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INTRODUcnON
Early solventextractioncircuits in the uraniumindustry
utilizedbonafide kerosenesas diluentsfor extractant
d)emicals.Thesekeroseneswere usedsuccessfullyin the
uraniumindustry;however.11leastone plant was
destroyedby fire resultingfrom the useof. low t1ashpoint
kerosene.Although the term "kerosene"is usedthroughout
the solventextractionindustry.the authorshavebeen
unableto find any useof kerosenein coppersolvent
extractioncircuits. A term that is occasionaJly
usedwith
referenceto diluent$,is "metallurgicalkerosene."Such.
term is unrecognizablein the petroleumindustry.
Kerosene [or kerosine] is a flammable hydrocarbon
mixtUre that is less volatile than gasoline. It is produced for
combustion purposes and may have variable compositions
of organic compounds including alkanes, aIkenes, aIkines,
and aromatics.
Di/uents are constant composition hydrocarbon
mixtures developed specifically for use in solvent extraction
processes.These products usually have much lower vapor
pressuresand higher flash points than kerosene. In solvent
extraction systems, they typically comprise 70 to 9S vlo
percent of the circuit organic. The primary purpose of the
diluent is to adjust the extractant concentration to the
working range of the operation. The diluent and extractant
must be completely soluble or miscible with each other.
Secondary diluent effects are to promote transfer kinetics,
optimize phase disengagement, and minimize both organic
in aqueous and aqueous in organic entraiM1ent.

Theauthorsare indebtedto Mr. Jim Lake of Tucson,
Arizona,for providing extensiveinformationon the early
RanchersBlue Bird pilot plant operationandaCtualplant
operation.Accordingto early repons in Mr. Lake's
possession,
[1966] the first diluent utilized in the copper
industrywasthe old Napoleon470B solventproducedby
the Kerr McGeeCorporation.Jones[1977] also reponed
that CyprusBagdad'sSX circuit stanedup with Napoleon
470B.This year, the Kerr McGee Corporation[1995] sold
offall of its refining units to three separatecompanies,and
it no longerproducesanyrefinedproducts.The first paper
that the authorsfound usingthe tenn "diluent" for the
organiccarrier,and the first paperto recognizethe costsof
solventextractionentrainmentand evaporationlosseswas
presentedin 1975by P.M. Paige.
A number of other diluents and solvents have been
tried in the copper industry such as the Chevron IES
diluent. wh.ich is also no longer manufactured. In the
international market there are three major diluent
producers; Shell. Exxon. and Ph.illips.
Concern about plant safety is reflected in high flash
point requirements and in the requirement that a diluent be
uee uom benzene and other carcinogens. Modem diluents
must meet stringent quality control requirements. Plant
operations demand that the performance of diluents be
consistent over time. As processes evolved, additional
requirements of rapid phase breaks, minimal organic
entrainment, and low volatilitY have been instituted.

Modem diluents receive extensive quality control to
ensure high performance. This quality control must start in
the refinery and continue until delivery. In several instances
carriers not controlled by the diluent manufacturer hauled
diluents in tank wagons that were not thoroughly cleaned,
which either rcsulted in rejections of loads or, in the worst
cases,severe plant problems due to consequential
contamination. The criteria diSQJssedin the next section
relate to the proper selection of a diluent. However, the
perfect diluent for plant operation can be rendered harmful
if delivered in an improperly cleaned tank wagon. The use
of dedicated equipment for the transportation of diluents is
highly recommended.

On-VENT SELECl10N CRITERIA
During the early, less sophisticated days of solvent
extraction, many papers were published that not only did
not recognize the effects of diluent on solvent extraction
circuits but failed to identify the diluent in use. Since the
diluent makes up over 900/0of the circuit organic in many
plants, this materiaJlogicaJly should be expected to exen a
strong influence on the behavior of the circuit.
There are many factors to consider in seJectinga
modern diluent-extractant combination for a given SX
circuit. These include in approximate order of importance:
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Transfer Kinetics
Metal Extractant

-Diluent Compatibility

Diluent Chemistry
SeparationEfficiency from Contaminants
Entrainmentof Organicin AqueousPhase

FlashPoint
EvaporationLoss
Supplier'sSuppon

. Price
Some of these factors are immediately obvious, while
others are much more subtle and require detailed
evaJuation.Each of these factors is discussed in the
following sections.

