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Thermal Decomposition of Inorganic and Organic Acid Salts of
Aluminium and Thermal Transformation of the Formed Aluminas

Taichi Sato

The thermal decomposition behaviours of the hydrates of aluminium chloride, nitrate
and sulphate, and of ammonium alum, the formate and acetate of basic aluminium and the
lactate, citrate and tartrate of aluminium and the thermal transformation of the formed
anhydrous aluminas to «-alumina have been investigated by thermogravimetry, differential
thermal analysis, X-ray diffraction and infrared spectrophotometry. From the results, it is
suggested that the aluminum salts are thermally decomposed as follows:

AlCl;-6H,0 -» amorphous alumina - 7-alumina — f-alumina - «-alumina

Al(NO;);3-9H,0 - amorphous alumina—~ 7-alumina — #-alumina — &-alumina

Al (SO4)5-18H,0 — Al (SO4)5+6H,0 — Al (SO4)5 » amorphous -+ alumina —

7-alumina — g-alumina - ¢ alumina —» @-alumina

NHg Al(SO4)2-12H,0 = NH, Al(SO,), - 2H,0 — NH, AIISO4); —~ AL (SO,), —

amorphous alumina - 7-alumina — #-alumina ., g-alumina — <-alumina

Al{OH)(HCOO), - AL,O(HCOO), — AIO(HCOO) — amorphous alumina —

7-alumina — d-alumina - f-alumina -» «-alumina

Al(OH)(CH;C00), - AL O;-xCO, - yH,O - amorphous alumina — r-alumina —

d-alumina — #-alumina ~ «-alumina

AI[CH;CH(OH)COO]

AI[CH2C(OH)CH2(COO)3J} > amorphous alumina ~ 7 -alumina — &-alumina —

Al {[CH(OH)COO], }5

g-alumina - ¢-alumina
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Fig. 1 DTA curves of aluminium salts
(A, Chloride; B, Nitrate).
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Fig. 2 TG curves of aluminium salts
(A, Chloride; B, Nitrate).
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132 ALCNO; ), « 9H,O @ BHID SRR Al(NO,),
*8H, O TH O, MAKDMRICLZEHIE SN BHELY
B2FICHET LD, WBET L3 =9 L OSHA R IC
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(475 et ') DB &5 X U REBEIR DI EN (1410, 1350,
820 i DDHE X 15, TS DOWIVE 200C o
BUC K ~TREAE BT 255, 1350 cni! O RSEEIE O
WA RFFE N, 400CTHIEIZ X T 4 2, X
Hri&s (Table 1012 200—600 CTOMBMAL Y Tl S
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Table 1 X-ray diffraction results of the products derived from aluminium salts
heated at various temperatures.
Z Phase detected
T AlCly+ 6H,0 | Al (NOy),* 9H,0 | Al,(SO,)s* 18H,0 NH,AI(SO,), * 12H,0
Al (SO, ~+ NH, Al (SO, ), +
200 A 1) A 2 4/3 4 /2
" " 1, (SO + 6H,0 | NH,AI(SO,), » # 1,0
300 Am Am Al, (SO,), NH, A1 (SO,),
400 Am Am AL (SO, NH, A1(SO,),
AL (SO, +
5
00 Am Am Al {SO,), NH, AI(SO,),
600 Am Am AL (SO,), Al, (SO,
700 r Am+7 AL (SO,), Al (SO, s
800 7 r 1,{(S0,)y+ Am Al, (SO, ), + Am
300 r r+6 r 7 .
1000 6+7? a r r
1100 a a PR P
1200 o o o a

1) Am indicates amorphous alumina.

2) + denotes a mixture of §-Al,O3 and 7-Al,03.
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Fig. 3 DTA curves of aluminium salts
(C, Sulphate; D, Ammonium alum).
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Fig. 4 TG curves of aluminium salts
(C, Sulphate; D, Ammonium alum).
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680—880°C DIEEIT [ EEFHIC A 9B AR 13 K
BET A= LDT VI FNORMMRICEDEHDTH
2, 2 BOREEE VTN S TGH#R (Fig DK
HEAHFICERL, 2ORBOEEHIDTAOKRLEY
BLTinb, THHLH I BIUE 2 B ORI IERE
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Fig. 5 Infrared spectra of the materials derived
from ammonium alum heated at various
temperatures (figures on curves are heat-
ing temperatures, 'C).
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Fig. 6 X-ray diffraction diagrams of the products
derived from ammonium alum heated at
various temperatures (figures on curves are
heating temperatures, “C).
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Fig. 7 DTA curves of the materials derived from
aluminium salts heated at the required
temperatures (A, B, C and D represent
chloride, nitrate, sulphate and ammonium
alum preheated at 500, 500, 900 and
900°C, respectively, for 2hrs).
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NH,A1(SO,); * 12H,0 — NH, A1 ( SO,), * 2H,0
—NH, Al (SO,),—~ Al SO,), ~ T AL Oy

