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Determination of Trace Amount of Arsenic in Iron and Steel by
Indirect Atomic Absorption Spectrometric Method Combined with
Extraction of Arsenomolybdic Acid

Synopsis:

Yasuo INokuMA and Jyo EnpoO

A study has been carried out on the atomic absorption spectrometry to determine arsenic in iron and

steel by an indirect amplification procedure.

The present technique involves that arsenomolybdic acid is formed in nitric acid solution and extracted
into the mixed organic solvent (n-butanol 1, iso-butyl acetate 1 and iso—amyl acetate 2) after the coex-
istent phosphomolybdic acid is eliminated by extracting into iso-butyl acetate, and then the amount of
molybdenum associated with the arsenic is determined by atomic absotption spectrometry with a nitrous

oxide-acetylene flame in the organic phase.

The method is free from interference by the coexistent elements in iron and steel.

Arsenic in iron and steel can be determined down to 2 ppm with this method. The results obtained
agreed with the certified valued of the standard samples. The reproducibility by the method in the coef-
ficient of variation is 5.0, 1.7 and 2.7% for 0.2, 1.0, and 2.0 pg As/ml. respectively.
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21 % &
FEFE ST : Perkin-Elmer 303
RESE : 1 VX KMEV-SE
2.2 3% =
(1) mHEe
(2) mEe (141
(3) THE: (0.4N) : BESIBEARBMIETEHL.
(4) BIEFERR (60%)
(5) VT F BP0 LBl : ) TF 8
7= 6 [(NH,)Mo,0,-4H,0] 100 g %
IR7KED 900 mliZ 35AZ L, ¥ LAk < 1000
ml T 5F%H 5.
(6) Eifg4 V770
(7)) BEABHA (-T2, —n 1, B4V TF0
1, BiEg4 V7 2)
(8) RABHB (n-Fx 7 —n 1, B4 YV TF
1)
(9) BREBBC -T2/ -1, 2F vz —511)
(10) RAEHED (-T2 —u 1, BiEgzFu 1,
EERRA V7 T v 2)
(1) BHEOREW (BpgAs/nl) : VER2H kY v
4 (Na,HAsO,-7H,0) 0.104g %13/ WD,
JKIZHBAELT 1000 ml iz 5335,
(12)  fligk - As 2752 0.0001% LIF, F71% As
EREEND L D.

3. £ B

31 HHlIhvEIR

’ AUBHIREAIE LT 1000g #iih W E D

3.2 & #

(1) BB £~ 2 — (300 ml) {c EREICIE A DIE D,
THER [2.2(2)] 10 ml %X US@EERE [2-2(4)] 15 ml
ZhNX, BEEHITAc% Licts, mBSd 5. 3k
SELCRIEERAE2RE IS, Cokigrgkon
BRI T 5 3 O 5.

(2) Hoste?, wHEe [2.2(1)] 4O0ml 2z CEE
ZBBL, 0ml 0o x 27522 L, KT~ ~—
ZHWEROERECERICSTH 5!

(3) 3.2(2) oEwk 10 ml 245uiFE (100ml) i
EFEZERL, R [2.2()] 12ml X)) TF0
B7 =0 AERKR [2.2(5)] 10m]l 2inx, X6k
Sml Z{FEmL, £EY 35ml L¥5.

®

(4) BERge4 V750 [2.2(6)] 20mi Zimx< 1
minfiffift L<#RE 5 L, 8@, ZFicag TRz
OGS (100ml) L, LB2RTS. 3 5—F
B4 Y TF v 20 ml 2, RIEBCIEEL, TEOK
HElE & LTSRS (100ml) i Aih, FEZE
ThH. W, IBABEA [2.2(7)] 10 mI¥%Hp% 5 min
Mg LIRE S U, 8B, =Byt TREETs.
iR [2.2(3)] 10ml Zinx T Imin B LCIEE S
L. B, SR8, TRE2ETs. Sbudh5—F
TOEEE 10 ml 2fnx, FRKIRIEL, TR2RTS.