Phase Break
Each plant evaluating a new diluent should measure
break times, using the standard break time tests in use in its
laboratories. Every plant has a unique set offactors that
will affect the break time. These include extractant
chemistry, extractant concentration, aqueOusphase
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content, operating temperatUre, and plant design. Several
plants have reponed that the use of a high performance
diJuentin their ciraJit allowed them to inacasc fJow ntes.
.One plant reponed a 30'/8 ina'ease in plant Bow rate with
the use of a high performance diluent.
Dill/enl Viscosity plays a major role in rapid, clean
phasebreaks. The \oiscosity value should be supplied by any
vendor attempting to sell a new diluent. High \oiscosity
seneraDyresuhs in poor mixing, poor copper transfer due
to slow copper kinetjcs, and slow phase break. A high
viscosity diluent may make it difficult to retain phase
continuity; ie., organic continuous or aqueous continuous.
High viscosity may also greatly increase a dispersion band
when the material is placed in actual plant operation.

While lower breaktimes are generallypreferable,the
breaktime canbecometoo low. If the breaktime becomes
extremelyshort, the organicandaqueousphasescan begin
to separatein the mixer section.This causespoor metal
transferand slow kinetics.

Diluent should be guaranteed to contain extremely low
amounts of carcinogens, such as benzene and poi:YJWcIear
aromatics. For example, Pbilljps' diluents contain less than
100 ppm of benzene,400 ppm toluene, and 2,000 ppm
xyler1es.
Separation Emciency From Coatamiaants
If. diluent inaeases the amount of contaminant species
into the Stripping circuit. product quality and recovery can
be adversely affected. Ina'eased contamination in the
Stripping may resuJtin increased bleed stream volume
~~s~ry to maintain contaminants within acceptable
limits. This increased volume can increase costs due to
additional losses of modifiers such as cobalt.

Entrainmentor Oflanic In AqueousPhase

Pour Point
The pour point of a diluent is an extremelyimponant
valuethat is frequentlyoverlooked.The generallyaccepted
valuefor pour point shouldbe around -26.I.C (-IS .F).
Jobbers.or re-sellers.frequentlyneglectthis featureand at
timeshaveoffered diluent materialwith pour points ashigh
as4.4 .C (40~) A materialwith this pour point would, of
course,not be pumpablein the winter. Whentestinga new
diluentit is recommendedthat the phasebreakof the
diluentbe measuredat the lowest temperaturethe plant
expectsto experiencethroughoutthe yearas changesin
viscosity.density.and pour point will becomereadily
apparent.
Transfer Kinetics
Metal ofvaJuetransfer kinetics shouldbe evaluated
with anynew diluent. Unlessrapid transferofmetaJis
achievedin the mixer section.which hasa finite retention
rime.extractionefficiencyin the solventextractionunit will
decline
Metal Extractant

Diluent Chemistry
Diluentssupplied$bouJdbe free of reactiw multiple
btNW. Suchbondsmay reactwith the extractantsand
reducetheir capabilityto transfermetal.

-Diluent Compatibility

Solubility of organic compoundsin diluemsmay be
dllnged by the composibonof the diluent.Thus,a diluent
shouldbe checkedat the highestconcentrationof
extractanteverexpectedin plant operations.For example,
CCI1ain
plantsmaywish to try a new diluent at 300/.
extractant;whereas,anothercopperfacility maywant to try
a newdiluent at only 100/0extractant.The solubility of an
extractantloadedwith coppermaybe lessthan that of an
unloadedextractant. Also,p~
breaksshouldbe
_determinedwith the maximumamountof extractantas
increasingthe amountof extractanttypically increases
phasebreaktime.

Organic entrainment has been recently recognized IS
one of the largest hidden costs of a diluent. The costs
associatedwith entrailUnent losses are very large due to the
fact that a very expensive component, the extractant, is lost
with organic entrainment. The Connula shown below is
illustrative of the type of calculation needed to assessthis
hidden cost.

Equation1
Cost ofEntraiMtent $/Day -

[{Lossin ppm. PLS ftowrate (mJ/min). 1440
min/day}.IUlOOOmL] . CoStof Barren Organic($/1)
Usingthe assumptionsaboutthe organicshownin
Table I, the hypotheticaJ
plant shownin Table2, and.low
entrainmentvalueof S ppm(mUmi; the cost per dayin
entrainmentlossis $246or nearlyS90thousand per year.
Table

Assumptj~ 8bcxItOrpnic Phase
Extractant

S/lb
$6.50

$/kg
$14.33

S/L
$13.11

S/gal
$1.05

S/L
$0.28

SPST
0.915

Diluent

Table2. H>~
Mixer settlerarea
PLS Ftowrate
ExtractantStrength
BarrenOrganicsp gr
BarrenOrganicCost S

Ipgr
0.81

PlantCharacteriStics
57.4
m2 6,000 ft2
12.0 mJ/min 3,170gpm
20 V10
0.831
2.84/L
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Evaluation of entrainment costs is probably only
practicable under pilot plant operating conditions.
Laboratory scale equipment will only produce the most
aeneraI indications of entrainment.

