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COPRECIPITATION WITH FERRIC HYDROXIDE: AN APPLICATION TO THE

SEPARATION OF COMPER AMD ARSENMIC AND OF ARSENIC AND ANTIRGHY
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IL is A well kienwn fact that precipitares are not deposited cormpletely frae from inpurities

prasent i salution, By nopuretes we undvostand here chemical species other than the components of
tha precipetale,

{he contamination of prac-pivares by the specres present n ioluiion can Decome B seriaus
problerm in gravimetric procedures and it is Aot always possible to eliminate the interfering ions.

In radiochemical work, un the other side, scavenging by precipiiares in one the most frequently
employed techniques for removing undesired impurities from solution or for concentrating elaments
present at wrace leveds. Since the fraction of removed impurity genevally decreases with the increase of
ity concentration, it is a roemenan procedure ta add carriers of the slemants that one wishes 10 keep in
salutinn. The most com,sueiy Laad seavengers in Asdiochemisiry are the colloidal precipitates of lsrge
surface area, tuch »s {oreer eyelomedn rmaregainesee fhinerdn silunr Ralides meed sgdfidas of weaklby
alectropusitive metal, |
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Evin al low concendralionn, o5 possilidd o avold dhe ikt g ing oF cerlain alements by rmeans o
complexation or by controlling the pH ol tha solution. Several papers hava been puhhishad, mninlr Lie
fUstian researchers, in which radicactive isatopas ot teveral efemenis, stich as gold and thallium 1
tantalum,  tungsten  anct |hF!nl|.|rT1“”, 1ama Baths and 1'|afnil.|r1"|“:”, lalm and h..ulnunu“ﬂ Al

supdratecd by coprecipatation wach teric bycdhioxiche by changing Hw pH af the souton,

Studies nn the coprecipiabion ol cations swath fetie hydeosmle precyaladed  with exces-

(1B

ATMITIONIA showed that, o the Lasn of nlements ke copper il zin, whach fonm soluble and stabile

smmoriacat coudeces, the Practen canied oec i sasks wilh the inernase ol oamonia coneenar ation, The,

fact had alveady been obsersad by Mobtladl aoed Moskovir 7F

So it s thar Upor and :'-'--.-.-mkr'lih'r:', an 5 .ying the ahsorption by metal hypdroxides nf
cations that Forem ammoniacl coopleses, have determoned the concentiation of amimonium bydroxide
antd amirmonien salts in which (hess catnne e quantidively kept in soltion, Thes way, the complesed
rations can B sepavatedd foom the non cormgaleaond oo

One of the grearest ghistacies o the sueess of wstrurmental meutoon dcbvation oalyss gy
multichanne! amalyzers and Nal [T spingilfation counters @5 the oceumance of ovetlappmg peaks o
radicisoropes that vmil gamma says of very sanbla chergies. Thes sitoation is idlusitated for the paits o
vadinisawepes copper .64 and arsenic 76, and of arsenic-78 and antimony-122, in Fwgures 1.1 and 1.7
When using high resolution solid-stalo gamma-ray OelLa deteclors i1 15 possable to separate the peaks ol
copper ared grsernc, but rob abways satistactoudy the ones of arsenic and antimony, When thes ocours, 11
15 Necessary to resort 1o a chemical separation prior 1o gnunting,

Several papers have beon publishod abeool the sinubtaneoas oeutron actmarion snalysis ol
copper anel Jisenic and of arsorog ared antimeny o of all the three elements together. Inomany of thew
works, chemical separation methods are smofoged,

Gromanist 3! points cul Ihe imnorianee of the synultaneows determenatwon of copper and ar senn
n wincs: and i biglogical samyeles, due to the sigmifreant role of copper as a trace €lement o the
melabolism of bying organism: and also 1o its influence in the taste of wines. In the case ot arsenic.
which 15 used ar a pesticide in vines, thoie 5 always the possibiity of s remaining as a toxical residue
The authors apply a soluent extraciion techniogue to separate arsenic fram copper,

161

Griman ., and Souliotis have improved this technigue and applied 0 1 the rapird

determmnation of arsanic and coppar in brass samples,
Qureshi and collsborators! 94 oeviloped 3 process for the determination, by activation
analysis, of oopper, arsenic and antimany, using rilenzylarmane 85 an axtracting agent. The process wa
applied to the analysis of 3 lead aloy conlaming the three elements.

Brams and Hosta' 2! have analyzed arsenic and antimony, beswdes selenium and tellurium, by
rmeutron aCtivation analysis, in elocirolitic sofutions of zing solfate. &rsenic and antimony ware first
pracipitated as sulfides and then separated by distilation as chlorides.

