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FOR POTASSIUM FELDSPAR AT INTERMEDIATE TEMPERATURES
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Abdract : Advances on therma deconpostion of potassum feldgpar with flux agents are reviewed. Thermodynamic caculation shows thet the
temperature range o the therma decompostion of potassumfeldgpar is800—890  with doichiometric additive of sodium carbonate or potas

sum carbonate. Analys son the mechaniam of therma decompostion reaction shows that with increasng the cacination temperature , potassum
feldgpar passes through a sage predominated by snge deconpostion entering that precominated by decormpostion and snter smultaneoudy.
Deoonpostion proportions of various potass um fel dgpar powder materid s determined are over 98 %. This shows that with goichiometric additive
o dium carbonate or potassum carbonate , the potassum feldar can be deconmposed & 820—850
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In China, luble hoevellite reource is extremey
bare , but ingluble potassum reource , the principal min
erd of which is potassum feldpar (KAISL ) , hes a lage
anmount d resenve beddes its edendve ddribution. Therefore ,
edrattion o vaious potassum conpounds from inolube
potass um ores has beoome a drategy need , which coud bring
on eromous potertialy exronic value and oda bendit. [
Demnpodtion o KAIS0;, by which converting inolube
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potassum in the framenork of KAIS{Os to wluble
oecies, is the firg assignment for prepardtion of various
potass um corrpounds from inoluble potassum ore. Rotass-
umfeddgar has a gable three dmendond [AlIS£s] ™ frare
work that it does ot react with various acid or dkdi except
hydroflwric acid a rormel tenperature and pressure. At the
teperaure of (1150+20) , potass umfedgpar begnsto
inoongruent mdt, broken down into leudite and fused
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mass phase rich in dlica; whereas when the tenperature
o reaction drops, the leucite tends to react with dlica to
form KAIS{s again. It istherdfore not feadble to deconr
pose KAIS s merely by cdcination at high tenperature.
It is thus necessary to deconpose KAIS{ s conpletdy by
adding flux agents, which could subgartidly lower the
tenmperature of the decormposing reaction of KAISs.

Recently there are many research’?> %! on deconpo-
gtion of KAIS{ g a home and abroad , mainly concentrat-
ing on the control of processng condition, seldom dedling
with thermodynamic analyss on decompostion reaction of
KAIS£s. This research is mainly concentrated on the
thernodynamic analys's, which hopef ully provides the the-
oretical badsfor deconrpogtion of KAIS{g at intermediate
tenmperature , and is proved accurate and valid by the cur-
rent experiments in laboratory. Research on deconrpostion
o KAI9swith odium carbonate or potassum carbonate
asflux agent is ot reported in literature up to now. This
research is thus a new dfort to explore deconpostion of
KAIS g in both of thermodynamics and laboratory experi-
ments.

1 REVIEW OF DECOMPOSITION OF KAISLs

Currently, methods of deconpodtion of  KAIS{ g
mainly include deconpostion of KAIS{ g a rormd pres
sure and low tenperature ,leaching of potassum &t high
pressure by hydrochemigry , deconpodtion of KAIS g at
inemedate tenperaure andfudond KAISOswith dkdi a high
tenperaure.

1.1 Decomposing KAISOs at low temperature'®
Potassum feldgpar can be deconposed by low temr

perature calcinations at norma pressure with the exi gence
o (NHs) 2304, H,0, and CaF,. Chemicd reactions are
asfollows:

(NHs) 2805 2NHs + H, SO (2)
KAISLOg + Cal + HoS0, KoSO, +
CaS0; + SF, +Al,03 (2

H,S0, + Cal,— 2HF + Ca0y (3)
Bperiments show that fluoride and sulfate play a dgnifi-
cant role in the decormpostion of KAIS30g by low tenper-
aure cacinaion. As heated to the temperature of 200
the admixture of fluorite (CaR;) and sulfuric acid (H;
0,) , which functions smilarly with that of hydrogen flur
oride in deconpodtion of KAIS4s. Huorine ion (F ™)
released in the process of adding fluorite to H,SO, at the
can d® dedroy the dructurd
framenork of KAIS4g and leach the potassum ion (K*)

termperature of 200

into the lution. 13! By this method | it is likely to deconr
posng KAIS s at low temperature, but it will produce a
great anount of amnonia gas, acoconmpanied by the over-
flow of hydrogen fluoride , which will be harnful to the op-
erators and the surrounding environment.

