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Abstract. The authors have studied the decomposition of monazite concentrate by alkali. They investigated the necessary
decomposition conditions such as temperature, time, particle size and the ratio between alkali and monazite concentrate by
mass (wt/wt). The decomposition is best performed at >140°C, within 8 hours, the required alkali and monazite concentrate
ratio was 1,4/1, the ore particle size needs to be smaller than 48 um. The decomposition efficiency was also only about 70%.
If the desired recovery efficiency was higher than 90%, the alkali/concentrate ratio by mass needed to be at least 4/1,
resulting in a large amount of residual alkali. To improve this process, the authors studied the decomposition of monazite
concentrate by alkali under pressure. The monazite was taken from Ham Tan deposit. The effecting parameters such as
temperature, time, ratio between NaOH/concentrate by mass and particle size of the concentrate were investigated. The
results showed that, under the effect of pressure, decomposition occurs faster, more thoroughly and decomposition efficiency
increases. The suitable temperature for concentrate decomposition was from 180 to 210°C, corresponding to a pressure of 4
to 7 at. The decomposition time was also reduced to 2 hours and the particle size of the concentrate was also larger to 55 um
with 70% alkali and ratio of alkali/concentrate was 1/1. The decomposition efficiency of rare earth elements reached 95%,
while under the same conditions, U was 50% and Th was 77%. When the reaction time increased, the efficiency of rare earth
elements decomposition did not change much, but the decomposition efficiency of radioactive elements tended to increase.
For particle sizes >55 pum, the process efficiency decreased sharply, and changes in reaction conditions were needed to
increase the decomposition efficiency.
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AHHOTanusa. MU3y4eHo pas/ioKeHHe MOHALUTOBOTO KOHLIEHTpATa LIeJoYblo. BblINM HCCIe0BaHbl yCJIOBHUS PA3JIOKEHUS,
TaKWe KaK TeMIlepaTypa, BpeMs, pa3Mep YacTHI, U MacCOBOE COOTHOIIEHHE MEX/Y 11eJI0Ybl0 U MOHALUTOBLIM KOHIIEHTpPa-
TOM 110 Macce. COrJlacHO JIMTepaTyPHBIM JIaHHbIM, IPOLIECC Pa3J/I0KeHU JIydllle BCEro NpoBOAUTH NpHU TeMIepaTtype >140 °C
B TeyeHHe 8 4acoB, TpebGyeMoe COOTHOLIEHHE 11eJ04YHM U MOHALMTOBOrO KOHLEHTpaTa cocTaBiseT 1,4/1, pa3Mep yacTur
PYZAbI AODKEH GbITh MeHblle 48 MKM. dPpPeKTUBHOCTD pas3/ioxKeHUs cocTassgeT okosio 70 %. Ecau fjocTuraTh cTeneHy pas-
soxkeHus cBbiie 90 %, TO COOTHOLIEHHUE 1eJJ0YH/KOHIIEHTpATa [0 Macce J0JDKHO 6bITh He MeHee 4/1, 4TO NMPUBOAUT K
60JIbIIOMY KOJIMYECTBY OCTATOYHOM 111eJ104H, B IOCJIeYyI0leM TPeOyIolel JONOJHUTEIbHBIX 3aTPAT HAa pereHepupoBaHue.
s perneHus npo6sieMbl UCIOJIb30BaHUA U30BITOYHOTO KOJMYECTBA 1[eJ049M ObLI U3yYeH NPOLecc pPa3/ioKeHUs MOHAIM-
TOBOTO KOHIIEHTpPATa NPH NOBbILIEHHOM JIaBJIeHUH 11e/104bI0. BblJI HCII0/Ib30BaH MOHALMTOBBIN KOHIIEHTPAT MECTOPOX/e-
Hus Xam TaH (BbeTHawM, npoBuHIuA banbTxyaH). McciefoBaHbl OCHOBHBIE TAPAMETPHI, BAUSIOLINE HA ITOJHOTY IPOTEKaHUA
npoliecca, TakMe Kak TeMIepaTypa, BpeMs, cooTHoieHne NaOH/KoHIleHTpaT 1o Macce U pa3Mep YacTHL, KOHIleHTpaTa. Pe-
3yJIbTAThI OKA3aJ/Iy, YTO 110/] BO3/IeHCTBUEM /IaBJIEHUS pPa3yioKeHHe MPOUCKXOAUT ObICcTpee U 3P PEKTUBHOCTb PA3/IOKEHUS
yBesimuuBaeTcs. OnTuMasbHas TeMIepaTypa JJif pas3/oKeHUs KOoHLeHTpaTa coctasiadeT oT 180 no 210 °C, yTo cooTBeT-
CTBYeT JiaBJIeHHI0 OT 4 /10 7 aTM. BpeMs pa3sioikeHuUs TaKKe COKPATU/IOCh [j0 2 YAacoB, a pa3Mep YacCTHUl, KOHLeHTpaTa TaKxe
yBeJIMYU/ICA 0 55 MKM Ipu McnoJib3oBaHuM 70 %-HOro pacTBopa 1[eJIOYH U COOTHOLIEHHUs 11jes104b/KoHLeHTpaT 1/1. -
$EeKTUBHOCTb BCKPBITHUS peKO3eMesbHbIX 3JIeMeHTOB JocTuraa 95 %, B To BpeMsl KaK HpPHU TeX e yCJOBUAX CTeleHb
BckpbITUSA 415 U coctaBuaa 50 %, a ass Th - 77 %. [lpu yBesimueHuH BpeMeHU peakliy 3G PeKTUBHOCTD Pa3IoKeHUs pej-
KO3eMeJIbHbIX 3JIEMEHTOB He CUJIbHO MeHsJIach, HO J/Isl PaJIMOAKTUBHBIX 3JIEMEHTOB MMeJIa TEHZEHIMIO K pocTy. [Ipu pas-
Mepax yacTul, >55 MKM 3P PeKTUBHOCTD Mpolecca pe3Ko CHUXKaIACh, U AJ15 yBeandeHus 3GGeKTHUBHOCTH Pa3J/IoKeHUs Tpe-
60BaJIOCh U3MEHEHHE YCIOBUM peaKLUu.

