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HM3BJEYEHHUE METAJIJIOB U3 30JIbI TUKTHOHEMOBOI'O CJIAHITA
moa NEMCTBHUEM CYJb®PATA AMMOHHIA

The present study is a part of complex research about alum shale ashes,
carried out in the Institute of Chemistry of Estonian Academy of
Sciences during the period 1960—75 under the guidance of O. Kirret
and R. Koch [1]. Metal extraction from alum shale and its work-up
products under the effect of not more than 10 9% acidic and alkaline
solutions is described in the studies [2, 3]. The effect of more concentrated
sulphuric acid on alum shale ashes by a high (S : L < 2) and low (S : L >
> 2) liquid phase content is characterized in the studies [4, 5]. In this
paper the results of a research into decomposition of alum shale ashes
under the effect of ammonium sulphate are presented.

The degree of metal extraction from alum shale ashes into solution
is dependent on the ashes decomposition parameters. The following para-
meters of decomposition process were studied: (1) temperature, (2) time,
(3) quantity of ammonium sulphate needed for decomposition of ashes.

In addition to that the effect of ammonium sulphate on the process
of alum shale ashes thermal decomposition was studied using thermal
methods. These experiments were carried out on the derivatograph.

Methods and conditions of experiments

Ashes with grain size —1.0 mm, received by means of Maardu deposit
alum-shale fluidized-bed ashing at 810 °C [6] were used as investigation
subject. The content of examined metals in the ashes was, kg/t: Ti 4.604,
Mo 0.178, V 0.770, U 0.050, Fe 45.0, Al 67.5.

In the sulphate roasting process, to decompose ashes, a weighed portion
of it was placed into platinum dish (& 50 mm) and mixed with fixed
quantity of ammonium sulphate to get homogeneous mixture. Then it
was calcinated in the electric stove equipped with silicon rods at fixed
time and temperature (regulation exactness +5°C). To find out the
temperature effect on the ashes decomposition process, homogeneous
mixtures of 5.0 g ashes and 10.0 g ammonium sulphate were prepared.
‘The mixtures were calcinated in the electric stove at 300, 400, 500, 600 -
and 800 °C for 30 min.

To determine the effect of time on the ashes decomposition process,
similar homogeneous mixtures were heated at optimal temperature
400 °C for 15, 30, 45, 60 and 120 min.
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To find out the quantity of ammonium sulphate needed for ashes
decomposition, homogeneous mixtures of both were prepared with
weight ratio 2:1, 1:1 and 1: 2.

Further, leaching process of calcinated mixture in order to extract
the sulphated metals into the solution was carried out in the same pla-
tinum dishes with 50 ml 2 % sulphuric acid on the boiling water bath
at 95—100 °C for 60 min with periodic mixing. The pulp obtained was
filtrated, insoluble residue on the filter was washed with water, dried
in thermostat at 105—110 °C and weighed. All products were analysed:
for determination of trace elements the methods given in [3] and for
macroelements the complexonometric methods [7] were used.

Experiments of thermal analysis were carried out on the derivatograph
O/]-102 in dynamic conditions rising the temperature 10 °C/min.

Discussion

1. The temperature effect on ashes decomposition process. At the tem-
perature 300 °C a sharp increase in extraction of all metals takes place,
reaching the maximum in temperature interval 400—500 °C (Fig. 1A4).
At higher temperatures the extraction decreases. The maximum extrac-
tion of Ti, Mo, V, U and Fe from calcinated mixture into solution takes
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place at 400 °C, the same for Al — at 500 °C. A sharp decrease in Mo
extraction takes place after the maximum at 400 °C. In case of Ti, V,
U and Fe the similar decrease begins only over 500 °C, and in case of Al
over 600 °C.

Consequently, the temperature interval 400—500 °C seems to be the
optimum for decomposition of ashes.

2. The effect of time on ashes decomposition process. The decom position
process of ashes in ammonium sulphate comes to an end in the first
30—45 min (Fig. 1B). After 45 min sharp decrease in Mo extraction takes
place. In case of other metals the increase in calcination time up to
120 min has no effect on extraction of metals.

