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WO\ New words

Cuprammonium [,kju:pra'mauniam] %
stripping S ZE['stripin]

rayon A& ['reia:n]

elution [1'lju:fon] &4, AR

effluent ['efluant] & 4%

tantalum['teentalom] B

\EIA'I

immisciblefN;E)A 8 [I'misabl]
pulsation fk H[pal'serfn]

ion exchange B+ 3Z #
solvent extractionya 3l Z£H

Cation exchanger ['kaetaran] fH=E FiZHRIAg

Anion exchanger ['@natan] [l & F A2 ig
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I\ New words ~ Uniti0

= amphoteric exchangers [ semfa'tertk] ¥4 55 22 #f fig
= proprietary [pro'pratsteri] LT H )
= perforate % fL['ps:rforert]

= chelating Z& ['ki: let]

= niobium g [nar'oubiem]

= append FfniEA[e'pend]

= kerosene & ['kerasi:n]

= reversed [rr'va:st]ifi[n] 1)

= sorption® Ff} ['so:pfen]

= resin['rezn]# fli

= phosphoric acid®§ & [fos'forik]

= extractant [1ks'treektent]#< B 7]

= brass industry & di Tl

= solute [so'lju:t]¥)H

= Feed solution®Hi

= raffinate ['reefo nert]2< &k




O\ New words

« Adsorption capacity [ed'so:pfon] [ko'pasiti] ik I B &=

contaminant [kon'temmeont];5 L)

platinum ['pletmom]d, B%
derivative [dr‘rivotiv]£T4E %)

Carrier ['kero]Z{E

diesel ['di:zl]%E;3H

gasoline ['gaesali:n]}5H

uranium [ju'reznioam]%H

vanadium [va'nerdiam]E,

titanium [tr'tezniam] £X

zirconium [z3:r'kooniam]f%

by

Counter current extractionjy 37t Z= BX

Cross current extractlon%um——'f.‘zﬂy\
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n\ outline Unit 10

Olon exchange definition
Olon exchange operation
OSolvent extraction operation
OEXxtractant requirements

OSolvent extraction application

« Copper recovery
« Uranium recovery
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CIDescribe an operation including two steps

CDifference between process and operation
 Process: a sequence of operations

« Operation is termed as a series of steps, taken together, to

achieve a consistent result

OWith 89 &
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Part one

The definition of 1on exchange and its
application



I\, definition of ion exchange and application Unit 10

lon exchange can be defined as exchange of ions between a
solution and a solid by which ions from the solution are taken up
and retained by the solid which gives up an equivalent number of
lons to the solution without any physical change in its structure.

BT XHRNENZE BT ERRMEMRAZBHTIHR, BIE TR, ARTHNE
FTHAEM, MEHEAXEFIENBETHANT R, BHENEEAZEEETEL.
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I\, definition of ion exchange and application Unit 10

The first attempt to utilize ion exchange phenomena was
in the field of water softening around 1906, using
natural and synthetic (& a%HY) silicates(AERSE) .

BTXRTEE
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I\, definition of ion exchange and application Unit 10

The improved synthetic organic resins ($§H§) greatly
broadened the application potential for ion exchange
processes due to their stability and high capacity.

The first attempts to apply 1on exchange for metal
recovery were in connection with recovery of copper from
waste liquors of the cuprammonium(§@ &) rayon (A&
z2) and brass industry, silver from photographic film
manufacturing wastes, and chromium (%% )  from
electroplating (EB3E) wastes.

brass industry &l



I\, definition of ion exchange and application Unit 10

Uranium (%) was the first metal to be recovered from
leach solutions on a large scale, and the
great amount of research done in this field opened the
doors to the wide possibilities of using ion exchange for
recovering other metal from leach solutions.

The 1on exchange process Is especially useful in the
treatment of wvery dilute solutions with metal Ion
concentration of 10 ppm or less. For solutions with metal
ion (&E=F) concentration above 1% this method is
generally not of value.
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Part two

The main steps of ion exchange



P\, The main steps of ion exchange Unit 10

lon exchange operation consists of two steps:
1) Sorption C(ERFf) .

