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Table 1 Chemical composition of mint lea-
ves after steam distillation (as % of dry
matter)

Crude protein 15.29
Crude fat 3.82
Nitrogen-free extract 50.98
Crude fiber 13.21
Crude ash 16.70

Table 2 Chemical composition of mint lea-
ves after steam distiliation (as 9 dry

matter)

Cellular contents 52.11
Hemicellulose 0
Cellulose 28.27
Lignin 19.62

Table 3 Elementary analysis of mint lea-
ves after steam distillation (as % of dry
matter)

40.73
5.33
2.26
0.38
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Table 4 Composition of basal medium

KH,PO, 4.5¢
Na,HPO, - 12ZH,0 6.0g
(NH),CO» 5.0g
Yeast extract 0.5¢
Mint leaves 20g
deionized water 1 liter
pH 6.8
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Seed : rumen juice, Starting pH: 6.8
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Table 5 Gas yield and final degradation

(5)

STARTING INCUBATION GAS YIELD FINAL DEGRADATION
SEED PH PERIOD (mi/g) OF MINT LEAVES
(day) TOTAL METHANE (%)
COMPOST 6.3 29 190 90 74.5
COMPOST 6.8 25 200 70 81.5
RUMEN 6.3 29 40 5 75.6
RUMEN 6.8 25 375 160 68.0
MINT
COMPOST 7.0 25 320 180 91.8
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Production of Activated Carbon from Tropical Plants I.
Production of powdered carbon by the fluidized bed method*'

Katsuji ISHIBASHI, Kazuhiko NIIKAWA, Yoshio NODA,
Hideo HosonA and Akira IKEHATA

This report describes basic experimental studies aimed at exploring technical approaches Hl
to the production of powdered activated-carbon by the fluidized-bed method from tropical plants
which have not been utilized for industrial purposes previcusly. Nine species of Philippine woods
and the waste from coconut processing were selected as originating materials, and were reduced
to small particles ranging from 0.2 to 2 mm by crushing and screening.

Carbonization proceeded continuously by utilizing the heat of self-combustion triggered by an
electrical heater at the start of the operation. The carbonization temperature was kept at 420°C
by controlling the sample feed rate at a constant air feed rate. The yields of char ranged from
10 to 36 percent based on the dried weight of the original material used.

The activation test was carried out by using steam as an activating gas in two types of
reactors with different heating systems. Activated carbon of commercial quality was obtained
from both reactors at reaction temperatures ranging from 760°C to 850°C. All carbon products
obtained as yields of 30 percent based on char used showed maximum values for their adsorptive
capacities, surface area of 1000— 1500 m?/g, methylene blue adsorptive value of 270—370 mg/g, and
an iodine number of 900—1200 mg/g.

These results showed that the fluidized-bed method for the production of high-quality
activated-carbon from tropical woods had the following advantages:

(1) considerable savings in energy consumption, (2) homogenization of quality of products, and 3)

reduction of production time.

HHERAS & CHEREYOMINEERN A 25280 T, 71 VY ERAKIBES I Faaty
v FEZEY) (Coir-Dust) Zxtfiz, WELEIC & 2 MARERROEEE B L CERERROMEREK 21 T
ERRRET 2T o 7o Pz L 7508 (R 7R 0.2~2 mm) 2 @G RERIFETRIEL, RWT2ED
E S BRI A TARSBEEET », STRICET 5 RE, RITHERH, FEMONES X UERYO
HREF T, FEEERERRD Iz, 2HBHE 420~430°C TRIESET L, IEFEI0~36% %12, 28R

LokHELesE Vol 27, No. 6 (1981)
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HiRE 760~850°C, INEN30% (RILMLH) TORS - HEYSRREREERL, RIERERK 1000 ~

1500 m%*/g, XFv o7 —kKER 200~370 mg/g,

1. %5

il

v FEEER 900~1200mg/g TH - 72,

Tablel Wood Sarples.

