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A Study on the Oxygen Containing Groups
in Japanese Coals

Gen TAKEYA, Mitsuomi ITOH, Kazuo MAKINO
and Susumu YOKOYAMA

Abstract

The application of Lambert-Beer’s law was investigated with respect to the quantita-
tive treatment with the potassium bromide technique in the infrared spectra of coal. In
regards to acetylated Japanese coals of different ranks a linear relationship was obtained
between the content of the acetyl group (corresponding to the hydroxyl group in the
parent coals) and K (optical density/gr. of acetylated coal sample in disk) of the carbonyl
band of acetylated coals at 1770 cm ™.

Three methods for the determination of hydroxyl group in coal were examined, and
the estimation of contents of oxygen containing groups were carried out on Japanese coal
of different ranks (C: 60—849% d.a.f). As the means of measurement on the hydroxyl
group, acetylation method by acetic anhydride in pyridine solvent was used. On the reac-
tion of (CH,COQ), Ba—2CH, COOH, which is the reaction following hydrolysis by barium
hydroxide of acetylated coal, a new method using ion exchange resin was adopted.
Satisfactory results were obtained avoiding the complicated treatment required in Blom’s
method'™.

The carbony!l group and carboxyl group in coal were estimated according to the
oximation method and ion exchange method with barium acetate respectively. The con-
tents of the oxygen containing groups in 9—12 Japanese coals of different ranks were

estimated. The results compared with foreign coals are shown in Table I-1-5 and Figs.
I-1-9, 10, 11.
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1. # El

GREERERT 5 FEILHR (C,H,0) @55, MRE/KEE HvE=EE Sris v
# (OH, C=0, COOH) 0 EamER BLU L —F VAR EOREREBBERLLE LT
HHET 5, BEOLEEFRIGHAVENEGREL I ARAEIC I > TRITD, AROBEMRITED
FRSE CEBEL—IFER TR D TEL, AROTENTIE Lok & UTOFRIRICHE,
BIZ1E 3 — 2 26k, KA REUSIE R SIS LT, KSUBBESL5HTFTHS,

M->7T, ThooamHEE LCERERBREOERICHT 2B ERISFTETOL
<%ﬁ”émfw%owféﬂ BEIBAOEBEZOD THIEMICEEESE L, HHMKL
BHEE LTRLMIEINTNG, ZOERELEMARESNTEY, TNEOBOKBEER
EFRRETEORO—ELSZ TV BN, GREEOHTANVR = VvELE ORERE ORI
BRENTODE, KBECKOTHEHENTOAEEEGBRFERZIINVR=VIEETH S, ERHv
R WEOERBE ¥ IV VEY, 4% v A bRISBIAKSRENIAF VL OEFREED &
DORELTEY, ZOHREBITHT £ F VLESY BHEAINTHED, ERIEOHEIC X
THIERGRBERIE > T DB, FhKBEEOGTTHNAEREEGWELETZESEDNTED, B
EEBREOP Tz~ F A BBHELIICHENEZBRENTOLIERETH I, RiTkameE
BOT - FVBEBRICET AR, Z-Z55720 TPRIEHRALHEATHID,
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2. TEFLEAROFIMERIR IR bIL
2-1 B i)

FAPRTIRORI IS 20 R 3 2 B O EHRRIC, KBr $iflks A XTI, Ak
W OREEREOERGTIROBPOIRBICTRE 125 T/, BichiFwk C-H, RUIR
Wil C-H (iR B OWEERE A S, N0 O/ RME TR 375 2 & 3ARENTKED
—plTH 2,

P L SN2 TICARALE O 5B TR A <7 Povic X 5 RIPIENE (LT
WA DY, EHMER S TR b oG sl Lambert-Beer OIS I N A MLTE o IC D
WT, BHICBRFETEIN T B EREALY, #2IC Friedman 5% 2G5 OKEEIEE = 2 F v
HALEEREFUS S THAZ A F Uy ) T = F LT BORAREIL A <7 FTD0T,
T~ 57D Si-(CHy), ZEARE O WIR & KiHE R E OEROUBERE RN S 5,