Solubility datafor a diluen1can provide its minimum
aI1rIiDmen1
value.However, this numberwiD no1reflect
the true diluen1-extradan1
entraimnentlosses.The
solubilitiesa125°C for the two most widely useddiluents,
SX-7 andSX-12, are respectively4.5 and 3.8 ppm.

nub Point
F/ash Point is rdated to the most volatile fraction of a
diluent. but does not measure the amount of the fraction.
For example, a diluent that has a Flash Point of I SO
degreesFahrenheit may have only a small percentage of a
component having 1SOdegree Flash Point or it may have a
very large pcrcentaae of that low Oashcomponent. The
F1ashPoint is measured by tJu'eedifferent methods; The
PensicyManin Closed Cup [PMCC] and the Tag Closed
Cup [TCC] give the loWest Flash Point readings. The
Cleveland Opal Cup (COC] will give the highest reading.
A1Jthree methods are ASTM approved procedures The
values reponed are COrTectedto sea level. A diluent having
a PMCC of about 16S degrees Fahrenheit will have a COC
of about 190 degrees Fahrenheit. The Closed Cup values
are usually reponed as this is the value used in Department
ofTransponation shipping regulations and is applicable to
closed trailers, tank cars, and tanks. The Cleveland Open
Cup may be more applicable to non-hooded plant
operations which usually take place in open areas. The
Flash Point of actual circuit organic is usually slightly
higher than that of the as r=ved
diluent. Although the
term kerosene is frequently erroneously used to describe
the organic diluents that are added to SX circuits, most
diluents have Flash Points and distillation ranges much
higher than commercial kerosenes.

Evaporative Lou
Modem diluentshavevaporpressuresthat are too low
to havemeaningfulReedVapor Pressures.However,
Phillipshasadaptedan ASTM approvedapparatusto
measurethe very low evaporationratesusociated with
thesediluents.The errors introducedin beakerevaporation
testsareusuallyso great due to fluctuating air drafts,
differentialheatingof beakersdue to sunlight,etc., that the
datacanbe consideredonly indicativeof relative
evaporationrates.Evaporatjonlossescan be minimizedby
reducingthe air flow acrossthe organicphase.
The cost assocl.ted with this loss is minima.! as
compared to entraimnent. This is because only the lower
cost diluent is lost to evaporation. The fonnula. shown
below is illustrative of the type of calculation needed to
assessthis cost
Using the assumptions shown in Tables 1 and 2 above
and an evaporative loss rate of 100 (s/mz)/day, the fonnula
yields I cost of$19 per day or S7,OOOper year.

Equation2.
Cost of Evaporation$/Day [((Area ofMixer-Senler (m%). Loss (s/m%)/day»
I
Diluent Density(g/L» . lUmLlOOO) . Costof Diluent

S/L]
Changinga diluent to avoid evaporationlossmaybe
counterproductive.For example.a diluent with a low vapor
pressurebut a high viscosity may producelow vapor
pressurelossesbut higher entrainmentlosses.If
usumptionsusedare the sameas before,includinga 100
g/m1/dayreductionof evaporationlossbut a S ppm
increasein entrainmentloss, then the resultsare shownin
Table3.
Table 3. Na Chansein 0pera1iDaCost

Additional Cost of
Entraimnent
Cost of Evaporation:
Net Changein Operating
Cost:

JldI.):
($ 245.77)

~
($89,704)

$ 19.09
($226.67)

$ 6,968
($82,736)