- 7-ALO;— 8 -AlLO,—~ §-AL O, ~a-ALO,

15 BHEEOBSRIC L0 R Lic T v 3 F 0O e - AL,
ADBIGHE 2 I DT, < OBPEFIC LD R
Mz oh, FanBRiE -k RRSEHINTOEY,
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Fig. 8 TG and DTA curves of organic basic alu-
minium salts (continuous and broken lines
represent under the atmospheres of air
and nitrogen, respectively). (a) formate,
(b) acetate
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25 ISR IC Bl b Be £ 0D 2 220CITHL
FHTIEHID N B, TR O AR R
LT 5,

Al (OH) (HCOO), * 0.5H,0 OFRARIIN 2= 7 v
(I Yoy ( 3600—3000 ™), Yoo + 0o (3111600
o), Bey (1340 Gr), 1390 eni™), IR doy( 1200
~ 900 eni V) OMIN AT, 200T OIEUC X HOH B
B3 LR ML, 300CTH CO > CHOWILE
1313 EAETEE T A, T FOEITEDSL 1000
o PUF W ps bl b, — /) XERIOHTRER(Table
2) 12 300 A & T00CTO MBI T M b B
T FTHD, 800CTr -7 v I FIKEHT &,

AL(OH) (CH,CO0), R4 F 73 EHRLURH D
TGl ( Fig.8 (b)) i3 3 Bk i (<320, 320—830,
B40CTTENEFNK 40, 20, 5B)E L, AR AE
LHE 64.5% GHENIZ 686 %) TH - 120 T Nl
Bl O EVEERG 7 v 3 =9 AR LB S F DIKDHED
LThdEEZbNB, & ToHODTAMM(Fig. 8
(a) iz = 2Ol (100, 310, 840C)E LT D0
BB (420, 835C) A RY, 200CH TGOS
%5 ¢ 100°C OW AT OH & & DRERER O— Bk,
310 °C OWBESTE I 550 OBRFEIE DB IR, 420CTrd
B0 BRI 13 B A I A OBRIE, 840 T OB AL
2 B OH B KT 5, L L7 v § - OREALITH
¢ 835C O RIS T B R D DTA fhs CidE
Table 2 X-ray diffraction results for the products

derived from organic basic aluminium
salts heated at various temperatures.

% Formate Acetate
700 Am"Y Am
800 r r
900 7 7
950 7 +(3)” 7
1000 7 +0+d r+0
1050 a+6 12
1100 a d+0 +d
1200 o fo4

1) Am indicates amorphous alumina.
2) Parenthesis indicates a small amount.
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Fig. 9 Infrared spectra of the materials derived
from basic aluminium acetate heated at

various temperatures (figures on curves are
heating temperatures, °C).
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DL 1150 e i2 813 2 CORENL 800 CTO B TH
FREDON L, XEOFHEE(Table 2, Fig.10) 12300
—T00CTOMBERDRBEL TL I+ THEC &%
RED, 800CMEATIZ T -7 I F s b,

K> THEEEFBEJIUER T L =9 213054 T
RBIRDIDICHKT v I FICBSIHT 2L EbN S, +
ThbH

A1(OH)(HCOO0),~ Al,0 (HCOO),
—~AIO(HCOO) — A1, O,

Al (OH) (CH3CO0),— Al
- ALO,

205+ 2CO; - yH, O
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Fig. 10 X-ray diffraction diagrams of the materials
derived from basic aluminium acetate
heated at various temperatures (figures
on curves are heating temperatures, °C).
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340CITBF 2 DORMINREEE— 7 Ad, L L
f’éiiﬁtbODDTAHM%!(Fig.I](b))ldiBélO“Cm%é%%&b?i/U
(360 CICE AR B LU 550C F Ths < BBULIETE L E
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WA SREE 1T BB IS DEBRAIC L Db L, 400TC DI
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Fig. 11 TG and DTA curves of aluminium hy-
droxycarboxylates under the atmospheres
of air and nitrogen (G, lactate; H, citrate;
I, tartrate). (a) air, (b) nitrogen

Table 3 X-ray diffraction results for the products
derived from aluminium hydroxycar-
boxylates heated at various temperatures.