O The solution containing the metal values is passed through
, Whereby the metal ions to be recovered leave
the aqueous phase and enter the resin phase.

O When the bed gets saturated ({8F1) with the metal ion in the
feed, the metal ion will appear in the effluent (;57K; RH40)
(break through), and therefore the flow of feed should be stopped.

Yb IR EROR R AR E T AITRAIR, ERERTP eI SEE T,

X N A IEAE R T P sk
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P\, The main steps of ion exchange Unit 10

2) Elution GEhe, BR4T) .

O Passing a small volume of a suitable solution that removes the
metal ions completely from the resin. After each of these two
operations, the bed is washed to remove loosely (#\E{ith)
absorbed ions.

O In this way a concentrated solution of pure metal ions is obtained
which can be processed (&L3%; ANT) further to recover the
metal, and the resin is generated ({Ef2R; &%) by washing

for reuse (EFER; BFIA) .




P\, The main steps of ion exchange Unit 10

Now ion exchange in extractive metallurgy is used to fulfill (f&1T;

SEI)  the following purposes:

[ 1) Recovery of metal values from leach solution, e.g. uranium and
vanadium (%) . -

O 2) Separation of closely related metals from a leach §c)),lutioh',ve.g.

o

cobalt (%) and nickel, hafnium and zirconium (%) , rare

earths, (#%JTZ&E) niobium (3f) and tantalum ($H) and/’:f
the platinum metals. }l Y7
ﬁ‘:{\ ~7?
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Part three
The process and application of
solvent extraction == / w:%g\@
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B\ process and application of solvent extraction Unit 10

feed solution * solute(s) extract + solute)

_\u
CJM

raffinate

solvent

Liquid—liquid extraction (LLE) consists in transferring one
(or more) solute(s) contained in a feed solution to another
Immiscible liquid (solvent). The solvent that is enriched Iin
solute(s) is called extract. The feed solution that is depleted
In solute(s) is called raffinate.

raffinate: &K, extract: ZEBUR . IRBUK


https://en.wikipedia.org/wiki/Miscibility
https://en.wikipedia.org/wiki/Solvent
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B\ process and application of solvent extraction Unit 10

. Light phase
Lightphase outlet
inlet
Heavy phase Heavy phase

inlet

outlet

!

Settler

4 stage battery of mixer-settlers for counter-current extraction



WER\ process and application of solvent extraction ~Unit 10

Solvent extraction involves two operations:
1) Extraction.
O The metal values in the aqueous phase are extracted by agitation

with an organic solvent immiscible (A~Ei&HY) in that phase.

The two phases are then allowed to separate; the aqueous phase is
discarded or recycled and the

organic phase saved.

Loaded organic phasefiZk A 4118
Immiscible N8 5A /Y



WER\ process and application of solvent extraction Unit 10

2) Stripping GERR, RZE) .
O Recovery of the metal values from the loaded organic phase by
agitation with a small volume of suitable solution. The stripped

solvent is then recycled.
O In this way a concentrated solution containing the metal values in a

relatively pure form is obtained.

SligleJlssl The stripped solvent
IS recycled

the loaded organic phase
saved

Recovery of the metal

] Extraction
Solution % values

the aqueous phase is

discarded or recycled




WER\ process and application of solvent extraction Unit 10

O Solvent extraction as a means of separation and purification (32
4. %1k) has for long been familiar to the chemical industry.
Only In recent years, however, has it begun to achieve recognition

(7% 1A ; IAFA]) in the metallurgical field as a means of

recovering metals in solution selectively.

SN, RAMERILJLE, BRI ZEBA VR — R NS bk S IR R %,
THIRTEIR 5 s 15 2 E AR .