Supplier's Support
It normaJlyhasbeenconsidereda necessityto havethe
diluentsuppliedby a producing companyratherthana
jobber or a re-salecompanysincethe producingcompany
canrespondto heavydemandsby increasingits producrjon
whereas,a companyresellinga diluent may havelimited
quantitiesavailableand may substitutein casesof
emergencywithout notifying the customer.A basic
producerof diluent shouldbe able to respondvery rapidly
andduring off hours.An SX plant shouldbe ableto
contacta supplier24 hours a day, 7 daysa week, 365 days
a yearto placeordersand expecttheseordersto be tilled
within 24 hours.
A major supplierof diluent shouldhave"",/tiplt
locationsto draw product from Thus. . customerrunsno
risk of supplyinterruptionevenif one or two of the
locationsshouldexperienceproblems.
Familiarity of lhe ~Mor with solvent extraction is a
necessity as jobbers or diStributors in paniaJlar may make
changes in a solvent without realizing the significance that
such changes can have on solvent extraction. For example.
a few parts per million of certain organic soluble corrosion
inhibitors may create disastrous results by interacting ~th
the extractant. or the addition of a biocide to a diluent
could result in the partiaJ sterilization of heaps under leach
resulting in lower copper eXtractions.

Use of dedicatedequipmentfor the transportationof
solventextractiondiluentsis extremelycritical. As little as
20 ppm of certainorganiccompoundscan completelyalter
a solventextractionplant's performance Somesurfactants
usedin steamcleaningof trailen may leaveresiduesthat
canhavesignificanteffectson plant operations.Tank
trailen usedto haulscaleinhl"bitorsmay containresidual

products that could detrimentally affect copper transfer in
an SX Plant.

-Price
Price. althoughimportant, by itself may not be a direct
evaluationof true product cost asthe factorsliStedabove
contributeto the overaJJcost effectivenessof a diluent.
The price of diluents is dependent upon the price of raw
materiaJs.In addition to the price of crude. prices are
influenced by the point of yield in refinery processing. and
whether or not further refining of the yielded stream is
necessary.For example. some crudes are unsuited to
diluent production because of the presence of compounds
containing double and triple bonds. Fluctuating crude
sourcescan also render a refinery incapable of producing
consistent high quality diluents. When the price of crude oil
fluctuates. diluent prices can be expected to fluctuate.
Prices are usually higher iflong term price commitments
are required. In SX plant operations, diluent costs are
usually the third or fourth highest cost experienced by a
plant. This cost ranking depends upon such things as the
power required for pumping. eJectrowinning. etc., and the
consumption and cost of sulfuric acid. The extractant
normally is the highest single cost of SXEW circuits. The
combination of extractant and diluent costs representsa
very large portion of the total costs of producing copper
&om an SXEW circuit.
In an effort to continuously develop new solvent
extractant diluents for an increasingly sophisticated market,
Phillips conducts ongoing product development research.
This has led to the current commercialization of five
diluents; SX-l, SX-7, SX-ll, SX-12, and SX-18. Three
topics related to diluents that currently appear to be of
interest to the solvent extraction industry are the effect of
aromaticity on diluent perfonnance, the influence of flash
point on diluent properties, and diluent loss by
volatilization.

EXPERIMENTAL GOALS
As a result of Phillips' ongoing research effons to
establishthe basic foundations of diluent understanding, the
tests described in the following,sections of this paper were
conducted to better understand the effects of aromatic
contents and higher flash point diluents on copper and iron
extractions with a selected eXtractant. The extractant was
chosento give fairly rapid phase breaks. Also, one
experiment with a different extractant to show the
interaction of another extractant with the test diluents was
conducted. Experiments also were performed to show the
evaporation lossesof samples from actual plant organic

phases.
LABORA TORY PROCEDURE
Solutions of test diluents were prepared volumetricaJly.
The samplesprepared are shown in Table 4. The diluents
used as the aliphatic components are Phillips Mining
Chemical's commerciaJproducts. The diluents used for the
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aromaticportion are pure aromaticproducts.Eachtest
seriesuseda different aromaticproduct. SeriesA usedan
aromatic product with a flashpoint of65.6°C (150~.
SeriesB useda product with a t1ashpoint of93.3°C
(200~. The flashpoints of the test dilucnt5were
determinedby ASTM procedureD-93. PeRSky-Martens
ClosedCup.
Table4. CQItpositiCX1
ofT~ Diluems
Diluent
Aliphatic
Aromatic
Series
A-I
A-2
A-3
A-4
A-S
A-6
A-7
B-1
B-2
B-3
B-4
8-S
B-6
8-7

10001.SX-IO
9001.
8001.
7001.
5001.
25%

-

100/0
200/0
300/0
500/0
75%
1000/0

1000/8SX-ll
9(J8/o
800/8
700/8
500/0
25%

-

]00/0
200/0
300/0
500/.
75%
] COO/.