(5) BEFBRAESZE, T oFEHRE NO-
CH, 7 v — sz LT #4748 313.20m (¢ 3513 %
BAEZIREEHEA MBI E UTHIET 5.

(6) 3.205) THE-REBHOBNES 3.3 OFF
CHEDTHRIEL, WATL THERL RRESBICHAL T
As DEFERZRDS.

3-3 BEYOEFEK

gk [2.2(12)11.000g % & —#— (300 ml) iz Q58
BI»0ERD, ThiTEROEBRI [2.2(11)] % BN
Tz, 3.2(1) »6 (5) OFERHEOTIREL, Bk
EL As @FELOBRRBEERLTRESK LTS %
7o As SFRBEMOZHERRIE A VT 3.2(1) 5 5(5)
DFMRCHE>TRIEL, BHREE As &HE L OBHS
ZERLTRERELTD IV, BREBDO—FIZFig. 1
WRg.

& (D) wHEg (1+1) AR ENTIEK 30 ml
CHE RS 5.

(2) Nb 35X 0" W 2 &30 T, InsHig L
ThEEELS5DT, A58, (58C) 2HWTAEL,
Lk L R D, THEBIERSEAMMEL TR .

(3) As &= 0.01% LA LDE4rE, 50 ml K

0.5
0.4}
v
5 0.3
=
o 3
9 0z2f v:mglcu?rzm 25mA
< N2O flow 14.51/min
CaHz flow 7.01/min
Sens. x1
0.1 Burner angle 3>
0 1 1 1
o 1.0 2.0 30
As (ug/ml in the mixed solvent)
Fig. 1. Calibration curve.
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Table 1. Instrumental conditions.

Analytical line 313.2nm
-Lamp current 25 mA
Slit width 1.0mm
N,O flow rate 14.51/min
C,H, flow rate 7.01/min

Light axis Adjusted to 7.7 mm in hight
above the burner head
Sens. x1

mTsd. Z0LEXERBREHOERD FRICERETS.
(4) EXEIELPIERELEEE, X—F—D
AEZEYCELTREES T CAE LTS L.

4. RBERLER

4.1 REBEDH Mo ORNE R EFRHOBKE

3.2(5) kR Lk i, BEBHE ALR.2(D)] BT
@rhTix (the mixed solvent *ECA) o Mo #KiA
W 5 2 &L, BFERERERERVTE
EEET 5D, LORKERIE S HREFHZ R
D HRBEIETR DR

ZOEER, RETICEOKE MRS X CREROEMRY
Bz A, Table 1 iCR$/KEXRHATHI LT L
7.
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As 1, FOILAREBIC XS THERKICEL 0
2HBEDT, FRECHERICITSHEENPLETHS.
JIS g:vTiy, WESE - AEFESAEAEES RS

NTWBDT, ZHITHEL k.
4.3 DEYITFUOBEREREORS
4-3-1 BoBE

feic it Li- PEREY CREBIBHEZ R L0 T,
P L As QBT WERE~DOEREZEECAN, HEEH
HHRTOEY 7FUoBEeERIEL T LT LL.

4-3-2 THERIREE

FSIWR LXK, VOTHRMBEELED TR
XFTBHZERCLEDT, HBRELDVANFFE)TF
UEEE OBMRIC oW TR R fTI O, X DR % Fig.
2 TR

Fig. 2X 9, V lmg Fhndisbbaetd 0.5% 47
XEBE, £mE 3B ml oL, ek (2.2(1)] #bn
BB 18 mILUTOLERDANST FEY TFBOSRE
B L7500, BAEEATHEXNTL B, W

0 ‘\\ As 10 ug

’ A (NH4)s Mo7 O24* 4Hz0 1.0¢g
09 | the mixed solvent (Oml
0.8 |-

| P O.img

Absorbance
o
o
|

o5 -V I mg
| H3POa(MoOsh2
eliminated with
0.4 |- isobutyl acetate before

L As extracted.
03 " : .

