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Phosphorus in the aqueous ase might come due to the solubility or degradation or
phosphorus dissolution of Cyanex | ! and D2EHPA. In order to ascertain the source of
phosphorus a gas chromatographic = C) analysis of the organic sample was performed
followed 1 ass spectrometry (MS). Ir  ally, gas chromatography of each reagent and
solution were performed separately befc and after contacting with acid. No degraded
compound r material was found frc  the GC-MS analysis. By combining and analyzing
the results from ICP-MS or GC-MS, the conclusion is that though there are some solvent
losses in the aqueous phase due to 1  phosphorus dissolution, there is no degradation of

Cyanex 272 and D2EHPA in the ex] imental condition that had been used.
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Nomenclature

A/O
Cyanex 272

Co

D2E ‘A

LIX 63

Mg

Ni

S930

SX

TP 2C.

TBP

Aqueous/Organic
Bis(2,4,4-trimethylpentyl)phosphinic acid.

Cobalt

Di: 1ylhexyl)phosphoric acid

Kely

5,8- tyl-7- hydroxydodecan-6-oxime

Mo

Ma um
Ma 2se
Nickel

Amr  roporus polystyrene based chelating resin

Solver Ex ction

Ap mium grade weak acid (Ion exchange resin).

Tri 10sphate

X1
















1.2 Objective of the Research Work

The forer )st rationale of this ress ch work was to investigate the causes of solvent
losses in the liquid-liquid extraction process due to solubility or degradation. Two
organophosphoric acids Cyanex 272 and D2EHPA were used in this investigation. The
reason for the selection of these two solvents was that they were used in the Vale Inco’s

demonstration plant at Argentia, Newfou lland, Canada.

The organophosphoric acid Cyanex 272 and D2EHPA plays a very significant role in
metal extraction process, especially  the nickel extraction process. Any kind of financial
advantage of solvent extraction ess will be ignored if organic losses become too
excessive. In the present work, experiments were carried out to find the
solubility/deg d on losses by shc ing the effect of different parameters such as acid
concentration, extractant concer  ion, temperature, diluent concentration, metal
concentration and impurity conc: : ion. The kinetic study at different temperatures on

extractant dey  dation/solubility s also investigated.













Table 2.1: Hydrometallurgical and _rometallurgical Processes (Habashi, 1970)

Hydrometallurgy Pyrometallurgy
Alkali fusion

Leaching Roasting

Precipitation form leach solution Reduction

Ion exchange Chlorine metallurgy

Solvent extraction Fluorine metallurgy

Electrolysis of aqueous solutions Carbonyl metallurgy

Electrolysis of fused salts

Sometimes metals are extrac 1by combination of the two methods that depend on the

chemical nature of the metal.





















2.2.2.1 Extractant Chemistry

An extractant employed in any commercial separations of metal should have good
features. Unfortunately, it is unlikely th any one extractant can meet these sometimes
conflicting criteria. Here, some of the features of the extractant are given after Hudson

(Hudson, 1982).

e The ability to extract metal at the required pH level.

e To be selective for the required metal and to reject undesired metals.

e High loading (High distribut n¢ fficient)

e To have acceptable rates of extraction, scrubbing and stripping (rapid kinetics).

e To =soll leintheorgan phase and to have a limited solubility in the aqueous

phase.

e Easyretrieval - the ute.

e Rapid phase separation.

e Tobestal :throughor ‘he three principal stages of solvent extraction

(extraction, scrubbing d stripping.)

e Availability at reasonable : from commercial sources.

e S: tyand environment fi liness.
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2.2.2.4 Accelerator

Accelerator or catalysts are often  led to speed up the rate of transfer. Typically the
accelerators are week extractants and their metal extraction rate is very quick. Accelerator
form cor ilex w 1 metal . 1 they arrive in the organic solution, the metal is
transferred to e main extractant. Some celerators which are used for the extraction of

copper are given in the “App  1ix,” Table A7 (Hudson, 1982).
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elemental sulj ur is obtained in the leach residue. Iron precipitates with lime to form
gypsum, which actually helps to ¢ rol excess sulphate. The nickel anolyte from the
nickel electrowining section is  :yc 1back to both atmospheric acid chlorine leach step

and the oxygen pressure lea  step.
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The ICP-MS device can be described with main five parts. Those are

a) Sample introduction 1d aerosol generation

b) Ionization by an argon plasma source

¢) _P - MS interface

d) Mass spectrometer

e) Detection system

The schematic diagram and descrij »n of an ICP-MS device are given in Figure 2.6

(Description of ICP, 2010)































