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ABSTRACT

Lanthanum and neodymium are among the high quantity elements in mixed
rare earth from monazite processing. The popular rare earth separation
process is liquid-liquid =xtraction. This research was carried out to study
lanthanum and neodymium distribution in two extractants, di(2-ethylhexyl;
phosphoric acid and tributylphosphate. The experimental results show that
neodymium distributes in both extractants better than lanthanum. The distri-
but.ion of both elements are higher at low acidity than at high acidity. Quick
and rough investigation by calculating the ratio of distribution coefficient
of neodymiunm to lanthanum in each extractant indicated that La-Nd separation
efficiency of Di(2-ethylhexyl) phosphoric acid is higher than that of
tributylphosphate.

D-32



1.Introduction

Both lanthanum and neodymium are classified in the light rare earth
elements group. Rare earths are the elements in Lanthanide series which include
of 15 elements. Tn Thailand, the rare earths can be processed from monazite
sand’ which is found in tin mine. From the survey of Departmwent of Mineral
Resources in 1979-1991, the reserve is about 17,792.8 metric tons and it costs
244.5 billion bahts or 13,737 bahts/metric tons‘*’. 1In 1990, world’s rare earth
consumption is about 37,000 matric tons ™’

Because of the similar chemical properties of each individual rare earth,
it, is hard to separate and purify them. Liquid-liquid extraction process is
one of the efficient and economic separation techniques to obtain high purity
individual rare earth. There are two popular chemical systems in commercial
scale'™’: HNO _-Tcibutylphosphate (TBP) and HCl—di(Z—eﬂhylhexyl) phosphoric
acid (D2EHPA).

TBP was the main extractant that was used in rare earth separation
processes for a long time by some giant companies such as Rhone-Poulenc,
Thorium Ltd.(UK) and Indian Rare Earths‘®’. In 1957, Peppard“' reported that
the rare earth separation factor was as high as 2.5 in chloride and nitrate
system by using D2EHPA as solvent while the highest separation factor of TBP-HNO,
system was 1.9. In 1965, C.Battista, C.Mize and M.Smutz‘®’ found that chloride
system was wmore suitable than nitrate system and extraction should be done
at lowest acidity. In 1967, Nair and Smutz‘’’ extracted lanthanum from
didymiun chloride (45% La,0_, 35% Nd,O_, 10% Pr 0, and 5% Sw,0) using DZEHPA
and the yield obtained was as high as 99.8%. The equipment used was 14-stage-
mixer-settler. In 1975, B.H.Lucas and G.H.Ritcey‘“’ from Department of Energy,
Mines and Resources, Canada, extracted yttrium from heavy rare earth and light
rare earth by D2EHPA using sieve-plate pulse column. In 1979, Indian Rare
Earths plant at Alwaye, India, extracted rare earths from mixed rare earth
chioride obtained from nmonazite processing‘a) using D2EHPA and produced
individual rare earths which concentrations of about 60-95%.

The objectives of this research are listed below:

(1) to investigate individual rare earth distribution in 50% TBP and 1H
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D2EHPA by using lanthanum and neodymium as examples because of their high
amounts in mixed rare earth obtained from monazite processing.

(2) to study optinum conditions for extraction and serubbing.

(3) to preliminary compare separation efficiency between two extractants:

TBP and D2ENPA.

2. Materials and nethods

2.1 Materials

separatory funnels

electronic shaker

chemicals : '

LaCl, (Fluka, assay > 99.0%)
NdC1_.6H,0 (Fluka, 99.9% Nd)
La(NO,) ,.6H, 0 (Fluka, assay »>99.0%)
Nd(NOa)a.BHZO (Fluka, 99.9% Nd)
HC1, HNO (A.R.grade)

Di(2-ethylhexyl) phosphoric acid (Sigma, minimum 95%)
Tributylphosphate (BDH, assay(GLC)98%)

kerosene (commercial grade)

2.2 Methods

The nitrate and chloride system were studied at some acidities and the
extractants were 1M D2EHPA/kerosene and 50% TBP/kerosene. The commercial
kerosene was washed by conc.H,S0,, IN NaOH and H,O, respectively. The extractant,
1M D2EHPA/kerosene is also washed by 6N HCl, 1N NaOH and H,0 respectively and
TBP was washed by 5% Na,CO, and then H,O.