1.2 Leaching potassium with sodium chioride (NaQ)!® 9
The process o mdt-leaching potassum from

KAISOgwith Nad is a revershle reaction, which is ex
presed as follows:

Nad + KAIS{Os — KA +NaAlS30s (4)
During the reaction ,K* within the olid phase is replaced
by sodium ion (Na*) , and then dissolved into the slur
tion. As reaction goesfurther , concentration of K* in the
3lid phase gradudly decreases, whereas thet in the liquid
phase increases correpondindy. At lag a dynamic equi-
librium occurs, and the leaching ratio of potassum reachr
es maximum. The reaction takes place between the liquid
and 2lid phases, and only as Nad is melted thoroughly ,
the leaching ratio of potass um reaches higher vaue. If the
reaction tenperature istoo high, the leaching ratio will be
lowered due to calcination of KAIS{g. The gppropriatdy
temperature is 890 - 950  with mass ratio of Nad to
KAISOs as 1 1. %! The leaching ratio of potassum in the
reaction is redricted by the equilibrium congant , and
hard to reach a higher value. Moreover the reaction will
take a rather long period to reach equilibrium, and conr
sume lots of energy.

1.3 Leaching potassium at high pressure by hydro

chemisgtry!” 8

This technique was put forward by the Sviet Union
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sientigsin fifties. However , it has not yet indugtrialized
because of ome technica difficulties. In this method , the
powder of KAIS s was mixed with lime and dkai lye,
and then tranderred to high-pressure reaction kettle to
proceed hydrochemical reaction. !”! The principle of reac-
tion is asfollows:
KO- Al O3 630; +12Ca(OH) » +ag(dkdi) ——
2KAIO, +6[2C0- 90, 0.5H,0] +ag(dkdi) (5)
The leaching ratio of kai (K>O) can reach 80 % and that
of duminaisover 75%. Thistechniqueispromisng, es
pecidly with the perfection of the technique of leaching
potass um through pipeline at high pressure , it is hopeul-
ly to be indudridized in the near future. However , it Hill
demands improvement in certain key techniques, epecid-
ly the choice of flux agent.
1.4 Decomposition of KAIS{Og by calcination with
limestone!?
Russan , poor in aumyte reource , began to produce
dumna, dkdi
nepheline syenite in early fifties. The main processis that

carbonate and Portland cement from

the vaned powder of nephdline syenite is mixed thoroughly
with thet of limesone and then cacinated a 1 300
Beta—icalcium slicate and aluminate (potassum a umi-
nate and odium duminate) generate in the process. The
chemical reaction is asfollows:
4Ca00; + (Na,K) ,0- Al,0Os- 290,

(Na, K) 20- Al,Oz + 2C3 30, + 400, (6)
As 0n as the resultant (lid phase) o the albove reac
tion entersin sodium hydroxide lution , the akai aumi-
nate dislves into the liquid phase, while the dicacium
dlicate is dill inoluble. When the duminate lution re-
actswith Q0, by virtue of Eqg. (7) , the auminum hydrox-
ide precipitates, while the akai carbonate is gill in ©lu
tion. In thisway , the different lid phases are sparated
from the dkali dumnate lution through sHective crys
tallization.

2(Na,K) AlO, + OO0, +3H,0 — 2AI (OH) 3 +

(Na,K) ,Q0; (7)
Mixed meterias of B — dicalcium dlicate with limestone ,
low grade bauxite and dag of pyrite are cacinated a 1 600

, and Portland cement is produced by mixing the caci-
nated chanotte with 3 —Rlicalcium slicate (15 % ,in mass
,the same below) and gypsum (5%) , and ginding by
ball mill.[®) The Inditute of Aluminum Industry Inc. of
Shandong adopts a Smilar technique to prepare potassum
carbonate, auminum hydroxide, slicon fertilizer from
potassumrrich date. This reaction requires a higher tenr
perature to deconpose KAIS{ s, and thus a higher conr
sunption of energy , and noreover a large anount of lime-
sone, acconpanied by serious discharge of carbon diox
ide.