Lo THBLHRIAPFIRIC BN TKBELZT F VLT, 207w FviEai ke
i) Ol> THBT2Fr EREZTD, TE2FVvEORNA R PVICER LT, H—K
F, RUBBIRBICOEXEREDERICH TS Lambert-Beer o 1: R O3 2 3~ 72,

2.2 % B

2-2-1 EEBIOT 2 FALAFRRE

AN IZ B EPI-2 ¢, chic NaCl 7Y ZaikHunie,

7 F v LA R OB i Table I-1-1 odvig@ e 12 8% 2 F o, © NGO ERHR & %
KEERE—E Y Y VBB T L TRRPOKBEEZ T e F v, 2 ULTHLET e Fvitha
Bz, 1mmHg ORHETIC 70°C T—BEL LER L, TeFvibaREEE L (3-2-2 K

Table I-1-1. Analysis of sample coals

Proximate analysis (%) Ultimate analysis (% d.a.t.)

Sample coals Inroicturel Ash | VM. | FC. | C H N s | Wi
Ishikari peat 11.7 5.3 46.3 36.7 60.9 6.0 1.8 0.4 30.9
Tokachi lignite 18.3 11.5 44.6 25.6 61.5 5.7 1.0 0.0 31.8
Sohya coal 16.7 14.8 38.6 29.9 70.3 5.3 1.2 0.4 22.8
Haboro coal 135 7.1 414 38.0 74.6 6.3 0.9 0.0 18.2
Sumiyoshi coal 8.1 7.3 38.8 45.8 755 6.1 1.2 — 17.1
Taiheiyo coal » 6.3 6.1 47.1 40.5 76.7 6.4 0.7 — 16.2
Shakubetsu coal 8.2 8.7 374 457 77.6 5.8 1.9 0.6 14.1
Showa coal 5.7 15.3 51.7 27.3 79.6 6.2 1.8 0.2 12.2
Horonai coal 4.8 7.6 41.1 46.5 79.7 6.2 1.2 0.1 12.8
Bibai coal 43 3.8 424 495 80.7 6.0 1.7 0.1 114
Ohwada coal 2.8 10.1 39.4 47.7 81.4 6.2 1.1 0.1 11.2
Yubari coal 1.8 6.5 41.1 50.6 84.0 6.4 0.8 — 8.8