The equilibration ﬁas run between feed and extractant by shaking in
separatory funnels. The ratio of feed to extractant was 1:1 and after 15 minutes
shaking, the solution was kept 1 hour for phase separation and then was shaked
again about 15 minutes . After that, it was kept 1 hour again for phase

separation. This equilibration technique was done in order to eliminate
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the effect of temperature. Samples from raffinates and feeds were taken for
lanthanue and neodymium analysis by inductive coupled plasma emission spectrometer
(ICP) model Plasma 1000 of Perkin-Elmer.

The conditions of both systems that used in this experiment were:

1. Lacl3 (neutral) 1M D2EHPA/kerosene

2. LaCl,/0.5N HCL — 1M D2EHPA/kerosene
3. NdC1,/0.05N HC1 - 1M D2EHPA/kerosene
4. NdC1,/0.5N HC] - 1M D2EHPA/kerosene
5. La(NO)_,/0.3N HNO, - 50% TBP/kerosene
6. La(NO,) /SN HNO, - 50% TBP/kerosene
7. Nd(NO_)_ /0.3N HNO, - 50% TBP/kerosene
8. La(NO,),/5N HNO - 50% TBP/kerosene

From the distributions of La and Nd in these conditions, the
distribution coefficients were calculated. The rough estimation of number of
theoretical stages for single component extraction was done by means of
Kremser equation (Appendix A) and the assumption of linear equilibrium line
in the range of 200 g/1 (Lal/feed and 100 g/1 CNd3l/feed. Both concentrations
are estimated from concentrations of La and Nd in mixed rare earth feed

obtained from monazite processing<°’. That is:

feed Crare earthl] 400 g/1
coppositions: [Lal__  __ ... 170 g/1
[Nd3 | 70 g/1

"as imaved

The comparisons between these results were also carried out.

3. Results
3.1 Comparisons of the distribution coefficients of lanthanum and
neodymium at the same acidity and same extractant are shown in Fig.3.1.1-

Fig.3.1.4.

3.2 Comparisons of the distribution coefficients of lanthanum and

neodymium in different extractants are shown in Fig.3.2.1-Fig.3.2.4.
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3.3 Comparisons of ratios of distribution coefficients of neodymium to
distribution coefficients of lanthanum in D2EHPA and TBP system are shown

in Table 3.3.1.

3.4 Numbers of theorebtical stage for single component extraction were
calculated by graphical method of Kremser equation. The results are shown
in Table 3.4.1. Nevertheless, the calculated values of solvent rate/ feed

rate (S/F) with the extraction factor of 1.3 are also listed in this Table.

4.Discussion and conclusion

1. From Fig.3.1.1-Fig.3.1.4, the equilibrium results indicated that the
distribution of neodymium to extractant is higher than the distribution of
lanthanum to the same extractant. When the neutral or low acidity feed solution
was used, lanthanum and neodymium can distribute to extractant better than
when high acidity feed solution was used. So, the suitable extraction should
be carried out with neutral or low acidity feed and then individual rare

earths are scrubbed by more concentrated acid.

2. From Fig.3.2.1-Fig.3.2.4, the comparison of the distribution coefficients
of lanthanum and neodymium between DZEHPA system and TBP system shows that:
(1) Extraction process
Extractant: 1M.D2EHPA/kerosene and 50%TBP/kerosene
- Lanthanun can distribute in D2EHPA system better than TBP system when
(Lal/feed is lower than 120 g/l1. (Fig. 3.2.1)
- Neodymium can distribute in D2EHPA system better than TBP systen
when [(Ndl/feed is lower than 85 g/l. (Fig. 3.2.2)
(2) Scrubbing process
Scrub solution: 0.5N HC1 and SN HNO,
- Lantbanum and Neodymium can distribute to SN.HNO, (TBP system)
better than 0.5N.HC1 (D2EHPA system). (Fig. 3.2.3 and Fig. 3.2.4)
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3. The approximation for selectivity was done by investigation of the
ratio of distribution coefficients of neodymium to lanthanun (m, /m,_ )
between the two systems. The linear equilibrium lines are assumed in the range
of 200 g/1 CLal/leed and 100 g/1 (Nd1/feed that are approximated from CLal and
{Nd1l in mixed rare earth feed obtained from monazite processing.

From Table 3.3.1, the results show that extraction and scrubbing in
D2EHPA  system give the higher ratio of wm,,/m _ than in TBP systen.

So, D2EHPA can separate lanthanum from neodymium better than TBP.