The organic extraction solution was prepared by
diluting 3 S mL of a commercially available mixture of
tridecanol and S-dodecylsalicyJaJdoximewith 31 S mL of
test diluent. The viscosity of the diluent-extractant mixture
was detennined by ASTM procedure D-44S.
In addition, experiments were conducted with several .A
series diluents, and ] 00/8of a commercial extractant that
consists of a 50:50 mixture of 5-nonylacetophenone oxime
and 5-dodecylsaJicylaJdoximein a diluent.
Synthetic pregnant leach solutions were composed of 6

g/JCu~.and 3 g/JFe). . with pH adjusted to 2.0 .t. 0.05.
The laboratory mixer cell was a 1.7 liter square glass
cell. The impeDer-stirrer was 4.5 cm in diameter, 7 mm
high with 6 slots of 3 mm each on the bottom radiating
from center to edge. The stirrer motor head was regulated
to 1650 rpm ~ 10 rpm. A thief sampler capable of qwckly
withdrawing 10 mL of sample was also used.

The stirrer and impellerassemblywasplacedin the cell
10 that the bottom of the impellerwas2.5 to 3 an above
the bottom of the cell. The cell received350 mL of the
organic.The stirrer was staned,and the impellerspeed
adjusted.While the organicwas stirring, 350 mL of
syntheticpregnantleachsolutionwas quickly added«5
seconds)to the cen, and the timer was staned.
Without stoppingthe mixer, ] 0 mL sampleswere
withdrawnafter 30, 60, 90, ] 20, and 300 seconds.The
sampleswere immediatelyput into individualsmall
separator)'fuMels. The aqueousphasewasdrainedaway
anddiscardedand the organicphasesubmittedfor atomic
absorptionanalysis.

After the final samplewas withdrawn, the mixer was
turnedoff. The breaktime is the time from the cessationof
the turningof the impeDeruntil the fonnation of a definitive
interfacebetweenthe aqueousand organicphasewith only
a singlelayerof ~
bubblesbetWeenthe two phases.
EvaporativeJossexperimentswere conductedon
samplesobtained&om an operatingcircuit. The procedure
usedwasASTM D-972.
Two differentwind speedsover the liquid were tested.
Thewind speedwas variedby changingthe volumeof
liquid in the cell. The low speedhad ) 0 mL in the cell,
while the high speedused20 mL in the ceO.The higher
samplevaluedecreasedthe air volume spacein the cell,
thusincreasingthe wind speed.The procedurecell is
shownin Figure). As can be seenthe wind speedwill be
lowestat the entry and highestat the exit.
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the test diluent while the viscosity was detemtined on the
diluent-extractant mixture and is reported in centistokes.

TableS.PhysicalCharacteristics
of TestDiJuenu
D~u~
A-I
A-2
A-3
A-4
A-5
A-6
A-7
Bel
B-2
Be3
B-4
B-S
B-6
Be7

Aro~.
00/8
100/0
200/0
300/0
500/0
75%
1000/0
0'/8
10'/8
200/8
300/8
500/8
75%
1000/8

sp gr
0.80
0.81
0.82
0.83
0.8S
0.87
0.90
0.81
0.83
0.8S
0.87
0.90
0.95
1.00

Flash
Pt. °C
84.4
80.0
75.0
70.0
67.8
67.2
66.1
>110
>1 JO
>110
>IJO
>110
99.4
97.8

Visc.,
cSt
4.57
3.84
3.29
3.16
2.3S
1.90
1.61
S.88
S.20
4.66
4.21
3.83
3.39
3.27

Phase
Break.Set
81
60
57
4S
43
61
81
lIS
91
84
70
lIS
147
362

The isotemporaJ(identicaltimes plotted on sameline)
extractioncurvesfor the SX-10, aromatic,andextractant
are shownin Figure 2. The data showsthat for moderate
flashpoint diluentsof around 7SoC(16rF) an aromaticity
of betWeen10 to 30 percentgivesthe best extraction
Becauseof the lower flashpoint of the aromaticused,
increasedaromaticityresultsin a lower flash point. With
the diluentstestedin theseseries,higher aromaticity
increasesthe phasebreaktime and lowers the extraction
kinetics.

Figure Experiment&!Cup for EvaporationTest
EXPERIMENTAL RESULTS
The results of the physical tests on the diluent mixtures
are shown in Table S. The flash point was detennined on

The phasebreakcurve clarly indicatesthat phase
breaksare reducedby 10 to SOpercentaromaticcontent.
However,the maximumloadingat 300 secondsis highest
between10 and 30 percentaromaticity.Also, the kinetics
illustratedby the curvesrepresentingspecifictimesindicate
that the kineticsof coppertransferdecreaseasthe
aromaticityincreasesabove300/0.A review of Figure2
clearlydemonstratesthat the 10 to 30 percentaromatic
contentgivesthe bestoverall pcrfonnance.

