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In critical applications alloys and high purity metals content of impurity elements having a negative impact on their quality (including arVHQLF>@ LVVWULFWO\FRQWUROOHG'HVSLWHSURJUHVVLQWKH¿HOGRILQVWUXPHQW
design and mathematical processing of analytical signals in determining
the content of the trace elements with the help of modern instrumental
techniques including inductively coupled plasma atomic emission (ICPAES) often pre-separation of trace analytes from matrix having a negaWLYHLQÀXHQFHRQWKHFKHPLFDODQDO\VLVUHVXOWVLVQHFHVVDU\LQRUGHUWR
achieve the required detection limits. In materials with a high content
of chromium and iron ICP-AES determination of arsenic trace levels
without their separation from the matrix is impossible because spectral
overlays [2].
The development of a simple and rapid method of arsenic separation
from the main elements of superalloys is an actual problem, as it will
allow the unhindered conduct of the analyte determination almost any
instrumental methods.
The most common express and therefore the most preferred for use
in routine chemical analysis method of arsenic concentration is the coprecipitation with metal hydroxides [3]. However, the method often is
not applicable for the samples preparation to trace elements determination in heat-resistant alloys because they constitute the metal giving
hydroxides which during the process may also play a role of collectors.
When the determination of arsenic in the alloys it would be preferable
to choose such conditions that exclude trace elements co-precipitation
with hydroxides formed by components of the matrix.
,Q WKH ¿UVW KDOI RI WKH ;; FHQWXU\ DFDGHPLFLDQ ,97DQDQDHY DQG
coworker in Institute of General and Inorganic Chemistry of the USSR
Academy of Sciences (Moscow) conducted investigation of opportunities
of separation of small amounts of zinc, cobalt, nickel, manganese, etc.
IURPODUJHTXDQWLWLHVRILURQE\XVLQJVRGLXPRUSRWDVVLXPÀXRULGHDV
a precipitating agent [4-5]. Whereas comfortable in terms of analytical
FKHPLVW SURSHUWLHV RI WKH UHVXOWLQJ KDUGO\ VROXEOH ÀXRULGH FRPSOH[HV
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(crystallinity and low volume), the authors of [4-5] have predicted the
prospects of this method of separation of iron and trace elements when
used in analytical practice.
Taking into account the data presented in [5], we can conclude
that iron can be separated from the arsenic by reaction of the insoluble
ÀXRULGH FRPSOH[ IRUPDWLRQ 6XFK LQIRUPDWLRQ RQ WKH VHSDUDWLRQ RI
arsenic and chromium are not found, although there are published data
on the formation of Na3&U)6 precipitate in the processing of solution
&U ,,, E\VRGLXPÀXRULGHIRUH[DPSOHLQ>@
The aim of the present work is to test perspectivity of separation
of the heat-resistant nickel-based alloys main components in the form
RILQVROXEOHÀXRULGHFRQWDLQLQJFRPSRXQGVZLWKDYLHZWRVXEVHTXHQW
determination of arsenic by ICP-AES.
([SHULPHQWDO
All experimental studies were performed on the model solutions simulating composition of nickel-based heat resistant alloy solution containLQJVPDOODPRXQWVRIDUVHQLF)H ZW&U ZW1L ZW
As = 0.01 wt%. The solutions were prepared by dissolving of metals in
DPL[WXUHRI©DTXDUHJLDªDQGK\GURÀXRULFDFLGZLWKDGGLQJRIFHUWL¿HG
arsenic aqueous solution.