8 10 15 18 20 22
HNO3 (mt/35ml)

Effect of nitric acid concentration on the
arsenomolybdic acid formation with the
coexistence of P-and{V.

Fig. 2.
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the mixed solvent 10ml
0‘4 I L L 1 il —
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(NHale Mo7 O22-4Hz20 (g/35ml)

Fig. 3. Effect of amounts of ammonium moly-
bdate on the arsenomolybdic acid for-
mation.
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LWEE B mlic@ETDIZ T L.
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Fig. 4. Effect of perchloric acid concentration

on the arsenomolybdic acid formation.

Table 2. Effect of solvents on the extraction of
arsenomolybdic acid.

Absorbance
Sens.
Sol
ovent (1) (2)  |(@-(
Blank/10 ml |10 xg As/10 ml
Solvent A
[2.2(7)] 0.078 0.325 0.247
Solvent B
[2.2(8)] 0.682 0.864 0.182
Solvent C*
[2.2(9)] 0.532 0.766 0.234
Solvent D
[2.2(10)] 0.153 0.396 0.243

* As is reextracted by 2N-NH,OH, 10 ml.

BerE=9 8k lgdhbb, eV 77 B2
U AW [2.2(5)]) % 10 ml iind 5 2 ic L.
434 BIEFESEOTH
BIRREEERRALEE:, RTF L TL 5B EBOT ik
DWTHRD o, BMIEERE [2.2(4)] % Sml TR
mUTHET 2T 2. FosE% Fig. 4 1257+
Fig. 4 X 0, i@iEFREE [2.2(4)] 13 5 ml HfFICHW
THLFH LRV EAbrok. DD, SGERKFHT
LEE ¥ CHEREE T 0@ K 8115 ml
PrElkeh, ZoTFHSHceszn@bsh.
¢4 DEBYITFUOROBMHBSEDRS

4-4-1 IhHEEDRIR

O TP oBoMEIEEE, T4 —A9, -7
Z—NWEITFNT—FVDIRESBERD, n-F4 7 —
BFER = F V3 X OUBHEE 4 V 7 3 VDRGSR Jc ¥
BEhTwa.

BELIE, T3 0EBIVEEREEI AN, 4.3
TRELICFHTHLTE ) TF U BRER I 87-15,

REEHEA (2.200)], BAHBHEB [2-28)], RABLE
C {2.2(9)]), HXTRAHED [2.2(10)] @ 4 EDE
BoToEY TFUBRRBMEL, RERIR Lo,
FDEER% Table 2 553

Table 2 X9, 735 »{EpME<, L EED—F
BELHERIREERATCHS1-OT, ThEriRET+s
TLlzlf k7o sRERLARER IS IR
BE As ICX B X0 LBmb e RS T HET D2 Y
TTFUEET X B, T EOBWIERIE, chy
B S B DC S HEKGE TR S LERD Y, RE
KTOREE DL BDT, 750 2 EIIKVEREL .
4-4-2  hHEER

4.3 1~4-4. 1 TIRELAEHOL LT IRE SEER &
BHIE & DBIHRIC OV THART R, DR Fig. 5
{2

Fig. 5x 9, 4min D LR & SRR TR IZ—E
LeY, OBV IFUBRERMCHE IS Z & 25b
POIDT, XVBEXWTH-DH5minfliEE 543
Z i L.

443 BEE

BRE L BAE & OBRE S0, Fig. 6 iFHT4#
AR Ok,

Fig. 6 X 0, As #0° 10pg &—FORE, WAER
07 o a
o,
506 |
=
};’ As 30 pg
a os 1 the mixed solvent 10 mt
: i oA 1 L 1
04 + L
0 05 1 2 3 4 5 6 7
Shaking time (min.}
Fig. 5. Effect of shaking time on the extraction
of arsenomolybdic acid.
0_4F .Oug As/mli
. ‘\x/
c 03f
o
L0
E 02 -
& —fe 0ns
o.r . 1 :
g 5 10 20 25 50