*ORER S oA MR RHIER (LIR) ofticx s,
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D E R DIEER),
2:2:2 TeFLARE - KBr §EAIER O ik
FEHI F KBr By (Ryestsiet i, Bl 30) BE & MR e M T 110°C T 5 Rk L
TN THEBERSE (B 21°C, HRE 35%) WThird 5, 200 # v vaffz@lI €
BICELF T 400°C IC ISR MEB B L, 7 v 4o — 2 — i E LT KBr $i5 o 795 4
T 5,
7 F LA - KBr $EAIEDR O 38, HRERENTT £ F v AR 5~6 mg %
WHICFER L, YOI AK TS HMIC BT S, < 1IC 600~800 mg @ KBr #ykzinz T
ST 10 R L, 7T b E KBr BRIChBiRE6 T 46, ROTT 2 F W ILEE -
KBrif&#%—ER & DEAC R 5 2, BRBEEAEEANEBEOREELHER Y Tk
S>TC5AM1ImmHg PTOREE L, ROTHRECAES + v OREENA, BIiZ 75k
Lty TR - KBr $EIRUR 2SR L7,
2:2:3 H— kH@Tﬂ?W%ﬁm“ B KU BEAIE S O3 5 KBr seAl ko aRa Rk
W=~z rovilsE
TEFVMEEROEHREEH03, 07, 1L1% & Lz 7w Fv{ba - KBr iga#mok
ZICDNT, FEFIOEE % 02~0.6mm O TEA AR B & 4 T >EMBEL, TrF
W ERDO T 2570w C=0 FEDRAFEE I A <7 v 1770 cm™ ITB I 2WNEE, 2—2R
T4 VERIC L o THIRE L,
2:2-4 HBRFEOT & F VALE R ORI R <7 v JilE
JeEdi e L2 O T 2 FALAERIC DT, BEHEE 0.7~09%, HHAIESH03mm 07
wF VbR - KBr $ERiEE 2R L, =257 C=0 HOFRIMREI R <7 b 1770cm ™
(B, T MR L 1750 e ™) IS B 1 AWMBEREE X, N— R 54 VEEIC K> THlE L2,
2.3 HERBRUEE
Fig. -1 ici@Hlipi B X OEFRE T F L U HRO, FRABBEIA RS v
Wﬁbﬁo7h%W%?5C&Kicf,7&%»11%»@C=O@%%@@&W$Um
em ™ C (EBALE OB, FIEEG Tt 1750cm 1 iC), # FUvFEOQURILAS 1360 e 1T, &
O C-O iR B OB A 1190 em ™ i (BLEE, HFHE Tk 1220 em™ J2) BEEICH DL N 3
—HEBICR 50 % 3400 cm™ BT 0 OH £ X ZIEE W, 7 & F v (L% IR 8 i 7
FULLABEALT D, ZBRKEEEKLEL, CORFEIIBI Wyss 5 990 10 k- ThiERsh
THEY, fAEdb O OH Eo—fh C=0 £EHL 5T WAKREETERT 2 Itk D, R
MAEREBRECI ST, ARDPOOH LS 7T F b3 E OB HSIE SN, OH EO—iBh
TEFMEENTENT LD EDEEHN TN BI7,
2:3-1 74p¢ - KBr sl O M B L OREICH T 2 5%
AR ORI ZHI A =7 Pv OIRIR, FEMEICR &8 #E52 5, Gordon™ 13
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Fig. 1-1-1. Infrared spectra of parent coals (1) and acetylated coals (2).
1-a: Sumiyoshi coal; 1-b: Tokachi lignite. 2-a: Acetylated
Sumiyoshi coal; 2-b: Acetylated Tokachi lignite.
BT DT KBr Bizk & i 20 R L1 L, #R TS S IRYL L, BT R biig i
W, X THEMEDZ AR P BB LNENEBNTV S, FHGIAAETR 2 cc DN
WA~ I &> TKBr - AR OB, ceilsions, KBr il skiitie /7§

B DICRBRABICIE L, U UAaBRiESIcloniimo e, Bafia- o mRi Rk
Dh T, FHFEEE b~6mg &Y D D R THEANIC ﬁ e L, X T KBrAMAZ TREY
10 4BBHL, SEEFE LD, BHEORL A b UBBLNLET &bk
7,

FEARIRB R OKIC K BBRIPLART b ~D 3‘/’.‘4,‘01, O KBr giflz AL T
R U, C O HERITREIC B 5 Bk - KBr RBAamEwic—ER (170 mg) %7
WU, BRMOBICHIL R FHRACE S E—EILTEX I LTHOE, fFL—20HADE
XiE, ZOWMETIMEILIVDELEELLEDT, TNICE - THIOLHREOMEICERENAS
cEmEZOND, 2 TRKBr i OHEOR (m) BWHANESEAOME (A) B—ETH

Bk, HAIOES d) oMEESHEE LEOTKBr fifEROMENS, KAICk->TK
/eI OB O (g0) ZRD B HED Lo,
m

log I/1 = k-c-d ¢=—77

log I/I = k-m/A = K-m
LD RPN R 27 B HRA BRSO D@L VR Sy 77797 F) o b
KBS ->TCHONE, BB EGEREAREEDDIC, BIARZ PVvORMICEBIEND, X
EHALEE ML L 280, ML BB HEMECRNT 28T AT t v, £D4HR
B ORFHIC BT 2ROHES” OFMICE>TNYy 7 77TV FPBET B, o TRIES
RREDFRIRIIL A R 7 P v A ERLER T 2 5AICE, Ny 2779 v Fic X 5 g
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Table I-1-2.  Optical density of the absorption at 1770 cm~! in different
coal concentrations and various thicknesses of KBr disks
in infrared spectra of acetylated Sumiyoshi coal