BREZ, MAKEOKI25

Common Name

Botanical Name Family

%EERET Y7 HBEN AR

LTED, mARITELR AptitoT]g
> > Mayapis

MO—& %I ESTWw 5, Toetl

BICTFR R THML, Palosapis

AT AERBEmML,
O-oE, EREEOR

Malabayabas
Kaatoan Bangkal

Dinterocarpus grandiflorus Blando
Shorea squamata (Turez) Dyer.
Shorea polysperma (Blanca) Merr.
Anisoprea thurifery (Blance) Vid.
Tristania pelawan Mcrr.
Anthocephalus ehinensis Lamk
Rhizophora candetaria
Leucaenaglauca (L.) Benth.
Gliricida sepium

Dipterocarpaccac
Dipterocarpaceac
Dipterocarpaceac
Dipterocarpaceac
Myrtaccae
Rubiaceae
Rhizophoraceae
Leguminosae
Leguminosae

Bakaua
Mo RosgmL, < 00
NoOMENAMBMEED  Kakauace
j‘\‘% &Fnﬁﬁt tf") Tbk%—)o

Fh—H, ZhsOEL
TREREREOH TR OFEE £ L T,
KRBT AN F -5 S0 TENH BT 2R
B, AMBEEYNREESbETED LTS,

K5Iz, BEHEEYOFME X UAHEEY
WRO—BIE LT, 74 VEVERAKBL oD
v VY REEY R ER & L SRE B X 2 EER
DELEIT DL THEBRNCRE 2T 720D TH 5,

EHELZ, TTRENEGREESTEDKE
RYE F R LBV X S E R OSLE
BT AR IT o E R, FEh ki o
gEFrovr A LT, ROLDBHEEETS
ZreEREIDI, Thbb, (MELRAVF—HE
B2, QuEmOHEL, OGS iR{E, ()ELER
MID%EHE, OffHEEE#SE, KETHY, Fi
RAETREEROFEE BRZD, REEFAD
KbV IZESH TS 720, FZHOBRBERWC LD
BALBE Rl - g T2 20T, HUIRES
INF-DEFEND,

IO XDz, WMEALEIC L DWEERENERIERE
BHECE A, POBERMOBMEVHERETE LD,
AT ERROENCERT 25k LT IN
BRI, BEERE~OBIGH I D0 CHERER
i E R AT, 2B, foshEke OHEBEER
Thithoiz,

2. EBAE

2.1 B #

R EE RN, BAET 4 VY BURPFIA
HEAED T ARIEEOEAROF S 9 B,
BEUaaryvREOMTEZEEREY (Coir-

Dust : REOHFERYEOR) 2 ER LIz, kH,
EEHE AL % Table 1 iR L 72, FRHEARDBE
SREME DEEL, FEERCHELT,

2.2 D¥HE

AT T NTHRE R Z 20 % AN,
2.2.1 I #5347 (Proximate analysis)

JIS sAB 1 (JIS M-88124 [ B Ek) I HERR L,
BB & VRO kS, sy, Ko, BEER
FEB I UL SEBERPHEL, »EEEOHE
it JIS K-1474(p. 14) i BB L 72,

2.2.2 AFL>TIL—RESE (MB)

A F VT — e SRR (M. B. 300 mg/ ) %
JISK-1470 o #E#l L THB L, TOHELYBEH S
HUBHHAR 028 DA > T BERN I LYY
—7 7 A WANTIFIRER, FEEROR
FAF VY IV —BEERSE LD, A X2
nm: 665 THEL, EA lgied s xF 1070
—E B (mg/g) REFEIC L D RD 72,

2.2.3 3avxEEE (1)

R 02~04g 2 FEREL, 5%iER 10m/ »
Mz EH L, wHlth, 37 E£:A8% (K120 g % 100
mi OMACEREL, T L 12.7g 2Nz, #ik
TeBx 11 L92)50ml 20z, 5aERESE
HEL, WE20ml T ERERTL, &
AWEA NV v A EER(N/LO) THEL, IvVE
REEASEEL T, mg/g THERL .