KilodeBble c/10Ba: MOHALUT, pe/iko3eMeJibHble 3J1eMeHTbl, TOPUH, ypaH, GocdaThl, Lie/I04HOe BblllesaulBaHNe
BuiiaroaapHocTH: B pa6oTte npumeHsiiiock o6opyaoBanue LIKII HOUL «<HanoMaTepuasbl 1 HanoTexHosioruu» TIIY.

JJ1s TMTHPOBaHUA: BO3MOXKHOCTD Pa3JI0’KeHHUS] BbeTHAMCKOI0 MOHALIUTOBOTO KOHI|EHTpaTa I11{eJIOUHbIM MeTO/I0M N0/, AaB-
nenueMm / X.I. Jle, C.A. Jivo, J.B. HryeH, B.K. YuHnb, , A.A. CmopokoB // U3BecTrst TOMCKOr0 MOJUTEXHUYECKOTO
yHUBepcuTeTa. MHXXUHUPUHT reopecypcoB. - 2025. - T. 336. - Ne 3. - C. 208-221. DOI: 10.18799/24131830/2025/3 /4949

Introduction Table 1. Main composition of monazite concentrate in
Nowaday, along with the development of society, some contries in the world [2, 3]

the demand for the market of rare earth elements 1d6uyal. Cocmas MOHayuMOGLIX ~ KOHYeHMpamos &

(REE) is increasing, making the demand for rare earth HeKomopuix cmpaax mupa [2, 3]

processing higher. REE can be found in the minerals _ Composition/Cocras (%)
. . . . . Countries/CTpaHbl Total REE (TREE)
bastnazite, monazite, xenotime. Vietnam is one of the O6mue 33 | U208| ThOz | P20s
countries with significant REE reserves in the world. Australia/AscTpanus 61.33 0.34 | 6.55 | 26.28
According to survey reports, the total reserves of REE India/Mnpus 60.00 0.35] 9.65 | 26.23
are about 3.5 million tons [1]. Monazite is a light rare Malaysia/Manajtsus 59.65 0.241 590 | 25.70
. .. . Thailand/Taunanpg 60.20 0.40 | 5.76 | 26.52
earth mineral containing Th in the form of phosphate < = /10nas Kopen 60.20 045 576 [ 26.52
salt ([REE,Th]PO,4). Monazite is mainly distributed in Italya/Wtanus 35.24 1564] 11.34| 31.02
some countries such as India, Brazil, Australia. Vi- Brazil/Bpasuans 58.13 N.D | 10.05] 31.82
etnam also has a fairly large reserve of monazite. It is Sri Lanka/lllpu-Jlatka 53.51 0.1 | 14.32| 26.84
mainly concentrated in the original ores or accompany- Vietnam,/Boernan 58.85 031] 5.03 | 26.13
ing titanium-zircon sands. The main components in
monazite concentrate are shown in Table 1 [2, 3]. 08 %- 11,50,
From Table 1, it can be seen that, for Vietnamese T>230"C

monazite concentrate, the content of TREO, radioac-
tive (ThOz) and P,Os components is quite similar to ~ Monasite ..->| digection
that of Thailand, Korea and Malaysia.

. Undigested
I‘l Leaching |I~ concentrate

NH,OH, pH < 1,08 Th, U, P,0Os, RE, SO,*

The main monazite concentrate processes

Monazite concentrate is processed mostly with two precipitation RE .
[ 20s

main ways: using sulfuric acid and alkali [4, 5]. There
were many independent studies on monazite pro- _
cessing conducted in Indonesia, Malaysia, Korea etc., T&‘;ﬁ;‘c‘“_l I HNO;
in which, the alkali method had shown many ad-
vantages like recovery, processing and refining ability by acid method

after decomposition [5-10]. . o Puc. 1. TexHos02u4eckas cxema nepepabomku MOHAYUMO-
The acid technology scheme is shown in Fig. 1 [6]. 801l pydbl KUCAOMHBIM CNOCO6OM

Fig. 1.  Technological diagram of monazite ore processing
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Monazite ore processing includes the following
stages:

o Acid decomposition of ore concentrate: requires high
concentration of sulfuric acid, usually >93% and de-
composition temperature is usually >230°C. This
temperature depends on the acid concentration used.
The higher the concentration, the lower the tempera-
ture required for the reaction and vice versa.

o Water separation: use water to perform this stage.
The two main products obtained include: undecom-
posed ore concentrate and sulfate salt solution of
Th, U and rare earth elements.

o Selective precipitation, using NH4OH to convert Th
from soluble salt into hydroxide. Filter to separate
the precipitate (hydroxide) and the solution contain-
ing salt of rare earth elements.

o Dissolve the precipitate with dilute HNOj solution,
to obtain thorium nitrate solution. The basis of the
stage depends on the different pH dissolution of
thorium nitrate and rare earth nitrate. Selective and
fractional dissolution. For decomposition using sul-
furic acid, the reaction temperature usually takes
place from 180-240°C under the condition of con-
centrated sulfuric acid >93% and the ratio by mass
of acid/concentrate 1,4/1 [11-13]. With this meth-
od, the actual decomposition efficiency is always
>90%, however, the recovery of rare earth is not re-
ally large, only about 70%. In addition to the gener-
ation of radioactive waste, technologies are needed
to handle it. Therefore, in fact, the acid method is a
classic one, but less used. It is also suitable for rare
earth ores containing low radioactive content, often
applied on a large scale where the level of environ-
mental impact assessment is less focused on be-
cause the waste is highly acidic and needs to be
treated. Therefore, the cost of the obtained product
is basically high. However, the great advantage is
that it can be used for many different rare earth
ores. The disadvantage of the method is that the
amount of waste is large, in addition to excess acid,
the ability to manage radioactive waste must also be
taken into account.

