especially KJ3 and Na:O, seems to be also easily formed 
in the  ~ o f  the  weak  alkali, M g ( O I ~ .  However,  the  absence o f  8~'bbsite 
from ~ n  I formed from the s a m e  starling materials as  thos~ o f  ~ -  
ation H, s e e m s  to arise from the  bearing o f  the  method  o f  preparaUon on  such 
structural details,  w h e ~  in c o p r e c i p i t a ~ n  the  Mg ions are in int imate  contact 
with  the  AI ions,  close e n o u g h  to + affect the  lattice structure,. Further effects  are 
also manifested by the  formation o f  ~ o f  ~ d i t e  w h k h  is normally 
formed in the ixesence  o f  a chelat ing agent.  

Th e  mos t  intense  l ine in the  X R D  o f  t h ~  preparation is that characte~s[ic 
o f  Mg(OH~.  The~e is also a smal l  band at a d-spacing o f  8.67 ~ which  increases 
in intensity upon c o m p a c t ~ n  and which  does  not  belong to any  definite  struc- 
tural ~ _  T h e  f o r m a t ~ n  o f  h y d r a t e d  s p i n e t s  w a s  ~ o u s l y  re3x)ned t~ b u t  d id  

not constitute t h i s  8 . 6 7  A d ~  a n d  a n  i n t e n s ~  peak  at  a d-spacing o f  7 . 5 6  A 
was reported. 
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Heating at 200 °C produces MgAI~O4 with 8ibhsite while the new line at 
8.67 A still exists, Raising the temperature to 400 °C does not affect the nature 
o f  the constituents but the powder form becomes poorly crystalline, Compaction 
o f  the samples prior to heating at 200 or 400 °C increases the crystallinity of  the 
samples and the new line at 8.67.~ becomes well established. 

The temperature of~500 °C seems to be a transition temperature where both 
the powder and compact samples lose most o f  their crystalline structure and only 
small broad bands appear which upon further heating to higher temperatures be- 
come more specific and intense to indicate the presence of  magnesium aluminate 
only as observed by samples produced at 600 °C and higher temperatures. Com- 
paction seems to aid in the alignment of  the crys'.aJlites and a better XRD pattern 
is produced. 
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