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The Structural Analysis of the Rapid Heating Treated Coal Using
High Temperature in-situ NMR Imaging

Koji SA1T0, Thuo KoMaki and Kenji KATOH

Synopsis : A new carbonization process with rapid preheating and coke discharging at medium temperature has been developed in Japan. The result of
this process shows that even when non or slightly coking coal is by 50 wt% the coking property is improved and a coking coke with cold
strength usable at blast furnace can be manufactured with the new carbonization process. The mechanism for the improvement of the coking
property was examined by coal properties with using mainly in-situ NMR imaging. To monitor the dynamical changes in coals with tempera-
ture, an in-situ method must be used, therefore, we have applied Single-Point-Imaging and have carried out the first systematic in-situ vari-
able-temperature NMR imaging study of coals between 25 and 500°C with our newly developed high temperature imaging probe and sys-
tems. It has been clarified that the macromolecular structure of coal is relaxed by the rapid heat treatment and in addition there is a close rela-
tion in hydrogen bond and relaxation of molecular structure of coal. The fact that rapid heating treatment of coal raised on DI150 is at almost
6 point in the treatment of temperature at 380°C, compared to the raw sample and slow heat sample is mainly caused by the decreasing of un-
softened area in coal. Rapid heat treatment is that the cohesion structure of coal molecule is relaxed by rapid heat and the kinetic property of
molecule increases. And further, a bridge forming reaction generated by slow heating is suppressed and high mobility component increases
and as the above results, a softening and melting phenomenon is accelerated as a time of coking. Finally, we would like to propose the mech-
anism for the improvement of the coking property during this rapid heat treatment, which have the improvement of coal properties.

Key words: coal; NMR imaging; structural analysis; in-situ imaging.
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Fig. 1. Experimental sample scheme.
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Fig. 2. 2D images of (a); raw coal and (b); rapid heating
coal with swelling pyridine-d5 obtained by Spin
Echo Method.
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Fig. 3. Pulse Sequence of Single Point Imagaing.

B in-situ NMR 4 X — 2 ¥ 71 X 5 2ol MBI i O REE IR AT

BRMEICEHT Y 3 - FORTDAL X =DV IHfiT,
HREONHEBEIVCEERTZ Y I—- FORABE IR
5, E5IIMBARMITOR TSR, EOhEHERF
INZDBIZt=pD a4 IV TBAER S, Ko T,
REETya— FEHWERRO 2y Ta—keBE
0, B, () ORY—URLHRIZEZFETIMILE
DELEBAWBOLERLES 7 I OEENLEL B A{ A —
CIBDBAZOHELEL RITEV, FREEITARD LD
ZTrOBANRABTE A, HEIEBICTH T 230
DKREXFITTHRES, 2F DIRARHIET 2B5RE K
EFTNEREWZIERREIIEL kD, Boh2E5HRE
SIZZOMHIZHEET H2AKERFOFHEEE p Tk T
x, R(1HDKSIZFEKES

S:p . exp(—tp/Tz*)XR(x) ...................................... ( 1 )

Z ZTTR(x)=(1—exp(—Tp/T)))/(1 —cosBexp(—Tx/T)))
R(1)TORP» S, RBHEHRDRED T I L TR
EBUBB(T)ARETE S, ZOFEORMAELTUL, B
BARE BETELIRBENMATHL I LB LULEY
7 MEBRELESTLES 2L TH I, GRSBUECHRER
BrRlEgEs o - T EEmML, AESRELEEILTS
ZET, BO(HALLGD2B LI, 4 X —-VBIZHT
BEESRENARP O mobile KA DFHEEE LTEESD
T, ARDEBNEBIIZIIIERICH L ZHEETH 5,
ZOFEEFALT, BohA 2 —VBBXUZOHE
HIRE RS DK AT I 23 A6 % Fig. 41589, BA S & [ EERA 2 il
18T, WILROZDOEE S k<, FLBEEBHET VE
NEVDT, 2EMERFEIZ X > T mobile K2 AWML ,
FLEDR XA VYA ZXBKEL KD, BIZZN5DHAA
BARKNTH—IZE->TWAZEREEBNICO, S,
Table 11ZRT X512, ZD mobile KTHIRD S THF F
A4 VOKEEIBPEI0~FI100umBETHH Z &L,
ARPICHFET DI I N ODH 4 X 4ELZBLI 0y
A — & —TdH5ERRIBMIZBES LT 5 mETIERIC
BRZEVY, £ 7-mobile K DBEMME & 12, HEMNRE
B k-oTHy, MESBNEZT THrrEREL L TOES)
HEEEALEL TS Z EE2RL TS, XL TEEME
SLER TR B & ol U T mobile B2 D8I £ D I X
NBH, BENERICEL CEROMITIETLTCED,
SFEML L TOFEEMEIIET L 03, Zhidmikic
& o THEEBNHBE L TS LRI, MEERESY 5 <
Dz, BMAERT 2B TORKRISHEIZ X 5 HERE
R R R R B EE RIS A3 ERF ST LT b Z
LERLTWS, GRESD, TOHBROBREOMET,
ZOREEHSGBRRERICRNIIRELBEFN > THs &3
EZIZ{WZ &, 2R MBED LIRS H3Rk 4 25 UL A
RZBIFEIEIEVRETREWI L, UEEELRHFY
BBV ed, KEEAOUMFO LS ITHARMNIZEEL

81 I



. 52

§% & $RVol. 86 (2000) No. 2

mobile component rate (%)

—~
a.
=

w
[

w
<

[
o

]
(=]

—
o

10

® Witbank
L L L

+ WIT slow-heat |
+ WIT rapid-heat |

gt

e
;f\ N \‘,0“!
1 1 1
5 10 15

1

AN

0

20 25 30 35
COAL SIZE(l step=0. 1mm)

T2 (microsec)

350

T2long component

® Witbank
<+ WIT slow-heat
* WIT rapid-heat

0 5 10 15 20 25 30 35
COAL SIZE (1 step=0.lmm)

T2 (microsec)

'
(=)

T2short component I

® ¥itbank
*+ WIT slow-heat
* ¥IT rapid-heat

0 5 10 15 20 25 30 35
COAL SIZE (1step=0. 1mm)

Fig. 4. The NMR 2D images of (a); raw coal, (b); rapid

heated coal and (c); slow heated coal obatined by
Singel-Point Imaging, (d); the distribution of mo-
bile component about coal diameter, (e); the distri-
bution of 7, long component about coal diameter,
(f):the distribution of 7, short component along
coal diameter.
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Table 1. Integrated values and averaged size about mobile
component from NMR images.

Coal integrated intensity ( %) averaged size ( ym)
raw coal 17.1 55
rapid heated coal 209 78
slow heated coal 18.4 51

Fig. 5. The developed high temperature imaging probe.
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Fig. 6. In-situ NMR images of Goonyella coal at various
temperatures. (a) 25°C, (b) 300°C, (c) 350°C, (d)
375°C, (e) 400°C, (f) 425°C, (g) 450°C, (h) 475°C.
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heated coal.
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Fig. 8. In-situ NMR images of three coals; (a) raw coal,
(b) rapid heated coal and (c) slow heated coal at the
maximum mobility temperature, 400°C.
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