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Abstract

The present experiments were conducted in order to render low ranking coal, alkali
soluble by electrolytic treatment under mild reducing conditions.

Powdered samples (Lignin, Tokachi lignite and Sohya coal) were suspended in a IN-
solution of lithium hydroxide or natrium hydroxide which served as the electrolyte. The
cathode and anode consisted of lead and copper plates respectively. The applied current
density of D.C. was 0.03 A/em?. The temperature in the cathode vessel containing the
sample suspension was 55+2°C. After electrolytic reduction for ten hours, the content
of the cathode vessel was filtered and divided into two fractions, the residue (Res) and
the alkali soluble products. These products were separated into two fractions. One was
the acidic insoluble fraction (AI) precipitated by an addition of hydrochloric acid to pH 2
and the other was the methyl ethyl ketone extract (ME) which was obtained by MEK
extraction from the acidic solution.

In order to elucidate the effect of the electrolytic treatment, the powdered sample
was dissolved in an alkaline solution under the same condition of electrolytic treatment
with no current.

Res, Al and ME obtained by electrolytic reduction were compared with the corre-
sponding fraction by treatment with alkaline solution according to infrared spectra
respectively.

The results were as follows: -
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1. The yield of dissolved material in alkaline solution by electrolytic reduction of
lignite tends to decrease with the ascent in coal rank. All three samples showed 10-
13% higher yields by electrolytic reduction as compared with alkaline solution treatment.

2. It seems that this electrolytic treatment exerted a depolymerisation effect inas-
much as the acidic insoluble fraction as produced by electrolytic treatment was less than
that produced by treatment with alkaline solution.

3. According to infrared spectra, electrolytic treatment was not always intensified
in the absorption bands of aliphatic C-H vibration.

4. Moreover, the absorption band at 1700 cm™, which was due to C=O vibration
of COOH, was more intensified by electrolytic treatment than by treatment with alkaline
solution. This seems to hydrolyse the ester in lignite. Thus, it was surmized that
electrolytic treatment enhanced hydrolysis of ester in lignite.
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Fig. 1. Apparatus.
(a) Electrolytic cell
1. Outlet tube of gas evolved at cathode, 2. Inlet tube of displacement gas,
3. Reference electrode, 4. Outlet tube of gas evolved at anode, 5. Thermometer,
6. Cellophane diaphragm, 7. Cathode (Pb), 8. Anode (Cu).
(b) Gas sampling apparatus
M: Manometer, B: Gas burette, W : Reservoir of water, R: Rubber tube.
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Table 1. Analysis of samples

Proximate analysis (%) Ultimate analysis (% d.a. f.)
Samples B S T
Moisture | Ash C H O (diff.)
Lignin . 655 080 | 62.52 5.41 32.07
| | |
Tokachi lignite 4,98 i 22.81 | 61.51 5.66 32.83
1 ‘ i
Sohya coal ‘ 261 ] 18.65 % 70.25 5.33 24.42
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Fig. 2. Temperature in cathode vessel, voltage
FEEE T 2 e, Thik, B and total current versus hous of electro-
BB ERE F e 5 fobie BRI 4 lytic reduction (Sohya coal, IN-LIOH)
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Table 2. Systematic procedure of electrolytic reduction
and alkaline solution treatment

’\'*Sample ]

! . .
Electrolytic reduction
Alkaline solution treatment

Filtration with glass filter

i

Residue Solution
E Washing | Acidify with HCI to pH 2
| Drying f Filtration with glass filter
I Tnsoluble residue | I .
(Res) 1 Precipitate Solution
S Washing ' MEK extraction
Drying Extrargt‘ggl‘nSqution

| Acidic insolub]e% ] Evaporated
\ 'MEK extract |
L (ME)

Bt (Res) (RUL, Wk LCHET 5, 2 OMtE

—
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Forr b v (MEK) @ X o Chisi L, MEK @88 L« MEK #hitif) ME) & L TE & L
72, LA EOEEETR DT Res, AL, ME @ 3 a8 b o &4 58 LT ik & 177
1o, Bt KBr $eC X 2RI A= 27 r v & V1o,

