Solvent extraction separation of neodymium (lll) from praseodymium (lll) in agueous
solutions using statistical design of experiments ‘
Luke Hayes, Vivek Agarwal, M.S. Safarzadeh

Department of Materials and Metallurgical Engineering,
South Dakota School of Mines and Technology, Rapid City, SD 57701, USA

(

SCHOOL OF MINES
& TECHNOLOGY

Introduction | Design of Experiments Conclusion

- Both Nd (Z = 60) and Pr (Z = 59) are light rare
earth elements (REE)

Taguchi Method- The Taguchi Method is a form of DOE which utilizes orthogonal arrays to create experiment sefg©m the Tables and Figures we can deduce a few
that provide an accurate estimate of the effects that factors have on the outcome of the experiment things about our experimental results

Table 1. Taguchi L16 orthogonal array Table 2. Taguchi L16 Factors and Levels 1. The rank indicates the significance of each
Experimen Extractant. Conc Experimental factor versus the other factors
. Level 1 Level 2 Level 3 Level 4
F .
Number pH REE (ppm Extractant Type (mM) Acid Type actors 0H > Extractant type > Aci d type > Extractant
1 2 10 DEHPA 10 Sulfuric oH 2 00 3.00 4.00 500 _
| _ 2 2 20 PC88A 20 Sulfuric | | | | concentration > REE(ppm)
- Nd and Pr have many uses mc_:ludln_g 3 2 30 TOPO 30 Hydrochloric REE (ppm) 10 20 30 40
permeant magnets, NiIMH batteries, high 4 2 40 Cyanex 572 60 Hydrochloric 2 The table data tells us the average response
intensity arc lamps, alloying agents, and 5 3 10 PCS8A 30 Hydrochloric Extractant Type @ DEHPA PC88A TOPO  Cyanex 572 J P
_ _ ’ ’ a 2 20 — 60 T— that each of the factors gave at each of the levels
Didymium/L.A.S.E.R. glass 7 3 30 C 572 10 — Extractant Cone 4 20 30 60 This response was the separation factor in this
- Nd and Pr have very similar chemical yahex Liuric (mM)
roperties. In fact in 1841 they were 0 ; o hialia d Sulluric case
PTOPETLES. . Y 9 4 10 TOPO 60 Sulfuric Acid Type Sulfuric  Sulfuric Hydrochloric Hydrochloric
mistaken as a single element 10 4 20 Cyanex 572 30 Sulfuric 3 Erom Fi 4and 5 ude that th
- The major sources of Nd and Pr are the 11 4 30 DEHPA 20 Hydrochloric - FTom Flgures 4 and o we can conciude that tne
minerals monazite and bastnasite 12 4 40 PC88A 10 Hydrochloric ¢FrofS od 9EGNI OlUlIyYyGQa / KSYAO! f Opilm&@@t of conditions was:
, 13 5 10 Cyanex 572 20 Hydrochlor?c e B - pH=5
. . 14 5 20 TOPO 10 Hydroch_lorlc e - REE (ppm) = 30ppm
ObJeCtlveS 15 5 30 PC88A 60 Sulfuric | -
16 5 40 DEHPA 30 Sulfuric DEHPA Di-(2-ethylhexyl)phosphoric acid - Extractant type = DEHPA
PC88A 2-ethylhexylmonoester 2thylhexylphosphonicacid - Extractant (mM) = 30mM
- Study the general effects of pH, -In Table 1 the REE (ppm) represents the concentration of Cyanex 572  Undisclosed organophophorus based formulation - Acid type = Hydrochloric
concentration, extractant type and mixed binary Nd an@r solution TOPO Trioctylphosphine oxide

concentration, a?tli afCid tyﬁz on the separation . 4. It is also reasonable to make conclusions on the
OT Fr 1rom :

. . . least optimal experimental set for separation
- In order to accomplish this in a short time ReSUItS P P P

frame the Taguchi Method was employed with ! ) REE- (pHmZ)Z_ 50DDm
an L16 orthogpnal array. - Figures 4 and 5 display the performance of the each factor at their various levels. Figure 4 does this by plotting the ) Extractapnl?[ ¢ _e _ 'II?gPO
- The experiment was designed to find the set of mean values of the separation factor achieved at each level. Figure 5 plots the same information divided by its ype =

values that would best extract Nd while leaving standard deviation. In both cases the highest points represent the best performing factors and levels within those ] Extraptant (MM) = ZQmM
Pr in the aqueous solution. factors. - Acid type = Sulfuric

' - Tables 4 and 5 shows the data points of the figures 4 and 5 respectively as well as there ranked performance

| Solvent Extraction | e Vork

Data Means Data Means

pH REE (ppm) Extractant type | Extractant (mM) Acid type pH REE (ppm) Extractant type Extractant (mM) Acid type ;
2.1
2o ° - Since we found the optimal parameters for the
_ 8 separation of Nd and Pr a logical next step would be
E . > 5 1. Carry out the muklistage separation experiments
= - 4 \/\ for Nd-Pr separation at optimized conditions found
S ‘\/\‘ - during experiments.
= > : 2. We can measure the synergistic effects of these
N extractants when two extractants are mixed into
Figure 1.The Process in Pictures: (left) Setting up a solvent extraction set, h , organic solution
(middle) Shaking Separatory Funnels, (right) Finial experiments B S hgquf«o@ 58 Ea N R @ngdbqy@iﬁ&ﬁm S S S & & ﬁ&o&& |
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Figure 4. Main Effects plot for Means
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Table 4. Response Table for Signal to Noise Ratios
(Larger is Better)

Table 5. Response Table for Means

Extractant Extractant Acid Extractant . Safarzadeh, M. Qoradkhanj D., &llkhchi M. O. (2007). Determination of the
30 ppm 3 oom /' £ L evel pH REE (ppn Concentratior Level pH REE (ppn EXtraCtamConcentratior Acid optimum conditions for the cementation of cadmium with zinc powder in sulfate
bl o Type (mM) Type Type M Type medium.Chemical Engineering and Processing: Process Intensification, 46(12), 1332
= (mM) 1340. doi:10.1016/j.cep.2006.10.014
aq. (aq.)
1 228t L D R Sl 1 1.336 1.670 2.020 1.802 1.489 Lee, M., Lee, J., Kim, J., & Lee, G. (2005). Solvent extraction of neodymium ions from
Figure 2 Visualizing the Procedure Schematic hydrochloric acid solution using PC88A aagonifiedPC88ASeparation and
O 2 3.091 3.106 3.668 3.265 4.999 Purification Technology, 46(1-2), 7278. doi:10.1016/j.seppur.2005.04.014
\/\vj\/ P N N F': N N 2 1.559 1.618 1.602 1.595 1.881
° \
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