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Structural Analysis of Slag Using Multinuclear Solid State NMR

Koji KANEHASHI, Moriaki HATAKEYAMA, Koji SAITO and Tooru MATSUMIYA

Synopsis : A new approach to structural analysis of the slag has been proposed using multinuclear solid state NMR that is capable of obtaining the

structural information of each element composing the slag such as Si and Al, and effective to both crystalline and non-crystalline solid mate-
rials. In this study, we applied '°F (/=1/2), Si (/=1/2) and ’Al (/=5/2) solid state NMR to two types of steel-making slags, that differ in Al
contents; 2.94 mass% (slag A) and 0.10 mass% (slag B). Measurement of '°F magic-angle-spinning (MAS) NMR enables to determine which

metal among Ca, Si and Al is directly bonded to F. In these slags, F was found to be mainly coordinated by Ca. The state of SiO, network
(Q) was estimated by *Si MAS spectra. As the result, it was found that highly condensed network of SiO, tetrahedron such as @2, ¢° and Q*
does not exist in these slag systems. In Al NMR measurement, two-dimensional *’Al multiple-quantum magic-angle-spinning (MQMAS)

NMR was applied which can average the second-order quadrupolar interaction. Drastic improvement of spectral resolution at high field

(16.4T) SQMAS experiment clarified the existence of at least 11 chemical sites of Al in slag A. From the above mentioned results, multinu-

clear solid state NMR is proved to be a very effective method in characterization of the slag.
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Table 1. Chemical compositions of slag A and slag B.

(mass %)

Ca0 Si0, MgO AlLO4 T.Fe MnO P,0s T.F

Slag A 49.67 28.66 9.58 5.55 0.61 <0.01 <0.005 457

L RELEREIT > 72,

SlagB  56.44

30.67 9.17 0.18 0.74 <0.01 <0005 295

Table 2. NMR experimental terms of each nucleus.

F Si
target nucleus 3 g z
(spin number) 1=1/2 =12 1=5/2
VARIAN INOVA-400 JEOL EX-400 JEOL ECA-700 Chemagnetics CMX-300

spectrometer
(observation frequency)

spinning rate
(diameter of tube)

chemical shift reference

method

(°F: 376.2 MHz)

20 kHz
(2.5 mm®)

C¢Fs: —164.9 ppm

MAS

(*Si: 79.3 MHz)

6 kHz
(6 mma@)

Poly(dimethylsilane): —34 ppm
MAS

(’Al: 182.4 MHz) (“’Al: 78.3 MHz)

16 kHz
(4 mm®)

19 kHz
(4 mm@®)

1.0 mol/l AICl; aqueous solution: —0.1 ppm

MAS and MQMAS
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Fig. 1. Pulse sequences and coherence transfer pathway diagrams. (a) z-filtered 3QMAS experiment, (b) z-filtered SQMAS experi-

ment.
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Fig. 2. ""F MAS spectra of the slag. (a) slag A, (b) slag B.

Table 3. '°F NMR results for slag A and slag B.

'°F chemical shift / ppm species

—94 F—Ca

—~100 F —Ca (cuspidine)

— 105 F—Ca (cuspidine and others)
—107 F—Ca (CaF,)

—-136 F—Si and/or F— Al
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Fig. 3. Dependence of '°F chemical shift on F-M (M=Ca,
Si, Al) bonding type.
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Fig. 4. 2Si MAS spectra of the slag. (a) slag A, (b) slag B.

Table 4. 2°Si NMR results for slag A and slag B.

»Si chemical shift / ppm o area / % species
—69.2 QO 34 (slag A)
S5 (slag A) . .
—73.4 0 —Q--- -
0 82 (slag B) Si—0---Ca (y-Ca,Si0,)
11 (slag A) . . L
—79.5 ! —0—
9 Q 18 (slag B) Si—O—Si (cuspidine)
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Fig. 5. *’Al MAS spectrum of slag A.
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Fig. 6. YAl MQMAS spectra of slag A. (a) 3QMAS at 7.0 T, (b) 3QMAS at 16.4 T, (c) SQMAS at 16.4T.

77, MQMAS Z X% MLIZLZERSED S IZBE T 5 1%

Table 5. *’Al NMR results for slag A.
MEB/OND, Fig. 6(c) DT A -2 &AL, 1ZIXT

PeskNo  Sc 0w  Jes  Co NRTDE =2 2 CSHMDO AR > & LTNB T L
: 82 w3y Te o de 5, HE—IHIZBLT S HAACRAIEN D L OR
? S Kol BESRAM LTSI ERPE I E K57, YAl
3 na 81.9 78.1 6.01 S5QMAS 2 X2 b 6B 6 -2k s@Eme LT, %
4 722 85.1 80.3 7.65 WALZ Y 7 FEBEIZ TR TOE - I HEHR L T
5 74.1 81.8 78.9 455 (75.0~81.4ppm), X HIZFHMIICR Y — 2 DRIEEZERT S
6 75.0 83.2 80.1 4.84 7-12iE, YAl LS BTCTOMHERORESEBEFHL 72
7 75.1 775 76.7 1.42 HIE (MCP; Mutual Cross Polarization)®? X, #Si 7 & Ofigfl
8 76.4 80.9 79.2 2.67 B & FH L 72 MQMAS Bl (CP/MQMAS; Cross Polariza-
9 76.8 82.2 80.2 3.23 tion/Multiple Quantum Magic AngleSpinning)*® %% T &
10 79.5 81.8 80.9 1.40 .

11 80.7 81.8 814 0.66
4. $¥E

a .
n is assumed zero.

B AR O R TR E S 5 1L 5 [E R NMR 2 & 0
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