Maenhaut and coworkers'?! have published a peper ebout the deterownation of arsenic and
antimony in tin. After distillation in hydrobromic-suelfuric acids mesn, arsenic snd entimony wers
precigitated with thinacetamide and antimony was separated by deposition on ron powder,

Mon-dastructive neutron activation ansfysis waes also used for tha determination of ersenic am
antimony, as in the work of Rudelli et &' 2! in which the D.657 MeV end 0.686 MeV secondary pesks
of the radioisetopss arsenic: 78 and anlimony Y27 weee used ot tha analysic. High resolulion GalLi)
rtetactor counting hud ta be amployved.

Mua 1 the Ieeroent ity of  Mha cadinchemieal  determinntioes ol e [heaa mwntioned
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elerients, that is, arsenic, antimony and coppe: and considering the fact that the gamma-ray energies of
the corresponding radicisotopes are very clese, which makes this simultaneous determination difficult, it
was dectded i the present wark po study 2 chemical separation process which waould be relativaly rapid
and sufficiantly simple to Bllow the analysis of several samples ar the same Lime,

Since copper has the property of forming soluble complexes with ammonium hydroxide o
should ot be coprecipiiaied with lerric hydroxide under certain experimental eonditions. Arsenie and
antimony, on the other side, should be carried down with iron hydeoxde, giving a first separation and
then a further change on pH or the increase of MH," roncentratian could lead 1o the separalion of the
pan.

In the present work, the separation of copper and arsenic was first studied, considering the
cass in which both elements are im trace concentration devels and in which copper s present in
macraconcentrations ardd arsenic in MICroConcentrations,

Once the separation method was developed, copper and arsenic in frace levels ware detsrmined
ina p.a reagent, FeCl.., H: O, by activaticn analysis.

The method was also applied to a sample of human hair that was put in contact with
ladioactive arsenic and copper. This determination c¢an be required in cases of suspicion of arsemc
poisoning, The amourt of copper generaily present in human hair, of sboutl 30 to 50 ppm is engugh to
interfere with the direct analysis, wath ne chemical separation of arsemic, cven in the cases whers
poisoning oecurs, i which the proportion of this element is relatively large (100 to 200 ppm or even
e

The best schutign found in this case for the separstion of arsenic and antimony was the
complesation of antimony with tartaric acid, sinco this reduces the carrying of antimony to levels lower
tharn 15X, when ferric hydroxide is twice precipitated, The dependence babtwsen the coprecipitation and
the toneentration of tartaric acid was studied, since the coagulation of ferric hydroxide is hindered by
an excess of tartaric acid,

The control of the fraction of the elements carried down by ferric hydroxids was made through
the counting of the activitires of the radioisotopes copper-54, arsenic-76 and sntimony-122 of 12.8 hours,

6.4 hours and 2,68 days half-life, respectively, The ocounting of the activitias was carried cut by mseans
af sodivm iodide crystals, using mang or multichannel snelyzecs,

it — EMPERIMEMTAL PART
11— Rapmney
The solutions used wers all prepared with p.a. reagents, and  werp the following:
Coppor nitrate sofution
Ferric chlarida solution
Amrmonium hydroxide salution
Sodium borgte buffar golulion

Tartaric acid solutinn
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Caapper s itradiated in the form of ats ombale selation, onogeacty ampondes, Tl sl es
were- placed in atpminum cans angd orradiated for Bhimes in 2 nentron flox of s
Ba ' pastornsfeneS s

- caean salanl-mmul - J oy o saert T caml s 1l s dahe|ileany e IR
Phe acireans] awide was thagodvnd weh G awlnnn hydiow ele or with scgud rega g dilgoal o e

desanrd cennrrnteanion,

Aoy was irrawbidied i the matallic form ardd dissolved with acea redid

11.3 -- Counting

Liwe countings were carfimd oat with tha aid ol sodiurm iodide crystals, coupled o mueke o
multichannel analyzms

Tie Muciear Chicago monochannel analyzer, madel 18200 A, coupled woa 5.1 » 4.4 cmowell fyu
sodilm mwlide crystad was used when workong wilh one actwe isolope only,

When warking with more than ane radioisolope, 3 TMC-402 multichannel analyzm coopled 104
51 % 4.4 cnowell type codisnm iodide crystal was used.

The tamples were counted in the tiowic form, atways looking that sample and standand bark e
$B3ME getunetry n e counling tolles.

The countirg tare was af 10 minules o genetal and the counting rate vanied berwoen 10 1o
) . . .
107 counts pai mirgTe, the most frequent counting rate baing of 10" cpm.

The percentage of element in the ligusd and solid phases was calculated by comparing 1he
mtivity of each phase {¢ of an aiguot of this phase) to the inial activily pressnt lor to a known
Traclon of this sctivity).