1.5 Decomposition of KAIS{Os with calcium chlo-
ride (Cadly) ™

While KAIS{Ls reacts with Cad, a high tenpera
tue, K in KAIS{g is subdituted by cacium ion
(Ca?*) in Cad,, resulting in the generation of arorthite
and disolvable potassum. The chemica reaction is as
follows:

2KAIS 0 + Cad,;  CaAlL 9,05 +2KA +

430, (8)
When the anount of calcium chloride exceeds the doichio-
metric vdue, the leaching ratio of potassium is up to
85 %, then remains congant. '°™! Wage resdues, i.
e. , aorthite produced in this reaction is difficult to be
comprehensvely utilized.
1.6 Decomposition of KAISOs with sodium hydr ox-
ide (NaOH) ¥

While KAISLs , mixed with NaOH , is cacinaed at
about 500 |, the resultant dter leaching has the sruc
ture of nephdine, as indicated by XRD analyds. The
chemicd reaction is asfollows:

2KAIS s + 2NaOH —2NaAISO, +

KoS0; +390; + H,0 (9

Equation(9) indicates that the sructure of KAISs mus
be tranderred into that of nepheline by NaOH , accormpa
nied by the increase of the leaching ratio of potassum. [**!
As the ratio of KAIS4 s to NaOH is taken as 1 1 by
mass, the leaching ratio of potassum reaches 98. 06 %.
This technique will generate a mass of wade resdues,
dmilar to that with Cad, asflux agent , the principa lid
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phas is nepheline , of which with a svdl anount of total
iron could be rav meterids of dlicate gdasses and ceranr
ics.
1.7 Decomposing KAIS{Og to prepare potassium
sulfate ( K;S0,) 2
Potassum feldgpar can be thermdly deconposed,
with gypsum and cacium carbonate (CaO0z) as addi-
tives, to prepare KxS04. The chemical reaction is asfol-
lows:
2KAIS g + Ca0, +14Ca00; KO, +
6(2C0- 90;) + (3Ca0- Al,05) +1400, (20
The conditions at which Eq. (10) takes place are that the
mass mixture with proportions of KAI- S40g to gypsum to
Ca0z;as1 1 3.4iscdcinateda 1050 for 2.0 —3.
0 h. The decormpodtion ratio of KAIS{g reaches 92. 8 %
- 93. 6%. "] Potassum feldgar is deconposed a a
higher temperature in this sygem. Meanwhile a mass of
CaQ0s is consumed , acconpanied by discharge of a large
anount of carbon dioxide. Gombining the procedure to
prepare KO, with that to produce cement makes this
technique promisng.
1.8 Decomposition of KAISiOg with sodalime ™
Potassum feldpar can be deconposed at high temr
perature , with lime, Caland Na,QO3 as conposte addi-
tives. The chemica reaction is asfollows:
KAI9 g + 4Ca00s + NaQOs—
2(2Ca0- 30,) + KAIO, + N&,903 +500, (11)
Both of potassum and auminum in KAIS{s are trans
ferred into sluble potassum metaduminate and dium
metadlicate. Reddues dter leaching and separated from
adkdi lution, can be used as cement rav materia . [**!
The optimal decormposition tenperatureisat 1 280 - 1 330
, and during calcinations the average wolatilization rate
of potassumoxide is up to 24.22 %, but nog of wldile
potass um oxide can be reclaimed through chimney neck.
This technique requires nore energy consunption, as the
higher cdcinaions tenperature, resulting in savere
olatilization of potasium oxide , which is difficult to be
dedlt with in practice.
1.9 Decomposition of KAIS{g at inter mediate tem-

perature ¥4

Potassum feldpar, with dium carbonate
(NapQ0s) or potassum carbonate (K.QOs3) as additives,
can be deconposed by calcination & intermediate tenperar
ture (820—860 ). Chemicd reactions are asfollows:

KAIS s +3Nap00;— 3Nap30; + KAIO, +

300, (12
KAIS Qs + 3K:00:3K30; + KAIO, +
300, (13)

Potassum and auminum in KAIS{g are tranderred into
luble potassum metadl uminate and dium metadlicate
during the process. While KxQO; isonly used asflux a
gent , apure olution cons sed mainly of potass um metaar
luminate and potassum metadlicate will be obtained. Af-
ter the process of acidification by entrance of GO, and
leaching, aliquid slution of K,OO;~ Na,QOs and colloid
precipitant mainly conposed of metadlicate and metaa u-
minae are obtai ned regpectively by filtration. After further
sparation and purification , highrgrade K,OO; can be pre-
pared , meanwhile high-profit by products such as 13X ze-
olite and white carbon black , or minera polymer can a0
synthesized or manufactured. 11 High prefits of prod
uctsoff st the disadvantage of higher price of the flux a
gent (K003 and Na(QD3) . The deconpostion rate of
KAISLOgis up to nore than 98 %. As the rdatively low
deconposition temperature and energy consunmption , there
isanmog no wolatilization loss of KO during the process.
Thistechnique is hopgul to be indudridized in the near
future, conddering both of ecoromic bendits and conmr
pletely clean-process ng with kindness to the local environ-
ment.