Main reactions:
e Decomposition reaction (Digestion by sulfuric acid)
2REEPO,+3H,S0,—REE,(SO,);+6H"+PO,*",
Ths(PO4)4+6H,S04—3Th(SO,),+12H +4P0O,*.
e Selective precipitation:
Th(SO,),+4NH,;OH—Th(OH)4+2(NH,),SOy.

With the method of decomposing monazite concen-
trate by alkali, concentrated NaOH (>50%) is the most
widely used and most popular besides KOH and
Na,CO;. The diagram of the method is shown in Fig. 2.
Alkaline technology includes the following stages:

e magnetic separation to increase the monazite con-
tent to 99%;

e alkaline decomposition: forming rare earth and tho-
rium hydroxides;

e removal of phosphate salts and excess alkali: using
pure water to perform;

e neutralization to remove hydroxides of thorium and
uranium. This is done by using HCI or HNOj3 acid
solution;

e removal of Ra by co-precipitation with BaSO,. Us-
ing a mixture of Na,SO,4 and BaCl, solutions with
appropriate concentrations to perform barium sul-
fate precipitation. The result is a rare earth salt solu-
tion.

With the decomposition using NaOH, the decompo-
sition temperature was usually lower, about 140—160°C,
with high concentration of NaOH ~70%, for a long time
of about 8-10 hours. The mass ratio between
NaOH/concentrate was 1,4-2/1, which could recover
70% of REE from the ore. To increase the efficiency, a
much larger ratio of alkali/concentrate was needed [14,
15]. When using KOH, the results were almost similar
to those of NaOH. The required temperature was from
150 to 250°C, the ratio of KOH/concentrate by weight
(wt/wt) is from 1,4/1 to 2/1; the decomposition time was
4 hours, the recovery efficiency of rare earth elements is
about 70%. To increase the recovery efficiency, the de-
composition temperature was >200°C, the reaction time
was 4 hours and the ratio of KOH/concentrate by weight
was 4/1. Then, the recovery efficiency of rare earth ele-
ments reached 90% [16]. The alkaline technology
scheme is shown in Fig. 2 [17, 18].

Monazite

concentrate, NaOH
_ 050
85 =95 & Monazite =
concentrate, ‘
99 %
Magnetic I— AlKali
separation decomposition
Light part  pp o
phate ' Phosphate
solution removing
Hydroxite cake: Th, U,
Ra, REE
Cake II: Th, U -
hydroxites — Neutralization —II HCI

Chloride solution: Ra,
RE

Precipitation

Meso Thorium cake
Ba(Ra)SO; L

Rare earth chloride
solution

Flowchart of monazite ore refining technology
B/0K-cXema mexHo/102uU hepepabomku MOHAyumo-
8oli pydul

Fig. 2.
Puc. 2.
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Main reactions:
e Decomposition reaction (Digestion by alkali)

REEPO,+3NaOH—REE(OH);+Na;PO,,
Th;(POy4),+12NaOH—3Th(OH),+4Na3PO,.
e Leaching reaction by HCl acid:
REE(OH);+3HCI—-REECI;+3H,0,
Th(OH),+4HCl—ThCl4+4H,0.

Monazite concentrate processing in Vietnam

Since the 1990s, Vietnam has conducted many
studies on processing rare earth concentrates, including
the acid method using concentrated sulfuric acid and
the alkaline method using NaOH to decompose rare
earth concentrates. In addition, there are a number of
cooperation and technology transfer programs for pro-
cessing rare earth concentrates between Vietnam and
some countries such as India (monazite), Japan (bast-
naite). The earliest cooperation program with India was
implemented in the late 1990s and early 2000s. The
studies were conducted and implemented to process
monazite concentrates by the concentrated alkaline
decomposition method (NaOH, 70%) deployed on an
industrial scale in India. The cooperation program with
Japan was carried out for bastnasite concentrates with
acid decomposition in the period from 2012 to 2015.
The studies also showed the suitability of the alkaline
method for Vietnamese monazite concentrates. In the
cooperation with India, monazite concentrates obtained
from placers were used to conduct survey and evalua-
tion studies. Alkaline (NaOH) decomposition experi-
ments with conditions of reaction time, decomposition
temperature, alkali/concentrate ratio by mass, and
monazite concentrate particle size were carried out.

The results showed a correlation with the decompo-
sition conditions of previous studies. It is required re-
action temperature higher than 140°C, decomposition
time approximately 8 hours, alkali concentration >70%
and the mass ratio between NaOH/concentrate was
1,4/1. The rare earth recovery efficiency reached nearly
70%. The particle size required to ensure efficient op-
eration is d<48 um. To increase the recovery of REE
to 80%, the required alkali/concentrate ratio was 2/1
and for 90% this ratio was 4/1.

