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Determination of Trace Amounts of Silicon and Phosphorous in Iron and

Steel by Gel Phase Colorimetry

Tsuyoshi IMAKITA, Kazuo MATSUBARA, Masayuki TANIGUCHI and Kiichi NARITA

Synopsis :

The blue species of molybdosilicic acid and molybdophosphoric acid are strongly adsorbed on Sephadex
gels, i.e., over 70% of blue species in a 100 ml colored solution is concentrated in 0.2 g of Sephadex G-25

within a half hour.

Gel-phase colorimetry, based on the direct measurement of a gel-phase, which has

adsorbed the blue species, has been applied to the microdetermination of silicon and phosphorous in iron

and steel.

into a 2-mm cell.

were measured using a reference of water-swollen gel.
Silicon and phosphorous at ppm-level in iron and steel

determination of trace of silicon and phosphorous.
could be determined by the present method.

The optimum condition for color development in the gel-phase has been examined on the basis of
the procedure in JIS G 1212 for silicon and in JIS G 1214 for phosphorous.
The absorbances at 810 and 500 nm for silicon and at 810 and 450 nm for phosphorous

The colored gels were packed

And the difference of absorbances was used for the

Key words : chemical analysis; gel-phase colorimetry; trace amount of silicon and phosphorous in iron and

steel ; adsorption of molybdenum blue.
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SO M AL JIS B - 7o

$hbb, FOEOFEE T JIS G 12127 IZft- T
KOOI ICHERMELL. RF0.5g b e, ERE
BRI KT £ 7o AR (JEME 1+ W88 1+ K 2) TofE
L7z, 100ml AR LZDL, 20ml #47WL, £V 7
FUMT = AEBWE (10%) 15ml, L e ) BREE
(10%) 25 ml, Wilgsgk (1) 7 > €= HEWR (15%) 5
ml EMERIRIMGE, KT 100ml ICHRLTEY 77~
HRBEwmE L.

N ADEETI, JIS G 1214% 125Ev kD & 9 1281k
L7z, 88 1gxidhnen, EK15ml THHELAD
LBEERE 20 ml #INZ, ME L CAEFEMROBME R
g sn, 100ml CHERLAZOL, 10ml #5500 L, &
iR AEF MU 4 (10%) 10ml #hn2 gL
THEJETL, RERERH ()77 RT7 €=
4 0.5%, HElite K592 0.015%) 25ml 0%, @&
B 100ml KARLTEY 77 HFROHERE L.
23 FIERIL AN RILORE

2:2 12K o THBL 2R 100 ml X —EED T
VEMZ-0hL, »LBALTEY 77w EHH#EKREr SV
I S E s SV ERBESEL0L, 27U KoY
NEIRAY— Ry b EHWTHELMVIZKEEL, %
DOWILA~Z7 bV ElllE L 7. ZOHEME L Fig. 1

‘ Sample I

L conventional method

[Decomposition

L conventional method

l Color development J

- 0.2g dry gel

- stirring

EAdsorption I

- transfer gel phase to
2mm cell with pipette

l Measurement l

A : Colored solution B : Adsorption of blue species to gel
C : Settlement of gel-phase D : Packing gel-phase to 2-mm cell
and measurement of absorbance

Fig. 1. Outline of analytical procedure.
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¥5HE1.0gTHSM THhor, WHEOBEIZH
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JISIFEIC LA TRBEFLITVEOHERIZT L
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I N TWREEH 2UECE R-TEBD, T07/:
DWIREDINT Vv ZAHEL 2, WIRA~Z ik, /
L ZDENLDE L 5T, KRR INT 28485
fols, e LTKRTHEESELTVEHCS Z LI
X0, RELLZARY bAPESNI BT T UHHE
HROWSEE &, VAR 100 ml 237 VA 1 ml ISR S
TWBIE, EAVEF1/S IR T0nb I ehbiiwd
SN ABRIREEH 20 fE L & 5 T 7z,
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(Wl & LTH 0.05), T bbb AT M VEELsY
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Solid line : gel spectra (cell 2mm), A, B with a reference of wa-
ter, C, D with a reference of water-swollen gel
A.C:5pg Si/100ml B, D : blank
Dashed line : solution spectrum (cell 10 mm)
E : 100 pg Si/100 ml
Fig. 2. Absorption spectra of the molybdenum

blue species of silicic acid.
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Fig. 3. Time dependence of color development. Sample : 5 g Si/100 m
Fig. 5. Time dependence of color deformation.
1.0k Table 1. - Distribution coefficients of the blue spe-
f cies of molybdosilicic acid and molybdophosphoric