Escaid 110 is aliphatic kerose ~ which is used in the solvent extraction process, to dilute
the extractant ) the appropriate concentration. It has no metal extracting ability. The
chemical 1 physical properties are given in the “Appendix,” Table A6 (Escaid 110,

2010).
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In all tests, ac :ous samples were centrifuged for 15 minutes at 2000 rpm and analyzed
for residual phosphorus concentration by inductively coupled plasma mass spectroscopy
(ICP-MS; Model: Elan DR . This served as a means of monitoring
solubility/deg lation. Samples were centrifuged (Eppendc  Model: 5810) for at least 15
minutes so that analysis rest  w« d not consider entrainment. In order to be more
accurate phase seperatory filter paper (SP1) was also used to remove an entrained organic

from the aqueous solution.

52




3.3 Gas Chromatography Analysis Details

Gas chromatography was perfori :d on Agilent Technologies series 6890A gas
chromatograph coupled with an £ 1t Technologies 5973 inert mass selective detector.
The experiments were carried out at Centre of Chemical analysis, Research and Training

(C-CART), Memorial Univers _ of Newfoundland.

The gas chromatography of «  nic sample before and after contacting with the acid was
performed separately. Gas chromatography of each pure reagent was also performed. The
chromatographic separation 1S « :d out using a fused silica capillary column. The
used column dim  sion is 0.25mm * 30m * 0.25 um. Helium was used 3 a carrier gas at
a pressure of 10.69 psi. The renw programmed to heat the column from 50 °C to 350
°C at the rate of )°C per nu . The injector temperature was 290 °C and the final
detector te p ture was 300 °C. A 1 pL sample of the solution was injected manually
into the ¢ 1mn in split less mor  The total chromatographic conditions are given in

section 3.3.1
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3.3.1 Chromatographic Con

Instrument: Agilent Techn

Oven Parameters

Initial Temperature: 50 °C

Final Temperature: 310 °C

Maximum . erature: 350°C

Rate: 10 °C per minute

Initial Time: 1 1in.

Final Time: 10 min.

Run Time: 35" in.

Front Inlet Parameters

Mode: Splitless

Initial Te  rature: ~Y0°C

Pressure: 10.69 psi

Purge Flow: 50 mL/min.

Purge time: 2 min.

Total Flow: 54.51 _J/min.

es 6890 N.
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Gas Saver: On

Saver Flow: 20.0 mL/min.

Saver Time: 2 min.

Gas Type: Helium

Column Parame s

Capillary colu 1

Model Number: £ ‘lent 19C S- 3

- 5MS,025mm *30m 0.25 n

Maximum Te erature: 350 °C

Nominal Leng :30m

Nominal . iameter: 250 pm

Nominal Thickness: 0.25 um

Mode: Constant flow

Initial Flow: 1.3 mL/min

Nominal Initial Pressure: 10.69 psi

Average Velocity: 41 cm/sec

Inlet: Front inlet




Outlet: MSD

Out let Pressu  Vacuum

Detector . eters

Type: Fla : lonization Detector (FID)

Temperature: 300 °C

Helium Flow: mL/min.

Hydrogen Flow: 35 mL/min.

Air Flow: 400 mL/min.

Makeup = Hw: 35 mL/min.

Makeup C  Type: Helium

Sample I1 :ction: Volume: 1 pL
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4.4 Effect of Temperature on Solubility/Degradation

Table 4.5: Eff t of Temperature (A/O 1).

Ter | :rat P (ppm) P (ppm)
Observ  ion No.
°C Cyanex 272 D2EHPA
| 25 23.50 130.50
2 3U 25.24 171.81
3 40 29.44 170.64
4 by syl 1/3.81
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Figure 4.7: Effect of Metal Conc ion.

In this experimer metal concentr >n effect was observed. Different concentr on of
nickel and cobalt salt was 1 :d to p Hare the synthetic aqueous phase keeping the pH (3)
constant. able 4.7 and Figure 4.7 ow that the phosphorus dissolution rate decreases

with the increase in metal s:  con« 1itration in aqueous phase.
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Figure 4.9: Degradation Kinetics of Cy 2x272 and D2HEPA at 25 °C Temperature.

