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Abstract

Based on the deformation experiment of 20 different rank coal samples (R, max=0. 77 % ~
4.26%) of 5 groups under high temperature and confining pressure, 32 tectonic coal samples
(Romax = 1. 96 %~ 10. 58%) collected from Xinglong of Hebei Province, West of Beijing,
Xuzhou of Jiangsu Province, Lianyuan of Hunan Province and Tianhushan of Fujian Province
where the coalfield detachment and magmatic activity were very strong, and 9 coal samples
from gas coal to anthracite (Ro.mx=0.87% ~6. 23%) of normal coalification are selected.
Analysis of deformation of microstructure, super-microstructure, optical fabric of vitrinite re-
flectance, X-ray diffraction(XRD), electron paramagnetic resonance (EPR) and nuclear mag-
netic resonance (NMR) are used to study different series of coals systematically. The evolution
mechanism of coal microstructures and their influence factors in different environments and ac-
tions of stress is inquired in depth. The [;rofoundly influence of evolution of coal chemical
structure onto vitrinite reflectance has been revealed.

The research results show that influence factors of coal deformation mainly are tempera-
ture, confining pressure, stress and strain and physical and chemical characteristics of coal it-
self. But action of each factor is not the same under different conditions. There are different
evolutions of structural ordering in different rank coals under different conditions of tempera-
ture and confining pressure and action of differential stress. Through increase of ordering do-
main is slow in lower rank coals, extension degree increases quickly and orientation enhances
obviously with increase of temperature and confining pressure. When coal ranks are higher,
the basis structural units are more concentrated and the ordering develop very quickly; and not
only emerge vermiform basis structural units, but orientation is also more obviously. Not only
intensity and rate of stress action effect strain rate of coal very much, but the strain rate pro-
duces deep impact to evolution of coal structural parameters, especially to extension and stack-
ing degrees (L, and L.). Lower strain rate is beneficial for increase of both L. and L,. It has
been expounded that though temperature and confining pressure are important influence factors
of coalification, directional pressure (or tectonic stress) is more important element to increase
ordering domain of coal structure and orientation of coal molecules through the research on
chemical structure, microstructure and super-microstructure of deformed coals.

The research results also indicate that all kinds of parameters of coal samples of different
series, which display coal chemical structures, have a characteristic of stage, wavy and jumpy
evolution. There are sudden change and abrupt turn of coal structural evolution at R, mx =
2%, 4%, 6% and 8%. Particularly after Ro m.x=6%, main parameters of XRD, EPR and
NMR all occur sudden change consistently, which show that ordering domain of basis struc-

tural units and number of average aromatic rings in a cluster increase very quickly. It marks




the turn of evolution mechanism of coal structure, namely, action of ring condensation de-
creases gradually and making-up takes an important position. There exists a very similar evolu-
tion law of chemical structural parameters of coals between samples of high temperature and
confining pressure experiment, samples of tectonic coal and samples of normal coalification
coal. It fully illustrated that stress action in different deformation conditions may not only raise
vitrinite reflectance of coal, but coal chemical structures may also appear evolution of regularity
with increase of Ry, mx. Therefore, the vitrinite reflectance equally is a deep reflection of chemi-
cal microstructure of deformed coal in physical character. The vitrinite reflectance really
recorded features of stress action, stress intensity, strain environment, strain rate and so on in
history of structural deformation. It is an important indicator of palaeo-structural stress and

strain environment and an important sign that may be used in research on coalfield structure.



g
ik

*f*
8

B W

i
o

|

¥

|l

\\\ﬂ#HElHUl-#ﬁ

|

oy

= I N Y

B}ﬁﬂﬁﬂﬁ&&@i%rjﬁ T T T T P P T TP PPN

R HAR -
#E%i%ﬂﬁ

;3}3;E;g;ﬁ§;.......................................................... terrererenerentreiaans
BT PRI +osvesernneraensaesssssnserosennsssnans snasassssans sossnnaonssnans sesaes sassus ane see

R R B TE AT TS TELG v eevvesoseeereesseease venesansessase e srnsrnsns ene aosnsses nasare ves
LI J7 B srveeereere sersre st onsnessnssi ot bonsbees sebbes saraee e ebeass st ses sanaes sre bes
LIS BB ervserereremestesaneeestesnane sas serase steseanea e sranes e nbe besann e senere s
S PO
#&w%%&;%mMmmm“.m.m".