Q@

E yan acid.

g Initial concentration Kd (m*/kg)

osh of element (ug/100 ml) Si
100 1600 3500
N R B S THCARMERREAT 30min & L7 DAKCS

Time. (min)

Sample : 5 pg Si/100 ml
Fig. 4. Effect of standing time on color develop-
ment.
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N—=ZAF7 A4 YHIECHYAEE R, 1TWEOES, F
T 58072812 450 nm LT O EI8 THWOGRE o B A A

RO HLN72DT 500nm % Hv, D ADOH{IE 450 nm
=R/
WA P 1d, T WER OB, RO E ML

810 nm TH - 7275, N ADY{TIX, BT 825nm TH
HOK LT VAT 810 nm & iF WL UikET
%ot.%U7T/ﬁ%%®7woﬂ¢éW%%ﬁu%
BTV, WK K 9 R o 7 R o b o4
LTWALDOTIEEhWnwhEEZONA.
EYTFUHEBERESNIPE S DL Z0ON A
FEfl % peed B 72002, B < d ABRI IS0 4 B IO o g
L&~z Pk @%ﬁ@f%%FgBKmT 20
min L L AT HISIZIE ~E 0 GESHE LN D

V‘({)m*ifi'f‘ﬁ)ot.

TUVHE VKL TS, B VNTHE AL,
HELIWEHNTESLET, Fig. 4 1283 X912 1 min
DLERiE - A 0% h 3 - 7. -

WEWHEE & T b, FBEEN & WK DBIR % A
A&, Fig. 5 1277 F &£ 912 120 min i'(“ﬂi“:’n;ﬂ)llijt
EERL
3-2 EVITFHEHAORS

YT OERERE SV SR 0L, BROW
}L "%mu';ngfiﬁi&tP STV T WE(E 72120 A)
, K TEFT IR (Kd) 2Rkd7. 20
ﬂn‘ﬁl% Table 1 1Z73¢.

Th1gHD DD AW (pg)
WA D1 ml & 72 ) DT WHED A YRR (ug)
Wi, DAL B2 1000 LA otk L 7.

SO Kd»HIUTWHEOWEEEROL L, TWE 10
ug/ 100 ml DEHETIE 7.6 ug &% 0, 76%H WA S h
TWBHIEWKlL D, MEKICDATIE 8% TH- 7.
Yosumura 512 X idD, Kd i WEEES K s &
WIS H I EAROLNTEY, Ldo TEEOHE
BTOEETEIEHIIEVWEEREELRTLOLEEZ LR
A.

Kd=
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Table 2. Effect of foreign ions on determination
of phosphorous.
Foreign ion Ratio to iron P found
added (%) (ug)
Ni 1 5.1 1.0F
Cr 1 5.0
Mo 0.2 5.0 ®
\ 0.2 5.0 )
Co 1 5.1 5
-4
5.0 ug of P was added to each sample §
i
I/, MUEY 77 R ERINT 2 0% >0 T g 05
b Kd 2T 5 &4 5000 T - 7.
b, WEIMM L7 vk, Sephadex G-25 [l 4k
SEEICHSRL AT 7 7 4 v GCL-25-m (4
b LR B e — X132 45-105 pum) T, ZFML ) .
WAL H . Y 5 Y
Si, P (ug)

3-3 #HEXTROXE

B ENS T T S W ETH B & o bt
ENB LI, DACHTHLVEDFEEIL 100 ug £ T
LT (R WA

R DM % 2 Wk THV, R R oW %
R=Z2F4 2 ELTELIVWTVALD, v hh s
DATHA * > OFE P EZ SN Fig 2 I0RT AR
7 FV® 400~500 mm DIKE R EAB L, FVHD
ARG PV TIEEROWILA R 7+ A IR O 1
KEEEED L TwhH, oW, €977 HiHk
WKEBLOTELLERPOH (M) 14 FLDD
DEEZLNRDLEDT, TOWIARH-> TWAHDIX, ¥
D& o THREARRENTVD 2 &, Bl k28w
CEIEBEEZONS., HREKE= » F VEWRE TV
WA S & Tl L 224 s, 8% Th o7z, 3 H 12
LUV EFBED 10mm »5 2mm 8 s TWw5H%)
Frk bbb, 44 OBBRERECEXT
17% & %%, DACHT DA 4+ > ORBEH<D L
Table 2 ICRET LI w7, 70 L TlE 1%%
TRIFE L 2 - 7. ‘