O The first large-scale (K##EAY) use of solvent extraction in
metallurgy was In connection with preparing uranium containing 1

ppm of contaminants (;5Z4%) for the atomic energy program.



m\ process and application of solvent extraction Unit 10

It has been proved in practice that solvent extraction is one of the
most economical methods for metal recovery. Now It Is being
applied extensively (7 [ZHY) in the following field:

O Recovery of a metal from a leaching solution;

O Separation of two or more closely related metals;

O Purification of leach solution i.e. removal (#2[%) of an

unwanted impurity such as iron (%) .
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Part four

Properties and application
of extractant J




XA\ Properties and application of extractant Unit 10

It is very important to choose an extractant(Z=H5f]) in solvent
extraction (ZEY) . An ideal extractant should fulfill the following
requirements:

1) Selectivity

2) High extraction capacity (=)

3) Easily striped (fZ %)

4) Separates easily from water

5) Safe to handle

6) Stable during storage or when in contact with acids or alkalis, I.e.
(b5 2) does not during extraction or stripping.



XA\ Properties and application of extractant Unit 10

O Concentration of the metal being
collected can be effected using the okl
solvent extraction (or liquid-liquid

S — A

extraction)  technique. ~This was ==

developed for the extraction of uranium  euu. <
(%81) from very dilute (FERETHI)  swe o

solution and until recently has been M _—

used only for some of the less common [ B 11 |
Effect: SCI) concentration: E& _rl:

CWL-N0 G AR IR L i



m\ Properties and application of extractant Unit 10

O It is now being used In copper extraction, however, and is
likely to be applied to other base metals(z % /&) in the near

future. It is also used in the separations of the platinum ($H)
metals.

O Solvent extraction has the potential for separating metal from
a relatively (]EXF#E) impure solution at the same time as it
($6i&%) concentrates it (¥§&J/8) but the effectiveness

In this function depends on which metal and what impurities

(Z4J&) are involved. Modern reagents can be very specific
In their action.

AU RE S MNAS KA A Aoty S g, R 1 5B 15 P
=5, (HH B R TR & Jm M AR R &G AR R 24



m\ Properties and application of extractant Unit 10

The “solvent” is usually a complex organic compound with (&

B) a replaceable hydrogen atom. Some of these are organic

derivatives (T4 40) of phosphoric acid (#§f&) but the
most now appear to be chelating compounds (Z & 47 )

marketed under proprietary (Z#F|JfJ) trade names “LIX” and
“KELEX” ----usually with a number appended ([f3%) .

(LIX extractant)—F{ e M4 2= BUER BV 2 Fo KB & 2= B .
"LIX =ZLiquid lon Exchanger(GRIA B FRRFNNGES. T EH
AE A% alpha -#2 A5 A5 & % alpha -2 5K
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Part five
The practical application of solvent
- -~ \;'-Z\ \
extraction i~ ‘”\\\3‘\
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m\ The practical application of solvent extraction Unit 10

In_use the reagent Is dissolved In
carrier (#¢{&) which is usually
based on kerosene (K&E3H) . This is
agitated, with a similar volume of
leach solution (j= i) partially
purified If necessary and with a
sulfuric acid (#ifg) content of

/ \ about 0.1%. Any copper in the leach
Vil solution is chelated (Z & ) and
il e enters the kerosene phase. The

Q d ) kerosene Is allowed to rise and
separate from the agueous layer.



B\ The practical application of solvent extraction Unit 10

It is then agitated with a smaller volume of agueous
solution (7Kj&&) containing, this time, about 15%
sulfuric acid. The reaction is reversed (K MEHI) . The
copper escapes from the complex (&) and enters
the aqueous solution. If the volume ratios ({&FREE)  of
the solutions have been selected for the greatest effect, the
concentration of copper in the concentrated liquor (GK4a
/&) may be up to 50 times that in the leach solution, and
this is a suitable feed (J&#}) for electrolysis tank (E8f#%
&) .

1 1 1 1
g 1 e T £ 5
ity ==t




n\ The practical application of solvent extraction Unit 10

O Large-scale (K#MFEAY) continuously operated mixer/settler
units are in use as well as various types of columns in which
the two immiscible (ANE;&HY) phases pass in opposite
directions.

O In the perforated (B¥fLAY) plate column some form of
pulsation (fkH) is needed to cause the lighter phase (the
kerosene) to be injected through the perforations (L) as
suitably sized droplets (Gi&§) to maintain a large interfacial

(X Mm) area in the system. It will be appreciated that the
reagent is continuously being regenerated (B4 ) for re-use.

ELIURSIRAE, BRI () | S S REET
£ IR K B AT L.
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