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The Structural Analysis of the Rapid Heating Treated Coal Using Solid State NMR Methods

Koji SAITO, Moriaki HATAKEYAMA, Makoto MATSUURA, Kenji KaTo and ZTkuo KoMaki

Synopsis : A new carbonization process with high temperature preheating has been studied. A mechanism which improve the coking property was ex-
amined with coal properties by Solid State NMR and NMR imaging methods. It has been clarified that the molecular structure of coal has
been relaxed by the rapid heating treatment and addition there is a close relation in hydrogen bond and relaxation of molecular structure of
coal. Furthermore, the specimen of coal show the increase of mobile component by the rapid heat treatment using NMR micro imaging.
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Table 1. Integrated >C NMR intensitiies on coals.

Integrated intensity

Coal Technique

sp2 sp3  Derlin
no treatment CP/MAS 328 247 10
Dipolar-Dephaseing 385 217 10
DD/MAS 27.1  19.6 10
slow heating CP/MAS 30.8 240 10
Dipolar-Dephaseing 35.1 2511 10
DD/MAS 252 201 10
rapid heating CP/MAS 319 239 10
Dipolar-Dephaseing 384 213 10
DD/MAS 269 194 10

400 BNIZ (HER DS EEY 7 F AR L -, $BHEER O M
Mrid, BRI 2D DOFEEEIRE L T, double-ex-
ponential # — 77 4 v T4 VI THEREL 7=,

NMR~¥A4 2704 4=y rOfilEis, HAREBETHHa
4008 NEHzv 4 v af A - v yazy bEMNFELE
PE T 400.05MHz TIT » 72, S5Smm® NMRFURE H O H
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HWREIZERT, LAY =7 Y 2AF2RTTAE Yy 22—k
T, BlELRARX E YFEmIZHL TS512X5120 57 — & 4
A2, FERSBEZHNIoum, ZAHEIZHL TIEH
100um Tdh » 7z, mEfbEh-FaBESRMFE, T2
BEME113300 psec, #0E LIKEREIZ0.5sec & L7z,
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Fig. 1. '3C DD/MAS spectrum of Witbank coal (no treatment).

Table 2. Integrated CRAMPS intensities on coals.

Coal Peak (ppm)
1-1.8 2.0-2.5 3.545 68-7.2 83-9.0 10.5-12.0
no treatment  95.9 44.6 64.4 100 194 13.6
slow heating 89.9 39.5 62.5 100 19.9 11.5
rapid hetaing 95.0 452 63.9 100 229 7.7

relative concentration (%)

BMBORIROVTIIVT DO HETE 20BN % E
MRICHERETHI LT THLZ L br 572, {HL
EEMOD #EHR* TS5 ETIE, i) DD/MASHES —
BEMTHBEEILIOND,
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BCHIIMLEY 7 MENHE KL TAL, L OFE
Bl EG5 A 52, ARVABOBE, FHEBRN & RN
LOBTSP,REDRKFDB DD LD 570, AROHBHTHE
B KBEECKBGEAERE L EOFMEN TE 2 WIFANS
W, Z ZTCRAMPSEIZ T, ZHh & DOURIND E BT %
To?o FTORES Table 212, £-HEL - 3EEHORAK
DANY MU %Fig 212, BESBEL /R L IR
K

10.5 ppm DFHUI 2 THAKFEFEAHROBEN TIZ A2
LIZEBLAL TE s h0nd, S »IIKkEEAHHEK
DU 2R MBIV R T3, ZOHEBLAMET L, i
83ppm A DHEMLL ML TWB I Eabhrb, XL
TR & BUR MBI % 8§ 2FR 013, fhomEmMEizid
HEDEDL, DFDREFRIIEL-T, KESLES
YT X M- ATREME AR LT 5, & - {EINBVLEE R T
RGBSR 2 ORI DA wEEI &, Z OfdEm[NIT PC
DFERE—HL TS,