2 THERMOD YNAMIC ANAL YSIS ON DECOM-
POSITION OF KAISLs

2.1 Analysis o phase diagram containing KAl Sz0¢! ™
In phase diagram of the leucite — 90, sysem (Fg.
1) , it isindicaed that KAIS{ s can be thermdly deconr

posed with o flux agent. When cacination temrperature
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fiesto (1150+20) , KAIS4g, an incongruent melt-
ing minera in the sygem, begins to incongruent melt and
form a 2lid phase of leucite and afused liquid phase rich
in dlica. The reaction goesfurther a the congart tenper-
aure urtil KAI- 305 isfully deconmposed. With tenpera
ture increased again, resultant leucite continues to melt.
While the sysemis oooling, thefused liquid phase equili-
brated with leucite , darts to crygdlize leucite again. As
0N as the termperature drops to the peritectic point , such
a peritectic process as granitite + fused phase —
potassum feldgpar occurs. In other words, leucite orig-
naly precipitated mets into the fused phase to form
KAIS£s. Hgure. 1 showstha gructura trandormetion of
KAl - 905 conpletes a circulation, i. e., potassum
fddgar — leucite + fused phase = potassum
feldgoar, with the increase and the drop of termperature
correpondingy. Therefore, under conditions of decorrpo-
gtion of KAISg with mo flux agent , while cacination
temperature exceeds (1 150 + 20) and maintained for
erpugh time, KAISL0g will change into leucite and dlica
dass a high tenperature , whereas KAIS{s is precipitat-
ed once again when the temperature declines. If the con
tent of dlicain the liquid phase can be reduced during the
process of cacination, reactions as follows will take place

in the sysem:
KAIS g KAIS,06 + SO, (14)
KAIS .05 KAISO; + 90, (15)
1 800
(1713£5)C
(1686+5) C
1600 Cristobalite + Liquid
(147010)]
1 400 } Leucite
+ Liquid
Liquid y o
;. Tridymite
= / +
1200 (1 150420) © ) Liquid
Leucite ) Liquic} \ /
+ @; + N\ /
1 000 FPotash S| Potash feldspar > " (990+20)°C
feldsme Potash feldspar +Tridymite
- 1 L 1
K,0+AL0,+4Si0, 2|0 4? | 60 80 Si0,
(Leucite) 216 422 544

Fg.1 Phase dagram o leucite =0, sysem

KAISO4 KAIFO, + 90, (16)
if gppropriately flux agents are added to the sysem to re-
act with SO, , reactions depicted above will proceed to-
wards the right direction, resulting in conplete decormpo-
gtion of KAIS4s. Thisisthe theoretic bassaf deconpo-
gtion of KAISs with flux agent.

2. 2 Calculation o A rG, for decomposition o

KAIS0g! ™)

The Gbbsfree energy A rG,) o chemica reactions
is a criterion of direction of thermochemica reaction.
QGbbs put forward that : A rGyis a criterion of gpontaneous
thermochemicd reaction process, a the premise of no ronr
volume —ork , in a dosed gydem a ocondant termperature
and pressure. Namdly :A rG, < 0 pontaneous process,
reaction of chemigry can gontaneoudy proceeds; Here
A rGy, = 0 equilibrium gate; AndA rG,, > 0 non-gonta
neous process, reaction of chemigry can reversdy pro-
ceeds. During the process of deconpostion of KAIS{g at
intermediate temperature , usng NaQO3 and K,QO3 as ad-
ditives, the chemicd reactions are gven in Egs. (12) and
(13) regpectively.

A rGnhdf Egs. (12) and (13) at the tenperature of
900,1 000,1 100,1 200 K are cdculated according to the
thernodynamic method in literature [19]. Owing to lack
o thermodynamic data of potass um metad uminate ,A Gy,
o Eq. (12) istaken asthe sum of that of Egs. (17) and
(19) ,A rGhd Eq. (13) asthe sumof that of Eqgs. (18)
and (19) , and the average vaue of A rG, of Egs. (20)
and (21) asthe vaue of A rGnof Eg. (19). Al o the
thermodyraric data are taken from literature [19—21). CGleda
tion rests are rderred in Teb. 1.