-S4 S8
?%%#%ﬁ#

W H— f‘}[ﬁj}@%ﬁﬁﬁﬁgmgi
BH— R B AAE - Feeenraee i ses e s s s e as e saE s s ae sesres

YHEF oo

=E Eﬁﬁﬂiﬁiﬁmﬁ

£

#
[l

(A IR

%ﬂﬁ ﬁﬁ}ﬁﬁ&ﬁgﬁﬁﬁm B T T T T T PP R

*

-

T

-

P

BHMAEEHE -

Em%&?%ﬁ#%iﬁi%%ﬁ

ﬁﬁﬁ%ﬁ%l%%&
BB MEEmE -

%mgg;%%#%ﬂiﬁgﬁﬁﬁ%ﬁ.mmmmwmwmm"mm"

WKW BEREHNEE -

HE .
W N N ke e

X NN NN =N ;oo

.. 11
11
12

e 16
e 16
. 17
s 20
s 95
25

31
31



8
HH
¥

|

L
-
ok

|

R

#

|l

i

(1l

- AR R R T - A

B W

B ®
ol

(I = -2 = R

[ 11

Vol b

.
[a\]
.

|

B F I E R AR creveerenns
R At £ LW RE -

iR E L BB S H M RFIE -

L&k

ﬁmrgmﬁﬂA"m”m.nmmmmmmmmm”“m”mm.

B REE A - e

ﬁﬁﬁﬁﬁ$ﬁﬁ@ﬁﬁﬁmﬁﬁ¢%ﬁm.mmmmmmmmmm“

HAEEAXERAME - e

f,%}H ﬁﬂlﬁz#ﬁﬁﬂﬁ%%(ﬂ@ﬁ@—)

FEIRR X BHERGTETGERARUTRIL oo ovvvvrvrrmme et
FE YRR SEIE FEE eeeeerrornnrnnme et ssssnr e e e

BEEBYBEFR coreerorrmrnrme s e e s e s e e e tee
FE B FE crerereeemernr e e et e s s et s e e e
AT AR B EE R TR ALIRAE eeeevrvervnevmmorenoromenieenmiiiotiiieiininn e naecee e
T B BEHTE A+ e eoemoveremsnn st e et e s s s
BT E LI A BB AL eeer e ren e eenen s s

TR T IR R SRR - :
B PR 3t ﬁﬁﬁﬁﬂ&%ﬁﬁg et e e eae s s s een s

vecace S TR TT R TR TT R YT RYT PN TN 34
eeee 58

AARE -

BHitE - texteme sasasessnsrn rrots soe senearaT are Ee BYS aa Sra areaen et den br

&mﬂ%ﬂgﬁﬁ&.mmmwmmwmwmmmmmmwmmwm“
AETUMEHG EPR B BB LA coveovverovemrevssemsuss sosunnsenrennsstennssessussna s
B EPR 5 3K B AL AEAE rereensesesesanenscssnsnnsssienastnsnnanssnssnecnns
BB E L B EPR 5 A B AL AEAE e eoeeereneen s e s e e

B HE B FRATAREAE <evoreoereereeerssnssmnsan i ettt st
BEHE FE R veveeereoneereeseneresn et te et i ebae et e et e et et s e