.4 — Separation of Copper and Arsanic by Coprecipitation of Arsanic with Farric Hydroxide

In the present work the possibdity of the simultanecus determination by activation analysis of
copper and arsenic was studied, using at separation method 1the coprecipitation wilk ferric hydroxide.
The great advantages ot this methed are the speed and easiness of operatian,

The experimental procedure described here for the separation of copper and arsenic is very
similar 1o the gne employed for the separation of arsenic and antimony,

The preliminary experiments wers carried out using the radicactive isotopes separately, due 1o
the verlapping of the peaks correspondivg 1o the main gamma ray energies of copper-64 and arsemc- 76,
The studies of coprecipitation were done by placing active copper in tha presence of inactive arsenic and
vicewwrss, Onca the separation conditions ware estatstishad, the srtiticial samples ussd far enalysis were
preparm] with both radipactive isotopes.

Solutiony containing the bwo elaments, sclive or nat, werd pipetied [nto 15 ol polipropyiens
centrifuge twbes, foMowed by adegusts emounts of ammaniom chioride and ammonium hydroxide
swolutiony. Iron hydroxide was than precipitated by rapid eddition of ferric chloride, &t rodom
termperatura, Thit method leads 1o tha formation of 8 precipitata of [erge surface area, Afisr the
pecipitation, pH mepsrermands were cairied out, using 8 Philips PR 9400 pH mator, calibrated with a
horas 001 M buffer saluteur,



Atter cenlohigdtuny P T0menotes at 1600 rpny, aliguots of the superratand hgquid wee
pipatied into adeguate cooming tubes. For oeach sample saries, 8 standard comparator solution was
prepared, inclading all reagents oxcept ferric chloride, which was substituted by an squal valume of
watar. With 1his procedune, the activity of the supsmatant ligukd of the samples could be dirsctly
covmpared] 1 Ihe activity of the cieslare

Ag inr tha pracipstards, alter elarunafeseg e Sepunoatant hguid, the ooty wan made o e

eentifuge mibe itselt, Only when the activity of the precipatate was too high its disselation in nitne o
hydrochlang acied baratme necestary and atiguots of this solotion ware taken for counting

11.4.% — Study of tha Separation Gonditions
The results of the first experiments carried out with active copper in the presence of inactive

arsanic arg in Teble [1.1. The experimental conditions were in this case vary similar to the ones unlized
Iy Uuol“ TV to ohtain & mimmum carrying of copper,

Tabla 1.7

Distribution of Copper in the Form of Ammoniacal Complex
Aetween the Liguid Prase and the Frecipitata

JEpE— —— —— e d— o =

" COIPPER MASS OF COPPER (ol
In tha In 1he precipitaie in the Iy tha precipitata
Ligud Ligud
Mo washing W ashng Ho washing Washing
willy wxtar with water
o6.6 b i 5.5 9.7 0.6 0.5
566 9.1 F) a7 0.9 0.7
GA B 0.8 It 9.8 1.0 OB
8.3 8.4 - 2.8 - —
281 a0 - 4B - —
Exparimantal Condfitinnt
Mass ot copper 10 g NH, Cl cancentration = T2 M
Meris of arsaruc 1.5 g H =03
Wass of iron - 96 mg Final volume = 10 ml
HH, concenration 1 RAM

Tha giistribution of aryemic betwean ta hgoid and solid phases was alao stodisd in the sama
ronditions, wiing arkanic-75 as trater The rosolts are pretented in Takla (1 2.



Yahla 1.2

Distribution of Arsenic Bewween the Liguld Phase and the Precipitate

W ARSENIC M.ﬂ;SS OF ARSENIT {ug)
1-n_:he In the preclni.:l.er_m _fpn {he In the pregipitaie T
Liguic Licjuid
Nowsshing  Washing Nowsshing  Washing |
with waler - with water

oA ____-.‘IDE.B 956 0.0027 n.36 0.3

TR 99.2 6.3 0.0029 0,35 0.34

0.8 1012 L L 0.00249 0.35 0.33

1.0 104 6 - 0.003% .37 -

0.9 103.4 - 0.0030 Q.3g -

Experimental conditions: the same a mentioned in Tabde 111

Even considering that most part (over 96%) of the coppar initiaily present in the solution is not
carried down by the ferric hydroxide precipitate and that the contrary occurs with arsenic, it iz still not
passible t delermine arsenic in the presence of copper with the mass relationship used. That is the case
in which arsenmic appears as an impurity in a copper matrix. The area carresponding to the 056 Mey
peak of wrsenic-76 is about 1000 times less than the area of the 05711 MeV anihilation peak of
copper-64.

Ancther series of experments was then carried out, wsing a8 higher concentration of ammanium
hydroxide, to keep a stifl higher fraction of the copper ammoniacal complex in the supernatant liguid.
The resufts are shown in Takle |13, Even so, the mass of copper that remains in the precipitate is encugh
roe interfere with arsenic determinabion, hecaus2 the ared of the 0.511 MeV peak is 54 times that of the
0.56 MeV peak of arsgnic. Toporescu and Geloso and Levy, according to Knlthﬂﬁ[?l had already ohserved
that, up from 3 certain level, the increase of the concentralion of ammonium hydroxide had but a small
efect on the carrying down of copper.