2.2.4 ARF@EE (S)

SR b S SA-200 BUREREHIEREE £ v,
WHEEFREF B 2 Z2ROBEZEHLERDT,
BET R I OREHEREEEHH L, mY/gTERELL,
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2.2.5 #ALSTH

HIEREAN DI S (4 57 ) 7)Y —7
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2.3 HAHSBER

BRI F v oS — TR L, IR TR L,
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RAGEEE 13, LR TRAUEL B mER bR 2
Avsiz, Fig.licxFo7u—— %2R L 7,
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Hliz S FOVEIBE RS B D, (el 10 rpm T
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AL - Ty B,
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Fig.1 Fluidized Bed Carbonizer.
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1. Thermocouple 5. Temperature controller
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5. Temperature indicator 10, Pump

Fig.- 2 Outer Heat type Fluidized Bed Reactor for

Activation.
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Fig. 3 Inner Heat type Fluidized Bed Reactor for

Activation.
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Table 2 Proxirate Analysis of Raw Materials.

Sample Moisture  Ash  VCM FC

Species (wt9%) (wt9%) (Wwt%) (wt%)
Apitong 971 094 8371 564
Mayapis 1248 0.03 80.10 7.39
Tangile 9,97 0.28 85.24 4.51
Palosapis 9.41 091 85.89 3.79
Malabayabas 11.16 041 7172 10.71
K Bangkal 1168 076 7719 10.37
Bakauan 10.66 112 7430 1392
Ipil-ipil 21.07 028 71.18 747
Kakauate 10.72 0.87 7592 1249
Goir-Dust 15.93 6.44 5397 2366

VCM: Volatile combustible matter
FC : Fixed carbon

(9)
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Fig.4 Typical Curve of Thermal Gravimetry for
the Raw Materials.
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Table 3 2 &HE O RILEMB L VR DI
=, BILEMB L Uh S EEERL, Table 4 4
BALIOMER R LTz, BB, T ITONEY &
¥, EEREEC B CEAREIC S R
BLEEOF—N—70—23{ ThoPHEERD
RiERyoELEZRDO LI BODTHY, 7,
HEIERG (6) RIS A, S A —/ =7 u—EI
behsd EFTORMERD L,

EERERD S, IOK, HEEME L URIEHO
P X OB IR BN R S ko 7,
chiiszs <, REOBE, WIS B L UK
FRROERICEI DD EBbI M, REMIC
Vo T, HEBEOK X 2RI IIEERRLSP
DEL, pOWEIIKIC T LERMR S L7,

BACSI O MR B AR R ELE R & U TIL S
AusiTwbaRRRI BT 2 &, Ko
DL D WOMEHE T, KR TIRER 10~20
%DIKS BB DR L, RERICHEL 223
BT RTIWBLUTTH S, #-T, KFEEKR

‘Table 3 Yield Rate and Bulk Density of Chars obtained
under Various Carbonization Condition.

HEEZRLS, oRE b EUOERERL,
EhRiboERCEL 1 IRRIGICHE - TH

Table4 Proximate Analysis of Chars.

Sample Moisture  Ash VCM FC
Species (wt%) (wt9%) (wt%) (wt2)
Apitong 7.41 3.69 2394 6496
Mayapis 1.18 156 15.01 81.25
Tangile 9472 146 2490 654.22
Palosapis 7.28 3817 1875 7010
Malabavabas

T, 420C 7.30 370 14.90 74.10

7, 430C 500 240 1020 8240
K. Bangkal 1.07 6.60 19.18 7315
Bakauan

T, 430C 220 510 2030 7240
Ipil-1pil 2.26 37g 1116 7680
Kakauate

T, 430C 330 3go 1440 7u50
Coir-Dust

T, 420C 6.60 960 3100 528p

VCM: Volatile combustible matter
FC : Fixed carbon

L B ERBR SN, T
bbb, RIEWOVHERZ
v, BRIER I Qe BT A EEEY

(kg/lhr ) (%) (min)