The mixed solvent (ml)

Fig. 6. Effect of volume of the mixed solvent
(iso-butyl acetat 1, n-butanol 1 and
iso-amyl acetate 2) on the extraction of
arsenomolybdic acid.
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BIEEA 25 ml YT TR, TOELBIEFITKE VD,
FRLETE, ©5erhBE L R™T T Elbh o7
—%, HEGEEhORESY 1.0pgAs/ ml L —SEiC L7z
L&y, 20ml PLECHRAEER—EDERZTL, ThIA
TTRBREORA L & LR TTaHEMERLE. &
NGRS 20 ml AT Tl £ OEKENSIFHEI I
BILCTABILEL KBt LEZILNE. —
7, 20ml DL B CRIFHOBERIT LT P
WHE I —EDEEY R LD EVED. LEPBDT,
20 ml DIFCHHT 5 &SR3 TEBRETEEFE —EITR
LA REE OHERE I LT TR Sy, SRIE
B FIROM L& #Eic A, 10 ml & 50 ml D/KHER R
H¥sz il

4-4-4 As g & fliE s 0k

LERH Lot L As & & ofkE s
», 2HHELSEHOHMBCRT S As BEEBREE LD
BRx T Hhis. Tk EE Fig. 7 Wnd.

olo |the mixed solvent Oml
the second time

0.05 |

Absorbance

/° the third time

o) . X 1 T 1

0 100 200 300 400

As (ug)

Fig. 7. Effect of the extraction number of ar-
senomolybdic acid.

05
L]
(%)
s o
2 04 As 20 ug
E the mixed solvent 10 ml
< Q3 5 I " L 1
o} 0.l 0.2 03 0.4 0.5

HNO3 (N)

Fig. 8. Effect of nitric acid concentration on the
washing of the extract.

067 oo o

As 20 ug
the mixed solvent 1Oml

0.4

Absorbance

1 1 e

03 1 1 1
0 05 | 2 3 a4 5

Washing time (min)

53
®
0

. Effect of the shaking time on the wash-
ing of the extract,

Fig. 7Xh, 2EETY As B 400pg ¥ T HiE,
As B B & ol RIFLERBRESE O, AsiE
B BRI —FETHDH I LTS K&
¥, SMEEX 400 ug UTFNTT 507 LR UERE
b, As ISt EhTLELT WE T & b
»o7c.

445 PR ORIRE

CEVIFURBEEDICE Y TF UL A BRI
IMBXNTL B EMBEZLNLDT, HWETHRSRKRE
THZETL, TOWBIRELRNKE L OBTRICOWT
A7 FoiERE Fig. 8 wmd. Ak, HREBERITE
WK XS 10, Kincafx ooz v/,

Fig. 8 X9, 0.2N DLET—EDBEEART I &3

\
06 \\\ As 20 ).Lg

® \ the mixed solvent
e IOml
§ 0.5
3
pel
< 0.4 L 1 i S S

0 | 2 3 4

TlLumber of washing

Fig. 10. Effect of the number of washing of the
extract.

0.5

o \D—_’«)“—o

2

o

2 0.4 AsI5ug, PIOOug

a the mixed solvent Om\

< O. 3 1 ) i 1
O | 2 3 4

Mumber of the extraction
of phosphamolybdic acid
with iso-butyl acetate
20ml

Fig. 11. Effect of number of the extraction of
phosphomolybdic acid with iso-butyl to
avoid the effect of P.

0.4} As 10pg

0.3 the mixed solvent 10ml
the blank of Fe corrected

0.2 : : : *
0 Qi 02 03 04

Fe (g/ 35ml)

Fig. 12. Effect of amounts of the coexistent iron.

Absorbence
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Table 3. Effect of coexistent elemenis.