Figure2.lsotemporaJGraph of CopperEXtractionfor "A" SeriesTest DiJuentswith PhaseS(eak

6
The effects of aromaticity on ironco-extraction are
shown in Table 6 and Figure 3. Increased aromaticity
appearsto help suppress iron co-extraction up to 500/0
aromaticity. Note, however. that these curves indicate that
-iron extraaion decreaseswith increased mixing time
showing that copper is preferentially extracted. Also note
that 8 1.0 ppm anaJyticaJvariation in an iron value can
make 8 large difference in the Cu:Fe extraction ratio shown
in Figure 3 becauseall Fe levels are very low.

--

Table 6. Series ..A" DiluCDts ppm Iron EXb'8dcd At Time

Aromatic
0'1.
10'1.
20'1.
30'1.
SO'l.
7S%
100-1.

--

--

-60-90.
10 8

30.
13
11
9
8
7
13
.s

.--

12
7
8
5
8
4

8
6
7
S
7
4

300.
-120.
8 -6 '

7

6
7
3
7
2

S ;
7
6
3
6
I

--

~~.~

,=i=..

. . 0 . .w -o-C' - . - 1»'---~

I

Figure 3. IsotemporalGraphof Iron Co-Extractionfor Series..A" Test Diluents

Table 7. Series"B" Dilumts ppm Irm ExtractedAt Time
The effect of aromaticity on copper extraction for the
higher boiling diluent is shown in Figure 4. Here again the
10 to 20 percent aromatic range gives the highest copper
extraction, and the ] 0-30 percent range gives the fastest
break times.
The effects of aromaticity on iron co-extraction are
shown in Table 7 and Figure S. Increased aromaticity
appearsto help suppress iron CO-extraction. Note,
however, that these curves show that iron extraction
decreaseswith increased mixing time showing that copper
is preferentially extracted.

I AromaticI 30.
00/0
100/0
200/0
300/0
500/0
75%
1000/0

12
IS
II
12
13
13
18

-60"9 -90" -120.
9
8
21
10
10

9
12
16

13
10
9
8
10

10

e

12
10
8
9
9

9

300"
10
9
13 '
8
12
11
7

7
~

5.0

4.1

~

II'

j

MI

5'

a

, 3.5

150 .[

,~
3.0

50

2.5

,"

0.

I-+--

~

~

~
~
~
~ AI-.8Ic .. ~
w ... a. .. W -e-W"
- 1.- ---

1ft

~

~

,~

~
P'-

0

!

Figure4 IsotemporalGraph of CopperExtractionfor "B" SeriesTest Diluents ShowingPhaseBreak
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Figure S. lsotemporaJ Graphof Iron Co-EXtractionfor SeriesUB" Test Diluents

Modem diluentsare refinedfrom production streams.
Threeproductsobtainedfrom the sameproduction stream
weretested.The differencebetweenthe productsis that
eachcomesoff in a differentboiling range.This is because
eachproducthasan increasedaveragemolecularweight
over the previousproduct.Figure 6 showsthe effect of
increasingaveragemolecularweight on the physical
propertiesof the diluent.Although there are relatively large
changesin flashpoint, phasebreak,andviscosity.the

change in density is quite small. It 'appears that viscosity
has a much greater impact on phase break than density.
Figure 7 shows the effect of increasing flash point on
the amount of copper extracted after a given mixing time.

The molar copper-ironextractionratios versus
molecularweightsare presentedin Figure 8. Increased
mixing time increasesthe rauo as doeslower molecular
weight [lower flashpoint].

Figure 6. Physical Properties versus Molecular Weight

u
«
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I
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Figure 7. IsotemporaJExtractionCurvesversusProductFlashPoint
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Figure 8. lsotemporaJ Cu:Fe molar Extraction Ratios versus Diluent Flash Point
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Commercialdiluenu are refinedfrom production
streams.It is more expensiveto customblenda diluent
thanto refineand clay treat a productionstream.A
comparisonof Phillips' commercialdiluent compositionis
shownin Table 8. SX-12 is clay treatedSX-7. SX-l is
sourcedfrom a different refinerythanthe other products.
andit is also clay treated.It is consideredto havea
perfOm1ance
that is intennediatebetWeenSX-7 and SX-12.