L, EERYE Yo—3/% D

Y f
(/) SIS BT LT 7T Y b

Sample T, U, F, F

Species (C) C(cm/sec) (kg/hr)
Apitong 430 6 710 0.68
Mayapis 430 6 10.50 1.46
Tangile 430 5 436 062
Palosapis 430 14 17.80 1.86
Malabayabas 430 8 10.80 1.50
K. Bangkal 430 8 1080 1.49
Bakauan 430 8 10.80 1.50
[pil -ipil 430 7 11.30 1.60
Kakauate 430 8 1213 1.48
Coir-Dust 420 6 520 1.70

a8 2 012 47 ¢, MO > RERBE

233 19 0.16 _
342 16 007 6 nT:o — 0)1@@1 biEﬁ%ﬁ

Nomenclature
T, : Temperature of carbonization
: Average gas velocity based on empty bed
: Feed rate of sample
: Discharge rate of char
Y :Yield of char
#  : Retention time
0, : Bulk density
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Fig. 5 Weight Decreasing Velocity of Chars

during Activation Reaction.
L2 %, Table S5 H{ KD RE 25 2 HEE
(o) EXTEEL TR U T2k fED oy & ORE 12 BA R /2
RIFR R, p DKL S RIEDIZED kfE%
RYERABRE sz,

R 0BEREIBEREO LR L & gl
T 555, 800°C LUF Tl RERBIEYHE S LT,
F72 900°C RALTRINEMET L, oA EERE
PIETS 2% CFE L RWERTH 2 2 P
WEBRTHED 500 T, BFEREZ 300C<,
<900°C LHEE L, BB 2 KD 2720 850°C &
900C THEFBEITY, B L. £ ORE
% Table 6 o3, FFRIE (MB) EsS 300 mg/g
DEEY DR (RACEAEY), BRI 2R
Tzh3, wTh b BIERE L D (S), (MB)gih
EBEELEREIESNR0LOT, AR TR 8500C T
BRYE 21T o 72,

Table5 Apparent Rate Constant, k.
Activation Temperature : 850°C.

Sample K oy

Species (g/m/)
Ipil-ipil 1957 %10  min~! 0.18
Mayapis 1932% 107 ¥ min™! 0.16
Kakauate 16.55% 1072 min™? 017
K. Bangkal 4289 % 107° min™ 011
Bakauan 34.85% 10" min™ 012
Coir-Dust 5476 X 10™* min™* 0.07
Tangile 6764 X 107 min~! 0.07
Malabayabas 2948 % 10 *min™* 0.12
Apitong 41.07% 107 min! 0.12

Coconut shell 1597 X 107* min™*

2y : Bulk density

(1)

Table 6 Comparison between Yields of Activated
Cabons having[ MB]Value of 300mg/g
produced at 850°C and 900°C.

Sample T%%I))' (mam) (3’;)
Apit-ong ggg ﬁg ggg
Mayapis 388 ?gg 28:8
Tangile 888 ?gg ?gg
Palosapis 888 ?88 5?8
Malabayabas 888 ggg 3;8
K. Bangkal 388 fig égg
Bakauan 388 31518 i?g
Ipil - ipil 888 ggg iig
Kakauate 888 358 iég
Coir-Dust 888 1E8 SEO

i, BEERHE, BUEWONEE, WEMEE A
MREMR, B & VAL EOBRIC DL THEA
720

Fig. 6 ix Ipil-ipil 3 J tF Coir-Dust o (R 1{k4 %
2 ORI TBEL, X F Ly 7 —REEOUF
(MB) & v 3 ) L BRIERE & OB 2R LT H
B, TNy (MBS AMBICET 2 3T, BiEH
e EBITHEART L5, RAEZBE S LT
SIEMETR LTz, DR DV T b FEEROF R

BELNH, (MB)ORAEIZET S,
A OBEIC L > CER Y, Table 7 0ET L5 1,
400
A
00k
O~ r1pil-jpil
% Coir-Dust
E Activation Temperature
E 200} 850°C
160
o 0 To0
B{min)
Fig. 6 Effect of Activation Time on Methylene

Blue Value of Active Carbon.
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Coir-Dust  J UMLo> 4 FE¥E I3 15~255%, Ipil-ipil
B L UMD 4 FEEH45~6553 T, HEAEEER TH|
ET270—"7L, REEMZET 27V —-712K
FlE& iy, WIhOHE TS, (MB) ORAE
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nizoFig. 742 (S) L AR & OBMR B R L 72,