% Lactate Citrate Tartrate
400 Am" Am Am
500 Am Am Am
600 Am Am Am
700 Am Am Am
800 7 +Am Am+7 Am
300 I8 r T
950 | 7 +0 7 7+(8)7
1000 |6+60+a |7 +(d)+ad (d+0+a
1050 a+g d+b6+a | G+0+a
1100 a a+6 a+ 6
1200 a a a

1) Am indicates amorphous alumina.

2) Parenthesis indicates a small amount.
(Fig. 11(a) 38 500C £ TD 3 BB BB LU 950
COEMEHEERL, 1000CTORE(763%) 137V
I FABRERY EEZ BB (T64%) E—H LT
%, DTAfE(Fig.11(aNid 1108 LU 250C D>
OWEF & 420°CICH 13 5 mORESISERT D, T
NOOEFUBII TCHBORBE S MGL TS, £LT
110 CIC B 5 WEASUE 13 1 ST OKOBEHCHEY T 5
OHE DR, 250 COWBMSUE T #v R+ VDR,
ZeET I IR R OB T 2 £ E 20N 4,
X ST 950 CILSS W RBRIE SRR D N AH, T
W F ORI EERRERORIEL DEHRICE T LD
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LHESER N B, BRGFT TO 300 CLL ORISR
(F@JHme§i$®%mtﬁwb1wéoLmb%
nuiwgﬁM%Tm,;@uiw%ﬁ%x;w%ﬁ%
L 7= 28k 7 & DRI OROGHICETR T B IR UG 0% 600
C3 TICBE SN B, 950TICHY 5 FRSUL &R
e o RoY SRACAN

g VBT L = AOFABRIL R R7 b L DRE
R IR LR VR OIRE AT & AR
LT B, 7555 250CLIFTOMATE dco BLU
3 o DB 5 1700— 1300 en  CBIDHL B3, TR
B0 [ EMTIEL 8o DIIERE 2B T3 %, 400—600C
DOIBTIE T LA ¥ DIFTEICE D Veae B & O DB
BB LN B EEBIC, 400CLEOMBATE T VIS
DEERICE S SRS B H L5, XEREIH EREER (Table
D CIIEET VL = v A0S &R 400—-700C DM
BARPIIREL TH LT LD,

Al, { {CH(OH)COO), J; » TG & U DTARR (Fig.
11¢a) £ LU (b)) I BHR A BA OBBEIC X 1) 380CD
BINFREGUS AR L, AERRE OB & 5 RARIGE
FRBNENHIT EABRIE, 7T VBRTAI =T LD
BOMTRERICEU LT B, 2 LTHVEF Y AEDS
w210 H S IR BV 13 380 CIC B1F 2L FEBEUBIC
HAT LT OERINE L, BBHEOERTAVI =T AD
FABRIL 2=y P rONEERIE s 2 VBT VI =Y

LAOEFNICEN LTS, La L XA FEE( Table
3)12 400— 800 CTOERMIREL TH 5 L & ARR

LTl b,

Lt TBEHhTOANK Y BT VI =T LDT IV
I FADESMRIZKR O L D TBREAR B SN S,
FTRHLEIBET VI =T LIZETOBRONBEBLIUEZD
SRR OBE, 7T VBBIUOBORT VI =T 4L
BB OH, #1560 BRONMES L U OFRERMD
WREES B LHEE S N,

3.2.3 AERBEORIBTOERT VI + OBREK

BRAEBBIEORSRICIDERT LT VI F DL =T
3 DRI BEES BN L7200 ERICET 5 DTA
AT I Ntre EEHEAVEVBT VI =T L0 Y
HUE VBT L= LOLTAORE SESGRRICLD
WERT A F AR EEN FB S IUORRT VI =
v L3 ENEN 300 BEU800TC, BB, /T VvEEL
CEAB T L =9 AT B 4000 L, £0bR
EorHEEbICT, 0, 6-TAIFTERETEL-T VI
FABEBT S EDMSNS (Table2— 3) Ll
Dollimore & X 2&, &2 9EET V=T LOES
BICED x-TH I FAERTEERE LT 5, BE
VB s L OBBRT v = A0 DTAHBR(Fig. 12)1C
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Fig. 12 DTA curves of the materials derived from
organic basic aluminium salts preheated
at 700 C for 2hr, under an atmosphere of
air (E, formate; F, acetate).
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Fig. 13 DTA curves of the materials derived from
aluminium hydroxycarboxylares, preheat-
ed at 700°C for 2 hr, under an atmosphere
of air (G, lactate; H, citrate; I, tartrate).
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