Extraction: D2EHPA system; neutral or 0.05 N HCI , m,,/D, = 2,28
TBP system 3 0.3N HNO, , m,/m,,, = 1.84
Scrubbing : D2EHPA system; 0.5N HCI , m,,./D, = 4,51
TBP systen 3 SN HNO, » m,,./D,,,.= 1.54

4. Quick and rough estimation of number of theoretical stages (N) by
graphical method of Kremser equation indicated that 90% extraction can be
achieved by wusing 4 stages and 99.9% extraction can be reached when 12
stages was used. This estimation was done [or single component and the
extraction factor was 1.3. The flow rate ratios of solvent/feed (S/F) obtained
are not equal. But bthe optimum working conditions should be estimated from
opt.imizat.ion between extraction factors, S/F and N.

Nevertheless, we can conclude from Table 3.4.1 that:

(1) At high acidity (systenm I/—TV/), S/F is high. These systems are not
suitable for scrubbing process. Lanthanum is the one which is scrubbed into
aqueous phase first because it distributes in 0.5N HC1 or 5N HNO_ better
than neodymium.

(2) At low acidity (system I-IV), S/F is not high. The maximum value of
S/F is 10.4. These systems are suitable for extraction process. Neodymium
can be extracted better than lanthanum because of lower S/F value in the same

extractant.
5. The experimental results also indicated that the distribution of

rare earth to extractant is very low, so the extraction with reflux technique

should be applied in order to concentrate individual rare earths.
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Appendix A

Kremser equation

log [ (X, - Y, /m)/(X, - Y,/m)}(1-1/E) + 1/E 1/ log E

nunber of theoretical stages
concentration of solute in feed
concentration of solute in raffinate
concentration of solute in solvent
extraction factor = m(S/F)
distribution coefficient

solvent rate

feed rate

equation can be shown by the graph belou:

A quick say to find the number of ideal extraction stages
by graphical sethod based on the Kremser equation
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Table 3.3.1 Comparision of distribution coefficient ratio of neodymium to

lanthanum in D2EHPA and TBP systems

Systen Distribution Remark
coefficient
I. LaCl, (neutral)-1M D2EHPA/ m, = 25/200
kerosene = 0.125
II. NAC1_/0.05 N HCl-1% D2EMPA/ | m = 28.5/100 ., /m, = 0.285/0.125
kerosene = 0.285 = 2.28
III. La(NO_)_ /0.3 N HNO_-50% TBP/ | m ,, = 27.1/200
kerosene = 0.136
V. NA4(NO_)_/0.3 N HNO -50% TBP/ | m,, = 25/100 ,J/m, = 0.25/0.135
kerosene = 0.25 = 1.84
1’ LaClJ/O.S N HC1-1M D2EHPA/ m,, = 8.1/200
kerosene = 0.041
I17. NdC1,/0.5 N HC1-1¥ D2EHPA/ m,, . = 18.5/100 lao,,./m, .
kerosene = 0.185 = 0.185/0.041
= 4.51
1117, La(N0o ) /S N HNO_-50% TBP/ | m,, . = 4.7/200
kerosene = 0.024
IV'. Nd(NO_)_/S N HNO_-50% TBP/ | m . = 3.7/100 .-
kerosene = 0.037 = 0.037/0.024
= 1.54

)
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Table 3.4.1 Calculated results of number of theoretical stages and solvent
rate/feed rate of D2EHPA and TBP systems for single component

extraction at extraction factor of 1.3

Distribu- N N
tion (90% ex- |(99.9%
Systen coefficient  S/F traction [extrac-
efficien-ftion ef-
cy) ficiency)
I. LaCl3 (neutral)-1H DZEHPA/ 0.125 10.4 4 12
kerosene
Ir. NdClD/O.OS N HCl-1H D2EHPA/ 0.285 4.6 4 12
kerosene
I1T. La(No_ ) /0.3 N HNO_-50% TBP/ 0.138 9.6 4 12
kerosene ‘
1v. Nd(NOB)S/O.S N HNOD-SO% TBP/ 0.25 5.2 4 12
kerosene
1”. LaCl_ /0.5 N HCl-1M D2EHPA/ 0.041 31.7 4 12
kerosene
117, ¥dc1,/0.5 N HC1-14 D2EHPA/ 0.185 7.0 4 12
kerosene
1117, La(NC)) /5 N HNO_-50% TBP/ | 0.024 54.2 4 12
kerosene
w7, Nd(NOs)Q/S N HNO _-50% TBP/ 0.037 35.1 4 12
kerosene
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