Table 7 Adsorptdve Capacities of Activated Car-
bon produced in the Extersal Heat Reac-

tor, at Yields of 309
Activation Temperature : 850°C

Sample 7] MB [ S

Species (min} (mg/g) (mg/g) (m/g)
Apitong 20 285 1200 1000
Mayapis 46 320 1150 1410
Tangile 17 265 1160 1200
Palosapis 14 270 900 1000
Malabayabas 57 395 1100 1350
K. Bangkal 27 270 1050 1080
Bakauan 44 330 1000 1178
Ipil-ipl 60 370 1180 1200
Kakauate 65 370 1100 1370
Coir-Dust 25 380 1100 1490

Coconut shell 70 370 1200 1500

Commercial powder
activated carbon

A — 230 - 1000
B — 180 - 700
f : Activation time

MB : Methylene blue value
: Iodine value
S : Internal surface area

—

2ano

O Ipit-ipil
ﬂ' Cotr=Dust

1500

S{m*/g)

Activation Temperature
o
100 B50%C

Sy

1
I 50 6N
A(min)

Effect of Activation Time on Internal
Surface Area of Activated Carbon.
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Fig. 10 Change in Bed Temperature during Acti-
vation of Char in the inner Heat type

Reactor.
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Table 8 Composition of Actdvating Gas fed into

the Inner Heat type Fluidized Bed Acti-

vator.

BT, FeACEEARYE
SR hsiz,Table 9 |- R BLIERE

Feed gases:

Air; 46 I/min, LPG; 2 [/min, Moisture ; 98 m/(steam)/min

T o hEY & 2 RO
FECREIL, ThEhDIES &

Composition of gas fed into the bed after burning of LPG.
Percentage of formed gases based on the total fed gas

except moisture.

U (MB)EERL, £LD, B
BRI LD 7 v — 7 0

H, 41 CO 35
0, 16 CO, 137
N, 781 CH, -
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Table9 Methylene Blue Adsorptive Value of
Activated Carbons having Different
Particle Size Range, produced in the

Inner Heat type Reactor.

f Y MB D,
(min) (mg/g) (mm)

10 50.3 835 A

498 1085 B

15 37.5 141.0 A

‘ 39.2 130.0 B

20 36.9 1835 A

40.0 185.5 B

30 30.0 2620 A

118 204.0 B

35 9.3 1700 A

2.5 178.0 B

1), : Average particle size
A;1.19 mm under
B;1.19-2.83 mm
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Production of Activated Carbon from Trpopical Plants II.
Activation by internal-heat type fluidized-bed method*

Hideo Hosopa, Kazuhiko NIIKAWA, Katsuji ISHIBASHI,
Yoshio NODA, and AKIRA IKEHATA

Basic experiments on the production of activated carbon from ipil-ipil charcoal using an internal

-heat type fluidized-bed activator were conducted. LPG (liquid propane gas) was used for the

heat source, and the exhausted gas formed at various feed-air ratios was used also for activating

the gas with an occasional addition of steam.

Activation was performed at bed temperatures of 720-790°C. The result shows that the

maximum methylene blue values of the produced carbons exceed 400 mg/g regardless of the

addition of steam.

B IRIE I L VIR R ORE 21T o 72,
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ETIRHEFERFLEOBERETTFTEOHL,
Fif% 0.5~0.2 mm 2 &5 L7-, Table 1« Tkt
BLUVLP)LG) o TESRERZRL 2,

Tabhlel Proximate analsis of charcoals.
Sample Moisture  Ash VCM FC
(wt %) (wt%) (wt%) (wt%)
I,P 2.26 3.78 17.16 76.80
[,G 711 7.28 29.78 55.83

VCM: Volatil combustible matter.

FC : Fixed carbon.

1,P : Powdered charcoal of ipil-ipil.
1,G : Granulated charcoal of ipil-ipil.
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Table 2 Condition of feed gases.