Table8. Charaacristics
ofCCXM1crcial
Dilucnts

-I.
.C \F)
Average
Molecular Wt
Diluent Aromatic FlashPoint
80.0 176
13
SX-l
ill
204
13
86.7(188) !
SX-IHF
70.0(158)
I
22
SX-7
lli
84.4 (184) :
183
0
SX-I0
199
>110 (>230)
0
SX-ll
169
70.6 (159)
22
SX-12
141
41_,7(107)
0
SX-18
The physical properties of the above diluents are shown

in Figure9.
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Figure 9. Physical Properties of Selected Commercial Diluents

The isotemporaJ copper extraction curves of the
selectedcommercial diluents with the mixture of 5dodecylsalicylaldoxime and tridecanol that was used in
thesetests are shown in Figure 10.
The molar copper-iron extraciion ratios for the different
commercial diluents are shown in Figure 11. This Figure
indicates that SX-12 has the highest selectivity against iron
of the six diluents. Clay treatment of diluents and
extractants may appreciably decreasebreak time and also
may render the diluent more selective against iron. Clay
treatment was discussed by Mattison, Kordosky and
Champion in 1983. Clay treatment involves contacting the
organic with specially prepared clay to remove trace
quantities of polar organic compounds from the
hydrocarbon stream. The clay functions as an ion exchange
material and absorbs the polar compounds. Phillips uses
acid activated calcium montmorillonite and low volatile
miner (L VM) anapulgjte clays. The selection depends on
which is more efficient on the specific diluent. This. in turn,
is dependentupon the crude feed stocks.

The original application was to treat the plant or~c if
a load of contaminated diluent was used in the plant circuit
It has also been used to treat contaminated product in the
diluent storage tank. Jne use of high quality diluents has
eliminated the requirement to treat the entire circuit due to
contamination. Clay treatment is now primarily used for
treating organic reclaimed from raffinate ponds and "crud"
in an effort to improve the quality of the reclaimed product
before it is reintroduced to the circuit. It is also used by
some operations as a method to maintain the quality of the
plant organic during normal operation. By periodically clay
treating a portion of the plant organic, the operation can
remove any polar organic degradation products of the
extractants and contaminants that may be present in the
pregnant leach solution. This allows the operation to
optimize plant conditions.
The most obvious change that occurs when a product is
clay treated is the change in phase disengagement time of
the organic aqueous emulsion. Removal of the polar
compounds from diluents or extractants nonnally results in
a reduced phase break time under a given set of conditions

Claytreatingcanhave. significantinfluenceon break
times,evenwhensophisticated,highly refineddiluentsare
treated.For example.clay treating of tile SX-ll reducedits
breaktime to aboutthe samebreaktime asthe minimum
-break time shownin Figure4 for SX-ll combinedwith
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3oe/.aromaticdiluent.The clay treatedpure SX.l1 gavea
breaktime of 58 secondsfor the sameconditions.Clay
treatmentcanalso influencecoppertransferkineticsand
iron selectivity.

Figure 10.CopperExtraction at Time for SelectedCommercialDiluentswith GivenEXtractant
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Figure 11. Cu:FeMolar EXtractionRatjosfor SelectedCommercialDiluents
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The effectsorthe interactionorthe extractantand
diluenton the propertiesor the organic phasearc shownin
Table9 andFigures12 and 13. The standardextractant
mixtureor S-dodecylsalicylaldoxime
and tridecanolwas
usedin all the previousexperimentsat ten volumepercent.
The alternativecxtrac:tantwas a SO:SOmixture of SDOnyiacetophenone
oxime and S-dodccylsaJicyl-aldoxirne;
it wu usedat eightvolume percent.The diluentsusedwith
this alternateextractantwere 10, 20, or JODI.aromaticin
SX-JO.

~

,~

,m

-

Tft,--.

'-'-.'"Ar.

"o'.~~Ar.

-'--~~Ar.

'-'-Al'"Ar.

".'.M~Ar.

-"-Al~AI.

-

Figure 12. Cu Extraaed by 8% or 1001.
Extractantin 1001.
to 300/.Aromatic and SX-I0 Diluent
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Figure 13.Cu:FeExtraction Ratio for r/e or 10'/eExtnctant in 10 % to 3O'/eAromatic ~

Althoughthe amountof copper extractedwith the
alternativeextractantis less,the genera!shapesof the
curvesin Figure 12 remainthe same.However. whenthe
Cu:Feextractionratio in Figure 13 is viewed, the 30'/.
IIOmaticdiluenthasa very strong effect on the suppression
of iron extraction.