S;Zgigehtc c?afl Weliiglgf of Concentration Wt (ﬁikKBr ;E%‘fkdl:i Vth)alojms a}r{n]}a)ie Optical cl?ns_isy
isk at 1770 cm
(mg) (mg) (wt. %) (mg) (mm) (mg)
3.172 880.844 0.36 86.914 0.269 0.3118 0.143
128.100 0.381 0.4599 0.225
141.047 0.407 0.5060 0.242
183.518 0.515 0.6583 0.308
6.643 875.307 0.75 94.300 0.282 0.7100 0.336
116.610 0.348 0.8780 0.421
157.514 0.473 1.1860 0.590
165.392 0.472 1.2450 0.604
9.458 870.595 1.08 101.938 0.315 1.0950 0.550
156.979 0.453 1.6850 0.827
159.583 0.475 1.7130 0.914
196.134 0.583 2.1060 1.051
19} ok
° o
2 ot Zost
2
5 o
g&; 0s}- . .}go.o—
o
04f /‘ l a4l
* o
,0/
02 . /° 02t
013 0T4 0.‘5 OA‘6 075 ].'0 1.‘5 Z.IO

Thickness of KBr disk (mm)

Weight of sample in KBr disk (mg)

Fig. I-1-2, Relationship between thick- Fig. I-1-3. Relationship between optical
ness of KBr disks and optical densities density of the absorption at 1770 cm-!
of the absorption at 1770cm~! in in infrared spectra and weight of ace-
infrared spectra of samples with tylated Sumiyoshi coal in KBr disks.

various concentrations of acetylated
Sumiyoshi coal. Concentration of
acetylated Sumiyoshi coal in KBr
disk: @ 0.36%; e 0.75%; C 1.08%.
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MBELERSTHELDT, "R 54 YR E > THEBROMEERD /2,
2:3:2 W—RWOWE RO PRI S X 2000
FAPORBHBER CHAOE I ZESET, T F U b{EE RO RAGHIN A <7 b
WEMEL, B UEARARBICBE AT 2F V27 v C=0 BERILA RS F vl
[ % Table I-1-2 {21 70, KHAERBERES S 1770 em™ 1T BT AW &, SR IO
IBMBERIES 1L 5 (Fig. 1-1-2), XWOLE & EFERh O 7 & F v (b{ET R O mg $ &
OHBHERED LcOM Fig. I-1-3 TH 5, b5 H—EREI 20 TiE, BERosE
S TR PER R 0.3~1.1%, $HAIDE X 0.3~0.6 mm OREFNIC BT, AR
KROEAE S EBLE ORIC R LA HESKD /oD
2:3-3 RUEBPREMEICHY 57 € FMLEROT 2 F v ika ik & OUITHIE & PR
HRET 2 FACTIFRD A U A <2 00 1770 em ™ (4, IS ILE TH3 1750 em™)
BT 2WIGREEE, T F LRI X > TR /2 OH 4 (3-2-3 10k » T/ OH &
BT, TeFEaROT 2 F e RICHIET 5) & O Z R L7z DA Table [-1-3 & &
UFigI-1-4 TH 5, bTroEo25@3@BHonsd, OHEGEREEz 27V C=0 KoK
Wz ~=7 v v OWIBEREE K (WOLE/$RIR O 7 2 F Vb EBREE OER (gr) & ORI IE Beer
DOHBFE O R IEHENS,

Table I-1-3. Band intensities at 1770 cm~! and 3400 cm~! in
infrared spectra of acetylated coal samples

IR Pﬁrcdentagle
ydroxy
Acetylated coal ] oxygen of the
samples VY; Ingrsag.‘splie K3 K3 parent coal
(mg) (d %) at 1770 cm ! at 3400 cm~? samples*!
(mg) (d.af. ) (daf)
Ishikari peat 0.8719 912%2 209 115
Tokachi lignite 0.4794 850+2 201 10.6
Sohya coal 0.8600 729 126 : 10.1
Haboro coal 0.6540 514 40 84
Sumiyoshi coal 0.6263 652 117 7.3
Taiheiyo coal 0.7667 582 89 7.2
Shakubetsu coal 1.1490 576 95 7.3
Showa coal 0.6230 575 69 7.0
Horonai coal 0.7657 550 48 6.6
Bibai coal 0.8640 497 27 6.2
Ohwada coal 0.6959 459 55 5.4
Yubari coal 0.6701 344 8 3.0