It can be seen that the recovery efficiency of REE is
only about 70% by the alkaline decomposition method.
To increase the efficiency of the process, it is necessary
to increase the ratio between alkali and concentrate by
mass or further grind the concentrate. Besides, according
to reports on pressure impact on the decomposition of
rare earth concentrates, pressure will make the efficiency
of the process better [19, 20]. The decomposition reac-
tion temperature is similar to that when working under
normal conditions, however, the effective particle size is
larger, the reaction time is shortened [21].

It should be mentioned that other methods of mona-
zite decomposition can be used. For instance, pro-
cessing some chemically inert concentrates with
NH4HF, is possible and may be realized in industry
[22-25]. In case of monazite the application of ammoni-
um bifluoride has some disadvantages. They are mostly
related to formation of REE fluorides, which a more
resistant in comparison with respective hydroxides.

With the requirements for improving the previous
monazite concentrate processing technology, along with
the ability to obtain rare earth products with higher re-
covery efficiency, which can be built and deployed on a
large scale, the study of the ability to decompose mona-
zite concentrate from Vietnamese mineral ore sources by
alkali under pressure conditions needs to be carried out.

Experimental part
Materials and equipments
Materials
The experiments were performed with Vietnamese
monazite concentrate, took from Ham Tan deposit (Binh
Thuan province, Vietnam). Initial monazite concentra-
tion in the ore is about 80 %. After the ore enrichment
with magnetic separation and froth flotation concentra-
tion of monazite in the product was increased to 99%.
The monazite concentrate was crushed to different
sizes before taking the experiments. The grinding pro-
cess was carried out by ball mill equipment (Mini Roll
Laboratory Ball Mill QM-5 (TENCAN, China)).

The composition of monazite concentrate (Ham tan deposit)

X-ray diffraction (XRD) analysis (Rigaku Model
Ultma+) was carried out on the monazite concentrate to
determine the major mineral phases present (Fig. 3). The
program Highscore plus V4.5 with a database PDF-4 was
used for analysis. It was found that the major component
of concentrate is a monazite ([Ce, La, Nd, Th](POy)).
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Fig. 3. XRD imagine of Vietnamese monazite concentrate

Puc. 3. PeHmeeHozpamma 8bemHAMCKO20 MOHAYUMOB020
KOHYeHmpama
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The chemical composition of the experimental mon-
azite concentrate is shown in Table 2. The analysis was
provided with optical emission spectroscopy with induc-
tively coupled plasma (Horiba Ultima 2 ICP OES).

Table 2. Composition of the experiment monazite concen-

trate

Ta6auya 2. Cocmas uccsiedyemozo MOHAYUMOB020 KOHYEH-

mpama
Ele- Amount of elements in solid Mass concentration,
ments sample, mg/kg %
dueme Copep>kaHue 3/1eMeHTa B MaccoBas
HTBI TBEpZIOM 06paslie, MI'/Kr KoHIeHTpanus, %
Y 1067,27 1,07
La 11317,48 11,32
Nd 8017,93 8,02
Ce 21476,56 21,48
Pr 2166,9 2,17
U 329,33 0,33
Th 2946,88 2,95
Sm 1423,15 1,42
Gd 972,93 0,97
Dy 376,27 0,38

Thus, the main components in the experimental ore
concentrate are Ce — 21,48%, La —11,32%, Nd>8%,
Pr>2%, radioactive elements U>0,3% and Th approx-
imately 3%.

Equipment
All decomposition experiments were carried out in
an autoclave, a closed, heated and stirred reactor

(Fig. 4).

Fig. 4. Autoclave apparatus: 1 - furnace, 2 - control system,
3 - mixer, 4 - furnace lid with pressure meter
Puc. 4. Asmokaas: 1 - neunb, 2 - cucmema ynpasienusi, 3 —

cmecy, 4 - KpblWKa nevu ¢ damuukom daeseHust

The apparatus was designed and manufactured at the
Institute of Technology for Radioactive and Rare Mate-
rials (Vietnam). The apparatus includes four main parts:
e furnace: consists of a furnace shell containing heat-

ing wires, and a cylindrical tube made of chemical-

ly corrosive and heat-resistant material (stainless

steel Inox310s). This is the space where the decom-
position reaction took place;

e control system: sets the heating mode and stirring
speed;

e mixer: includes motor and stirring blade whose ro-
tation is controlled by the control system;

e furnace lid: has air release valve tubes, pressure
meter and temperature sensor tube.
Materials used to manufacture reactor core and stir-

ring blades: 310s stainless steel

Experiments

Investigations on reaction conditions were carried
out and cross-selected. The main purpose was to im-
prove the technological conditions currently being car-
ried out at the Institute of Radioactive and Rare Earths
Technology (Vietnam), where the decomposition with
NaOH was carried out in the atmosphere. The main in-
fluencing parameters such as temperature, time, alka-
li/concentrate ratio by mass and particle size were tested
and compared. Experiments were performed with 100
grams of monazite concentrate, mixed thoroughly with
70%-NaOH, and conducted in an autoclave (Fig. 3).

Investigation of decomposition temperature
to decomposition efficiency

The decomposition temperature was investigated in
the temperature range from 120 to 240°C with 100
grams of concentrate, mixed well with 70%-NaOH,
A/M ratio (wt/wt)=1/1 and in a reaction time of 4 hours
with a particle size d<48 pm (taken from the alkaline
method under normal pressure conditions).

Investigation of time to decomposition efficiency

The process time was from 0,5 to 4 hours under the
temperature conditions obtained from the investigation
of the impact of decomposition temperature. The study
was conducted with 100 grams of concentrate, mixed
well with 70%-NaOH, A/M ratio (wt/wt)=1/1 with a
particle size d<48 pm.

