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Effect of alumina existing formation on mineralogical
transformation of sintered clinker with low lime dosage

ZHANG Di, YU Hai-yan, PAN Xiao-lin, ZHAI Yu-chun

(School of Materials and Metallurgy, Northeastern University, Shenyang 110819, China)

Abstract: The mineral phases, crystal stability and alumina leaching property in sodium carbonate of sintered clinker
were studied using a-alumina, mullite and gehlenite as alumina-existing materials when the molar ratio of CaO to Al,O3
is 1 at 1350 ‘C by extracting alumina from the low-grade alumina containing resources by the lime sintering method. The
results show that Ca;,Al140;3 generates firstly, then it reacts with Al,O; to form CaAl,O,4. The sintered clinker is
comprised of CaAl,0O4, Ca;,Al14,0;33, y-Ca,Si0,4 and f-Ca,Si04 when using a-alumina as material. The unit cell volume of
CaAl,O4 and Caj,Al 40353 are larger with poor crystal stability in sodium carbonate solution, and the alumina leaching
rate is 91.60%. Ca”" replaces the lattice position of Si*" and reacts with Al*" to form calcium aluminates, and then, the
separated Si*" reacts with CaO to form calcium silicates. The formation of Ca;,Al 4055 or Ca3Al,O4 causes the shortage
of CaO, resulting in that Ca,Al,SiO; can not be transformed completely. The mineral phases are CaAl,0O,4, CajyAl 4053,
y-Ca,Si0y, f-Ca,Si0, and Ca,Al,SiO; when using mullite or gehlenite as alumina-containing materials. The unit cell
volumes of CaAl,O4 and Caj,Al40;3 are smaller with good crystal stability in sodium carbonate solution, and the
alumina leaching rate is lower than 80%.
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Table 1 Chemical analysis of raw materials

Mass fraction/%
Composition

CaCoO; a-ALO; Si0,

CaO 55.91 0.02 0.03
AL O, 0.009 94.20 0.05
Si0, 0.007 0.04 96.46
Fe,0, 0.001 0.01 0.007
SO, 0.01 0.05 0.005
MgO 0.08 0.05 0.04

Na,O 0.10 0.1 0.2

Lor” 43.88 5.0 3.0

1) LOI: Loss in ignition.
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Fig. 1 XRD patterns of a-alumina, mullite and gehlenite
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Table 2 Crystal parameters of a-alumina, mullite and

gehlenite
Phase alA b/A c/A v/A?
o-Al, 05 4.75 475 1299  254.82
AlyseSi440070  7.55 7.70 2.88 168.03
Ca,AlLSiO, 7.66 7.66 504  296.74

NITEER, ZRRE R-3¢(167), fASE a=4.75 A.
b=4.75 A Fll ¢=12.99 A; R EEI R 22025 1)
ALO;-Si0, RYEH EEYIHM N Alys6Sii 440972, JET
FACERZR, ZEARE Pbam(55), fiiAZHL a=7.55 A.
b=770 A Fl =288 A K M ke 4 ikl % W
CaO-ALO;-Si0, ZRYIEHW E LA R CAS, J& T 1477
&, AR P-42:m(113), fa S 4L a=7.66 A. b=7.66
ARl c=5.04 A,

o AT B A TR B ok A FNATS AR 8 K A R kAT
XRF 73 W AR S 80 e, g5 gk 3 o,
3 ALAL, TR R SR AT A AR KA W R 24
WIS AL A E AL, YKL dso 22510k 16.25 I
23.83 um, LLRMHBIHI 0.71 Al 1.08 m*/g.

R3 SORAFEG KA o FORL R 24
Table 3 Chemical analysis and particle size parameters of

mullite and gehlenite

s -
Synthetic Mass fraction/% dso/ Ssﬁfgi'l:
material CaO  ALO;  SiO, pum area/(m2~g71)
Mullite - 7146 26.12 16.25 0.71

Gehlenite 40.17 37.61 22.00 23.83 1.08
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T A8 B B AR I AR S L s A AT S R AIE
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Fig. 2 XRD patterns of sintered clinkers with different

alumina-existing forms
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Fig. 3 XRD patterns of leached residue from sintered clinkers

with different alumina-existing forms
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Fig. 4 BSE images of sintered clinkers with different
alumina-existing forms: (a) oa-alumina; (b) Gehlenite; (c)