Consequently, the optimum duration of ashes decomposition is 30 min.
3. The effect of ammonium sulphate quantity needed for decomposition
of ashes. The quantity of ammonium sulphate in reaction mixture has
a high effect on the degree of metal extraction from ashes into the
solution. By weight ratios of ammonium sulphate and ashes in reaction
mixture 1 : 2 and 2 : 1, the differences between the degrees of extraction
for Ti, Al and Fe are equal to 23.7, 17.1 and 31.8 9% (Fig. 1C), respecti-
vely. The corresponding data for Mo, V und U are equal to 13.3, 10.1 and
3.1%. In all cases directly proportional dependence of ammonium sul-
phate quantity on metal extraction is seen.

Fig. 2. The DTA (I—3) and TG
(I’ —38) curves of thermal analysis.
1, I’ —ashes, 2, 2 — ammonium
sulphate, 3, 3 — the mixture of
ashes and ammoinium sulfate with
weight ratio 1 : 2.

Puc. 2. Kpussie [ITA (I—3) u TT
(I’—3) 1o HKaHHBIM TEPMHYECKOI'O

aganusa: I, I’ — 3oma; 2, 20 —
2' 4‘ 660 cyabdar ammonus; 3, 3 — cmech
% " Fec 30JIbl M CcyJabdaTra aMMOHHUA IIPH

MACCOBOM COOTHOmeHuHu 1 : 2
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Consequently, from the three compositions examined, the weight
ratio of ammonium sulphate and ashes 2 :1 should be preferred. It
requires undoubtedly quite a big amount of the reagent for processing
(2.0 tons per a ton of ashes).

4. The effect of ammonium sulphate on the thermal decomposition pro-
cess of ashes. In Fig. 2 the curves of differential thermal analysis (DTA)
and thermogravimetric analysis (TG) of alum shale ashes (I, 1’), ammo-
nium sulphate (2, 2’) and their mixture with weight ratio 1: 2 (3, 3’)
in the temperature interval 230—500 °C are presented.

The curves of DTA show that the thermal effects on ashes do not exist,
however, the decomposition of ammonium sulphate in two stages takes
place. In the first period by 230—390 °C (endothermic maximum at
360°C) the loss of weight is 21.7 %, and in the second period by
390—500 °C (endothermic maximum at 440°C) it is equal to 78.3 %.
With the same quantity of ammonium sulphate in reaction mixture,
the decomposition proceeds on the same temperature interval but the
decrease in the weight at the first period is equal to 15 9% and in the
second period — 32 % . Hence, 53 % from the weighed portion of ammo-
nium sulphate remains in the mixture in SO3 form bound with metal
oxides.

Therefore, the results of the thermal analysis confirm and specify
the results of technological experiments. It is evident that the optimum
temperature interval of calcination 400—500 °C (Fig. 14) is determined
by the second endothermic maximum of ammonium sulphate decom-
position — 440 °C (Fig. 2, the DTA curves 2 and 3). The optimum con-
sumption of ammonium sulphate, determined by the technological experi-
ments equals to 2 g/g per ashes (Fig. 1C). However, the same consump-
tion, determined by SO3 bound in sulphates (Fig. 2, the TG curve &),
is only 1.75 g/g per ashes (2- 0.53 - M yy,),s0./Ms0,)-

The data in Fig. 1C shows that the superabundance in ammonium
sulphate (—1.75 g/g) increases practically only the extraction of iron.

Conclusions

The optimum conditions determined for decomposition of ashes with am-
monium sulphate were the following: temperature — 440 °C, duration —
30 min, weight ratio of ammonium sulphate and ashes in reaction mix-
ture — 1.75 : 1. These data are confirmed by the results of thermal ana-
lysis. The above-mentioned process conditions guarantee the extraction
of Ti, Mo, V, U and Fe about 70—85 %, Al — up to 50 %. Consequently,
ammonium sulphate is quite an effective reagent for decomposition
of ashes. Due to high consumption of ammonium sulphate in this pro-
cess (1.75 t/t of ashes) and its high price it is necessary to elaborate the
process of regeneration. :