%#ﬁ@"mnmmmmmmmmmmm
oM EFENERT L -

,}Eﬂ:jmmlsc NMR i ;ﬁmﬂ:ﬂ@:ﬁﬁﬁ S TR T R TTE T

EHNE 5 e RE -

%}ﬁ%;ﬁgﬁ%aﬁé@fiﬁ‘ e T LR LT T TR

cees 31
ecese 33
- 33
- 33
- 33
-+ 35
) 37
e 37

39

43

-+ 45

45
45

sesse A5

45
47

< 47

51

s 57

58

59
59
59
63

68

o 70
e 70

70

e 70
<« 70
w 71

72

74



8
=

e b

ENE

/}E}Bﬁgg%ﬁ]%{& teesesennse

BB B E AL oo

RE TR B B M TR AL BT vev e oo emreeennrenecin e eeee

g Fnitig -

A S ROE Iy

ﬁ%ﬁﬁé%%ﬁ[ﬂ%%w ) ﬁx"l‘]

Y G &gﬂ}f’]ﬂi—é—;ﬁmf‘ﬁ gﬁaj—ﬁ O St
B XRD EM BB IENE Romn B E coeveereeee
%ﬁﬁ%’&é‘v EPR M BB ENE Ry i BRI £ cevererrereeoreanioressiaiesenns

e R ) BRI AR R 0 B AL -
Reo.m fﬁﬁﬁﬂkﬁﬂ%i%%#{z—

LR H XRD.EPR fu NMR # #’J%&i@ﬂﬁ/}i%ﬁ&ﬁ Mﬁﬁfﬁﬂc

BRI RA S R - veevee oo

- 74
“ 77
.e 77
- 83
- 85



CONTENTS

PREFACE cereteeeetrnttimenieiiieiinieiiiimessinossssssssassscssesassnssseassisssssnsse Wang Guiliang

FOrward eecseesssssssrunceencsetneeecnsresaosecssorsons sneasnssancensesssssssasareronass

Chapter 1 Introduction
1.1 The present research and major problems «ssssseererrerasoccracacens
1.1.1 The present research
1.1.2 The major problems

1. 2 Thlnklng of the research €06 $00 000808 PSR PO ENI PR BN ENI REE AR SO NN ERRIs RSB I RE

1.3 Contents of the research et ese estssises sencteantcsc aat sasase sesses seaases

Chapter 2 Experiment of deformed coals under high temperature and

CONFINING PresSure  «ooerecsereeresneenneansinerenutemteesueasticsoseossiaresueoes

2.1 Experimental method «tsettesesessersesersssiostveoosummsrssensnminnrmsssssisesiasinstonns

2.1.1 Installation of the experiment ==« sssesesssessssssssnenestesnsistienceisienoenne
2.1.2 Samples of the experiment s++ssseeersersscsssmernasnnsisnnnimeseesiessnanas

2.1.3 Making and installing of samples +sssersesreresanesesiscnsntetinienaiesneen

2.1. 4 Experimental SLEPS e ececerecracacositttciierstonasorsenoitstnotasisenenes vesssenee

2.1.5 Selection of experimental conditions
2.2 Characteristics of stress and strain curves and their effecting factors
2.2.1 Characteristics of stress and strain curves rereseesssecess

2.2.2 Effecting factors

Chapter 3 Deformed microstructures and super-microstructures

3.1 Deformed microstructures ssss=sssssessrescssscossoctsscrsessssrcorssscssscroscescasescions

3.1.1 Characteristics of deformed microstructures of experimental

Coal Samples SOOI SRR PNE RPN PRGN R NI PPN PR PRR PRI PIN RIF NER SN RO SNQNOR SONRBO RIS

3.1.2 Characteristics of deformed microstructures of tectonic coals

3.2 Deformed super-microstructures «ssssssssseecseceecconee

3.2.1 Characteristics of deformed super-microstructures of

experimental coal samples ++seesesesnssetiisiiietnn it e e

3.2.2 Characteristics of deformed super-microstructures of tectonic

coals  reeeseerseisneerninanennen

-
[ S

H
N N =N oo, oo

11

- 12

- 16
- 16

- 17

- 20

- 25

- 25

- 27



Chapter 4 Optical fabric of vitrinite reflectance of coal +«+-seseoteeerronianiniacianeecniee

31

4.1 Optical characteristics of vitrinite reflectance of coal <+sseseeesesesareacioneseaniiences 31
4.1.1 Model of optical indicatrix of vitrinite reflectance +++esesesesescssscncncscnne 3]
4.1.2 Genesis of reflectance anisotropic «s«sssssseeresessecesvorscerocsneiaces - 33