. I
Coexistent elements As added | As found | Remmarks

P (ug) Elements (mg) Fe (g) (18) | (e8)

— — 1.0 50.0 50.0

— As3+ : 50 pg 1-0 — 51.4 AsS+ was not added

500 — 1.0 50.0 50.0

— Sit+ ;10 1.0 50.0 50.0

500 vs+ o 10 1.0 50.0 51.1

500 Tis+ . 10 1.0 50.0 51.4

500 Zrev . 10 1.0 50.0 50.0

500 Nbé+ ; 10 1.0 50.0 50.5 ppt was flterated

- Ged+ ;0.5 1.0 50.0 50.5

— Nis+ ;100 0.9 50.0 49.6

— Cré+ ;200 0.8 50.0 48.9

— Mn2+ ; 25 1.0 50.0 51.0

— Mos+ : 25 1.0 50.0 53.0

— Cu2+ : 25 1.0 50.0 47.5

— Cos+ : 25 1.0 50.0 51.8

— Tas+ : 0.5 1.0 50.0 48.4

— Snt¢+ : 0.5 1.0 50.0 50.5

— we+ - 10 1.0 50.0 49.2 ppt was filterated

ppt-- Precipitation

D7D T, 0.4N DOilEE 10 ml CHIERZ RET 5
Z Lt L.

4-4-6 YRR

Fig. QiR+ X 5iz, 30sec LI DR L 5ERITRY%:
BER—EDE%ZTRT I E8brD70T, I min #iE:
5B LI LI

447 PRipREIE

eI B & RIEEE & DOBIFRIC D W THEE L iR,
Fig. 10 wiRT x5, 2EEOHEEBTCEY) FTF B
BELBRESN, BAER—COEETRT Z EN8bho
DT, 2ERIGEHTHZ LT L.
4.5 HEREZEOTHICDONWT

4.5:-1 VAEYTFUBOKRE

4.3 OMGTEBRTHE L2&UTIE, hAEY 7570
AR D RIRICAERR T 5 /oD, EEEEA V7 F o cERNcHM
kit sz iic L. ToRHERY Fig. 1l iRt
Fig. 11 X b, P 100pg 3t7fF, TiHbbilkh 0.05
%A DBA, BiEE4 VT F U 20 ml ¢ 1 BT
taisicd, 2EIBRESEFEEEZRLL. LrL,
2EIHOBEBEES—~E LR Y PRIELICIEEINS
ZEPBRERTE DT, B4 V7 F v 20 ml ¢ 2 [l
H¥5szZ&icLi.

4.5.2 Fe QAL

Fe BOREITD W TREITRITR 275 % Fig. 12
TR,

Fig. 12 X b, Fe 2 0.3g DT CHRIETTREIT—
EDEZTL, Fe OFEIRDLRLIOF. —F,
0.3g BLETHE, BAESSTHEMT 5E0XBD L0

Table 4. Repeatability of results by present
method. (pg As/ml)

Added 0.2 1.0 2.0
% 0.20 1.00 1.98
P 0.010 0.017 0.054

C.V(%) 5.0 1.7 2.7

=10

7z. Fe 0.3g 3Bl 0RO BB+ hi 1.5g
KHIE L, #Mgk»oEEeEMmE CERAWRETHS Z &M
D27,

4-5-3 TofhotE

HELXROTF L OWTHTHET 5720, $iflhics
N5WHED D2 17 RS OBRFTETR o/, FOfE
w Table 3 iRd. EBRii, EmiffEici#Ein L, Table
3WiRd Fe mammk [2.2(2)] Bk, As X WO
b DIAFITHR S R IRN U, @18 RS0 5 1T/
ofcts, HER [2.2(D)] &AKkERVC 0ml w558
7c. Jedk, Nb & W &R UEREE D TARIL
fo. 2O 10ml 2485ELic 5K, 3-203) DiEoE
SIRETHEST As FHEZ KD

Table 3 X9, BB RTHHEEERITENSDH
FHRESHENCHNE, TRTTFHBRLEVWZ EREDHL
hi-.

5. % o B K
Mgk [2.2(12)] t@geoFEBER [2.2(1D)] 2w,
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Table 5. Analytical results of standard samples.