Equipment
;UD\ H[DPLQDWLRQ RI VDPSOHV ZDV FDUULHG RXW RQ D 6KLPDG]X ;5'
GLIIUDFWRPHWHULQ&X.DUDGLDWLRQXVLQJFHUWL¿HGVLOLFRQSRZGHUDVDQ
internal standard. Measurement conditions: I = 30 mA, V = 40 kV, the angle
UDQJHIURPWRLQĬDVWHSVL]HRIDQGDVWHSVFDQRIV
At all stages of experimental investigations the chemical
composition of the liquid phase after precipitation was determined by
,&3$(6PHWKRGXVLQJ2SWLPD'9VSHFWURPHWHU 3HUNLQ(OPHU 
with a quartz burner. The chemical composition of the precipitate after
dissolving it in concentrated hydrochloric acid was also determined
by ICP-AES.The solutions for the calibration of the spectrometer
DQGVWXG\RILQWHUIHULQJPDWUL[LQÀXHQFHVZDVSUHSDUHGE\GLOXWLQJD
FHUWL¿HGVROXWLRQRIDUVHQLFLURQFKURPLXPDQGQLFNHOLRQV,QWKHVH
solutions was added as a blank certain quantity of reagents used to
prepare the analyzed model solutions.
7KHIROORZLQJRSHUDWLRQDOSDUDPHWHUVZHUHHPSOR\LQJ5)SRZHU±
 : $U JDV ÀRZ UDWH±  OPLQ JDV ÀRZ UDWHV IRU DX[LOLDU\ ±
OPLQJDVÀRZUDWHVIRUQHEXOL]HU±OPLQSXPSÀRZUDWH±
1.5 ml/min; observation mode – radial; delay time – 40 sec, the number
RI UHSOLFDV   7KH DQDO\WLFDO VSHFWUDO OLQHV $V ,  QP )H ,,
358.119 nm, Ni 231.604 nm, Cr II 359.348 nm.
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Procedure of iron separation
The procedure was performed at room temperature. The required
DPRXQW RI WKH VROXWLRQ FRQWDLQLQJ WKH )H ,,,  ZDV SODFHG LQ 37)(
EHDNHUV DQG 1D) ZDV DGGHG E\ SRUWLRQV ZLWK FRQVWDQW VWULUULQJ LQ
DPRXQWQHFHVVDU\WRSURGXFHWKHPRODUUDWLR1D))H
7KHSUHFLSLWDWHZDVDOORZHGWRVWDQGIRUPLQXWHV¿OWHUHG
WKURXJKD³ZKLWHULEERQ´¿OWHUDQGZDVKHG7KH¿OWUDWHZDVWUDQVIHUUHG
WR D SRO\SURS\OHQH ÀDVN GLOXWHG WR WKH PDUN ZLWK GLVWLOOHG ZDWHU DQG
mixed.
To study the effect of temperature iron precipitation was carried out from
PRGHOVROXWLRQVE\VRGLXPÀXRULGH 1D))H DW&DQG
the precipitate was kept for 15 min at pH = 0.
To investigate the effect of contact time of formed precipitate with
OLTXLGSKDVHRQLURQSUHFLSLWDWLRQZDVFDUULHGRXWE\1D))HDW
T = 100 °C, pH = 0, then the precipitate was kept for 5, 10, 15, 20 min.
To study the effect of pH on precipitation process to model solutions
SUHFLSLWDWRUZDVDGGHG 1D))H DW7 &7KHQXVLQJWKH
ionometer pH value was adjusted to the desired in the range from 0 to 7
E\01D2+VROXWLRQ7KHSUHFLSLWDWHZDVNHSWIRUPLQ
5HVXOWVDQGGLVVFXVVLRQ
2SWLPL]DWLRQ RI VHSDUDWLRQ RI KHDWUHVLVWDQW QLFNHO DOOR\V PDFUR
FRPSRQHQWV FRQGLWLRQV IURP DUVHQLF XVLQJ 1D) SUHYLRXVO\ KDYH QRW
EHHQ FRQGXFWHG DQG H[SHULPHQWV UHTXLUHG WR ¿QG WKH RSWLPDO DPRXQW
of precipitant. Selection was carried out on an example of iron. It has
previously been established [5] that the iron is not fully precipitated by
WKHDGGLWLRQRIDQHTXLYDOHQWDPRXQWRISUHFLSLWDQWVRWKHH[FHVVRI1D)
is necessary.