KAIS0g + 3Na,QO;— 3Nap90; +

0.5K,0 + 0. 5A1,03 + 300, (17)
KAIS g + 3K,00; 3K, 905 +

0.5K;0 + 0. 5A1,053 + 300, (18)
0.5K0 +0.5A1,0; KAIO, (29)
0.5N&0 +0.5 Al, O NaAlO;, (20)
0.5Ca0 +0.5A1,0; 0.5Ca(AlO,) » (21)
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Table 1 CalculatedA rGny for thermal decomposition reactions
o KAIS{LOg at inter mediate temperature

T K 900 1000 1100 1200
A ram(18)/ (K- ol ~ %) 49.24 874 3114 -71.14
A ram(19)/ (K- ol ~ Y 58.11 849 -38.05 -72.28

Gond dering thet ionic radiusof potass um lies between
those of ©odium and calcium, resulting in that the chemica
activity of potass um d 9 lies between dium and calcium,
hereA rG,of Eg. (19) is taken as the average vaue o
those of Egs. (20) and (21). It can be seen from Tab. 1
that a the temperatureof 1 100 K (827 ) , andA rGyis
rotable negative , indicating that reactions will take place.
Taking principd factors which possbly irfluence the reac
tions subgantialy into condderation, deconrpostion tent
peratures of KAIS g with K:QO; or NapQO; as flux agent
dould be aove 800  and beow the mdlting point of flux
agent , whichis851  for anhydrous NaQO; , and 891
for KoQO; repectivey , i. e. , potassum fedgpar mug be
deconrposed a a tenperature rangng from 800  to 890

. The deoonrpostion reaction mug take place a a higher
temperature while usng KGOz as addtive than usng
NapQOs , due to a higher mdting point o KyQOs.

Table 2 Calculated mineral contents o KAl S0 ores

3 EXPERIMENTS AND DISQUSSION

3.1 Materials

Rotassum feldgpar powder meterids used in present
work are prepared from KAIS{ g ores as follows: potash
date from Baiyunebo of inner Mongplia (BYEB 1) , potas:
dum fddgpar powder from Shaxian o Rjian province
(AISX~ 1) , potassum fel dgpar powder from Chicheng of
Hebe province, which is a talling wage of gold depogt
hoged in syenite (HBCC — 1) , pseudoleucite phorolite
from Zjinshan o Shanxi province (SXLX ~ 1) , and potash
shde from Fengxian of Jiangshu province JSFX— 1). On
the bass of wet buk chemicad andyses and XRD andyds
data, acoording to the mass baance rue 2! contents of
principa minerds o the potassium ore are caculaed by
LINPRO ,!?! a FORTRANT77 program with the snple linear
programming agorithm, and liged in Tab.2. Chemicd
andyds resuits o KAIS4{ g ores are referred in Tab. 3.
Potass um carbonate and sodium carbonate used in the ex
periments are both andyticaly pure chemica reagents.

w/ %

Sanple I\glcz Quartz  Biotite Sericile  lllite  Dolomite  PByite  Hemenite lImenite te QGethite Hornr Augte Apaite Ruile
BYEB—1 73.6 14.4 3.6 5.1 1.0 0.4
ASX—1 8.2 9.8 3.1 0.2
HBCC—1 8.2 7.5 0.5 0.6 5.2
SXX~1 83.0 10.0 5.8 0.8 0.1
JFX—1 78.5 10.2 1.7 8.5 0.3 0.7
Table 3 Chemical analyss d KAIS{0g powder w/ %
Sample 30, TO, AL0; FeO; RO MO  MgO CO  NaO K0 POs  HO" LI >
BYEB~™1 56.00 0.32 1465 2.9 5.69 0.14 1.72 2.17 1.23 13.00 0.05 0.48 1.17 99.54
RSX—1 66.00 0.12 17.46 028 024 0.01 0.52 0.80 248 12.03 0.03 0.05 100. 02
HBCC—1 63.43 0.20 15.80 1.33 1.02 0.06 0.87 2.09 2.95 9.12 0.09 0.9 1.9 99.98
SMX~1 56.16 040 20.82 564 043 0.17 0.06 0.73 0.3 128 017 1.62 0.37 99.73
JFX~1 548 072 17.57 83l 0.16 0.08 0.39 0.78 0.37 13.82 0.29 2.00 0.09 99. 64
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3.2 Methods

Potassum feldgpar powder mixed with flux agent is
ground by vibrating mill to a grain dze less than 74p m.
The mixture meterid islad into a corundum porcdan cru
cible, and cdcinated in the mufle. Then the crucible is
cooled in ar. The deconrpogtion rate of KAIS{g is mear
sured by the folloning procedure: put the cacinated
chaotte into a nitric acid lution with concentration
around 15 % in volume ; &ter dirred up fully , the lution
isfiltrated to sgparate out inoluble subgance; the mass of
which dter dried & 105  for 12 h is poguated as m,,
and the massdf KAIS 4 powder in the mixture meterid as
my ; the deconpostion rate is calculated from en eqpresson
as: (m - mp)/ my x 100 %.