Angther resource tried was the double pracipitation of ferric hydroxide, After the first
precipitation, the hydroxide was dissolved with hydrochloric acid and again precipitated. ln these
conditions, the behaviour of both copper and arsenic was studied. The results in Tabla (1.4 show that,
aven alter two precipitations of ferric hydrexide, the mass of copper in the grecipitats is still right times
that of arsenic. The area of the 0.5%1 MeV peak of copper84 remaining in the precipitate is 1.6 times
tha arse of the 0.58 eV peak of arsenic-76, end in this case the determination of arsanic ls not
possibla, by counting in a sodiem iodida sointilation detector.

Tha ceso in which copper and arsanic are bath present in low concentretion was elso swdied
(Tables 1.5 ard 11,5}, The simultareous detarmination of thess two elements is many times requirad and
ectivation .analysts with the help of chemics! separafion technigues bas slreedy beén used for thh
purpose.



Tebla 11.3

Distribution of Copper ang Artcenic Between the Liguid Phese snd the
Precipitate a1l Higher NH4OH Conceptration

COPPER ARSENIC
In the liguid o o In the precipitate In 1he precipltate
Percentage Mass (gl Percentage htass {nng! P-m-'cem.;;g:_-_._hla; {pgj
90.3 ;_E‘_.— 5.9 -‘:E 1017 DG
0H.B A 6.4 06 983 034
80,5 9% &.0 0.6 g96.1 034
97.8 9.8 5.9 0.6 100.4 035
Experimental canditipng
Mass of copper = 10mg MH. Gl concentration =1M
Mass of arsenic = 0.5 ug pH =95
Mazs of iran = 3.6 mg Final volume = 14 ml
NH4OH concentration = 25 M
Toeble .4
Carrying of Arsenic and Copper after Double Precigitation of Ferric Hydroxide
ARSENIC  coeeer
% inthe o M_a.s;;n the % In the Mass in the
preciprtate precipilare |ugh precipita e precipitate {ug)
- 103.9 ""“;; 0.7 70
103.8 923 0.7 70
1.2 812 07 m

Enperimental canditions

Mass of arsanic = B.52 ug NH, Cl concentrstion = 1.3 M
Mase of copper = 10mp pH =8.3-97
Mases of iron = f.8 mg Firel volurna =8ml
MH,OH concantration = 1.7 —EM
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Tatrla 115

Distribution of Copper Between the Liquid Phase and tha
Pracipitate at Low Concentrations

COPPEA IN THE LIOQUD

COPFPER IN THE PRECIPITATE

% Macs [Lgh Mo Washing Wazhijng with NH,4 C
. Mass {ugl % Mass {ug] |
BrE 24 5.2 1.3 14 04 )
1006 25 57 14 20 0.8
29,6 25 b2 1.3 1.7 0.4

Exparimental conditions

Mass of copper
Mass of arsenis = 35 g oM
Mazz of imn
MH,; OH concentration = 2.7 M

25 1y HNH, Cl concentration

9.6 mg Final volurme

Tabla H.6

Qistribution of Arsenic Between the Liqusd Phase and the
Precipitats at Low Concentrations

iM
= 8.5
11 mil

ARSENIC 1N THE LIQUIG ARSENIC IN THE PHECIPITATE
% Maz=s (ug) Mo Washing Washing with NH4C}
% Mass i) % Mass g/
D4 0.1 1029 36 a2 3
03 a1 102.7 a6 B6.9 34
0.2 a1 140 37 58.5 a5

Exparimental conditions: the samg as mentioned in Table L5




1

The results of the separation by copredipitation were wery salisfagtory and corsouantly the
determination of copper in the supernatant liquid and of arsenic in the precipitafe Wewre perfactly
{manille

H.4.2 — Analysis of Artitizal Samplas and of Felll, (H, O

The noxt step was the analysis of an artificial sample contaimng both activated elerments. Afr
the separation of the liquid and solid phases, the washing was added to the sumernatant liguid.

The resulis were savisfactory, as tn shown in Tabte 4.7,

Table Jk¥

Resulis of the Anabysis of Syachetic Samplas Containing Coppar and Arsanic

i SAMPLE M;’I.SS_T{Z.IIF C{]nptﬂn_m | MASS OF AHEEHI?z
DETERMINED {Lg] OETERRMINED {,.q}
: s aas
2 T0F 9.6
3 12.7 9.60
4 13.2 .45
5 135 9,:;.0

Eaperimental conditigns

Mass of copper added = 14 0ug MHs OH concentration =43M
Mass of arsenic added = 998 ug NH, CI congentration =1.7TM
Mazs of ron = 8.6 mg Final volume =712mi

& similar experiment was carried oot by sdding the copper and arsenic samples to human hair,
which was dissclved and processed as already doscribed,