3-4 WML Z-BEHE

3:1 O RIZESVT, BY 7F v HROBHRD
W - M ST EE RO L) AT LT

BT 100ml 24V 0.200g FINA, AY—TF—
T 30min 2 3ATA. 1~2min BUE L TH IV %Lk
2gnhL, NAY—LVERy FERAWTHRE LTSNV
MEEVIZBLARS., #F Uit VN TR LEET 5
IC, 2min EL720H, KCHBEEEL7r ViR
& L C¥4E 810 nm & 500 nm (D ADOBAIE 450 mn) @
WHEE L BET S, 2 EEOWREDENS, Ho51L
DFEBOBIETIER L 2RER VT, TwFEEll

Open circle : silicon Closed circle : phosphorous
Fig. 6. Calibration curves for silicon and phos-
phorous.

NADTAHERDD.
3-5 REROFEK

FOEOREIIH 7> T, SR Rek & i
THMLIOL, B 5 o (LAKEERR % N2 TN
L, &5ITBERT CHEMRIE % 708 L CREILSk L L7z b o
%, M ORI V. BHLEEREIC & - T, Mgk
PO VES L (1.5 ppm FH2Y4), 728k & (32
LHOLEE (0.02) &7 = OBLsk sk & i Lk
BEABEI @AY ED, THITTVEER THE
& U BRI A AT R R A AR L 7.

D A DY, B L AR Ok & T M L 7220
b, DAREML, 25CHHEFURIRE: 2% X5
RE & RO, SR & ] LARME 2 F7 AR % P L 72
RO 5 OIS B &, REETHM L 2T,
D A4 0.3 ppm B L, Z2ERER & 13IEF L BOGAE
(0-03) Th 7.

TEH, L 2 REB OBl % Fig. 6 I0RT. F0#, b
Ak B2 10 pg & THIRIED L OREMATES 1.
WIHETI, OEOKEIR DA LD LEWS, ik
T, DADEIDPEEDS I b ore. T, IJWHET
AR— 254 CHIEIC 500nm ZHWT WA 7Ny o
Y7  FELTHETETWAI L, $, LD
WAEEKSDALDLIRO I LR EILKBEELOND.
3-6 1RHRR

BRI A B LSE L 724G (n=6), ZTOIED
S & (fEAERE) @GR E LT 0.005 T, Z0 31
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Volume (ml)
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Fig. 7. Effect of solution volume on absorbance.

Table 3. Determination of silicon or phosphorous
contents in iron and steel.

B Sample Certified Analytical value
Element value (%) (%)
Si JSS001-1 0.0040 0.00392*0.00011)
JSS 002-1 0.0005 0.00050, 0.00052
P JSS001-2 0.0012 0.00123, 0.00120
JSS 002-1 0.0004 0.00040, 0.00041
NIST 365 (.003 0.00112, 0.00114
JSS 154-9 0.0045 0.0045. 0.0044
JSS 155-9 0.0042 0.0041, 0.0040

* Average of 7 determinations
. Value in parentheses is a standard deviation

R E T 5 L1370 # 0.1 pg Th - 72 SeElHlE
FOFWEEHFEL LT lppm & 45, MEEIZH AL
WMLTH 3o xMINRAEE LTHITAE, 1ppm T
o1

KiETIE, Eifis® 100ml & LTWAA, 5105
e GUFHE) 284 2 & TRUZ R A D 2 LT
& L. aCBHEM I & B3 & By st i b e
LCHE® LT E B I wW T~ 5 &,
Fig. 7 12254 £ 92, it d 4o T2 o d
L, 20&ED Kd iz - O#PTIRIT -ETHo7. =
A5 i 500 ml Tl wixfy 7 FNS A $ % A8,
fiax SR LZ e GUREATS5 %) 18k 3.5
FICHIR S &5 2 EAETH - 72,

7, MEtVoXKBEL 2mm 75 Smm (283 2
ETH, FMICEBELuAs AR E LTH 3 FTA
ELLBH, #2.8HICMESELZ ENNETH -
7.