Investigation of the alkali/concentrate ratio (A/M) by
mass (wt/wt) on the decomposition efficiency

Similarly, the A/M ratio (wt/wt) impact was investi-
gated. The decomposition conditions such as temperature
and time were taken from previous studies. The investi-
gated ratios from 0,8/1 to 3/1 were carried out with 100
grams of concentrate with d<48 pm, the amount of NaOH
was calculated according to the studied ratios.

Investigation of particle size on the decomposition efficiency

Particle size plays an important role for most chem-
ical processes. Here, monazite concentrate was crushed
to particle sizes d<48 pm, 48<d<55 pm, 55<d<63 pm,
63<d<75 um, 75<d<106 pm. The researchs were con-
ducted independently with 100 grams of concentrate,
A/M ratio, time, temperature obtained from previous
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experiments. The research of parameters were per-
formed multiple times to determine the best working
conditions for the decomposition using monazite con-
centrate taken from Vietnamese placer.

Analysis methods
To determine the efficiency of the decomposition,
the products obtained from the autoclave are washed
with distillated water to remove NazPO, and NaOH.
The washing was end when the pH of the washing wa-
ter gained 7-8, then all Na;PO, and NaOH were com-
pletely removed from the precipitate. The solution was
filtered to collect the hydroxide precipitate. These hy-
droxides were leached with 3 M HCI, temperature
70°C, mixing time was 1 hour, stirring speed was set in
300 rpm. After leaching, filtering and washing to sepa-
rate solid and liquid, the obtained solution was ana-
lyzed on ICP-MS to determine the decomposition effi-
ciency according to:
n= ﬂ -100 %
m? ’
wherern is the decomposition efficiency, %; m’; is the
mass of element i after decomposition, gr; m°; is the
mass of element i in concentrate, gr.
For calculating the degradation efficiency of the to-
tal REE and the total radioactive elements, the total
efficiency is calculated as follows:

_Zm 00 %
Nrreg = ¥ m? 0,
Z™ 100 %,

Nrrag = L m?

where Mrreg, Mrrae are the decomposition efficiency
of TREE and radioactive elements, %; i is the REE; j is
the radioactive element.

Results and disscusion
Reaction temperature effect on decomposition
efficiency

Temperature plays an important role in most chem-
ical processes. Normally, increasing temperature will
increase the working speed, reduce the time required to
carry out chemical changes, increase the driving force
and working efficiency. Especially, with the working
process in closed equipment such as autoclave, temper-
ature will directly affect the working pressure. The
particle size of concentrate was less than 48 um. The
pressure effect on temperature is shown in Fig. 5.

It could be seen that the temperature directly affects
the pressure inside the autoclave used for decomposing
monazite concentrate with alkali. Fig. 5 shows that the
pressure increased slightly from 1,6 to 2 at when the
temperature grew from 120 to 150°C. Then, the pres-
sure inside the autoclave continued to increase more
strongly to 7 at when the temperature increased to

210 °C and to 15 at when the temperature increased to
240°C, the pressure in the device reachesed over 15 at,
and continued to increase more strongly when the tem-
perature increased above 240°C. The cause of this phe-
nomenon is the amount of water in the alkali used for
decomposition. With 70% alkali, there will be 30%
water leading to the phenomenon of water evaporation,
forming superheated steam that increases the pressure
in the device sharply. For the previous alkali method,
monazite concentrate was decomposed with alkali at
normal pressure, which means an open system. There-
fore, there was no need to mention this pressure in-
crease phenomenon.
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Fig. 5. Pressure effect on reaction temperature in the auto-
clave
Puc. 5. BausiHue 0das/ieHusi HA memnepamypy peaxkyuu 8
asmokaase

The results of the decomposition efficiency are
shown in Table 3 and Fig. 6. Growth of the reaction
temperature increased not only the reaction system
pressure but also the decomposition efficiency. The
yield of REE and U, Th was higher as well.

Table 3. Dependence of decomposition efficiency of mon-

azite concentrate on temperature

Ta6/1uua 3. 3asucumocms cmeneHu 8CKpblmus MoHayumo-
8020 KOHYyeHmpama om memnepamypbl

T oC Decomposition efficiency/Ctenenb BckpbITHs, 17, %

’ Y La Nd Ce Pr U Th
120 | 91,02 | 84,45 | 72,99 | 88,99 | 84,30 | 43,59 | 6597
150 | 93,69 | 95,34 | 87,69 | 91,18 | 96,86 | 45,57 | 80,23
180 | 94,79 | 99,15 | 89,72 | 93,91 | 97,55 | 49,63 | 79,74
210 | 88,32 | 98,86 | 88,24 | 94,18 | 93,70 | 53,44 | 69,74
240 | 86,17 | 96,82 | 86,46 | 92,46 | 90,46 | 54,34 | 51,32

It was found that, as the reaction temperature grew,
the decomposition efficiency of REE increased. Espe-
cially from 120 to 150°C, then increased slightly to
180°C and then tended to decrease slightly.
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Fig. 6. Temperature effect on the decomposition efficiency
of REE, U and Th
Puc. 6. BausiHue memnepamypbl Ha CmeneHb BCKpbIMus

P33, ypauna u mopus

The best efficiency for Y reached >93%, La>99%,
Nd>89%, Ce>94% and Pr>97%. For U, the decompo-
sition efficiency significantly increased at temperature
growth till 210°C. After that, the decomposition effi-
ciency of uranium did not change much. It should be
mentioned that in case of uranium, hydroxides were
formed from very limited decomposition reactions
even at high temperatures. In the case of decomposi-
tion from phosphate ores uranium may form
UO,(OH),. However, in the case of concentrated alkali,
there was a reciprocal transformation and the formation
of NaUO,PO, salt, which is a stable compound and
almost insoluble in common acids. The results of anal-
ysis of residues or leaching with 3 M HCI containing a
considerable amount of U elements have shown the
suitability of this evaluation method. For Th, the effi-
ciency increased at temperature growth from 120 to
150°C, then remained almost constant in the tempera-
ture range from 150 to 180°C, the highest efficiency
reached is 80%. Continuing to increase the tempera-
ture, the process efficiency decreased sharply. The
main reason here is that at temperature higher than
210°C, Th(OH)4 decomposes partially into oxide form.
In this case, the obtained thorium dioxide cannot be
separated with HCI and stays in the solid part.