2-2-2. AR O ZRWIEMEICUE, 7o v

FIRB TN OB A BN T B0, TA 5 VNI Y - THARY (AD ##I L, =
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3. EBRERBIUEE
3-1. BRESLVPENE

15 o LiOH, NaOH % B\ 7o 56 O @R, 3 LOWENZOHRA, Table 3, Table
4chs, LIOH 0fr, BHETARE E) k25 MEIL Y 7= YTk TR 70%, i
HhS28%, FERMBNL 4% BETH D, ToH ) AH (A) 0BG OBEMEL, FRFh, 59,
19, 2% ThH, SO E & AL OEMEOELBEMBETAIIC X - THMLICHREREEL D
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Table 3. Percentage of dissolution and material balance
(IN-LiOH, 55°C, 10hrs)

Sample Dissolution Materia}’bil‘agceﬁ (% d.at.) N
(%) Res Al ME Gas  HyO-+loss
———— b T
o COE | 697 30.3 29.6 12 0.6 389
Lignin LA 590 410 496 33 — 6.1
mokackive | B RS Be om0 gp o om o m
| ]

) P E 13.3 86.2 5.7 2.4 1.3 45
Sohya coal : A 979 5.2 0.9 2 4o

E: Electrolytic reduction, A : Treatment with alkaline solution,
Res; Residue, Al: Acidic insoluble, ME: MEK extract.

Table 4. Percentage of dissolution and material balance
(IN-NaOH, 55°C, 10hrs)

Sample Dissolution Materlal balance (% ddf})ﬂ_w’—"
(%) Res Al ME Gas+HzO+loss
e L ( )
- E 66.3 * 33.7 20.1 15.2 310
Lignin A 567 i 23 £33 58 76
|
~ S E ! 22.0 78.0 10.8 8.5 27
Tokachi lignite 5 A | 18 | sz 104 31 23

E: Electrolytic reduction, A : Alkaline solution treatment,
Res: Residue, Al: Acidic insoluble, ME: MEK extract.
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FEARDBRG, —F, MEofiy, V27=v, +BER, SEEKOLREE L, BF
BICAMB DI 4 {Tg » T B,

LiOH o¥i&ic, BRABETTLIENC X - CTRAE LI T A~ VAT AGHEC X v, &
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Table 5. Result of gas analysis (IN-LiOH, 55°C, 0.5 A, 10hrs)

(Vol. %)

Sample i CO;  CmHn O; co H, CHy  Nyl(diff)
Lignin L o1 0.0 02 0.1 947 0.0 48
Tokachi lignite | 03 0.2 05 0.4 93.6 0.0 5.0
Sohya coal a 0.1 0.2 0.3 0.2 925 0.0 6.7

Average value for ten hours.

3-2. ER¥UHIURBEORIMRBBRRNZIAY FILSH
A RO\ T LIOH & W CHRME A 2 T1e - 7c O b, Al a & LIOH K
WO— A BRI LICb D (@) &, (@) HEMBEEMC UaBa R4 2 Wiy (b) oo T,
KBr ST X » THRIMRBIL AR 2 P AR WE LIc, £D A2 bk Fig 3I0/R LI,
(@121 1500~1450em™ Y I A A A v 4 F v (-CO0 ) 1T I 2 BRI & b,
865 e T b BRI B B, —TF, (BTt 1700 em i A A HEF v (—COOH) o H v

Transmission (%)

~
\

- . L

4000 3000 2000 1500 1600 1400 1200 1000 800
Wave number CM

Fig. 3. Infrared spectra of the product by electrolytic reduction.
(Sohya coal, 1In-LiOH, 55°C, 0.5 A, 10hr)
(a) Material evaporated to dryness from alkali solution.
(b) Material precipitated by acidifying the alkali soluble products.
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4000

Fig. 4-a.

