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R EE IR B H IS B = Y
5455 NMR #3538
HEY FTWz HE#HE*

(PHABEREBRNYERALARESFF2 FYERARARELRE)

REE x| 18 X
(5 R P22 B MR A28 B8 907 47 BLAR 0% FF HCBF 52 KR8

RBE ATMETERASHBEESESE NMR iR ('HCRAMPS—T,, Ty “C CPMAS—
—T, Tpp)s MEEZHPSARRER LA TREBE A YO 2S T TR, AFKERR
BRREEEBRER T RRERARLTESSS, BSENAERMIERE,

X@iE  RRER ESERLE ERHE

—EERN MER P 9% BERR RRMDL s

Tuf

3

B k& o AF NMR SR EHFRERT YRR KE T FBE (Axelson, 1985, Solum,
1989). EFRAMERAENFTPEEN TIECHENRE, FlUARETHEEBENE (HEHE
%, 1985 MEIEES, 1988, BAFE E%. 1988). MUEBEEARTY (REFE, 1988)
DR E S SERIE A (BRE RS, 1988) M TfE, LB af LU T B
MAESPIEEHTRKE. BERKRNELNBRNRT (H) BRATEMEE R EESR
MAS H#HER, B, EFRASSEEAREE FEME'H 0 8 M8 EaE T,
(Wind, etal. 1989), AMXHEESIFUESPEFHTFHN T, HFAEEKI¥E—5FE
AP E T MBATE, 'H &R SR AR LS < 'H CRAMPS (Combined
rotational and multiple pulse spectroscopy) > £ K] LK BRI #0538 4 7] 5 BE Y
% (Gerstein. et.al, 1985; Bronnimconn et.al. 1988), f# 18 A {i]A] Ak 4 51 4 & X P &4 fi
FHIMBAIT R, HEZSBMNEWHAKER., A30G2H'HCRAMPS HAMKE ZzEE =4
ek B R H PR BIE R = #17 THI3T. 2308 T HFEHIEEN H KRB BEEE T,
R'H FE# @R LA H Th. H454''C CPMAS (Cross polarization and magic angle
spinning) TOSS i%""C RHER EHEHR. HIRREIER BRI BEYUES T 78,

L AFRARABEES B RHMA.
2 @GR A
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—. HamRER

L6
REBEXRTZELN,. 2 —AFRRERYUNE, LR -MBIFeEsiH. BRAK
Bif, PERERFSETENT. FRMPESEEH TAEHEREEAN, AGHEHEBT&IER
BB 100 DB, BBERFBRETSEE, BEBRRKYNARET NMR BIR. =X
iR, SRETHMN ESREERTEINBEII TR 1 (REES, 1988).
%1 ZWRZENEHARKSN T MNREIE

Table 1 Anlytical results of Yunan sphugnum brown coal and its solid
state thirmo—simulated products
[ S N 3
#o® 2R: P 2.3} 3 H./C 0/C f (C—Cy) P
BE (T) Ng (10%g™") JRFi) (FFH) ml/g (Corg) (C~C)) - o
R 0.10 1.38 0.148
200 0.37 1.34 0.14] 0.62 18.30
250 0.73 1.18 0.122 4.44 15.28
300 3.18 1.07 0.122 27.56 34.69
350 4.18 0.80 ' 0.126 70.36 58.80
400 6.28 0.56 0.148 252.67 62.34
450 9.08 0.53 . 0.13 385.36 32.96
500 6.29 0.43 0.12 427.09 - 11.80
2. RERHE

NMR LK 7E Bruker MSL——400NMR #4% t 58 &%, mim% H,=9.4 Tesla, #H¥
#'H 5'°C R385 515 400.13MH,, 1 100.63MH,.

1.'"H CRAMPS LR B MREY—S8 £ kb ¥ % (Cerstein et.al, 1985), 'H90C Bk b
WHE 1.95us, MREY—8 fEA B 48us, HAMINRERK, LHQW, HREFER
43KH,, ERIER 2s, RN 2K, BFEREE 512 48, ZRFFH 2048 SBtiT(TRAHKR,. ME
H 8 T, RER AR FIIRRE A% (1986), {L¥MBL TKS (W (ZFH) B
BEAZ) AAR¥E 0.27ppm.