*1 Results by acetylation method (see 3-2:2).
*2 K at 1750 cm 1.
*#3  K=Optical density/gr. of acetylated coal sample in disk.
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Fig. I-1-4. Relationship between band intensities of acetyl
group at 1770 cm~! in the infrared spectra of

acetylated coal samples and contents of hydroxyl

group in their parent coals.

3. LtEEROEMZEESH
3-1 H 89
SNEDC DROWIFED, —BICHRIE OGO AREBERRE LT 20w L, Ak
L O LRI {E N C:85% DITORBASEEAAHPRICODNT, HRMEORE 2 —doR#
CMEHORLTOEBRLTERL, 200N EHENOORWIREAER > T ENIT0,
FHRGEWERTEDN T I T e F LRI X B2 KBEOERICONT, TORERTE
BRI ZWME L, T F v LA R O kg (CH,CO0),Ba—2CH,COOH o #1EIC#i 72
A A VR EIEE N2 B2 EA U TR R 2L 6, HICOREORLS C:
60.9~84.0% DAGifF#Ei K O~12 FIT DINTKEEL, ARz, HvRF v EIChHic 3 iE

ROGHZMNT, SERE D LEZFTE - 7,
3.2 % B
3:2-1 s
ABERRE UTHIR (Cr 60.9%) X D s (C: 84.0%) 12072 % Jeiigdk 9~12
fiz My, Table I-1-LiC 2 o OO HTEZIR Lic, SHTERHEADE 200 X v v = PUFICH
e L TR B g & LT 70°C, ETF 5 mm Hg € 24 SRR Lo b & A iz,
3:2:2 Kk OH) o5k
SRR 700 mg A RIS FPER L, €Y ¥ v 20 ce &K EREE 10 cc DR AN 30 ce 1T
W, Hhvy 2y AREMN SRRGHEL AT T, KB E100°C € 15 B 7 & F v
ISR TIED LY S, RISKTH, TeFVENEDEBIILILAE 100 cc DA Z N
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T, ETREOMKEEREE SR L, WEHD» O T e F VAR ERBIHET 5, ChERRIRE
WCHEBBER SRR S NI 2B FCHRAWCAKBET B, RO THREL/NY) 7 428 27K 20cc
B Lo IR, T e F v b AR ISR LT, KB 100°C ¢ 5 R RIS S 4, TR F v
ORI ZFTIE S, BUSHEY 20, KetL, WREUHREEShbE TRO=ZFMDN
EWMA L, ARpoKBEAREREE LTOBREZLK LK,

a. SEEEKEREEYM: . Brown &% OMA U HET, FARAPMKEEETY 504k
Ltﬁ,@%@Mmﬂﬁémfﬁﬁb,NﬂOM@HM@&Tngm

b, R 2t Blom % OFEEZOET E M A B, AIBT
F oAb B D IR A 1R, B, T B 2 cc BINA TKELEM T 15 Do B U o EEER
KM% NJ10-NaOH EEHEIA IR C i & 4 %, WA —E 2 1o N/10-NaOH # % it L
15t BE T, 50 ce DA T IMA THRELEH KL T,

c. AFVEMBBIBEROCE G T F LR OMKS RN SRR Y U LY
Wk, TREETIEEA A v ARBEIET v 8T 4 ¢ IR-120 O 4 5 AT R TF X8 THERE A X

P HEES IR SO SN WA T CEMAKIC LB 7 5 Atk EEAL T, HLEEADLET
Tz /=7 2Ly EiERES LT N/10-NaOH FRAEH Cllr il 0 Felie £ B & 9 5,