Mullite
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Table 4 Phases composition of sintered clinkers with

different alumina-existing forms corresponding to BSE images

Mole fraction/%
Area
Ca Al Si 0)
A 47.71 - 17.02 35.27
B 33.33 30.09 - 36.58
C 27.22 36.33 - 36.45
D 33.57 - 16.52 49.89
E 16.88 21.87 9.14 52.09
F 22.79 24.67 - 52.54
G 16.53 32.95 - 50.50
H 27.65 11.65 10.62 50.06
1 23.33 23.72 - 52.95
J 18.45 35.03 - 46.51
K 1.06 44.18 - 54.74

X3, PR CoSv CLAS. CpA; I CA, # CoS.
C oA, Il CA BLZEN CLAS HHTFANRES: & CaO Btk it
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Table 5 Lattice parameters of sintered clinkers with different alumina-existing forms

a-alumina Mullite

Gehlenite PDF

Phase

alh bAoA VA @A bBA A VA

ah bAoA WA WA WA A VA3

CA 8.72 8.10 15.11 1068.09 8.69
CpA; 12.04 1745.66 12.02
C,AS - - - 7.69 5.05
p-CS 551 6.75 9.37 347.90
y-C,S  5.08 11.23 6.76 386.86

8.12 15.10 1067.29 8.71 8.12 15.09 1067.86 8.70
1739.50 12.03
299.23
550 6.76 937 348.61
5.08 11.21 6.76 386.17

8.09 15.19 1069.40
1743.29 11.98 1723.30
7.67 5.07 29891 17.69 5.10 301.60
552 6.77 9.40 351.07 550 6.76 9.33 346.55
508 11.22 6.77 38696 5.08 11.22 6.78 386.44
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Fig. 5 Particle size distributions of sintered clinkers with

different alumina-existing forms
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Table 6 Particle size parameters of sintered clinkers with

different alumina-existing forms

Sintered Specific surface

clinker do/um  dso/pm - dog/pum area/ (mz'gfl)
a-alumina 4.00 13.08 94.07 1.04

Mullite 391 17.75 49.90 0.61
Gehlenite 522 20.05 52.75 0.50

FT T REREI PN E R TR
Table 7 Semiquantitative analysis results of phases in

sintered clinkers

Mass fraction/%
B-CS y-C,S CA CpA; GA CAS ALO;
a-alumina 12.32 3041 4543 11.84 - - -
Mullite  13.03 28.11 32.54 11.22 3.80 6.55 4.84
Gehlenite 17.42 3543 26.75 1440 - 6.00 -

Sintered
clinker

(Vy—c,s =Vp-c,s)
Ppsy =

x100% )
Ve c.s

2
ﬁ':':‘ Vy—CZS y‘j V- C,S EIEI%IH@/M\\ s V/}—czs y‘J ,B_CZS HH

N AR
W R 7 MX@)WE CS th poy MEALE
(77,3_>7 ):

m,_c,s

Nposy = x100% 3)

(m, _c,s+mpg_c,s)
:EEEPZ m},7C2S j"j 7/_ CZS %*H/ﬁ\i; mﬂfczs j‘j ﬂ_CZS
YIRS &

ZEG AR S AT LS QFIG) M al 4, o-5A kAR

RN, BOoRb p-CoS A ARV,
347.90A%, C,S fMIABUZIKL 11.20%, C.S H f—y
VA T T1%: SR B B KA 50 KON,
I, BB B-CoS il MUARUE, d AT Z IR /N,
3R 10.77%H1 10.22%, CoS H f—y HIEALRALT
69%, H. C,AS [ #E4 6%,

45 BORE P R IR A 5 T IR A — S AR A BT TR
MA@ FTR, X2 BRI 20 BT R
FIXRF 2087, FRARHE () TS g 2Rk LR T
A, KRk 8 s,
xCa0-yAl,0;+xNa,CO;+(x+3y)H,0—>

xCaCO5+2yNaAl(OH),+2(x-y)NaOH 4)

RS PAELRINE R

Table 8 Leaching results of sintered clinkers

Liquor Residue
Sintered concentration composition, w/% o,
. Nao/ 7o
clinker
ol Paod A 00 sio,
(gL) (gL)

a-alumina  29.47 28.93 2.55 18.98  91.60
Mullite 28.96 31.68 9.96 14.87  76.16
Gehlenite  23.48 25.44 7.44 19.46  73.30