The hair was first washed with acetone and water and then dried and weighed. After adding Lhe
tracers, dissclution was made by heating with a migure of H, 504 and HNQ,;. The cother reagpents
necessary  for the  precipitation were added and tha sqlid and liguid phases were separated by
centrifugatien. The corresponting data are presented in Tabia 118,

& sample of a Carlo Erba p.a. reagent, FeCly .. H; 0, wes also anelyzed. {1 wes iradiated in 8
alastic container, far aight hours, together with copper and arsenic standards After the irradiation, the
s was transfered tor & centrifuge tube, ammonivm chloride was added and the iron precipitated with
ammonium hydraxide,

Aftar centrifugation amd washing with 1M NH,Cl, the supernataat lguid and the washings wem
mixed. Coppar in the liguid was pracipitated with ammonium sulfide. The filtar paper containing the
pracipitate was transfered to w plastic counting tube and its activity messwred in & sodivm iodide
ssintilator. The ferric hydioxide precipitete was dissolved in hydrochioric acid and 1aken to volume in a
25 ml flask, a 2 ml aliquat being taken for counting The rasults of the analysis are in Table e
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Tebkla 118

Determinalion of Copper and Arsenic Added to a Sample of Human Hair

MASS OF COPPER (ug) MASS OF ARSEMNIC {1:g)
ADDED FOUND ADDED FOUND

ga 273 8.92 A.26

. 9.81 9.58 g8.92 730
9.81 9.3 a2 a.32

Exparimantal conditions

iass ot hair = 24 o 25 mg

Mais ofiran = 0.6 my

NH, Ol cancantration = 1.1-M

pH: =95

Final voluma = 3 tod2ml

Table 1D

Assults of the Analysis of the Raagmt Felly  GH,0

ELEMENT FOUND

COPPER {ppm! ARSEMNIC (ppmi)

1.7 35

Mass of FeCly GH, O

Exparimentsl conditionrs

1

151,74 mg

MH,Cl concentration = 1.4 M

“PH
Finel yvalume

= 10
13 mi
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M5 — Separation af Arsehic and Antimony by Coprecipitation of Arsenic with Ferric Hydroxide

The simultaneous determinatinn of arsenic and antmony by non destructive activation analyss
using sodium iochide scintillatior detectors i more ditficult st than thet of copper and arsenic, dua to
the ¢loseness of the main peaks of rhe radivisotopes arsenic-76 and antimaony- 122,

During an experiment in 1rying to determine arsenic in 3 metallic copper sample which also
contained antimony {t vwas verified that, contrary to axpectation, the carrying down of antimony by
Ferric hydroxide was less than that of arsenic. This fact was observed with the aid of a GelLi] solid stata
detector. |1 was then thought of the possibilily of developing a separation method for the two elements
by coprecipicatian with erric hydroxide

fn the st experiments the corditions uwsed weare similar to the ones employed for the
sgparalion of copper and arsepic. The determination of the percentage of antimony carFed down was
done by the counting of the activity in the precipitale of the radioisotope antimony-3 27, of 2 BB days
half-tife. By the data in Table 1110, it can be obsetved that the carrying of antimony was of about 75%.

Table IE.70D

Carrying of Antimony by Ferric Hydroxide

I samPLE - %C;EHIED ]

_—___1___ - - |
2 13EB FII
3 5.4

L —— ——

Experimental conditions

Mass of arsenic = .35 g
Masis of antmony = 033 g
Mazs i iran = 86 mg
NH, OH concentration = 2.8 M
MH, Ol concentration = 1.6 M
pH =585
Final volurme = Ami

Later it was seen that an increase i pH would favor the permanence of antimany in the liquid
phase {Table [L11), Since the presence of ammonium chioride has an effect in lowering the pH, it was
tried to. eliminate this reagent 1o work st higher pH.

In these comditions, the washing of the precipitates with 1M NH,Cl and 50% MH,DH wes also
testedt (Table H.12). Washing with 50% MH,0H has practically the same effect as washing with NH, Gl
2 mpards antimony, but it has the disadvantaga of aliminating a higher emount of arsenic frem the
precipitate. On the other hand, it is a well knawn fact that antimony is complexad by tartaric acid. It
wat then tried to use thiz property of antimony to keep 4 higher frection of tha element in solution.

In Table 11,13, the results obiained with and without rartaric acid can b camparsd. bt must ba
#lec  token into eccount that the amount of acid cannot be too high, or elss it will prevant the
precipitation of ferric hydroxids. The lowest fraction of entimony wat carried at s D.00IM
concentration in tanaric acd
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Table

H.11

Carrying of Antimony as a Funclion of pH

-—
L.