3000 2000 1800 1600 1400 1200 1000 800
Wave number oM™

Infrared spectra of samples, residue and products by electrolytic reduction.
1. Lignin, 2. Tokachi lignite, 3. Sohya coal.

S: Sample, Res: Residue, Al: Acidic isoluble, ME: MEK extract.
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Infrared spectra of residue and products by alkaline solution treatment.
3. Sohya coal.
Al: Acidic insoluble,

1. Lignin, 2. Tokachi lignite,
Res: Residue,

cM™

ME: MEK extract.
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A= A et B BN H b, 1500~1450, 865 cm™! ORI HE L T\ %, o T, AWK
WEH AR VEEEBA T A EELLND,
LiOH # v ey, £RBHC oW CEMBEICAE, /i 7on )V AEE Ty, B
Itz Res, AL, ME 3 X OFEERL (S) o T, Thoh KBr §rfliEc & 2 R4 A~ 7
FAERE LTz, ED AN P Fig 4 R Uis, HWRIPAFICDVT, N—=AF A VBT X
D EMRARD, IR OERSS Leg 240 OWOEE (K) 2R AT X 0 R, BULGRE % HiE
L7
log [/l = k-c-d, c¢=m/A-d
log Iy/I = k-m]A = K-m
K =log I,/JI/m
22T (logIfl: ~N— A F A v X B WEE
c: BE (%), d: GHIDOEX (em), m: FkHE (g
VA BERIEEE (em®) GEAIBAIZRT X - T—7E)
TH D,
Fartc K ofia Table 6 1R L7z,
Pz Kofaiic LT, 7a4 75 )08 (A), BFETOHE (E) © Res, AI, ME ©
WAL D RN e FOIE U 7,

Table 6. DBand intensities in infrared spectra of sample,
residue and products. (K}

3400 2920 2860 1700 1600 1460 1120  1030¢™

Sample —_— —_—
OH C—Ha C=0 C(C=C C-Ha C-0, C-0-C
Lignin S 478 102 60 102 234 189 312 252
Res 874 279 185 260 523 456 722 755
Al 1070 72 35 104 367 182 303 58
lME 389 128 32 340 298 210 278 29
Res 334 70 54 41 186 72 179 166
A (Al 302 72 32 213 250 166 44 18
ME 500 29 24 449 616 80 34 22
Tokachi lignite S 451 239 120 53 386 70 407
[Res 427 252 163 141 334 69 455
E AT 427 59 44 194 311 35 57
ME 347 35 46 553 196 54
Res 303 144 82 —_ 213 39 287
A AL 327 34 14 99 361 9
ME 228 243 96 296 264 100
Sohya coal S 310 117 91 42 285 63 295
Res 337 112 74 93 368 54 83
E (Al 196 26 22 95 91 85 22
ME 140 256 184 292 119 41 159
Res 194 113 75 72 152 44 245
A AT 168 26 9 170 238 22
ME 590 116 119 539 404 134 18

E: Electrolytic reduction, A: Alkaline solution treatment, S: Sample,
Res: Residue, Al: Acidic insoluble, ME: MEK extract.
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TIRE LT X » THEB R Res, Al, ME OIS 745V UHI X - TEL R
b T 5L, V7= vold, Res T OH ORI (3400 cm™), N&H5 D
WL (2920, 2860, 1460 cm™), C =0 DWW (1700 cm™) VI h k& <7ebh, Al Tk OH
DRI KRE <, WEHEORILC 1#EMN L, C=0 OB/ E /s Twb, ME Tk
OH, C=0 WM& <, BFBEOBIILHRA LM U TH %,

R OB 4, Res, AL, ME w3 i1d, OH, [EIE, C=0 oW iRt 0
E)DFHPREL e -T2,

ERWR OB A, Res Tt OH, JRIFEOTILIMAA LM U tHh b, C=0 OBILIKE
U AL Tk OH WL R & Was, RO BT EEA e <, C=0 0Bz, ME
i3 OH, IBIFlE, C=0 T hoWe $hXu,