Fig. 7 shows the decomposition efficiency of the
TREE and the total radioactive (U+Th) (TRaE). There
was a clear separation in the decomposition efficiency
as well as the recovery. The temperature increases, the
decomposition efficiency of the TREE increases and
does not change when the temperature came to 180°C
and higher, with the total (U+Th) the decomposition
efficiency decreased sharply at high temperature. The
suitable temperature for decomposition will be in the
range of 180-210°C. With the technologies put into
actual production, the removal of radioactive impuri-
ties was important, the difference in the working path
of TRRE and total radioactive (TRaE) could be seen,

while TREE was less affected when T>180°C, TRaE
tends to decreas gradually, especially at T=240 °C, the
decomposition efficiency was only about 50%. This
helps to choose the working conditions in the real ac-
tivities. When compared with the alkaline method work-
ing under normal conditions, the decomposition effi-
ciency of the TREE was much better. Under pressure
effect the monazite particles were not only affected by
stirring, but also had to endure the compressive forces of
the generated steam. This makes the ability of the parti-
cles to contact with alkali better, thereby the reaction
became better even though the time was shorter.

95 A

n, %
/ﬁ

—®— nTREE e
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Temperature effect on the decomposition efficiency
of TREE and radioactive elements
BausiHue memnepamypbl Ha cmeneHb 6CKpbIMUS
ecex P33 u paduoakmusHbuIx 3/1eMeHMOo8

250
Fig. 7.

Puc. 7.

Reaction time effect on the decomposition efficiency
Besides the decomposition temperature, reaction
time was an important parameter in the decomposition.
The working time has many implications for the devel-
opment of working regimes. To determine the appro-
priate working time, experiments were carried out with
100 grams of monazite concentrate, with a grain size of
d<48 pum, with 100 grams of alkali (A/M ratio=1/1) at
180°C, selected from the temperature study. This was
the best temperature for the total collection of rare
earth and radioactive elements. The radioactive ele-
ments U and Th would be separated through selective
leaching. The results are shown in Table 4 and Fig. 8.
The decomposition efficiency of rare earth and ra-
dioactive elements both increased with reaction time
and reached equilibrium. The results showed that the
decomposition efficiency increased sharply up to
1 working hour, then increased very slowly from 1 to
2 hours of decomposition. And remained almost un-
changed thereafter. Therefore, the best time to decom-
pose monazite concentrate here was 2 hours. The de-
composition efficiency of Y reached >92%, La>98%,
Nd>85%, Ce>96% and Pr>95%. For U, the best de-
composition efficiency was achieved after 3 working
hours, reaching >48% and Th had the best decomposi-
tion efficiency after 3 working hours, reaching 80%.
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Table 4. Dependence of decomposition efficiency of monazite concentrate on decomposition time
Ta6auya 4. 3asucumocms cmeneHu 8CKpbIMusi MOHAYUMOB020 KOHYeHMpama om epemeHu npoyecca
. Decomposition efficiency/Ctenenb BckpbITHS, 17, %
Time, h/Bpews, 4 Y La Nd Ce Pr U Th 1 TREE 1 TRaE
0,5 60,11 88,00 56,00 82,11 44,00 5,00 47,00 76,46 42,77
1 84,57 96,18 79,93 93,80 86,20 13,68 60,32 91,29 55,63
2 92,17 98,75 85,75 96,24 95,58 41,81 79,03 94,85 75,23
3 93,59 98,76 87,04 96,57 96,68 48,11 80,59 95,33 77,33
4 94,79 99,15 88,62 94,41 97,55 48,63 77,74 94,73 74,82

As the time continued to increase, the decomposi-
tion efficiency of Th gradually decreased due to the
phenomenon of partial decomposition into ThO,.
However, the efficiency also increased insignificantly
compared to after 2 hours of work.

100

7,h

Fig. 8. Reaction time effect on decomposition efficiency of
REE, Uand Th
BausiHue epemeHu peakyuu Ha cmeneHb pas/oice-

Hus1 P33, ypana u mopus

Puc. 8.

The decomposition efficiency of TREE and TRaE
(U+Th) over time is shown in Fig. 9. There was a clear
separation in decomposition efficiency as well as re-
covery. After 2 hours of working, the recovery effi-
ciency of REE and RaE is the best. However, when the
working time was 1 hour, the decomposition efficiency
of TREE reached >91 %, then increased slightly to 2
hours of working and reached >94%. For radioactive
elements, after 1 hour of working, the decomposition
efficiency was only about 55%, then increased sharply
to >77% when increasing by 1 more hour of working.
Therefore, to separate REE and RaE, the best working
time was after 1 hour of working when still ensuring
the decomposition efficiency, at the same time reduc-
ing a lot of Th and U in the product after decomposi-
tion. This was practical due to the need for the purity of
the hydroxide after decomposition, but it caused many
problems for waste management, due to the large con-
tent of Th and U in the waste after decomposition.
Meanwhile, after decomposition, the hydroxides were
selectively separated to obtain a rare earth solution and

the radioactive elements were separated in the solid
product (containing Th, U and a small part of REE).
This solid waste can easily be processed through a sol-
vent extraction scheme to separate Th, U out of rare
earth products. Therefore, for the effect of decomposi-
tion time, 2 hours was the best selection.