3.3 Resultsand discussions

3.3.1 Hux agents Asfor the choice of flux agents,
taken into condderation sould be the following mgor de
ments:!? The flux agent should contain such ingredient
tha could dficiently break down the gable 3 —Al —O
dructurd framenork of KAISs; The flux agent dould
oontain such a cetion , the radius of which is less than that
of K, posibly a subgitute for K* in the framenork of
KAISs;  The mdting point of the flux agent should be
aslow as posible, which mekes it posible to deconpose
KAIS{s a such a tenperature that the flux agent comes
near to fudon.

Anhydrous N&pQO3 , with mdting point 851 |, is
widdy used asfusng agent in andyticd chemigry. Gener
dly, dlicae rock , day, keolinite, oxide, carbonate , and
fluoride are usudly decormposed with Na,QO; asflux agent.
Potass um carbonate , with meting point 891 |, is prone
to ddiquesce, and less used asflux agent done. The mix
ture of Na,QO; and Ko(QOs , with a lowest melting point of
712 & 46% (innole) KQ0s. While usng this mixture

meteria asflux agent to deconmpose dlicate , the deconpos-

tion terrperature can be subgantialy lowered.

Although the cogt of either Na,QOs or KGO is higher

than that of limesone, the deconrpostion tenrperature of
KAIS g is much lower than that with the latter asflux a
gent. Asarealt , the energy consunption in the letter case
is lonvered corregpondingy. Mearwhile the conprehendve
utilization of KAIS4s , with high prdfits of by-products in
addition to high-grade K,QO3 product , coud s conmpen
sate for the dortage of higher cog of sodium carbonate or
KoQO; asflux agent. In recent years, Ma & al. have de-
veloped severd techniques to prepare such high profit prod
ucts as dectronic grade K,QOs;, 13X zeolite nolecular
deve, white carbon black , and various minerd polymer
ec. from inoluble potassum ores, ! Therdore , it is
inportart to advance the technique o decormpostion of
KAIS 05 with NapQO3 or KOO asflux agert.
3.3.2 TG~ DTA andyds
DTA curves for deconrpodtion of the mixture meterid o
KAI S 45 powder with Na,Q0; and K,(QO;3 as flux agents.

Both curves in FHg. 2 dow a broad, demulcent and

Qven in FHg.2is TG

smooth exothermic pesk a a tenperature around 300
indicating aweak exthermc dfect of microcline at tenper-
aured 380  and the oxidation and burrout of other im
purities.Oning to log the absorbed water of KQO; in the
mixture meterias, curve of TG~ KS dows didinct mess
loss before 100 . Curve of TG~ NS dows diginct mass
lossfrom600 0850 ,anda® the TG~ KScurve,
from700  to 900
endothermal valleys at the curvesdof DTA. Obvioudy dur-

ing the processof deconpostion for KAISL g , the two ter-

, acoonmpanied by the occurrence of

minals o tenperature range corregpond reectively to ini-
tigtive and terminated tenperatures of deconpostion for
KAIS s with two different additives. The deconpostion
tenperature range obtained by TG™ DTA analyds badcdly
oorresponds to that educed through A rG,, caculation.
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Thernogravimetry curves show that ultimete mass loss of
admixture for KAISLs and Na,QO;3 is 22.63 %, thet of
admixture of KAIS4 s and K,QOs is 18. 45 %, bascdly
equivdent to theoretica mass losses caculated from Egs.
(12) and (13) , indicating that those two equations to de-
cribe the process of deconpostion of KAIS{g are credi-
be.