3-2-3 KRTE DK E R

FACEE O 513 B ARG B R BT DWW TR, T2 F bk o) O A & Y aZBRE 0
BHBEI Lo TRKBEDEREZTE 21,

324 ANK=E C=0) OER

LRGBS 700 mg AWFEL, ©Y) v v Weepicife Fads T v lgtkn L
BT R, BEEA SRESNEE DT, KR i 100°C T 24 B ESE T8 h L
B, FLIGHET # 3N - Ml 50 cc A2 INA T, Kok, WRGMRT 2, Bohit ¥ v afbh
RO—ELy, Fa—<RECio TEFZMEL, BERID MM RRICE> THV
Rz VI EERT 5,

3-2:5 HwEF v (COOH) oFE®

Bhaumik 25 @7 pkA — R U T - 2, GHEEHY 200 mg 2L, T %
FRfE N Y U A 10 ce BRI & &, KIE E 100°C € 2 B RCefT b L s, BINHBNEYE
WK BE L, WSS NARRE 7 )~ 7 AV ERREE LT N/lO-NaOH i e
WTHETS, MU2N . fEBANY D ADT 5V I AL L TAVES Y VEESRETD

3.3 EBRERRUEE

3:3:1 sKEEFEDE R

{E35 % (C: 75.5%) @ 7 = F WALEISIT B TR, K - 100°C T UG R 72 B 4 240 & 4

BON5 T FRERIE, I3HHP ETIRIE—EHE % R Lk (Table I-1-4), #iEp (C

0%) I D0 TH BN L C—EEE 5 A BREB L C Lk, Lo TT%
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FOLBOSHERTIZ 15 B & LTI 3 ¢ &iE Lie, X T2 F AR OKEL/ Y 7 aKIE
WIC X A KA RS, 100°C AR L S IS EFTIE 2 ¢ ZIC kD, BT AK#ETT 5
T & F RO A R 7 b i ko THER L

KBEEERFTBICDONT, T FALEUSHE a) 7 & F v (65 O 8 i KFER & 812,
FALEDED T 2 7V K G iE#%IC, (CH,COO), Ba—2CH,COOH 0 #/EE LT, b) sk
W BRI KR TR L Bk, MUFEESOHIBHEE LT, o4 4 v REiRE
B HEDEDIC DN THBERE AT > 7,

Table I-1-4. Values of the hydroxyl group determined by varying
the time of acetylation in Sumiyoshi coal samples

Time of Titration ot unreacted Titration of acetic acid, dis- | Method using ion exchange
acetyla- acetic anhydride® tilled under acid medium!® | resin
t(ll;);; 1 2 average 1 E 2 1 average 1 2 average
2 6.5 6.8 6.6 6.2 >6.0 6.1 7.3 7.3 7.3
4 6.8 7.1 6.9 6.8 6.7 6.8 74 75 74
6 9.5 8.8 9.2 7.6 72 7.4 78 7.6 77
8 10.3 11.1 10.7 7.7 7.5 76 7.6 74 7.5
13 12,5 12.8 12.6 8.2 8.1 8.2 77 7.9 7.8
15 12.1 13.6 12.9 8.2 8.2 8.2 78 7.9 7.8
32 — o - e — e 8.0 8.0 8.0

Table I-1-4 [ EHRIC DV TT . F VLR ZE AT, FAZFNC>EEUBELEE
FOEZ LT KBEONEMEAER LSO TH S, MFM/KERREE &R X 3 MEES MmO
ZODOHHFICKN TSR BSE LS EBREHEEZR LTS, ZNET2F VIERISICE
AT 28R, MKEERO—MBHlRToonEEAONE, BEEBEKESERICLS
T EE & UOKERERE, RORMERMObBREL LIRS OTCIERICERESLD, L
fedio TRERIBECE S CBREDOFRR G, ChICH LT 4 Y REBIBEZ ML 2 7R
MRS REEEGA A VR BREED 7 2 BRR TS 2 HERBIETT S, Lich> ThKg
BB OBIEICRRAT 2REPREBEICEH BN HREENEONS