PE3IOME

Hzyuyena shdeKTUBHOCTE PA3JIOMKEHUs 30JbI AUKTHOHEMOBOTIO CIAHIA (Zagee IO
TEKCTYy — CJIaHeIl) IOJj JeicTBHEM cyiabdara aMMOHHSA. PacCMOTpPeHBI CJenyIo-
Liye mapaMeTphl IIpOIecca Pa3JIOMKEHUS, OT KOTOPHIX 3aBHCHUT CTelleHb HM3BJIede-
HUA MEeTaJIJIOB U3 30JIbI B pacTBOop: 1) temmeparypa (300—800 °C), 2) npomoaxKu-
TeJbHOCTh (15—120 MuH), 3) KOJMYECTBO HCIIONB3YEMOTO NS PABJIOKEHHS pea-
resra (MaccoBoe COOTHOLIeHWE 30J1bI U cyabdhara amMmomus 2:1, 1:1 u 1: 2).
Kpome TOro, oxapaKTepH30BaHO BO3LeHCTBHe CyJbhaTa AMMOHHS HA IIPOLECC
TEPMHUYECKOTO DPA3JIOMEHHUs 30JIbI CJIAHIIA TePMHYECKHMMM MEeTOLAMH. DTH OIBITHI
IIPOBOAMJIM Ha JAepuBaTorpade.
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HcxomHBIM BEIeCTBOM CJIYKHJIA 3074 KpynHocThio —1,0 MM, mony4yeHHAsA CHKH-
raHdeM [UKTHOHEMOBOTO cJjaHIa MaapAyCKOro MeCTOPOXKIeHUA (DCTOHUS)
B TONKe C KUMAIIUM cjoeM npu temneparype 810 °C. W3 30sbl u cynabpara amMmmo-
HUS- TOTOBUJIA OJHODPOAHBIE CMECH, KOTOpHIe IOMeINaJi B IIATUHOBBIE YallKHU
(2 50 MmM) ¥ TpoKaauBaJu B TpyO4aToil sjekTporneuu. IlosiyyeHHBIE CIIJIaBHI BBI-
ImeJaYyuBaJd B TeX e yamkax 2 %-HOW CEpHOM KHCJIOTOM IIPDH TeMIepaType
95—100 °C B Teuenue 60 munu. Ilynbny GHUIBTPOBAIN, HEPACTBOPDUMEIE OCTATKHU
Ha (UIBTPe NPOMBIBAJM BOJAOW, BHICYIIWBAJIW W B3BeIIMBaJU. IloJydeHHEBIE IIPO-
IYKTHEl aHAJIN3UPOBAJIH.

Tepmuueckuii ananus nposoxuiu Ha pepusBarorpade OI[-102 B muHamMuUeCcKOM
pexume, nopeiiresue Temneparypsl 10 °C/mun (puc. 2).

W3BiieyeHWe MeETAJIJIOB U3 30JIBI OKA3aJI0OCh MAKCHUMAJBHBEIM IIDH CJIEAYIOIIMX
yenousix: Ttemmepatrypa 400—500°C (puc. 1A), mpogomxurensHocTh 30 MuH
(puc. 1B), MaccoBOe COOTHOLIEHWE 30JBI U CyJbhaTa aMMOHHUS B PeaKIMOHHOMU
cmecH 1 : 2 (puc. 1C). OnTHMAa IbHOCTE 3THX YCJIOBUH IMOATBEDIKAAIOT U PE3YJIbTATHI
TepMuUYecKoro aHanusa (puc. 2).

Ilpu Takux yciaoBuax ussiedenue Ti, Mo, V, U u Fe u3 30y5I B pacTBOp COCTaB-
aser 70—85 %, Al — no 50 9%. Takum obGpa3om, cyiabhaT aMMOHHS IIPELCTAB-
JsieT co00i MOBONBHO 3(h(MEeKTUBHBIA peareHT IJIA PAa3JIOXKEeHHUS 30JIBl CJIaHIA.
Boussmoi pacxox (1,75 T/T 3051BI) ¥ OTHOCUTENBHO BBICOKAA LieHA CyJabdaTa aMMO-
HUS O0YCJIOBIMBAIOT HEOOGXOAMMOCTH pPaspaboTaTh IPOIECC €ro pPereHepPaijuH.
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