oD,
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Fig. 2. CRAMPS spectra of coals (a): no treatment (b):
slow heating (c): rapid heating and (d): deconvolut-
ed contributions for the case of rapid heating.
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AR TH B, FONTHERE Table 3128 T, FEAED
FERE AN B R GRS MBI R §5 & OV RuEIMBUILER iR & JBUK
LOBICEHELESR OIS, Zhid, KERARF IR
BRI S, ARSI IEME X - JEEER -
Tk, RICENHEE L TWEWAREKRLT, K&k
TV RULTOR R ZELEZ T 720D LEEL LN
3, & U CIGEMBULEE R & Sus BB IR ORI IZZEN
HHHBELHD, ThOAREBEOELBHATX IR T4
R L CWB EHEEE NS, BlAIE, T, TRRBEMEL
BROAPMIZIERTHLULEL L-TED, ZHIECPT
DR L BEsE» 5 F 2 i, Bk c-HE
P iFET5LEA0h 5, £oT, T, OEMIER
B FEMOZIZEEL T3, % 7= REROKHEM
BEENZ B W, T,C TIEMELEE I Z & D ABRA IR D HEREFI
B2 > T g, EHISTC, TIRINELEIZ X ©
B CHENER S EL B> TWB, Thid, mEEIC
Ko THTFEROEHUEPMLEL THWHZLERLTE
D, FOMEENTEEMBAEO T A KE N, X 5IZKEM
DHEEFEERIBELTY, 2P T H, T H,TEEUHEIZX
D FFENEEB L o T A EBI S 5, FERIZBERE

Table 3. Relaxation Prameters derived for coals

7,C T,C, T.) TH TH,

Coal (sec) (%)" (ms) (%) (ms) (sec) (%) (ms) (%)

no treatment

sp2
slow component 2.44 57 191 68 0.25 0.67 14 12 67
fast component 1.51 43 90 32 0.066 86 3.1 33
sp3
slow component 0.98 55 29.5 64 0.09 038 25 9 68
fast component 0.14 45 13.1 36 0.055 75 34 32
slow heating
sp2
slow component 1.95 47 165 47 025 061 13 5 70
fast component 132 53 72 53 0.061 87 2.8 30
sp3
slow component 0.45 42 244 41 0.09 029 20 3 70
fast component 0.09 58 8.7 59 0.047 80 29 30
rapid heating
sp2
slow component 1.85 40 94 35 035 034 15 9 71
fast component 1.08 60 47 65 0.050 85 25 29
sp3
slow component 0.27 38 20.5 38 0.13 029 23 8 72
fast component 0.07 62 6.1 62 0.047 77 2.1 28

WZ D, ESRMBVILER R TIIHB R & 5 B KO HikE HlRE
MDA THTIHEE R L TCWBBENRONS., Zhid,
R B DKREROBEAEED Z ¥ EEH KB 5 2 & 20
ALUEICE I, SR FEROREN 45| D
L, 3203 FRAL VOFERENENLZEZELS
hd, INh6id, DTy, SURMBVLHR TIZRmL
EELERBLART S, WL O ORSEHIER T, 2EM
BB TOENEIZIAD Z BT,
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MBI L D & KE W I &h 6, BoEMELEIZ K - T,
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3.5 NMR~Y A /704 X —T 2 JkICLBRE
NMRVA 704 A=V FHEIEIRER LI ERTH S
NMRER A= FHBRICEBRTIED0THD, AROKD
BAY— R OBITIZIERE AN TH 5. FRZHERD AR
7 bLETIE, GREOTFHBERL »BHL THW0WoT,

() /J\
——*Aw—,/y/ \ e
T T T T T Rl
100 50 0 -50

-100 -150

(b)

WWM’ iz,
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Fig. 3. 'H wideline NMR spctra of coals (a): no treatment
(b): slow heating (c): rapid heating.

Table 4. Integrated 'H wide-line NMR on coals.

Coal Mobile (%) Immobile (%)*
no treatment 45.6 100
slow heating 54.4 100
rapid heating 70.1 100

a: relative value (%) b: average value

a: relative value (%)
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Fig. 4. The NMR microimages of coals (a): no treatment without pyridine-d; (b): no treatment with pyridine-d; (c): slow heating

with pyridine-d, (d): rapid heating with pyridine-ds.
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