2.°C CPMAS %8 # K fl TOSS Bk #/53) (Bronniman etal, 1988) I BR 558& ¥543 BT
FEERRER AW, HRHEE KH, X4, FTEE%% SOKH,, CP HEiAtE ims, EEE
B 1s. BT 94 Tesla BT, 4KH, HER, TOSS i¥FHESBEMMIEREFSERER
£¥W/, #RE"PC CPMAS TOSS #IKBMPC HEE f, “ELH. RINRAMES"CCP
£y (WRKB%S, 191) MBKMNFEE {,, Ti"C CPMAS TOSS ﬁ%f’ﬂ*m@mu
13C ﬂl"‘?ﬁﬁl«}/\ﬁ’g% (HMB) ¥4 (16.9ppm) NE%.



. gR5ie

1. EREBEBEMENIBEEEGERN H CRAMPS i#

ATER L WRENT > HIEW'H (0—6ppm) FIF%EF'H (6—18ppm) MERT>. FH
£k (BHEAER. 1991) MEER'HFEE (Ha), HER2THE 2, 21K 3£t
'H CRAMPS R & %M 1569 & IR KRR G M A IE— R i i&atE T, K C
CPMAS i fd]4#i: (Sullivan et al. 198") BRINAY 300C F1 350C AFATIRFR M T, $iE. «
475 T 'H CRAMPS (5] & (B# i o,

J /’,
. /' /
)
104
J it
ppm ‘110—‘_‘__‘_‘—{) ' 1o 200 300 100 o0 ¢
1R B EE AL S AR R M A L O H
CRAMPS %
Fig. 1 'H CRAMPS spectra of Yunan B2 B AR BRI S 90 I 13 [A (R F aR Y
sphugnum brown wvoal and 1ts solid  state 'H % %% (Ha)
thermo—  simulated products at various Fig. R ¢ aromalicity  versus the
temperatures. The plotting sequence was from the thermo~ simulating temperature for the sphugnum
bottom with fow simutating temperature to the top brown coal and its solid state thermo— simulated

with high simulating temperature. products.
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KRFAMHT REBS FEANEESE, MEMSF, T BE>FEHBET, W
WAL T T, BENS FiEsh 88, R, 'H2ZRRAEEREEENTREEREHE5
MHMEES R, B'HEMAEY SRR H A SR AL ERNERm SN, 'H i
O S8 SR 55 T HL 22 FT A AR HE L A4 T o 4R 2 A eV B0

%2 ZRRXEREIAREGTY H B BERSEEMETE T,

Table 2 'H spin— cattice relaxation time T,of Yunan sphugnum brown coal and its solid state

thermo—simulated products

o HHEF & F
' BERE A bR
(C) T, (ms) T, (ms)
W2 STD W% STD
L EY 10.6 0.03 43K 0.02
200 £1.2 0.03 a2 | 0.04
250 11.6 0.04 230 01
300 50.1 0.03 ’ 70.0 | 0.02
350 477 0.01 RN ! 00l
’ (0.76)
36
11).24)
400 399 0.01
450 43.7 0.01
500 41.8 0.01

VT A TR RIS, FE S P SO LRI WOR 5 R A AL

%3 B1"CCPMAS EERMYZAHKSN'H HIERHBRETE T,
Table 3 'H spin—latlice relaxation time T,by '*C CPMS for Yunan sphagnum brown coal and i1~

solid state thermo—simulated products

3 N T
. % o 18 30.5 h 30| il 162
STD STD T STD
" T (ms) L T STD
B g °

b3

ppm ppm ppm ppm

|

300 61.9 | 002 758 | 0.01 s43 | 003
150 556 | 0.06 5001 | 002 | 474 | 007
STD Znfl S HFEME
HEERGRITUESN:

(1) REHBEE<250CH, Ha ZBHAK (B 1, B 2): 'HIESMEK LK
(Thp) WF'HENAK, MIEEFHERE LFAmEEN, HY2 KK (R4 50
W, FRFET EFAL, BRTT ERELRE A ERA TR 4 250CH " HRHE
iR (R2), XATRERM T 250CH, FEAUEHMMKHEFRE (CH,) i ERIMER)
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SRR EETRY CH, &, FEshm Nl & FietE T, 28 HisHE T EHk
F AR A H B,