0 2 4 5
T, h
Fig. 9. Reaction time effect on the decomposition efficiency
of TREE and RaE
Puc. 9. BausHue 8pemeHU peakyuu HA CMeNneHb 8CKpblMusi

pedKko3eMebHbIX U paduoaKmueHbIX 31eMeHMo8

Effect of ratio of NaOH/concentrate by mass
on the decomposition efficiency

Investigations on the ratio of alkali/concentrate by
mass were carried out with different ratios from 0,8/1
to 3/1. The reactions were carried out with 100 g of
concentrate with 70% alkali, according to the above
ratios. The reaction temperature was 180°C with parti-
cle size d<48 um, the investigation time was 2 hours.
Decomposition experiments at longer times were of
little significance as the degradation efficiencies ob-
tained after 3 and 4 hours did not change much com-
pared to 2 hours of operation. The results are shown in
Table 5 and Fig. 10. The decomposition efficiency of
REE and RaE slightly increased with the alka-
li/concentrate ratio. For the A/M ratio of 0,8/1 accord-
ing to the theoretical calculation of molar equivalents,
the alkali had an excess of about 40-50% of the
amount of NaOH needed for complete decomposition
compared to the theory if the decomposition efficiency
was 100%, the decomposition efficiency of REE
reached >90%, except Nd (>85%).
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Table 5.

Dependence of decomposition efficiency of monazite concentrate on ratio between alkali/monazite concentrate by mass

Ta6ﬂuua 5. 3asucumocmsb cmenenu B8CKpblmMmus MOHAYyumoeo2o0 KOHyeHmpama om maccogeo2o0 COOMHoOWeHus Ll{e./IO‘{b/ MOHA-

yumoswlli KoHYyeHmpam

Ratio, wt/wt Decomposition efficiency/Crenenb BckpbiTHS, 1), %

MaccoBoe COOTHOIIEHHUE 11les104b/MOHAIUTOBBIM KOHIIeHTpaT Y La Nd Ce Pr U Th | nTREE |nTRaE
0.8 91.88 93 85.91 | 90.66 | 90.10 | 48.99 | 74.65 | 90.40 | 72.07

1 92.17 | 98.75 | 85.75 | 96.24 | 95.58 | 41.81 | 79.03 | 94.74 | 73.12

1.5 95.05 | 99.23 | 92.87 | 94.27 | 97.95 | 50.09 | 77.47 | 95.67 | 74.72

2 95.92 | 99.32 | 94.26 | 94.86 | 99.04 | 50.59 | 78.31 | 96.14 | 75.52

2.5 96.04 | 99.22 | 94.75 | 95.03 | 99.66 | 50.79 | 78.66 | 96.44 | 75.85

3 96.29 | 99.30 | 95.27 | 95.43 | 99.68 | 51.09 | 79.47 | 96.65 | 76.62

Increasing the ratio to 1/1, the decomposition effi-
ciency of the elements grew slightly to >92% for Y,
Ce>96%, La>98%, Pr>95%, Nd still only reached
>85%. When the A/M ratio continued to increase to
1,5/1, the decomposition efficiency of the elements
grew slightly and reached stability. The efficiency of
REE is high enough (Y>95%, La>99%, Ce>94% and
Pr about 98%). Only Nd continued to increase at this
ratio growth, reaching >95% at ratio of 3/1. For radio-
active elements, the decomposition efficiency also
tended to increase at the A/M ratio growth and stabi-
lized at a ratio of 1,5/1. And the decomposition effi-
ciency of U reached about 50% and that of Th reached
>77%.

100 : =
i//;/x/ " =
80 1 - =
S m-m-o®
N ——Y ——1a
= —— Nd —eo—(Ce
60 - Pr --e-U
--®- Th
00— -@--—-@----- °
40 ; :
055 1,5 2’5 3’5
g, wt/wt

Fig. 10. Effect of ratio between NaOH/concentrate by weight
(wt/wt) on the decomposition efficiency of REE, U
and Th

Puc. 10. Bausinue coomHoweHuss NaOH/koHyemmpam no
macce Ha cmeneHb eckpbimus P33, ypana u mopus

The decomposition efficiency of TREE and TRaE
(U+Th) according to the alkali/concentrate ratio
(wt/wt) is shown in Fig. 11. According to the results
obtained, it is found that the ratio between alkali and
monazite concentrate by mass was best at 1,5/1. At that
time, the decomposition efficiency of the TREE
reached ~96%, decomposition efficiency of the RaE
also reached ~75%, this efficiency was very high com-

pared to other alkaline methods under normal condi-
tions (without pressure). However, the biggest disad-
vantage of the alkaline method was the phenomenon of
excess alkali. If the ratio is too large, combined with
working under high temperature conditions, long reac-
tion time, if SiO, from the ore could not be completely
treated, it leads to the formation of silicate salts of Th
and U. It is difficult to treat these two salts by conven-
tional methods and to come to the sodium phosphate
solution, contaminating this by-product. This is also
the reason why the previous alkaline method was per-
formed at 140°C, although the alkali/concentrate ratio
by mass reached 4/1 with the desire to increase the de-
composition efficiency to 90%. Comparing the results,
it could be seen that although the A/M ratio was 1/1,
the decomposition efficiency was only ~95%, 1%
smaller than at the ratio of 1,5/1, but the amount of
alkali used was much smaller. This had significance
not only in production, but also in waste treatment and
subsequent treatment of excess alkali. Therefore, the
ratio between alkali and concentrate suitable for the
fact meaning was 1/1.
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Fig. 11. Effect of ratio between NaOH/concentrate by weight
(wt/wt) on the decomposition efficiency of TREE and
RaE