R 8 WA, oS AR S A K NI, Bk 4R
ERIE R S, KT 90%; SR s AR K
SRR, #opb b S ) E bR gL, M
80%. L BRI A R BE RIS AAR R M RE Ay
T4, C,AS MIZERL. C,S H p—y AT FESZ
FIHILA B CoS Al AR B I e B e 2 R Ak Pk
REFIAEAAR IR HH PR R AL AR AR J5U DAL, 1T A IR AE
PLEHE CA M) ALO; ANREFEAL R CA thilt— 0%
T bl ok AR 1R R e

2.4 EERESEAELR AR

#£ Ca0-AL0;-SiO, . Ca0-Ca,Al,SiO; 1 CaO-
AlgSixOy3 TIXILN , e 72 5 & AR 1 & YA IR
B RS A R AR R A, SR N
R 9 PR, IMAR IR E BRI 45 IONiAE 1350 °C
I 1K) Gibbs I HBE(AG) JH(AS)FIIS (AH).

£ Ca0-A1,0;3-Si0, &, KELEE N
1300~1400 CHf, a-Al,Os+ SiO, F1 CaCOs (1] 2 Wit F
E 58 5 v Rl il S A 1 € A e Y R /R
FI30(9) AG 43 HT AT A, BLAR CHAS 2E U N IFIAG /)
EAE SR o I AAT I B Z AR A A, P B
FEWNG)~(12)FiR~, EEIE ChA7. CAL CS Hil C,AS
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%9 1350 CH MY Gibbs H HIBE(AG). FH(AS)FIE(AH) T 23T 5

Table 9 Thermodynamic calculations of Gibbs energy (AG), entropy (AS) and enthalpy (AH) at 1350 C

Reifg_i"n Reaction AG/(KJmol™)  AS/(JK™")  AH/(kJ-mol™)

Q) AlyO;+Ca0=CaAl,04 -51.22 19.54 -19.49
(6) AlO;+12/7Ca0=1/7Ca|,Al 4033 —65.97 37.16 —5.64
@) Al,O3+3Ca0=Ca;Al,04 —75.26 44.98 —2.25
®) S10,+2Ca0=Ca,Si04 —146.39 22.25 —-110.26
© Si0,+Al,0;+2Ca0=Ca,Al,Si0, —171.47 19.88 —139.18
(10) Ca;AL041+2A1,05=3CaAl,0, —78.41 13.66 —56.23
(1) CaAl0;+Ca0=2CaAl,0, —33.32 10.31 -16.57
(12) CajpAl 4033+5A1,05=12CaAl,0, —152.93 —25.59 —194.46
(13) CayAl,Si0,+Ca0=CaAl,0,+Ca,Si0, —26.15 21.91 9.42
(14) Ca,Al,Si104+12/7Ca0=1/7Ca ,Al;4033+Ca;,Si0y —40.89 39.53 23.28
(15) Ca,Al,Si0,+3Ca0=Ca3;Al,04+Ca,SiOy —-50.19 47.35 26.66
(16) AlSi,0,3+5Ca0=2Ca,Al,Si0,+CaAl,0, —363.50 28.64 -317.01
(17) AlSi,0,3+40/7Ca0=2Ca,AL,SiO;+1/7Ca;»Al 405 -378.25 46.25 -303.16
(18) AlgSi,0,3+7Ca0=2Ca,Al,Si0;+Ca;Al, 06 —387.54 54.07 —299.77
(19) AlgSi,0,3+7Ca0=3CaAl,0,+2Ca,Si0, —415.80 72.47 —298.16
(20) AlSi,0,31+64/7Ca0=3/7Ca;,Al 403312Ca,Si04 —460.03 125.33 —256.60
21 AlS1,013+13Ca0=3Ca;3Al,04+2Ca,Si0, —487.93 148.77 —246.44
(22) AlSi,0,3+4Ca0=2Ca,Al,Si0,+AL,04 —312.27 9.09 —297.52
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5 ASS, (1 NI R AT A A1 1 B N 45X (10)~(22)
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etk X(16)~22) SN EG Ings s, R W% N,
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KA 5 A KRNE, Ca0 5 C,AS i Wil FEnf
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