LLEDFERI b, 745 ) KER T OB RGO BMRE TN OB - 2 RIG, Hil
TeRBWRIRBUS & kv 2 fehs, BB X 5 Tk, C=0 oWIN /- Tk H, Thid=A
FADDPIC L DN EVBOERERTEDEHZBID, = AT AHO N LA =LD5T
WIHREUL, IR VO DR = L O FRIRB L 0 LS, FRBdo =27
MRS 2 A F = L DOBIURERD B iV, # o T, BRERITCAEE T A7 VAL b b
= AT ADMKG BT S L2 D,

3-3. BARYO-ANEREBETLEBSIUTILAUREDHRER

Y 7= v, THBIEROBAEY AD WO TofR% Table 7 i2/R Uiz, ¥ 7= VT,
T YL (A) T A% B LISBE v Y, ARG (B) 0¥ 44% AR SR
MLtce FHEHEROE A, A T11%, E Tk 74% % Uic, WEUR & b M ST A 17 7¢
&, BLIBMELIMS LD, JITEMRETAR AR 28X - T, KGFLrk
HEhbichEErLbBRD,

Table 7. Dissolution of acidic insoluble. (IN-NaOH, 55°C, 10hrs)

Sample ] Dissolution E Recovered Al ME

i (%) i (%) (%)

igni | E 6 | 5 _
Lignin Al % IJ;: 425 | 32451 —
Tokachi lignite Al } k zég ; égz 2518
| i ' -

E: Electrolytic reduction, A : Alkaline solution treatment,
Al: Acidic insoluble, ME: MEK extract.

7o Y B, AR T O [ O BN L IR ARE O TOFRIMRBI AR
(Fig. 5) # 45 &, WIHICIEZERRD b, Ll 1g %9 OWIFHRE (K) (Table 8) ¢
W5 e, V7= vigeuv O, BIREITAIZ X » TR BEO RIL O AbR S B L
2, TR THERETe> T %, —H, AAR=ADREILY 7= vepha L, TR
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Table 8. Band intensities in infrared spectra of acidic insoluble.

3400 2920 2860 1700 1600 1460 1380 1275  1030°™
Sample | S et —

. OH C—Hay C=0 C=C C-Ha C-Ha C-0, C-0-C
| -

382 211 124 224 262 284 273 408 251
378 245 154 362 323 329 342 492 139

294 113 75 241 110 59 132 142 434
309 33 17 97 361 39 151 177 91

Lignin Al

Tokachi lignite Al

oS ol

E: Electrolytic reduction, A : Alkaline solution treatment, Al: Acidic insoluble.

1
A
E
N
]
°
o
0 I { i i L ! i 1
%]
ol
Q 2
5 A
-
et
E
! ' { ' ' ' - Y
14000 3000 2000 1800 1600 1400 1200 1000 800

Wave number CM”

Fig. 5. Infrared spectra of acidic insoluble.
1. Lignin AI, 2. Tokachi lignite Al
A Alkaline solution treatment, E: Electrolytic reduction.
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4. # &

Tou VKB T, ARBER BRI AT 2Lt X - T, ROHANED e,

O 7As ) KEBR~OERELY 7L VUBOBE L) LETHMSELIENTE S,
2) AR X EMER T X - T, BUEBRRCERT 585 THE~Eb 5D, #£-T, 0
EEBRTUBG—HEOMBEARIEEEZON D, Q) FIRBIR AR BT L 5 &, BEE
BILBBAT/S D2 X »C, HEHEOBIREEMEE2 L3R ey, Thobb, &
fRETC NI OB & A FUGE, B ARG & R B ey, (4) BAERICOIE O LR
UL, = AT ADOMKGRC I D EEZBNRD D AEVEED v = A2 HeS L RIRAME
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