MH4,OH pH % 5h
MOLARITY CARRIED

2.8 Bhe 75.4

A7 £ 6.5

7.5 4.0 B4.6

Experimental conditicns

The same a3 mentoned i Tatale 1110

Table IF 12

Earrying of Antimony and Arsenic by Ferric Hydroxide in the
Absence of Ammgnivm Chiloride

ESAMF‘LE % ANTIMONY CARRIED % ARSENIC CARRIED
I;ID WaSHING  WASHING WA—SEING HWAEHING WASHING Wﬂ.EHlN_{;
WITH WITH 50% WITH WITH 0%
TMNHs &  NH;0H 1M NH4Cl NH.{H
T - 50.9 - - Wrh - -
4 B4:B - — 103.3 - -
3 534 - - 104.9 - -
A 56.5 50.4 45.3 102 4 1.4 937
a. 54.3 49.4 45.2 102.8 102.2 896.1
6 ES & 51.2 46.1 103.5 1029 90.4
Experimental canditions
Mass of armnic = A5 ug HH;OH concanteatian =4M
Masz of ulntimnm,r = 33 FH =112
Mase of iron = BEmy Firal volume = 76—-Bm



Table 11,13

Influence of Tartanc Acid ot the Sarrying of Antimony

[ SAMPLE % QF ANTIMONY CARRIED
MO ACID WITH O {muﬁ M __-';I"u'ITH D.[IU‘I[.I.‘I'_UI- WITH 0.0015 M
ACID acID ACID
_Ml_ o 638 7.3 25945 . 238
2 B35 c.8 24 213
3 62.5 354 24.1 215

Experimental conditions

Mass of antimony = B.25 19 NH,OH concentration =5FEM
idass of arsenic = 40,6 g gH = 1%
Mass af iran = 3.8 my Firal wolume = 14 mi

The mfuence of the pH was alse studied with the wse of tartaric acid. The results in
Tale 11.14 show thar the pH range which most favours the remaning of antimony in the supernatant
Wauid 15 the ane berween 1006 and 11.0,

Table §1.14

Influence of pH on tha Carrying of Amimony, in tha
Presence of Tartaric Acgid

pH % ANTIMONY CARRIED

0.3 - 38.2

10.0 30,4

10.2 242

1.8 215

10.8 . 228

11.0 208 J

Experimental conditions

0.001 M
14 ml

faze of antimony = H26 g Tertarle acid concaniratiosn
498 g Flral volumea
8.6 my

Mass of arsenic
Mask ol iren

1]



Dnee these conditions were estabtished, a series of experiments to test the reproducibilily of
the results were done {Table 11, 15). The enperimental conditions, in terms of mase of antimony, varied
womewhat, but a_lp.pmvs in the low concentration raniga.

Tabhe H.15

Study af the Reprodugibility of the Experimental
Resuits of Antimony Carrying

. SAMPLE -_3;DF-A_P~;I¥I-MCI;I\;IE¢ T;EFF.I-EEF-I‘_I'ATE ]
— .
] 238
2 233
3 235
i E | 255
f 5 24.1
& 279
FA 20.2
B 207
8: 232
] 24,2
ir 31.9
12 2B
13 .0
14: 206
15 246
16 247
17 24.4
12 242
19 241
20 239
Exparimental congditions
Mass of antimony = 0001 M WH, OH concentration = Hto7.5M
Mass of iron = 9.6mg Tartaric acid concgnration = 0.001 M

mH =1
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AL the same Lime, the behavionr of arsenic V was studied, mn the conditions ehosen o minimize
the coprecipitation of antimony {Table 11, 16!

Table 11,76

Carrying of Arwenic W by Fetrie HFydroxide in othe Preseoee of Tarteric Aaid

——— ———— 4t —

SAMPLE | % OF ARSENIC 1N THE PRECIPITATE
1 o 89,3 B
2 a9z
a d6.8
4 ar2
b B5.6
5 88.0

Experimental conditions

Mass of arsenic = 2.36 g pH =11

Mass of antimony = 1.65ug Final volume =13ml
Mass of iron = 9.8 mg Tartaric acid concentration = 0.001 M
NMH;OH concentration = 5.5 M

In an attempt to still improve the separation of the two slements, experiments wene dore with
reprecipitation of ferric hydroxide [Table [1.17). The precipitate was dissolved with concentrated nitric
acid and repracipitated with ammonium hydroxide. The pH was adjusted to the desired wvalue,
The preciprtates were counted in the cenwifutie fube itsall

Table 11.17

Carrying of Arsenic and Antimony A&fter the Double
Pregipitation of Fermic Mydroxide

ARSENIC IN THE PRECIPITATE AMTIMONY IN THE PRECIM TATE

* MASS Lnug) % MASS {pg)
88.5 2._1—“- 114 0.18
aB.4 2.1 103 0.17
6.4 2.0 124 Q.20
46.3 2.0 11.0 0.8
ar.a 21 124 a.20
38.8 2.1 - —

Eaparimental canditions

Tha same as mentioned in Tabhla (116
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I — MICUSSION AND CONCLUSIONS
1111 — Separatian of Copper ant Arsenic

In the case whera the mass of copper (10 mo} is much bigger than that of antimany (0.35 ugl
even if the separation attained it very goeod, it is still not possible 1o determine arsenic in the precipitate.
After two precipitations of ferric hydroxide and with a mass ratio of 1100 between copper and arsenic
the problstm was still not solved and the area of the 0511 MeV peak of ®*Cu waz 3.6 times higher than
the area of the 0.56 MaV peak of "% ds.