Table 4.9 and igure 4.9 show the | etics of the phosphorus dissolution at 25 °C and it
shows that for Cyanex 272 the | »horus dissolution is almost same. For D2EHPA it

increases sligl y with increase in  me.
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Figure 4.10: Degradation Kinetics of Cyanex272 and D2HEPA at 50 °C Temperatures.

Figure 4. shows the kinetics of t  phosphorus dissolution at 50 °C and it shows that
for Cyanex 272 the phosphorus dit lution is almost same but for D2ZEHPA it shows a
decreases tendency. At high 1 ure almost all the D2EHPA solution was vaporized

for this reason it was not possible t the sample solution after 5 hr.
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study, it is also evident that the sol ility/degradation of D2ZHEPA is more than that of
Cyanex 272. At e same expe ital conditions, phosphorus level in the aqueous
solution for D2EHPA reached at ppm after 24 hr while for Cyanex 272 it was only

32.41 ppm.
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they did not fi [ any degrac ion from a plant that has been operating continuously for as

long as ten years (Technical Brochure for Cyanex 272, 2008.)

Very recently K. R. Barnard claimed the chemical degradation of phosphinic acid under
solvent . rac on operating condition. This is the first example of degradation of
Cyanex 272. The Murrin Murrin lant located in the northern goldfields region of
Western Australia, is using a coml ion« Cyanex 272 and tributyl phosphate (TBP) in
shellsol 2046. In Murrin Murrin t, they are sequentially separating zinc and cobalt
through solvent extraction. K.R B: ind found the degraded Cyanex272 product as n-
butyl-bis(2,4,4-trimethylpent: p »sphinate. The generation of this d¢ -aded compound
from the phosphine oxide impurity, present in a Cyanex 272 is believed very unlikely,
due to the presence of chemically able P-C bond. Tributayl Phosphate might be a
potential source for the preseni of phosphinate impurity. The formation of butyl
phosphinate impurity from the pho: " e acid is believed via two mechanisms (Barnard,

2010):
e TI and phosphine oxide reacts directly to produce the phosphinate impurity.

e Butanol is generated throi  the hydrolysis of TBP which subsequently reacts

with phosphinic acid.

So, the difference between  nard 1d this research is the choice of reagent for solvent

extractant. The following Table is presented for easy comparison.
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increasing metal concentration in aqueous phase. Finally, kinetic study has also been
performed and at the end of 24 hr amount of phosphorus is 24 ppm and 156 ppm for
Cyanex 272 and D2EHPA respectively. In every case, amount of phosphorus content for
D2EHPA is  ich higher than Cyanex 272. So, the phosphorus dissolution rate of

D2EHPA is worse than Cyar (... in the same experimental condition.

The result from the ICP-MS confit d that there are some losses of solvent in terms of
phosphorus diss¢ 1tion. In order to find out degraded compound GC-MS analysis of
sample also been performed. The  ult failed to detect any degraded compound. So,
from these research findings the cc :lusion is, there is some loss of solvent in terms of
phosphorus dissolution in the ac ous phase, and there is no degradation at all in this

experimental ndition.
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5.2 Significance and 2 omplishment of This Work

The study made in this research to find out solvent losses in terms of phosphorus
dissolution is very important. The study has concluded saying that in the descried
condition there are some losses of solvents in terms of phosphorus dissolution. This study
has applied a new approach to describe the organic solvent losses during solvent
extraction which may have a vital benefit for the mining industry. It is expected that this
research findings will give 10ppo1r nity to other graduate and undergraduate students to

gather and apply their knov  Ige drometallurgical process.

5.3 Accon lishment

The accomplishment « this search is that a portion of this thesis has been accepted for
publication to the Journal « Chi 1ical Engineering published by The Institute of

Engineers, B¢ ladesh (A: n,et ,2010).

91



5.4 Recon 1endations for Future Work

Proton and ca on nuclear magnetic resonance (NMR) and Fourier transform
infrared spectroscopy (FTIR) can also be used for experimental result analysis for

more accuracy in identifying degraded compound.

The d ent and modifier combination can be changed to see the effect of
phosphorus dissolution ra  For example, instead of using ...caid 110 and 1-
Decanol other diluent shellshol 2046 and modifier TBP can be used or any other

¢ bination can be us  for _ zparation of solvent solution.

The real plant extrar 1t sol  on, which is being used in the industry, can be used

for experiment.

Aging effect of ext :tant can also be done to see if there is any change of

structure or any other “a : rlol exposure of time.
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Table A7 (Contd)

Substituted 2- OH Unsatisfactory

hydroxycyclohexane
rorser O dvon
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