4.2 Characteristics of optical fabric of experimental coal samples . - 33
4.2.1 Determination of vitrinite reflectance cesssessesseseecs R R &
4. 2.2 Fitting of ellipsoid of finite strain »+=+rssseemeeseanacransiseronnaraiosacsroniecee 33
4. 2.3 Parameter analysis of strain ellipsoid EXXTRLIRIE . - 35

4.3 Application of optical fabric of vitrinite reflectance in coalfield structures +--=e: 37
4.3.1 Structure of Xinglong double imbricate fan sseseeesenenercoraciiinocciaienen 37
4. 3.2 Peripheral zone (Liguo coal mine) of Xuzhou-Suzhou thrust

SELLICTULE “c 9o ocrveracccorronerrorscsrsssesrssnnersssocessrs sorssnctssresssscsasostrnoe 39
Chapter 5 Structural evolution of X-ray diffraction of deformed coals seee 43

5.1 Selection of samples and method of the experiment ~- 45
5.1.1 Selection of samples +++cessesreesseesissesiriinieniiiiiera e 45
5.1.2 Making of samples  sssersesserasisrenesnniniieniiininieneiteraniaiessnesasninee 45
5.1.3 Conditions of determination see+sesssessesssscctocacrtcratscacssarcnsccscrescrsns 45

5.2 Characteristics of structural parameters of XRID «s=ereereererercianiencicencciinncniese 45

5.3 Evolution characteristics of structures of deformed coals - 47
5.3.1 Structural evolution of tectonic coals cceeerrvrrarrrcaoccecncncnomerincecconss 47
5.3.2 Structural evolution of experimental coal samples =sssseeersveccecescaceniase 5]

Chapter 6 Structural evolution of electron paramagnetic resonance of deformed
COALS  +osvesseerencnesuestntunetsnseinens sernerssensantteseesseseetancnsansonssesonnsisons 57
6.1 Analysis principle and parameters calculation of electron paramagnetic
FESONATICE  *++++ssessessssasssssaresssotonsssneannsesanassnninerevssssosnssesasssssassssnserses 58
6. 1. 1 Basic principle sessesresssecssotrteteritiiiiisitiiioiitaiasitiininnisnis e 58
6. 1. 2 Calculation of EPR parameters . semeeee + 58

6.2 Selection of samples and method of the experiment . ceecoeracices 59

6.3 Evolution characteristics of EPR parameters of deformed coals + 59
6.3.1 Evolution characteristics of EPR parameters of tectonic coals ««« 59
6. 3.2 Evolution characteristics of EPR parameters of experimental

COal SAmples +terecereresrentiinatr i ettt e sae s s as se e ssn s ss neeee 63
Chapter 7 Structural evolution of nuclear magnetic resonance of deformed coals «+ 68

7.1 Basic principle of nuclear magnetic resonance ses+ss=sssresrrsnsoseocntonsaccnecncaicss 7()

7.1.1 Quantum number of nuclear and nuclear magnetic moment es+ssececeeccess 70
70

7.1. 2 Nuclear magnetic TFESONAIICE ****cersnsssrenssrersssscrrcssossarssoncrntesas ersece