(2) HPBHGREE R 300CH, FHEBFMIEHR T T, L 250CH#mBL, HELH
—HBRER, BT, GFET) <T, BBRET) (XR2). ZRAERHBTER-HETREN
HAEELEBEMEBRERALER, RPEY AT BUER T ENBRTaMES; mHEX
BWERTFREZAMNBEEEREBIE FOELERNKERENEES KBS IER LB K
F, EF'HARVHREAZUMBEBREEN. B'H Top Ig M55 WK (36.9us.
546.0us) MIMBEL, HHEFE—ERBHBSE (X4), BFENBRSES FEALET
oy F =B LRGP ILE, aTRPEVRTFSBREES FPRFEOAE -—CBENA
BT, XFRTEUER A CUAERR T S FRIMEE 2 FHRMIRRR F O RMEIERT R 2 et iR
EHEIFZEH] (Bl 300CASm F{NE R g%, HFEG T, L 250CHI KGE. B Y
GH Thp SHEECFIE KRB (S46us) SHASBHMY, HARSES TEA LIS
BHE, @8 HENERAEAERBEEZNS; AR, UTRE SRS FERTPRRET
Wb FRZZEs T, FAEERRTERRRE, BHfR4a8MnAHER Gous).

#£4 'H CRAMPS GHEBEHAXBRER
Table 4 'H ( CRAMPS) homo— nuclear dipolar dephasing decay constant Tppof Yunan

sphugnum brown coal and its solid state thermo—simulated products

EETF TR, BEE F TR,
e - . .
2 it fa) & P il ALE v Ee
RE (T) STD STD
oA 3 L (us) j VR ¥ HE ()
T H G 276 T 0.02 16.0 0.01
L
200 G 26.6 0.02 20.0 0.01
L
250 G 274 0.02 220 002
L
300 G 278 0.03 36.0 0.01
'L
0.84)
546.0
L
(0.16)
350 G 224 0.02 36.0 0.01
s 'L
(0.78)
217240
L
(0.22)
400 G 220 0.03
450 G 220 0.03
500 G 220 0.03

DHRISKER, B PHE RS RS REB S, G=Ge ' . L=Le;’

o T

(3) HBBURS 350CH, MEWALERE, KEEPIH 8 Thy 5 T, HERNKS
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B B) BAORUIS G 1R 300 REHIELER, 350°C B8 434 £ 1B ) B BORBE N (o
21, 000us) ELET5E9 BT 300C B H) 16% KFHBI 22%, 'H 8 T, @3t B8 et i) %
BoHix 300C B AR IS0 T, ARANM, HMEAKENRSES FER, ERMBER
H—80 RS SEES T REHWTHILE, TRRES MRTHEERERT Wi, X
MR RERPER, M TA FHRAS FEsh ANUABOTH T hE s Fi0'H [
BRBREER, HAMMNRT MBS FS5KES FREEH FEEREEERES RS
BORBEHRR IR IR M 225, BT 350C AR ¥ AR BGE K.

450

350

350

250

300

250

I

s

1.2
o 200
o L &
B3 RREEM R ARSI RT18 E A 5 e W
3C CPMAS TOSS i# ' P
Fig. 3 ">C CPMAS ‘TOSS spectra for the B4 JRBER R ABHKR RS E RS
sphugnum brown coal and its solid state 3¢ CPMAS TOSS #% 5 9 B B 3543 B9 O %
thermo—simulated products. The plotting seguence Fig. 4 The expanded spectrum of Fgure 3