8
1ok TG-NS ]
%f TG-KS 6 §
1, &
80 4 %3
2 4 =
370k )
870 DTA-NS 2 g
60} 1 &
DTA-KS 0 £
i ot
sof .
0 200 400 600 800 1000 1200

Temperature/C

FHg.2 TG~ DTA curvesd decormpostion for KAIS{s ore pow

der
NS—With NayQO;3 as addition agent ; KS —With K,QOO;3 as addition

agent

Table 4 shows that
with different additives as flux agents, cacination results

3.3.3 Bpeiment discusions

are asfollows: The deconpostion rate with Na,QO3 as
flux agent isthe begt , but a a relaively higher deconmpo-
gtion tenperature of 830 The deconrpostion rate
with the mixture of Na,QO3 and K,OO; asflux agent isinr
ferior to the former , but a a deconposdtion temperature as
low as 740 , asthe lower deconpostion tenperature of
KAIS s with admixture as flux agent. Potass um
carborate is used as flux agent , the chanotte is aready
over-cacinated at tenperature of 740 |, and dntered a
above 800

KoQO; is different from that with Na,QO5 asflux agent. It

. Therefore , the deconpostion reaction with

oould be explained that K;QOs is easy to ddiquesce, re
aulting in beforehand gppearance of liquid in calcinating,
enhancing the chanotte easy to Snter. The conpact-Sn-

tered chanotte is quite luble in water, © the sntered
datus of chanotte does not dfect the leaching process. X
ray diffraction anayss (Fig. 3) indicates that the calcina
tion chanotte is mainly conposed of sodium (potass um)
metasilicate and potassum (sodium) metalluminate.

Table4 Experimental results for calcination o KAIS{Os with

different additives

m(NaQ03)/g  Cacingtion Cdcingtion  Deconpostion ~ Sate of calcined
tenperature/ time/ h rate/ % KAIS g
9.8 830825 * 1.541.0 9.4 Loosen
9.8 830 2.0 9%. 1 Loosen
m(NaQ03)/g  Cacingtion Cdcingtion  Deconpostion ~ Sate of calcined
tenperature/ time/ h rate/ % KAIS g
3.0/8.8 740 2.5 9.0 Rigd
4.0/7.6 740 1.5 .2 Rigd
m(KQ03)/g  Cacindtion Cdcingtion  Deconpostion ~ Qate of calcined
temperature/  terperature/ ratel % KAISOs
1 860 1.5 98.6 Inter
1 740 2.5 59.0 Very rigd
10 710 2.5 3b.7 Rigd

Note:10 g KAIS40g powder was used for each calcination experiment.  * Quadri-cacine

¢ (K,Na),Si0,
? o (K,Na)AlO,
. BY-1 .
B *
4 M [ o
. —
o]
i
BY-2 , © Y .
4l SN Y
e N *
[o]
el o
BY-3 . e °® o e

3.00 10.00 2000 30.00 40.00 50.00 60.00 70.00
20/()

Fg. 3 XRD paternsd the cadcined KAISOs
BY ~ 1—-Addition agent: Na,(O3;BY ~— 2 —Addition a
gent : K;Q03;BY — 3 ——Addition agent :Na,C03 + K003

This technique of deconpostion of KAIS{g at nod-
erate tenperature is suitable for various types of KAISLg
ores. Liged in Tab. 5 are optima conditions for thermal
deconpodtion of different types of KAISLg ores with
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Nap,QO3 asflux agent. Procesd ng conditions of deconpos-
tion for KAIS{g at nmoderate tenperature less vary for dif-
ferent types of KAIS{g ores, with various bulk chemical
conpostions and mineral concentrations , from different lo-
cdities The deconpostion rate is up to over 98 % for
KAIS {5 powders calcinated at tenperature of 820 —850

for 1.5—2.5 h. The optimal deconpodtion tenperar
ture obtained from experiments is in the range of that pre-
dicted by thernodynamic caculation, indicating that it is
believable to evaluate the decormpodtion tenperature of
KAIS g by thermodynamic method.

Table5 Optimal conditionsfor thermal decomposition of vark
ous types of KAIS{Og ores

Cdcingtion Cdcingtion Deconpostion
Sarple m(NapQ0s)/ g .
tenperature/ time/ h rate/ %
BYEB~1 8.9 820 —830 2.0 98.4
RSX~1 8.1 840 —850 2.5 99.2
HBCC™1 7.4 800 —830 1.5—=2.0 98.6
JSFX~1 7.9 820 —825 2.5 98.6

Note:10 g KAIS g powder was used for each cacination experiment.

