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Investigation on Chemical Structure of Inorganic Matter in Coal by 2’Al MQMAS and 'H—?’Al CP/MQMAS NMR

Koji KANEHASHI and Koji SAITO

Synopsis : High resolution two-dimensional 2’ Al multiple-quantum magic-angle-spinning (MQMAS) NMR being capable of averaging the second-order

quadrupolar interaction was applied in order to characterize the mineral matter in dry coals that have been spotlighted recently in new ap-

proach to the coal use. Octahedral aluminum compounds between kaolin and other mineral phases could be clearly distinguished by 2’Al

MQMAS method. According as the total carbon percent increases, octahedral aluminum species tend to vary from kaolin. The 'H—?7Al

CP/MQMAS NMR that is a combination of cross polarization and MQMAS was also employed to evaluate the connectivity between alu-

minum atom and hydrogen atom. As a result, the octahedral compounds containing the linkage of A1-O-H such as kaolin and excluding the

Al-O-H bond were separated by this technique. MQMAS and CP/MQMAS is very effective in characterization of inorganic matter including

quadrupolar nuclei, which is particularly well suited to the analysis of clay minerals that are noncrystalline materials and present in coals al-

though XRD is difficult to analyze the amorphous compounds.

Key words: inorganic matter in coal; NMR; Al MQMAS; '"H—?’Al CP/MQMAS.

wWE

ARPOBEINE I —RISGEWELELONTED, A
RO T EFHOE TIIREREHHRTH -7, LrLE
DO BFILELIC X 3 BB S OBREEH-> -HKROA
HMARESD, ARPOBBKSTOEEESEE > TEH
D, RIIEMSLEREERALELEDDDH 5, IEHE
SRR T OLFREERRAE O i, #/z B Y
BREGRPHHEORBATEIZE D LB B H, Xk,
TR v D BERE R 7 13 T IR 3 R0 X8R (XRF) 12 & B %
o (B a0 Td - 722,

BEROBERTFEE LT, Zh T X
(XRD)YEA—RBITH D, ARKB KD AshB 7D F v
FU AN - g IR, (KIRER{L®% O EEE OGO
REE RIASHOERTE TS, LrLaRs,
XRD T3 AR 77 & BRI 73 O F OBERBHRS—DD

Fx— b EIIREND720, EERSOADRERHR LM

W35 ZLIIARTFEETHD, Fig. LIZRT &1, HBAIC
Ko TREHrRBIEMEICE L DAY, EREABEEROB

BoHEEL 25, £7-, XRDIZIESB LI LT
X, BRI ICARL T2 Z &6, RKPICIESE
BB VAT 2BE, TORERITIIER ISR
55,

CHICH U T, B ILIENMR)EIZEITTE O B

BBOBVCEFNHLZHEETHEI L 06, bIFFED
AL FUOBEBEROAEMETERZ LI XY v b 23D
5, EHICXRDEIFELD, BRBEL T TELIELED
BEBRIIA L TCREYTH S LS B ERE>, NMR
BEROILERSEARET ZDIEEFETHD, Th
F CHEHAFENMR # HWTERT TH 5 CRHDILEMEER
e, NMRA A — PV 72 & o> THRILIBRMB R % in-situ
TRAZMESEINTETED, AROKEERPRIGES
D 7-DDBENEFHELEE>TN3Y,

L2L&EHMHS, NMREZFMAL =2GRPOEBR S H 5
WIZBULERR D Ash DL AREERITITARIES T 0 < &
WORBIKRTH 53, il 218, GRPORER K B
TAETHB 7 A RIIONTIZ, NMREIENZKE T H % PSi
DAV I=IRTHBI N6, —ay % EEREET
» % MAS (Magic-Angle-Spinning) 1= & - C, k%> 7 +
EAMRW BT HAEERMNEE S 2 OV IMER S TET R
BEAXRZ PANEBENRB ESI12k3, L L, ¥Si MAS
NMR 2 & DHEE B 2 h & G5 b D ERER T DS %
BETHIORKNETH D, MOEETE, HiIor 4 ZRK
ARPOGHEEBRZVNTLIZT AP LDORETEEEL &
%, £, AIRPOERKAE A ) VEBDELETL
ITABENFERTELTHFEL TR I NG, 7
I = HICEH U RRERRT & 0 R P O B 5 O RS
ERNT5 ETIERICEETHS, LrLars, EREK

FER 1445 A 14 HRAF  FR 1457 A 15 B 325 (Received on May 14, 2002; Accepted on July 15, 2002)
*  FTHARBUE (B) KkIREEMBN%FF (Advanced Technology Research Labs., Nippon Steel Corp., 20—1 Shintomi Futtsu 293-8511)



2741 MQMAS ¥ & U 'H-?'Al CP/MQMAS NMR 12 & 5 T 5% o D ARG 7 D (L2 REE AT

1000

800

400

sdo / Ay1suojujp

200

"

40.0

26 / deg

Fig. 1. XRD pattern of coal A.
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Table 1. Chemical compositions of a variety of coals.

C/mass %° Al/mass %° Si/mass %°
Coal A 80.88 1.33 1.14
Coal B 87.98 1.95 1.92
Coal C 89.39 1.73 1.76
Coal D $3.97 2.13 3.00
Coal E 91.01 1.80 1.53
Coal F 91.39 1.97 2.45

? dry ash free percent

b dry base percent
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Fig. 2. Pulse sequences of and coherence transfer pathway

diagrams for (a) z-filtered 3QMAS experiment and
(b) z-filtered CP/3QMAS experiment.
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Fig. 3. *’Al MAS spectra of a variety of coals.

40 40
3 E 35!
< 30}t L] 30 &
P F N
g {25 2

D =

Sl {208

g L £
=

15 <

S Coal A B C =

2]0» L {1073

3 " u z

s . 15 8

o o ©®
0 L - 0

76 78 80 82 84 86 88 90 92 94
Total C Content .~ mass %

Fig. 4. Correlation plots of total aluminum percent and the
ratio of tetrahedral aluminum species to total alu-
minum species against total carbon percent.
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Fig. 6. Al 3QMAS spectra of a variety of coals.
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Fig. 7. *Si CP/MAS spectra of kaolin, coal A and coal E.
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