Puc. 11. BausiHue coomHoweHusi NaOH/konyeHmpam no
macce Ha cmeneHb eckpbimusi P33 u paduoakmuse-
HbIX 3/1eMEHMO08
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Effect of concentrate particle size
on the decomposition efficiency

Particle size plays a very important role in the mon-
azite concentrate decomposition by alkali. There is a
difference in the working mechanism of alkaline and
acid methods. With the acid method, the working
mechanism is adsorption, when the acid enters the ore
particle and destroys ore structure from the inside.
Therefore, large ore particles can still be decomposed,
but it takes a long time. This is the advantage of the

For uranium the effective working size was at d<55
um, then increasing the particle size caused the
decomposition efficiency decrease sharply to 25%
when the particle size was 5<d<106 pm.

Table 6. Dependence of decomposition efficiency of mon-

azite concentrate on particle size

Ta6auya 6. 3as8ucumocms cmeneHu 8CKpbIMuUsl MOHAYUMO-
8020 KOHYeHmpama om pasmepa yacmuy

method. For the alkaline method, the decomposition d Decomposition efficiency/Crenenn BCKpbITHa, 7, %

mechanism comes from the surface of the ore particle, |[pm/mkm| Y | La | Nd | Ce | Pr | U | Th |nrre | nrre
so if the ore particle is large, it causes a sharp decrease ‘;*53 2:-32 9235 gg-z; 3:-2? 9978515 23-2‘; ;g-?i Zi-gz ;i;;
in efficiency. Previous studies shown that the particle | — 500015536188 20[91.63[93.11]¢4.01]75.70[90.23[72.51
size d<48 um, in actual production, the particle size 75 |74.18|73.34]87.93]88.34|83.33]37.95 | 65.67| 83.82| 62.88
needs to be smaller than d<45 pm. The experiment | 106 |65.82]70.47[83.91]76.95/76.94]27.95[51.92]76.28[49.51

conditions were selected and established according to
previously conducted researches. The experiments
were carried out at a decomposition temperature of
180°C, a decomposition time of 2 hours and a mass
ratio of A/M of 1/1. The results of the investigation of
the impact of particle sizes performed with d<48 pm,
48<d<S5 pm, 55<d<63 pm, 63<d<75 pum,
75<d<106 pm are shown in Table 6 and Fig. 12. The
decomposition efficiency of REE was guaranteed to
particles with size d<55 pm, then the decomposition
efficiency of elements at d<48 and 48<d<55 pum were
quite similar. When the particle size continued to in-
crease to d<63 um, the decomposition efficiency of
REE decreased, but basically reached 90%. For Ce and
Pr elements, the decomposition efficiency still reaches
>90% and the decomposition efficiency of Nd was al-
most similar when took with smaller particle sizes. For
thorium the decomposition was effective up to the par-
ticle size d<63 um with a decomposition efficiency of
nearly 80%. Then it decreasesd sharply to about 65%
when the particle size was 63<d<75 um and to about
50% when the particle size reached d<106 pm.
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——l.a
N ——Nd
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20 : : : --®--Th
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d, um
Fig. 12. Particle size effect on the decomposition efficiency of
REE, U and Th
Puc. 12. BausiHue pasmepa 4acmuy Ha cmeneHb 8CKpblMus
P33, ypauna u mopus

To properly evaluate the process performance, it is
necessary to determine the degradation efficiency f
TREE, and TRaE (U and Th). The results are shown in
Fig. 13 and Table 6.

140
—8— TREE
- -® - 7 TRaE
= ®-0--¢_
= Te-____
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40 T T T
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d, um

Fig. 13. Particle size effect on the decomposition efficiency of
TREE and RaE

Puc. 13. BausHue pasmepa yacmuy Ha cmeneHb 8CKpblMusi
P33 u paduoakmugHuix 31emeHmo8

The value of the decomposition efficiency of REE
has a great effect on the selection of effective working
particle size, as well as on the selection of grinding
mode in actual production operation. For particles size
of d<48 and d<55 um, the decomposition efficiency of
TREE is very high >94%. When increasing the particle
size, the decomposition efficiency gradually decreases.
Increasing the particle size to 63 um, the efficiency
was >90%, 83% when the particle size was 75 um and
75% when the particle size increases to 106 um. The
total elements U and Th extraction also decrease from
75 to 49% when increasing the particle size. Therefore,
it can be concluded that, for this method, particle size
up to 55 um can be decomposed very well under the
given experimental conditions, working time 2 hours,
alkali 70%, alkali/concentrate ratio by mass 1/1 and
decomposition temperature 180°C. For particles with
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size of 63 um, the decomposition efficiency can be
increased by rising the alkali/concentrate ratio and
working time. For larger particles, instead of changing
the experimental conditions, it may be advisable to
continue grinding the particles to a smaller size.

Therefore, when compared with the traditional alka-
line technology performed under normal conditions,
the decomposition under pressure conditions can be
achieved with larger particles. Under the best working
conditions of the previous method, which required 8
hours of decomposition at 140°C and an A/M ratio
(wt/wt) of 1,4/1, the decomposition efficiency of REE
was only about 70% when using particles with a size of
d<48 pm. Meanwhile, with particles with a size of
d<48 um, this efficiency reached >94% under the fol-
lowing conditions: reaction temperature 180°C, A/M
ratio 1/1 and decomposition time 2 hours.

Conclusion
Decomposition of Vietnamese monazite concentrate
in autoclave obtained good results. The best decomposi-
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