is the same as that in Figure 1. for the aliphatic portion.
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350C HE &L iE L °C CPMAS 1% (] 8 0 & 5 /9 A I 5 7 19 5t B ) 14 th 2 B R U4 Bt
(%£3). HEWBESHEYTF Bppm WHAXMEHEF. d°C ERHEMNEBANKRTFT, 5
\H CRAMPS BB K. A3 T1C XREENH 1.1%, EMAEER, ZrEN
BIEHHERT,
WA, HEBEBURBET 300CH, SR EREHEBIEBELRLRE; 350C L L
TR XRHPRBEST 350CH 5 BHEESRBEAR T, #4835 K Fiashss @ arH
sehn, BIWH FRERAEEAEE. RMSEFEGR—-KRTEH, FEgHEEER
K. REMEPMBEIE, AR TAEEA, H'HAERELERNERIFAEE, B
T A% < ML (] 3 S007E 350°C B A /N BRAEK .
(4) HERUEIE 400C KL EAF, '"H CRAMPS A FEFR FEWMP, L8
Wi A RBR IERGERITH, XWANER | PHAEKERPEY. FHETT M
BREE A SRR PR, XAt T H hERES ML R R, 400C L LA,
H @R EZHATEHEAENNER REE TR, HRRFS5SETFEARIEMLHER. %
Mg S BRREAY R, BETY PR FNOBIERFRESHAAREL, ehZHGEE
FORAH FRESORE AR AN S SR FREN AR, bk L'H Rk AR
THRERE'H HESEME T, —HERNRAENERIRVNAESE.
2. RESEBRHAFEMRILREE KW C CPMAS TOSS #
wLTE 3, M4 23 RIgRTES
MREEARE., B8HE5"C CP iy
i KEBMOC S, FERBRIRE i 2
THES HEE2 58S BRI Y
Ha “HEMLIK., RRARE HEHE
WEHY (300—400C ) B Ha REF B ¥,
EEBENERS TS -IREFS 13
TR FHRE. Hi Ha B R BBGERUE

_ EHRHREN S
o ""C CPMAS TOSS 5 & ik £ %
e KW TOSS M i 88 (Raleigh et
al. 1987). B TOSS K3 &5 — n Bk
PRETRT AT PRI B R A 88, CCigb R
ia] fk o (37 ¥ X J) B 317/ U C 0 BB 1B R
LAAEE B R AR, 18 BIER G ET S I

o - o w e F5lT& S, HE 4 F LIRS LR E

s e sEE s AL R R 1B B KRR 5 (CH.) BB i N, HP.Oon
fCHEEE (Fa) # o %i T 30.5ppm 45 33.0ppm. HE 5

Fig. 3 PC  aromaticity versus the e R LB RLE EA 200,
thermo— simulating temperature for the 250. 300C WE &Y, 'C REERE
sphugnum brown coal and its solid state FA 3L B 15 5 9 B Bl 2 AH B 6] i) T 03 Hh B

thermo—simulated products. AIE%, Wik Tor H Ths o1 50 2 58 T ML PR
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WIENE: WREN BRI E A B4 B NMR B 5T

HH

1 TH GB 51 0 407 M A R R e M ok £
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gy 20=0 e, TT=T R
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SERBO R OERER,. TR Ty (30.5ppm) >Tpe (33.0ppm), K& Tp, (30.5ppm)
>Tp, (33.0ppm). WHARXHAATHE (H) o FE3fFEER, 30.5ppm #) CH, i T
SFEzR, C—H ZRNMEBRHEERSEARBESMEREBERKNERER S, @
33.0ppm AT HEB D FEHHTEE, C—H ERMHAEEAREERERENTERY
£

RED FashERNE —ARFELC H—RHBBERENET,, £6FHTHCCP
MAS TOSS 77#: (Sullivan et al, 1982) IFKGHMBEBIRE 5350 200, 250, 300C A&
EYECT, BiE., BA T HERIER, BHREAGMBEMTSHAE T, (30.5ppm) <T,
(33.0ppm), SBERERS BT & HH] 30.5ppm ¥ KT 33.0mmp ¥, UEBH 33.0ppm K H A4
Fiz a1, i 30.5ppm AT g5 Fizzhiith, X—ERE C—HREEMTRER
—¥,

%o “CHERKMBRETE T,

Table 6 UC spin—lattice relaxation time T,of Yunan sphugnum brown coal and its solid state

thermo—simulated products
Hw 30.5ppm 33.0ppm 126.0ppm
BE (C) | Ty () | Ty (5) STD | T, () | T, (s) STD [T, () |T.(s) | STD
0.215 1.823 0.272 2.218 0.083 1.571
200 0.02 0.02 0.06
(0.72) (0.28) (0.54) (0.46) (0.72) (0.28)
0.208 1.47 0.222 1.64 0.1 1.56
250 . u..3 0.02 0.07
(0.85) (0.15) J 10.60) (0.40) (0.60) 10.40)
|
-
0.255 1.549 0.274 1.95 0.191 2.52
300 002 \ 0.02 0.02
(0.8) (0.20) l 00 | 030! 0.27) | (0.73)