050



7.1.3 Relaxation +----

7.1.4 Chemical shift

seresesmns

esersssaiqearens

- 70
- 70
- 71

7.2 Selection of samples and method of experiment «eeseeereereieanieancnn.
7.3 Characteristics of *C NMR spectrum and structural parameters of
deformed coals ssserecrteriorriieinitiiiiiiiiiiiiiitetiiittticetiiieteaieticntiernaeenisees 7D
7.3.1 Fitting and peak-separating of spectrum «retseceeessessetsacaciiieiiiiaiiiiens 79
7. 3.2 Quantity of proton substituted carbon and bridge-head
SUDSHtUtEd CArhON o+ +eesseteesensrnantersrnsssssssaresessnenessseseenensesssnsroree 74
7.3.3 Structural parameters of deformed coals «es+erevee-- ves - 74
7.4 Structural compositions and evolution of deformed coals «seeersereenrenees - 77
7.4.1 Characteristics of structural evolution of aromatic carbon essreceserecareses 77
7.4.2 Characteristics of structural evolution of aliphatic carbon «+-+ee-e- - 83
7.4.3 Evolution characteristics of average aromatic ring number in a cluster
Chapter 8 Conclusion and diSCUSSION -+ «+++eseorresersrenannrarieenmnitetnenetenane e e 88
8.1 Many factors comprehensively affect deformation of coal sssesresresrssasieciccces 88
8.2 Optical fabric of vitrinite reflectance is an indicator of palaeo-structural
-1
8.3 Intimate correlation between evolution of XRD structural parameters and
MAXIMUM VItFinite refleCtance e+ eesressessnrarnnsesmmrmmcrssosemmonsresensseacassansisses 89
8.4 Intimate correlation between evolution of EPR structural parameters
and maximum vitrinite reflectance s+eseseessesssssnerentrsisssnarsiisaiiiieiiesaiiens §Q
8.5 Maximum vitrinite reflectance deeply reflected evolution of structural
COMPOSItIONs Of cOal «seeseersseersssrermsosienisrseniasetiientinntenisssnenaessssesteseenses g
8.6 Wavy and jumpy evolution of maximum vitrinite reflectance is an important
parameter correctly reflecting coal ranks e+sssssesesssssessasienesinneninsiiniinen 9]
8.7 XRD, EPR and NMR structural parameters of deformed coals sevesneesiaaes 0]
REFEIENCES o verrerrrerennsnensaessssnnssssonses creertsaranenes Y ¢ %

Plates and their explanation



-8 & I

B S B E A R REE BH R, KR T —WEH WK EBF R TR
HEMFEELE Ramsay % (1967) 18 F H#IT = E M EMAT BT L LM FH
i, (AR, BEAWEEKRSRRE TR BRI A RE, i TR BIEER

RIAER &Y BT A A A RS S X — AR 1 b F - B 8 B A 7 ik R A B
SR RS2 B T AR IR . 3 4 3k L M P B T SE o RS N, R I AR B A S A
AT DU — R R A R AR R A TR K HEdt T E  i  E B BF SR it 22,

£-1 BRARNBENIRDE

— BRI

KB A X b R B AT B, E R RO B R R R R R M RO AE R T, B R A
R R B SR AR (F X%, 1988 a, 1988 b; ER F,1990; EHER%,1992), —f&E
BN EAR SR 58/ 77 EA—B, B/ AT N — AR BRBHERL ) 7 i X —
A&, A UES BB RS TEEMEA, T BT LUK 8 R R B LR R
b T PR AS A ER 1A, (1 A B 25 43 B AR 76 442 T 49 3 F 9 P A R LB 9 T BB CE XX B
1991; FA 2% ,1995) , tff 4 AHEDT ST IR B UARB ZEMRE.

BB, 1548 R 4 I B 38 5 10 7 1 1) B 5 b A A L e , (ST AR 8 S e e ok A R A 3 3
JR AR BT AR B B — AR PR, X R LR M R B M Rt — P R . [RIEE, T A
[7] 7 A5 R85 45 12 F S TR) A S 00 8 3 2 IR 59 8 S vk A AR T IR A SRR AL 1 T L 2 A4 A 2 i ()
ERHMEXE, MIRMZ®D, MEAGTXFANEARR, ENRESESXE THEN
R—HAREZANEENE.