In this paper, to quantify the distribution of elements in liquid and
solid phases, we will use the so-called relative content of CL/C0 (CS/C0),
calculated using equation:
CL / C0 (CS / C0 )

PDVVLQVROXWLRQ SUHFLSLWH
100%.
initial mass

)LJVKRZVWKHUHVXOWVRIGHWHUPLQLQJWKHPRODUH[FHVVRISUHFLSLWDQW
1D) UHTXLUHGIRUFRPSOHWHSUHFLSLWDWLRQRILURQ
)LJ  VKRZV WKDW QHDUO\ FRPSOHWH LURQ SUHFLSLWDWLRQ LV REVHUYHG
when the molar excess of precipitant is 13.3 (corresponding to 10 mass
H[FHVV )XUWKHULQFUHDVHRISUHFLSLWDQWTXDQWLW\OHDGVWRDVOLJKWFKDQJH
in the results.
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Fig. 1. Iron content in the solid phase vsPRODUH[FHVVRISUHFLSLWDQW 1D) S+ URRP
temperature, contact time of precipitate and liquid - 5 min

7KH SKDVH FRPSRVLWLRQ RI WKH SUHFLSLWDWH 1D))H    ZDV
GHWHUPLQHG E\ ;UD\ GLIIUDFWLRQ VHH ¿J   )LJ  VKRZV WKDW WKH
SUHFLSLWDWLRQRILURQIURPWKHDFLGLFVROXWLRQVXVLQJ1D)IRUPHGRQO\RQH
iron-containing compound, corresponding to the composition Na3)H)6.

)LJ;UD\GLIIUDFWLRQSDWWHUQRIWKHLURQFRQWDLQLQJSUHFLSLWDWH
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)LJ5HODWLYHFRQWHQWRI)H&U1L$VLQVROXWLRQDIWHUSUHFLSLWDWLRQE\1D)YVD WHPSHUDWXUH FRQWDFWWLPHRISUHFLSLWDWHDQGOLTXLGPLQS+  DW&DUVHQLFFRQWHQW
FDQQRWEHGHWHUPLQHGFRUUHFWO\E FRQWDFWWLPHRISUHFLSLWDWHDQGOLTXLG 7 &S+  
F S+ FRQWDFWWLPHRISUHFLSLWDWHDQGOLTXLGPLQ7 & 1D))H!
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Then, studies of the simultaneous precipitation of all macrocomponents
of heat resisting nickel alloys - chromium, nickel, iron - were carried out
XVLQJWKHIRXQGRSWLPXPDPRXQWRISUHFLSLWDQW 1D))HZKLFK
FRUUHVSRQGVWRDPRODUUDWLR1D)&U DVZHOODVWKHLUVHSDUDWLRQ
from arsenic. During the studies pH, temperature and contact time ofthe
VROXWLRQZLWKSUHFLSLWDWHZHUHYDULHG7KHUHVXOWVDUHVKRZQLQ)LJ D  F 
)LJ D VKRZVWKDWDIWHUSUHFLSLWDWLRQDWURRPWHPSHUDWXUHFKURPLXPDQG
nickel are in solution at the concentrations close to the introduced.
In these conditions there is a complete precipitation of iron only.
Due to spectral overlapping of chromium and arsenic analytical lines
it is not possible to determine exact concentration of As in the model
solution. Increasing the heating temperature leads to a sharp reduction
of chromium concentration in the liquid phase, wherein the nickel
FRQFHQWUDWLRQ GHFUHDVHV VOLJKWO\  LH VRGLXP ÀXRULGH SUHFLSLWDWHG
chromium but not nickel.