T AES B R H Y B B o B

#x7 VCHEHBH
Table 7  Structural distribution of '*C NMR for Yunan sphugnum brown coal and its solid state

thermo—simulated products

g

CH. CH., OCR C—Ar C'H, C™H,
B C*H,+CH,
. (0—=Sppm) {25—40ppm) |(40—90ppm) >90ppm 30.5ppm 33.0ppm
(C)
[ £ 0.10 0.36 0.19 0.35 0.11 - 025 0.21
200 0.08 0.34 0.18 0.40 0.13 0.21 0.21
250 *0.09 0.29 0.14 0.50 0.21 0.08 030
300 L 0.08 0.20 0.11 0.61 0.15 0.05 0.23

i£: OCREZFHEEEEK C—Ar ZR5EK

P 3 #5°C CPMAS TOSS 4 {625 3 5 X [ 48 # B AL 408153 W0 5T 2K 18 00 45 BEBARK 15
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LEEMEAFIFER 7, WH/LHCHE (CP) #EitH M, HMAETKRIE CPMAS.
TOSS & BM f, HiIRE. M C H+CH, —RFmLIFEH, HRMEE 250C 8T & HHikk
K, WFE 1 FELRIEH 250CHERZRL, A RBREREXERREZY, RLHEEE
EARBRKHETHE (CH,) . AdSFEsi@nas FasithMEiedR. 7 250C a4
FizshREOB S EFRK, BTEHEARST - IMAERRE, ARV BHRRESR -
B&Ri'H. T, 7£ 250°C i B — /M. '

% i’

1A N B THERA RBERMN'H CRAMPS HHi R, XFJ85 84 & H P 401 (5 k=
YHTTEREEHR, KEBTHEAERARSTHMNHE, ATAIHNMETHHEFSERT
B e G IR AT 1] T, BT DR (B AR £ AR ] B . SRR CITR R AR LR
RAES R, |

QWKEBEMERBEZE (. TR) ZVIERRRKBETFRE (CH,) HFE—1
HaFE8Ea FasitRiEedR, SRMEEAD 250CH, XFHHEAXIRAR. B
BESkSE EFHB] 300C B E A BARTE, FENASEY ERHEAERS T8 L RERPY
LB, #WIRE 350CH, BMERKE™H, FHAIBESS B> HWTRENARE. 5
—WoMERE—EERIFENME, MARRENHE—-FAE (350400CHRER), &R
R RS TERPHERFEESREAR A, FAEHTREREHANERPHITH,
e RER’— LB, H—-BrREEEFGH, —FAMBCASE. 400T B =R SR
EAEH,

3RFHEFE Ha, BB FE §, MABBREMST EmMMARETHHMU EIN0NRE
B BT 300C —400C SRR RAZMAN Y, A% Ha B H f, EREMN KBRS R
B R,

_ 3 * X
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Study of High Resolution NMR of Yunan Sphugnum Brown Coal
and Its Solid State Thermo—Simulated Products

Hu Jianzhi Li Liyen Ye Caohui
(Laboratorg of Magnetic Resonance and Atomic and Molecular Physics, Wahan Institute of Physics,

Chinese Academy of Sciences)

Chen Deyu Liu Dehan

(Geochemistry Guangzhou Brounch of Institute of Geochemistry. Chinese Academy of Sciences)

Abstract
The chemical structure of Yunan sphugnum brown coal and its solid state thermo—simulated products at -
various temperatures were investigated by the newest developed solid state high resdution NMR techniques
(i.e.. 'H CRAMPS Spectrum, 'H spin—Lattice relaxation time T and 'H homo-nuclear dipolar dephasing
decay constant Tpp;  '*C CPMAS spectrum,  'C spin—lattice relaxation time T,. and "'C hetero~nuclear
depolar dephasing decay constant Tp) . The results clearly reveal the mechanism of generation and expul-
sion of gaseous and liquid hydrocarbons during the thermo—simulating process of Yunan sphugnum Brown

coal.