3-7 MO
W L2z iR T, 2, 3 ORE#EGURL % 00 L 724

acid on color development for silicon in aluminum.

Y% Table 3 12753, ol & 13 (F- -5 L 72 Rbf A
WA Sz, ol LK (o) &, BIZRTEH1C
JSS 001-1 (iFWKEA7# 40 ppm) (2xF L C 1.1 ppm
ERHTE 5 7.

SN SEREIN I, S ERES 30 min LETH B 720,
JISHET L0 b 55128 1 h (3L 5 fEoBy)
VETH 5 7.

3-8 fhBHMEADEMA

KFAZE) 77 2 HHRO MG - W) & U CHiTE
TERETHL O, WSEMEROME T WEOTE
L7

ThIZT AR WHEE JIS Y LT, £
TECHEENMLEE 0L, RETWELL. $hbD,
KK 0.5g & RE (THEE 1+4HME 1+ K 2) 20 ml T4
L7-DbH, Mk L Ciliura 6.5ml & 45 T Tl L,
KEMZTH 95ml & L, 1EHE (14+3) F4E7rE=
FAREHWT pH # 0.9~1.1 I+ 5. ZhiZEY
TTYBRT ¥ E =7 LW (10%) Sml ML, # 10
min BOE %, Rk CEEEICH 1.5ml &1L T 15 min
B L, AR N ) 7 A (20%) 12.5ml 2 NZ T,
YT UOEEREER s CoROEBREHVT,
32 125wy, VTS &9, OB R e L Kk
RUTORSKEOHANBDO N h DT, HE
810 nm & 450 nm DOWEIE D7 % FHuv 7=,

TVIZT LT, MRty €Y 77 o HH#K
FENVBERIRA B L, S L) 7T OHFD
LRI DD IO, WAREICEREMAS 2 &
RPN TH o 72, Fig. 8 IR T & I ISR EIRICIE
B (14+1) % 8ml LI % & & TS L - itk 3%
LEThHh-7DT, REEHT1I0m MBI EE L.
i, REEENRL T, BROREYIERS 0
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Table 4.

Determination of silicon in aluminium.

Sampl Certified Analytical value
mple value (%) (%)
R—ll:l 0.0003 0.00026, 0.00030
R-14*! 0.0006 0.00062, 0.00070
114/02*?2 0.0033 0.00335, 0.00340

*1 Japan Light Metal Association standard sample
Alusuisse standard sample

b pH 2 HEI L TV B 720, SMOBES & H~<TT Vvl
ARFOBRRBEDS T3 Cld e , PSS L 28k
HELHLDBLEOTEBWNEEZOND.

2,3 D73 =7 MEHERE O L 2K R & Table
4R RRE LT L BRI SRS N
TNy LD, 0.5g DREEEE VT 100
m CREBESETVLEOT, HRIHBER KM~ T
1/5f&%0# 0.2ppm Th - 72,

4. # El

7V EE R L X A ST ORI VWE, DAD
FEELRIT L, MEC ppm LRV DIFWE, DAD

S HE e ST R S L 72,

KFE, uFE, DAL TRLORICOBEMIGET
by, F7z, REBREIRKREETZTOILIEPTELL
DM B LNO SR OGO WHRETD - 7-.

X 73

1) /K @, SRR, KINERDY: ST e, 39
(1990), p.497

2) ARG Bk e 8, 73 (1987), A167

3) BES M, NS, AR, TTHENL: ks, 38
(1989), p.373

4) HEZIEHE, M B, SHEAUHEE: S8 ks, 40 (1991),
p-71

5) K. YOSHIMURA, M. MOTOMURA, T. TARUTANI and T.
SHIMONO: Anal. Chem., 56 (1984), p. 2342

6 ) K. YOosHIMURA, M. Istll and T. TARUTANI: Anal. Chem., 58
(1986) p. 591
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oG HE )
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