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Chemical State Analysis of Slags by X-ray Fluorescence Spectroscopy

Shigekazu Sumrta, Niro Kikvchi, Takashi MAEKAWA,

Masahiro Suinmgl, and Toshio YOKOKAWA

Synopsis:

X-ray fluorescence spectroscopy was applied to BF and LD slags. The following points were deduced

from the results.

1) TItis estimated from Si K, energy shifts that the basicity of the BF slag is nearly equal to that of the
alkali metal orthosilicate, while that of the LD slag is somewhat larger. This is consistent with the results

of the chemical analysis of these slags.

2) The coordination number of aluminium in the slag is expected to be 4 which is reasonable consider—

ing the basic nature of the slag.

3) Ca K, shifts indicate that calcium is present mainly as calcium orthosilicate in the BF slag. On
the other hand, in the LD slag the shift is more positive than that of the BF slag. Thus, the value implys
the presence of free CaQ, in accordance with chemical analysis.

4) Chemical shifts of Mn K, ; and K, show that manganese is present as divalent ion (probably MnO).

5) From the mathematical separation of the profile of S K, spectra, the sulfate/sulfide ratio is evaluated.
The sulfate content is about 45 and 20% in the LD and BF slags respectively.
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Table 1.

Chemical composition of slags (wt2;).

T.Fe | FeO |Fe,O4 M. Fe| CaG f-CaO

Si0, MhO’N@O ALO,| TiO,| P,0, | B,0, | S

LD Slag - | 15.0| 14.8 | 3.96 | 0.73 | 47.8 | 2.02

BF Slag — 0.27 — - 43.6 | —

214 6.29 — | 1.691.083.06]0.12]0.039

35.3 0.54[ 4.1014.3 |1.23| — | — 1.10
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Table 2. Chemical shifts of Si K, for the slags.
AE=E (Sample) — E (a—quartz)

AE[eV

From 4th
order eq.

Present
treatment

BF Slag (1)*|—0.106 [4, 0.0031|—0.103 [4, 0.004]

LD Slag (1) |—0.125 [5, 0.009]|—0.119 [5, 0.010]
9K,0-Si0, — —0.117%*
2PhO-SiO, S— —0.093%*
2B,0;-Si0, S —0.006%*

* pellet’s number
#%k  previous work3>

Table 3. Chemical shifts of Al K, for the slag.
AE=E (Sample) — E (a-Al,Oy)

( AE/eV
BF Slag (1) —0.216 [3, 0.006]
AlPO, —0.138%
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FERA S 7 OBAIINE X bEEMIETE &
WH I EDbh b,
3.2 RSTHROFZIVIZIA

AlK, o7 3 Ay 7 VB LTEES HRELD D
Al 2% 4ET %R & B 6ENE EDHDWRECFIH IR
TW%OD, BIFEA S o Al % a-ALO, ZfE#E L L
THIE LRy Table 3Rk, Biho Si &R
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Table 4. Chemical shifts of Ca K, for the slags.
AE=E (Sample) — E (CaF,)

AE[eV
BF Slag (1) 0.122 [3, 0.002]
(2) 0.121 [3, 0.003]
(3) 0.121 [3, 0.001]
LD Slag (1) 0.137 [3, 0.001]
(2) 0.146 [3, 0.001]
(3) 0.145 [3, 0.001]
CaSiO; 0.104 [3, 0.006]
Ca,S104 0.121 [3, 0.001]
CaO 0.159 [5, 0.002]
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Table 5. Ghemical shifts of Mn Kg,, K,4,, and Kg,,, for the slags and some compounds.
4dE=E (Sample) —E (Mn)