3:3-2 BEMEEOEHREILDOVT

B 12 FIC D0 T OKEAE S B O R 8 4 Table I-1-5 @ 1iflic/R ¥, Fig. I-1-5
i C% I 2 KBEBRREELER LD TH S, Oon% REHD C% BN T 51>
NT, LRERO 115% K ORBICHD L TEHERTIE30% L125, NAREZERT 248
FICH T % Oon ODEAE, FEFED C% oimck b Mk ¥ C80% OFAK TRAD 57%
2 LYW, NP0 C% 0K TE, Oon/Ow. % S EBICHD TS T & o> 7,

(LEERIE R X B R O KEEENEBICEE U TREOEEZRT N E I DT DN THE A
AT EN TN AN, WEEL T2 F LEROFAGRI R <27 +izDT, 3400
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em™ Il DIKFEFBIRAZE U A9 5 BERICEHEL T LT EER

T DI KFHD

WG O EZ g NnE

iy
VHRBEEC LD T 2F I NTT Tk

5
%

HOE—IGHERI L TH I,

123

Wiz (Table I-1-3),

5 IO DS, AR O KR EE D — I S AK S A

Table I-1-5. Distribution of functional oxygen containing groups
in coal. (percentage, d.a.f. basis)
OH C=0 COOH C-0O-C etc. (diff.)
Sample coals Oon | O0/Otor . 100=0/Otot| 5 0 10coon/Orot. Oct-o—c 0C-0-6/0y.
ete. .
% % % 4
Ishikari peat 115 37.0 27 8.7 4.6 14.7 12.2 39.6
Tokachi lignite 10.6 33.2 — — — — e —
Sohya coal 10.1 44.3 3.7 15.8 2.6 114 6.4 28.5
Haboro coal 84 45.0 3.6 19.5 1.7 9.2 45 254
Sumiyoshi coal 7.3 428 3.6 21.2 1.1 6.3 5.1 29.7
Taiheiyo coal 7.2 440 24 15.3 1.0 6.4 5.7 34.3
Shakubetsu coal 7.3 51.6 24 16.3 0.8 5.0 37 27.1
Showa coal 7.0 57.0 2.1 16.5 0.2 2.0 29 24.5
Horonai coal 6.6 514 — — — — — —
Bibai coal 6.2 54.4 2.2 18.5 0 0 3.0 27.1
Ohwada coal 5.4 47.3 — — — — — —
Yubari coal 3.0 33.9 1.3 14.7 0 0 4.5 51.4
L —60
0 0
8 | |, &
=
| =
- 30
5...
L ~20
L ~10
I 1 I ! I 1
60 10 8
—— %
Fig. I-1-5. Relationship between hydroxyl-oxygen and

carbon -content of coals.
O % QOomu; ® % Oou/Osot.
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and carbon content of coals.
O % Oc=0; ® % Oc¢-0/Otos.
sk oo
T
g 4
o Jis oo
= <
=
3l
~10
Zﬁ,
-5
‘] -

% C

Fig. I-1-7. Relationship between carboxyl-oxygen
and carbon content of coals.
O % Ocoon; @ % Ocoon/Otot.
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Fig. 1-1-9. Japanese coals compared with foreign coals with respect
to hydroxyl group content. O The authors’ results on
Japanese coals; ® HAMMACK et al'®, T.M.S-ether for-
mation; ® FRIEDMAN et al.®, T.M.S-ether formation; &
BLOM et al.'®, acetylation.
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Fig. I-1-10. Japanese coals compared with foreign coals with respect
to carbonyl group content. O The authors’ results on
Japanese coals, total hydroxylamine uptake; ® IHNATO-
WICZ?, reaction with phenylhydrazine ; ] BLOM et al.!®,
oximation and consecutive hydrolysis; & BLOM et al.V,
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Fig. I-1-11  Japanese coals compared with foreign coals with respect
to carboxyl group content. O The authors’ results on
Japanese coals; » BLOM et al.; @ IHNATOWICZ?; [}
BLOoM et al.!®,
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