When the maztes of the two elements are of the same order {Tables [1.5 and 1.6, both of therm
baing present in low concentration, the resylts obtained are good, with ane precipitation only. In the
mpernatant liguid the mass of copper, sfter the weparation, iz 240 to 250 times greatet than thet of
arsenic and bt the precipitate the contrary occurs, i, the mas of zntimany is 58 to 87 times the mass
of copper. |n these conditions, the determination of both ¢lements by counting in 8 NaliTI) scinrillation
detecror is possible.

As for tha analysis of artificial samples eontaining copper and arsenic, the relative standard

deviatiohs and relative errors wore calculated, as ean be seen in Takle 1111, The precision and accuracy
of the maethgd can be considered good from these data as ragards the analysis of microguantities.

Tabie 1107

Precision and decuracy in the Analysis of Artificial Samples
Comaining Copper and Arsenic

SAMPLE ELEMENT pg ADDED  AVERAGE STAMDARD AELATIVE ARELATIVE
ANALYZED g FOUND QEVIATION STANDARD ERROR (%}
DEVIATION
%)
COPPER {1} COFPER 14.43 13.2 a4 30 L)
+
ARSEMIC ARSENIC 100 9.5 0.1 10 5.0
COPPER {21 COPPER o8 a5 0.2 21 - 2.7
N .
+ ARSENIC ARSENIC Ba 8.2 0,2 24 B.h
+ HUMARN
HAIR
(1} Table 11,7
(21 Table |1.B

The masses determined in the analysis were, for Loth arsenic and copper, lowar than tha masses
added, This fact can be atinbuled to losses during the process of analysis, since no carriers ware added
n the initial separation steps,

The tatal errar was calmlated by the equation of Mc Farren et al'®t
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k2
Total arrgpr = -+ — = 100 [1av
T

,_
1

= agbanbiie walue GF the mean e

-

= slavmedard clevialion

redl valus

i~
I

The gnalyticai methods gre so divided in three categories,
a. Excellent — total error of 29% or less
b. #Accoptable — total errer of B0% or less
- Unavceptable — toat error of more than 50%

Eukschlager“”, on the other sida, remarks that Mo Farren does not take into accounmt the

slatislical mmeanming of the erean errar. He sugansts then o sinla eKpeassion !

 + Zs
Tatal error = ———— x 1M
H

Where d is the abspiute value of the mean error, which is statistically significamily different
from zero, Whan the mean error o not significantly ddfferent from zero, we have;

23 )
Total errar — —— x 100 (H 2
.

The statistical signiicance af the difference of d from zero can be ested by means of Siudant’s
b1est, at a significance level w=0.05 and y=n-1 degrees of freedom, where n is the number of
experients done.

If- we now spply equation 1111 to the data obtarned it the snalysis of tha artificial sample
containing covper and arsenic we will obtain a value for ths tatal error of 11,4% in the case ol copper
and af F0% in the caze of arsenic. The method can Lhen be considared as exeellent, accarding to
Me Farren's: criterion.

Ax to the analysis of the sample of FeCl; H;0O {Caric Erba), the presence of copper and
arsenic was confirmed shroogh the determination of the half-lives of the corresponding radioisotopes
For **Cu, the half-life obtsined was of 11.8 hours and tor arsenic 26.0 hours. In the case of the
stendards used, the valuet determined were 12,6 hours and 26.5 hours, respectively. The tabulsted valuss
being 12.6 and 26.4 hours, we ean cansicler that a reasonable agresment was abtained.

Ot the slemerts listed a5 impurities of the reagent FaCla.gH; QO fzinc, elkelines and
alkaling-earths) none of them i§ expected to cause any sericus interference in the region of the peaks af
3pper and arsenic, due to the nuclezr characteristics of the respective puchides.

In the spectrum of the farric hydroxide precipitate (Figure 3.1) the peaks of 1,10 and
1.29 MaV¥ of *?Fe appear but they do nat interfera with the 058 Ma¥ pesk of "% As.
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Figure 2.1 — Spectrum of the Ferric Hydroxide Precipitate
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In the spectrum of the coppet sulhde precipitzte {Figure 3.2], besides the 0,511 eV peak of
copper 64, only the peaks of *°Fe were identified. The encrgies of 0.41 and 0.82 MeV could not be
uneruivically identibied, pecause \he poor Gounting statisbics prevented the exact determination of the
corcesponding halt-livos.