$VDQH[DPSOH)LJVKRZVWKHHPLVVLRQVSHFWUDRIWKHPRGHOVROXtions containing arsenic, nickel, iron and chromium: the solutions obtained in the separation macrocomponents (their initial concentration:
Cr - 1.60 gL-1)HJ/-1, Ni - 1.6 gL-1 DWGLIIHUHQWWHPSHUDWXUH 1D)
)HFRQWDFWWLPHRISUHFLSLWDWHDQGOLTXLGPLQ 

Fig. 4. The spectra of arsenic solution (CAS =
= 0.500 mgL-1) obtained by separation of macrocomponents from model solutions with a concentration of Cr - 1.60 gL-1)HJ/-1, Ni - 1.6 gL-1,
DWGLIIHUHQWWHPSHUDWXUHV 1D))HFRQWDFW
time of precipitate and liquid - 15 min):1 - aqueous solution of As of the same concentration;
2 - model solution after precipitation at 80 °C,
3 - at 100 °C
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:KHQFRPSDULQJ)LJDQG)LJ D LWFDQEHVHHQWKDWWKHSDUWLDO
chromium separation (at 80 °C) leads to strong matrix effect on anaO\WLFDOVSHFWUDODUVHQLFOLQH7KHVSHFWUXPRIPRGHOVROXWLRQ )LJWKH
VSHFWUXP GLIIHUVVLJQL¿FDQWO\IURPWKDWRIWKHDTXHRXVFDOLEUDWLRQVROXWLRQ )LJ  VSHFWUXP   ,QFUHDVLQJ WKH WHPSHUDWXUH WR  & WKH
temperature of rapid boiling) resulted in an almost complete separation
of chromium and iron from the arsenic, which allowed practically elimiQDWHWKHRYHUODSSLQJRIPDWUL[DQGWKHVSHFWUDOOLQHRIDUVHQLF )LJ
spectrum 3).
6WXG\RIWKHLQÀXHQFHRIFRQWDFWWLPHRIWKHSUHFLSLWDWHDQGOLTXLG
SKDVHDQGWKHS+ )LJ EF GLVFRYHUHGWKDWWKHRSWLPXPFRQGLWLRQV
are contact time 15 min and pH = 0 – 1. With a further increase of pH
and the contact time arsenic partially transits in the solid phase. This behavior is likely to be explained by the occurrence of his co-precipitation
process. The observed changes in the concentration of chromium in the
OLTXLGSKDVHGHSHQGLQJRQYDU\LQJWKHFRQWDFWWLPH )LJ E SUREDEO\GXHIHDWXUHVRIIRUPDWLRQLWVVROXEOHFRPSRXQGVZLWKÀXRULQH
The phase composition of the precipitate, obtained from the model
chromium-contained solution in the established optimal condition was
GHWHUPLQHGE\;UD\GLIIUDFWLRQ VHH)LJ )URP)LJLWLVVHHQWKDW
XVLQJ1D)XQGHUVHOHFWHGFRQGLWLRQVFKURPLXPFRQWDLQLQJFRPSRXQGLV
formed, corresponding to the composition Na3&U)6.

Fig. 5.;UD\GLIIUDFWLRQSDWWHUQRIWKHFKURPLXPFRQWDLQLQJSUHFLSLWDWH
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,WLVIRXQGWKDWKLJKQLFNHOFRQFHQWUDWLRQVGRQRWKDYHLQÀXHQFHRQ
the analytical spectral line of arsenic, so the processing temperature of
100 °C, can be considered optimal, since there is a complete separation
of interfering macro components - iron and chromium, and arsenic loss
does not occur.
&RQFOXVLRQV
In this study we found that in the processing of solutions of heatUHVLVWDQWQLFNHODOOR\VVDPSOHVE\VRGLXPÀXRULGHZHFDQVHSDUDWHWKHLU
macro quantity of chromium and iron from the target analyte (arsenic).
Nickel remains in solution, but does not interfere ICP-AES determination of arsenic. The procedure for separating arsenic from the chromium
and iron proved to be effective and can be recommended for the development of procedure of its ICP-AES determination. The optimum separaWLRQFRQGLWLRQVPRODUUDWLR1D))H 1D)&U S+ 
temperature 100 ° C, contact time of precipitate and solution - 15 minutes. Considered in this paper, a method for separating arsenic from the
sample matrix of superalloys is express, inexpensive, there is no need for
pH control (precipitation can be carried out immediately after acid dissolution of the sample), what is its advantage over methods of separation
used in the standardized methods.
7KHVWXG\LVVXSSRUWHGE\6WDWHSURJUDPRI,0(78%5$6ʋ
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