I

-

SX.I0 Diluent

A plot of the copperextractionkineticsfor test
diluents:A-2,A-3, A-4, B-2, B-3, and B-4 is shownin
Figure 14.This figure showsthat the k.ineticsare
independentof the basealiphaticcomponentof the diluent
whenthe diluentcontains10'/. to 30'/. aromatic.Yet as
canbe seenfrom Figure 10, the tWo basediluentsSX-IO
and SX-ll, havesignificantlydifferent k.inetics.
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Figure 14. CopperExtractionKineticsfor SelectedTest Diluents

The authors have Started an extensive study on
evaporative loss ftom operating circuit organic phases
Results from two of the experiments conducted to-date are
shown in Tables 10 and 11 below.

So far in the cell used,greaterwind speedsappearto
promotethe formation of an aerosolfrom the surfaceof thl
liquid. The authorshopeto sather enoughdatafor a future
articleon this subject.

The experimentswere conductedat two different wind
speedsat 38.~C. The maximumloss per 24 hours is 0.521
Um' (0.0128gaL'ft') at the lower wind speedand 0.641
Um' (0.0157gaL'ft') at the higherwind speed.This last
m.mmercorrespondsto a maximumlossof354.5 liters
(93.7 gallons)of diluentper day for a 21.3 by 25.9 meter
(70 by 85 foot) mixer settler.

Figures 1S and 16 show the rate of evaporation loss pel
square meter from the two tests. As one would expect the
loss rate follows a logarithmic declining curve. This is due
to the preferential evaporation of the lower boiling
constituents of the diluent.

Table10.E~

Lossat 31.~ (102F)-iIh 0.02to 0.11KPH(0.01to 0.11MPH)Willd Speed
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Table II. Evaporati\IeLoss at 3B.go( (102F) with 0.04 to 0.36 KPH (0.03 to 0.22 MPH) Wind Spccci
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Figure ]5. EvaporativeLoss per Hour at 38.9°C(]02F) with 0.04 to 0.36 KPH (0.03 to 0.22 MPH) Wind Speed
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Figure 16.EvaporativeLoss per Hour at 38.~C (102F)with 0.02 to 0.18 KPH (0.01 to 0.11 MPH) Wind Speed

DISCUSSION
Data presented graphically in this paper indicate that an
ideal range for the aromatic content of a diluent for the

given extractant mixture of S-dodecyisaJicylaldox.imeand
tridecanol would be between 100/0and 300/0.Above this
range, phase break times appear to increase as the
aromaticity increases.

Thedatapresentedfor SX-J8, SX-JO,and SX-1J,
representdatafor purely aliphatjchydrocarbons.These
thr~ diJuenuare producedfrom the samebasestock. It
appearsthat an idealdiluent could be constructedfrom the
-information presentedin the graphs;however,the
additionalparameters~~~ry
to makea good diluentare
DOt available.

Conventionalwisdomis that as aromaticityof the
diluentincreases
the copper-ironextractionmole ratio
d«.reases.For the extractanttestedthis doesnot appearto
bethe case.Thereis a distincttrend towardshigher
extractionratio for the A seriesdiluents(~Figure 3). The
datafor the B seriesdiluentsare a little more ambiguous
but appearto be similarto thaI of the A series.(seeFigure
S).
The eleven criteria addressed earlier in this report
indicate the general (actors that must be considered u new
diluents are preparai. In addition to these criteria,
consideration of stability of aude sources and potentia)
availability of material from specific yield points within the
refining process must be considered. The relationships of
fJuh point, density, viscosity and other effects on phase
breaks all must be considered. For example, u the graph in
Figure 6 indicates, the flub point, of course, increaseswith
increasingmolecular weight u does the phue break which
is also rela1edto density and viscosity.

nJTURI: WORK
Although not covered in this paper, Phillips diluents
are used extensivdy in circuits that use di 2-ethyl hexyl
phosphoric acid and other such extractants. Thus,
discussionsof diluents' effects in these araJits need to be
reviewed. In addjtion, work will continue on entrainment
and evaporation losses, in copper and other solvent
extraction circuits as well as work on the solvation
characteristicsrdated to the dissolving of both the nonloaded and loaded chdating extractants. Screening of
products from potential refinery yidd points that led to the
development ofSX-JHF also will cominue. Additional
papersare plaMed when sufficient data are generated from
theseprojects.
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