BYINEERSESKRIFR AT i 2 R% (1980 a, 1980 b) KIHRIE. mﬂ]EAﬁJ;%HP
POXTIR B IR AR BT T SR EER A LW, X LR R WA HHTT T X 4
LTS XRDYBFFE. BRF MAT A0 1LAS iR & &, DR TAERATRHARBEA , (BHBT T THE
EHFRHEN, RAFARNEBEREELRRT Bustin 5 (1986) M BT R R, 154
Rowmx = 4. O% BITMERRERFN SR EAHTHITT 4+ MABRKNER LK. AE
(1991) YE R Romac 2 5128 0. 679 .3. 41 % F1 4. 90% 19 3 MR RIE RSB B G HAT T IR
JEE% . Bustin %(1995) Bl XRD & 518 F B HEE (TEMD % R X 8 R B FE L
B A BALHLUIE ST T #9T. Ross 21997 )GET HRE ETHR LN LBXESRAE
[ BT AT T . X RN T HRAGITR AT R # 5 R 5 %
St AR B, HE S TR AR R SN — N ERREXRANHRAAERNE
BEREN, Bgd NIk, ERERENFRNAFETFLZARZA, ARERANRTT,

. 1 .



Z FEMTZELGAR

S R IR S E LA R A R S RO A A A& B S P R L B R E
BREUTIABEARSY HBRFFEBERABEATFTHEE,

(D WHERBELBURTFLBMR, FEE P TIRMILE BB A T, 7 2
FHERE ZHHA BAFEEZE NP —REAMBENAL, BRTMS O LEZH KRR
THE.

(2) BHWERSELEHFTSHMEAEDREFRERY, £88 MR RR P
SEEGRE SR B ROUR A T 1 | ARH o 0 B R A S R A AR AR ARIE R AT T 81T, i B L bR
HEAERE A X A AT ST, AT BR ) T B 9 BUR AE B M 3 TAE R AR A

(3) X F 25 T0 4868 I 20 BT S 6 R SR A T B A OV 428 1 R R BV R T S AOR AL 22 55 4
HIE AR R AR /03 K Bt , %3 R TR AR TE 3R B8 b M4 R 4 BT SR A AR R AE A AR R 4
B HiR L, B EEBEREERITRBI, MR TR R 8 R4 R 3 bt AT il
AMEAAL R,

F_T RABE

I TAEMBIE B, BEARELCHHRBRNER L, 83 ERBEN SRS EE
BMATEHT P ER RS, B RN EEFTR RS EXRTAE, UHEMN AR
HAR EAAmEREELEXFBEELCHRERIHTRERESRTE. EEH
BREESKBAER T, 0 T8 B8R R R AP 5 o R e TR R TE R IEATE A
HLE, BB B0 5 R A S PR B4 A AR B A R B A6 KIS ShE R IR DLRY S
R X R — E B MWERAESR U~ S HEMEF B RIINERE, 1T R AR K
SEM AL IE AT X — B BB, AR H T E B L ISR 5 B S SR E R A
ERTIR BN, BRANMBEREELE &M FERNTR RS E 0BRSS HE
T—EHAR B EFIZAKNEKR U REREANRRNROE R, XAERERE MR
KABREG .

B RBER MBI, BRiEB AR .  BMEwRetERw SRR
PRI 3R AR T 0 T 008 1 3ok e 9y B M T A B U 2 1 B R R L TR AL LR AR R D T R 1Y
BESE, X AR K R E T AT AT S MARERIAOR, R E AR B WEH R T
BN B & 4 T EA S (Bustin et al. , 1986; Bl 1 %,1993; Ross et al. , 1997), B, &
AR NEGET T HIREELR RS WG KR IR IEERAERTIEER RO A8
SOV A T Ay 15 3B . BT 4 I S 35R B4 T 8 R i 4 B 3 3R G R BR B AR 43 4, T ELE AR X
FHRATET . B FIRE IR (EPR) M REILIR (NMR) S 7 BB AR FBL, AT AR &R 5
RO AL S 45 R LB (AR AE . 1A, 38 3 R JR) 7R 5 5 25 0 AL B 3 B A 40 A, TR
B R R R F3— R 28 SR 48 Hh R 7 7 AR 0 7 8 T B 45 X AN (R R R 0 S5 v T AL 1) B e B R
B R 20 I S B T A 1 o 2 1 R TR 203 s R A IR T SR LI A FR IR AL I SR, A B R
R ST R A MR EAETT R PN R E T RS S 3, s R ENE
MR R, #— S K E s R,