It rwest e reearken] thag the applicarron of  dw coprecipitalion of ferric hydroxide as 2
separation rathodd for the detenmination of copper and arsenmic by activation analysis will be [wmied by
the prosence of interfering rlements, bevause the carrying by the precipitate is not specific for arsenic.

As regands the expernmurts with arserde gl antimaay, if <an be sean by the resules in Table
H? a0 owis possible oo abilain g appeeciable encichmont of sosenic iy the precipetate and ot
aniknony in e supemmaant wid, when tivo precipitations were dong, The carrying of arsenic by ferric
by oxido was nol so complete o this case, prabably due to the presence of tartaric ackd.

The prssdyility of determining the tweo gléments witl a reasonsble accuracy after the separation
will depenct o their mass ratio and also on the decay time. In the case of the results af Taglke 117, in
which the Final mass gt arsenic in the precipitate is approximately 13 times thal of andimany and taking
inte conssderation that arsenic s more aceivated than anlimoeny, the analysis of the firm element will be
fawored jusi atter areadiadiom. After a decay time of 249 hours, the activity corresponding 1o the area of
the prak of antimeony would be of about B% 1hat of arsenic in the precipitate. &s for the determination
of antimeony in the figuid phase fhe condrary wolbd ooour, due to the more vapid decay of arsenic. After
24 bgurs, the activity of arsemic in the liquid pérase would be of about 30% of the artimony activity,
which would hinder the determination ot this efement. After 137 howrs of decay, the activity of arsenic
would be less than 4% that of antimony.

The Carrying by colloidal precipitates such as ferric hydroxice ol specigs gresent in spfution i

gererally attributed to surface adsorption or ouclusian phenomena, Egmmr'” rnerdicos the possiblity of
formatien of compounds, like manpamites, titanates, aluminates or ferrites. I'n the specific case of the
coprecipitation of copnet ax the ammonsacal complex, KofthoH and Mnﬁkmritz”:' showead that aging at
reom temperature of at 98°C promotes a Slow incorporatien of copper 1o the precipitate. Furthermere,
on heating, the amgunt of coprecipitated copper grows up, which is contrary to the coprecipitation
rules. This Fact s anributed by the asthors to the slow formation of a copper ferrite,
Kotthoft and Moskovitz! 7! share the opinion that the incredse in the ammoniom hydroxide
concertration jmrofigs in a greater siabilicy of the ammoniacal complex and. as a consequence, in a
decrease in the coprecipritation. The presenca of the NH,' ions, on Lhe other hand, lowers 1he
eorcenteation of OH, which also decreases the careying of copper.

Mo references were found in the literature about the mechanism of coprecipitation af arsenic
and antimany with ferric bydronide, Arsenic forms with ron a basic salt, iron arsenite, of variable
compasition, which indicates the possibility of carrying by chemical compound formation,

Lasy bur nor least we should emphasize the possibilities of using the ghencmenon ot
coprecipitation, with ferric hydroxide or with miher precigilates, as a method of separation. & change in
pH, which is the rmethod utibzed by russian researchers of oiher means like oxidation or complexation
of species can be used to keep some of them in solution and to promoie the cerying of olhers

tn this way, a method initially used far the elimination of uvnwaated impurities or Tor the
cotcentration of alamerds present at trace levels can be also used as a valuable separation process, far
works 3t low conrentrations.
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Figurw 3.2 — Spectrum of the Copper Sulfide Precipitate
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AESLIMO

Mg presgmte teabialha, esicdsse o rrbodke ok epardagdo guinica pore 0 wires  culark-arsfon e
AsEmic-antinyinio, por copresipilagio com hidréwmidao Brrico. A deermmaTo deses pares oe elamwentus 4 Lmo tanka
diffcil par sndlise por aviviggdo, devide aos valores (milo prdXIMos fdAs energiss rns raios gama emirldos palos
renactivos redivisdtopos formpdos por aivacSs com nautrons emicas. Estufaeze o elicdnos da sepeogfo & o processo
£ aplicado 3 andlize, por ativachn, de amostras artificisis conignclo cobea o arsénio B e wmoseagente poa, FeCly g Hp(h
Cuants ap par arsfnigeadnbdaio, somente a eeparacdo d cstudada, determinando-se a disioboigdn fos deis alamentns

ertrm af lases Hrgacha @ sdlika.

O cobre & mangrcey e sclug 3o poe cosnpdead e ooon hedrdsao e iRk ¢ 0 RRIEMQA W prE commplenacdo

rom dcidn tartdrica.

A diviribgicdo oo elementos antre a1 Fases iguida e stlide ¢ aeompanhada por conlagem das atividades dos

raclinizfwepos cobre-G4, Arsénio-TE 8 antimanio- 122,

Finalmente, di-sa @ndase & posibilidades gue apresentd o rdtodeo de separacdo por coprecipilagdo para
trabia b ¢y o As Congen el
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