AE/eV
Present work OHTSUKAY)
Kq, !l Ke, Kps Kﬂlya
BF Slag (1) 0.40 [3, 0.01] - —
LD Slag (1) 0.87 [3, 0.01] _— 0.99 [3, 0.03] —_
2 0.43 [3, 0.01] —_ 0.97 [2, —] —
3) 0.40 [3, 0.02] —_— 1.04 2, —] _—
MnO 0.33 [2, —] —0.17 [3, 0.02] 1.05 [3, 0.03] 0.97
Mn,O, 0.16 [3, 0.02] —0.31 [3, 0.02] 0.82 [3, 0.02] 0.79
MnQO, —0.05 [3, 0.03] ~0.41 [3, 0.03] 0.43 [4, 0.01] 0.37
KMnO, —0.70 [3, 0.03] —0.66 [3, 0.03] —1.16 [3, 0.02] —1.20
l : ; : : ; . Table 6. Chemical shifts of S K, for the slags.
2 1 AE/eV
1.0 - .—-~ LD Slag -
B 4 BF Slag (1) —0.160 [3, 0.007]
] 2 —0.169 [3, 0.004]
- (3) —0.171 [3, 0.003]
R . LD Slag (1) 0.019 [3, 0.044]
% | -
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Fig. 1. MnKyg, ,, K, and K,, shifts relative to
Mn metal for various Mn compounds
and a slag.
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Fig. 2. SK, spectra of a BF slag and two com-
ponents resolved by Lorentzian functions,

7, B A S 7o SKe A7 b ARTRT. 1 EEOY
B BDARY AT ERBH T2, LK
B AS 7 CiiZE Lwv. 7ok CaSO,, CaS 7nLlE—(L
D SKeg A7 P DI EAER—EARTES.
F T OBEESNEBCREROMOTFEIRTRETH
B. tekzlE, A7 P AR—EDOEEEEDTUID S
T ETHHNCAUETE S, 0T — 2 LEOHTHHA
Ri=XH1, A7 AY—EORE CERTLH LT
14 DERIT D B, EER R IR E iRE
BADIRCEHETED. —REXBARZ ke —
vy BoBSCELcEETES. LrL, Bk
EHWD SKg A27 P B WTH Key & Ko, DR L
TBTcD, 2ONERIEOLETHLLIS. Ka
DBEEL Ky DZTHD 2f5TH Y, FEREIFFH—D =
— VYR cE 2 bhb EThE, SKeARs b
BRATELEIRS.

I (E)=

1 0.5
A (= oy +1+{<E—E»+AE1>/6}2]

ZZC, dIXNfEE, 4E, 1k Ky L Ky, 020D
FAF =3, Ey i} Koy OE— 7B THS. E, 135
DBPESBLIBNThEbW. o 4 XEBRTH5.
AdE; BX o LTk, #iRro CaS, CaSO,, S7g &
DALY bkt LT 2 EX#EB L, £D0VEDN
eEx Ve, SBEOLAEYOEL VAV, HH
ARy PE (2 RTHOHEINDL 24 TDARY bV

-—-— Ca$S
~-—=— C0S04
CaS+CaS0,

INTENSITY

I
2305
ENERGY/eV 2308

Fig. 3. SK, spectra of a LD slag and two com-
ponents resolved by Lorentzian functions.

Table 7. State analysis of sulfur in the slags.

AE, 1.19¢V
4E, 1.42eV
0 0.75eV
I°cas 3060 cps
I°casos 2 380 cps
Sulfate content
(mol 25)
LD Slag (1) 45
BF Slag (1) 20
MEDEDTEE 5.
n
I(E) Z_ZIAiIi(E"AEzi)"""""""""(3)
{=

AEy; IEEYWEYSRELI=SKe r 37 v B FE
T, A7 7OEE, EEhB b0z GaS &L CaSO, D
2EEELTIWTHSS. LICBDTARY b A DYy
BEZC T DBE (B) KD dEy; 13 CaS & CaSO, zhTh
DF I ALY T7 FDETELED. §,4E, AE, ({E%x
BRAL, n=2 DEMHTRPD 2TELTIN LB IV 4,
BRDB. Fie, 2O0{LEWOMBIREE COME Y4
FAEDEETTRD, L0 LBITIE, By 1DORE
KRR TCEzbRS.

[%11= (41/1,°) /T (A1/L,%) + (A/L0) T = (4)
WR%E Table 7 wwRT. WIFAT Z7OBER 45% »
HBBEOWCHEEL, —HBFA 7 7 12idi] 20% O
BENEETA e h. KEDBELILARZ MK
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