In concluson, deconpostion of KAIS{LOs with
Na,QOz or K,(QOs as flux agent is feasble. The present
work denongrates that the decormpodtion rate isover 98 %
for various types df insluble KAIS{goresfrom severd lo-
cdities. Appearance of the calcination chanotte varies a
long with the adgpted flux agent. If NaQO; is used, the
chanotte isloosen , and KAISL s is decormposed conplete
ly before the occurrence of dnter; whereas if KoQOs is
used , the chanotte isdften rigd , and KAISgisonly de-
oonposed conpletdy dter the occurrence of snter.

3. 3.3 Andydsd mechanismfor deconpostion reaction
Decorrpostion of  KAIS{g with additive asflux agent is
a oonrplicated physcochemica process. At the beginning
o the reaction, lid reaction depends on diffuson be
tween particles of KAIS {03 and the additive. Factors which
irfluence the diffuson process involve the crysa gructure
o lid, inperfection indde the lid, superficid gruc
ture of 0lid, average dze of lid particles, and reaction

temperature etc. in addition to genera rules of chemical
reactions. Usudly , termperature has a great irfluence on
the occurrence of a reaction and the reaction rate. Atoms
and ions indde oxides and dlicates are combined by covar
lent bond or ionic link , resulting in gable gructures and
low diffuson rates. Therdore, a lid reaction between
slicates and oxides usudly can only proceed a high temr
peratures. For mgjority of chemica reactions, the reaction
rate increases with increadng tenperature. Equation Ar-
rhenius (InK = InA - EJ RT) shows the irfluences
of temperature and the activation energy on reaction
rate. (! Here , E, , isthe activation energy of the process,
A, a pre-exponentia factor , are both condants; Kis a
condant of reaction rate; R isthe gasocondant; Tis ab-
Dl ute temperature. Beddes tenperature , the date of olid
meterids d has important irfluence on lid reaction
rate. [®] For exanple, the exhaus of carbon dioxide,
which changes the contact gate between lid particles,
dfects the glid reaction rate. At the tenperature of lowes
congruent melting point , liquid phase gppears. Under ac
tion of the high tenperature liquid , materias dartsto srr
ter , the appearance of which changes from loosen to conr
pact , acoonpanied by the decrease of volume , and KAIG;
Osg passes through the sage predominated by snge deconr
postion entering that by smultaneoudy deconpostion and
dnter. During the course of dnter, contents of the liquid
gradudly increase correpondindy with increasng tenmpera
ture and prorogeting time , acconpanied by disolution and
diffuson of the lid phase and occurrences o new sub-
gances, and findly KAIS{sisfully decomposed.

The process of decormpodtion for KAIS s will be-
ocome conplicated due to exisence of seoondly phases and
organic matters. Followswill take place during the process
o deconpostion: (1) The dehydration and deconposition
of clay minerds to diminate the condituting water. e.
g. , kaolinite is dehydrated at 500 —700
norillonite and illite, a 600 —50 and 400 —600
repectivly. (2) The deconpostion of carbonate. e. g. ,
MgCa(C0s),—— CaO + MgO + 200,, a 730 —900

(3) The oxidation of organic subgtances. Corgaric + Oz

, and nont-
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——Q0,, a nore than 350 (4) The deconposdtion
and oxidetion of ferrous sufide. e. g. , S + O,
FeS + 0,, a 350—450 ; and 4FeS + 70, —
2Fe,05 +430, , a 500 —800

4 OONA.USIONS

The thermodynamic calculation indicates that the de-
cormpostion temperature of KAIS{0g with dkaline carbon-
ates as additives is & 800—890 , optimal decormpos-
tion tenperatures for various types of KAIS{g ores from
severa locdities determined by experiments are in cond s
tent with those predicted by thernodynamic cdculations,
which proves the vaidity of thernodynamic approach. Bx
periments show thet it isfeadble to deconpose KAIS s,
with NapCOs or KoQO3 asflux agent , at nmoderate tenperar
to 850 , and the deconpos-
tion rate is over 98 %. Qonpared with deconpostion of
KAIS L0 with limedone as flux agent , this technique re-

ture rang ng from 820

quires much less energy consunption, and gill with little
anmount of KO wolatilization wastage during the process. It
ispossble to desgn such a process based on this tech-
nique that the whole procedure is clean and environmental
kindness, and high prdfits products produced thereby
ocould conpensate the disadvantage of higher cog of aka
line carbonate additives. The conprehensve exploitation
and utilization of inoluble KAIS{g resurces in China
based on the technique developed in this research isthere
fore progpective to be indugtriaized in the near future.
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