Sample Certified value Found (%) Remarks
P (%) 1 2

NBS 55¢€ 0.007 0.0078 0.0082 Pure iron
NBS 7¢g 0.014 0.0132 0.0139 Cast iron
BCS 260/2 — 0.0006 0.0007 Pure iron
BCS 149/2 — 0.0003 0.0003 Pure iron
BCS 236/2 0.03 0.030 0.031 C 2.539,, Si 2.009;
JSS 100-1 0.008 0.0076 0.0074 C 3.66%, V 0.05%, Ti 0.129
JSS 110-1 0.006 0.0049 0.0036 C 4.039,, Si 1.492,, Ti 0.06%
JSS 157-1 0.020 0.0209 0.0195 Ti 0.02795, Zr 0.169, Nb 0.0449,
JSS 159-1 0.052 0.053 0.035 Co 0.202;,, Ti 0.229,, Nb 0.199;,

3-2 OEREFEESOTERET RV, RBEBH» LD
48 URSEE % sk 7-. Table 4 it £ OB %R T
Table 4 X b, 0.2pg As/ ml O/K#E (P54 10 ml)
¢, EHREI LT 0.0lpg As/ ml TH Y, hiigk
$Frh 0.0019, o7k#ET 0.5ppm [THEHUT 5. LicHio
T, +20¢ §& 2ppm X7 h, AT, 0.0019% LLET
0.0002% DEJINFARLTHBZ LERLTVS. £h
BLEDBE Wi, ZEREC LT 2~3% LEF
WS HEEE LTRBIFTH Y, EFETFSHETE
LIETHBE VA B,

WIS HE R L & AR IC TH T Lcki Rt 2 Table 5
R

Table 5 1Z5R Lz 5ic, AEBEOFKFIIIRUEHELE BL<
—$ULTkD, gkiAh As EREE LTTHHRRELH
LTW5 Z RN

6. %

PEOEBRFERZ L TCENTS.

(1) vxY)TFoERE, 28 3B ml & LSS
e 20ml KXOE)FFUoB7rE=v 4 1.0g Hn
FTrzLickroAERL, TR -T% 2 —, BEifEA
VT F vk X OEREEA V7 2 VORBIESE (1+142) i
CTHHARETH U, T oEER NO-CH, 71~
L EEEETA LA TWRETHS.

(2) As i3, RE2WHERFECREKTHEE B8
FEEBRELME TS 2 EILX D At TEAeIER{LS
hb.

(3) vE)7FUoBERR RRCERTSIAE
) TR, BB T SRIICEEEA VT F A THE
HWipETsz kY, XOTFiIRETES. Fio,
VIR, AT 50ANF FEY TF OB LIRS

o

BB I 5 oI KSR TR =T, Wik
RELZEDCHRETLICECLY, ZOoTFHITLITHK
E£TES. Fofh, ghicitETd ¢EXLND 15
EAHEFHB LRV L RER LR

(4) AEOEE TR, HEHAR? OOBE LKE
»hEZ, 0.00029 BELHEINDS. ZORENER
P HOEEME UKEE, As JREEAH 0.2pgAs/ ml OB D
TEBEIEEUC T 5.0%, 1.0pg As/ ml ¢ 1.79, 2.0ug
As/ ml T 2.7% THhot. Apkic X EERBOER
R, EEEE XL, MEORFRFETDHS
Z & mHERR S .

Blb, AEISESBE T LI LETFREOTSH LR
<, gkrhides As OBESWHEE LTHSERTED
LD S L.

B, AIROREEHFTINIcEEERLEWD
e A S AR R (R B R L, BIFTR =K
itk X CHEFTAEE RS L E# o LET.

X [

1) AATHEBE, KEEORFEXRS L JIS
M 8204-1971
2) AATHEH, SBEOCHMOBEFEXS HE JIS

G 1257-1975
3) BARIEME, SKEUCHPOUOEERERLE JIS
G 1225-1969
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