Gas LPG Air Steam
Designation ({/min) ({/min) (g, H.O/min)

A-0 2.6 62 —

A-S 2.6 62 4.0

B-0 1.0 45 —

B-S 1.0 45 4.0




Table 3 Composition
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of activating gases

Gas H. 0 N CO. CcO
Designation (%,/mol) { % /mol} t%,/mol} i % /mol) % /molt
A-0 7.0 1.1 76.6 1.4 3.2
A-S 6.2 1.1 76.6 10.0 6.1
B-0 0 7.6 81.7 10.7 0
B-S 0 6.5 826 10.9 0

Table 4. Bed temperature during activation of charcoals of various runs.

.Gas . Charcoal Activalinga Charcoal Aclivatmga
Designation temperature ("C) temperature ("C)
A-0 1P 740~770(820)* 1O 720—750(820)*
A-S I,P 740~780(850)" 1,G 750~790(850)*
B-0 ipP 720~760(730)* LG 700~ 740(730)"
B-S I,P 750~790(710)* 1L,G 730~75007100*

*: Initial bed temperature before sample feeding

Table 5 Superficial gas velocity in the various
part of the reactor.

G Superficial gas velocity,cm/s (NTP)
as - -
Designation Low Middle High
(80 mme) (155mme) (205mme)
A-0 24.8 6.6 38
A-S 20.8 5.5 32
B-0 19.3 5.2 3.0
B-S 15.3 4.1 2.3
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Measurement of Calorific Value Containing Organic Matter
with a Large amount of Water

Masakatsu MIURA and Hiroki NISHIZAKI

SYNOPSIS: It has been known that the pyrolysis liquor obtained from pyrolysis of

municipal wastes or biomass can be used as new liquid fuel.

The pyrolysis liquor from cellulosic matter generally contains a large amount of water, which

has an evil effect on ignition or combustion and makes it difficult to cobtain its precise calorific

value by traditional measuring methods.

We studied a method which enables us to measure of calorific value precisely, using methyl

alcohol aqueous solution with moisture up to 1009 as a sample.

As a result, the measurement of

the precise value could be taken by adding nearly the same amount of benzoic acid as that of the

sample.

By this method, the calorific value of the pyrolysis liquor from wood or municipal wastes was

measured, and it was found that the value is in inverse proportion ratio to the water content of the

liquor.
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A Fundamental Study of Wood Pyrolysis
A method for moisture isolation from pyroligneous liquor**

Masakatsu MIURA , Hiroki NISHIZAKI

and Harumi KAGA

The fossil fuel crisis has led to a problem nowadays. Stocking charcoal is considered one of
the countermeasures for local energy storage. Charcoal can be preserved for a long period.

Dry-distillate from cellulosic matter (C oil), a by-product from the char production, contains

organic matter and a large amount of water. A method has been developed in which water that

is released during the carbonization of wood is isolated from the C oil. Condensation of dry

distilled gas with a thermal gradient was prepared; six outlets for wood tar and pyroligneous

liquor were instaued on the condenser. The physical characteristics and the moisture content of

the dry distillate obtained through each outlet were determined ; effects on the isolation of water

also were examined.

It was found that liquid produced from wood-pyrolysis at various tempera-

tures within the range of 5-200°C had different yields, viscosities, and densities ; most water could

be isolated easily from the C oil simultaneously during the carbonization of the wood.
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The Pyrolysis of Cellulosic Materials and the Analysis
of Levoglucosan in the Tar*'

Masakatsu MIURA, Harumi KAGa,
and Hiroki NISHZAKI

The levoglucosan content of the tars obtained upon pyrolysis of various cellulosic materials
under reduced pressure was detgrmined by thin-layer chromatography (TLC), infrared spectro-
photmetry (IR), and gas chromatography (GC). Then it was converted into glucose by hydrolysis

with dilute sulfuric-acid. The yields of levoglucosan by GC were about 2% from the woods and

about 22% each for filter paper and gauze.

The amount of glucose was 1.6-2.6 times higher than

that of levoglucosan, indicating the presence of anhydro-sugars other than levoglucosan.
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Fig. 2 Calibration curve for levoglucosan by
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Calibration curve for Levoglucosan tri-
methylsilyl (TMS) ether derivatives with
an internal standard (xylitol).
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Gas chromatogram of leveglucesan as
TMS ether derivatives on a 3m, 15%
EGS-Chromosorb W (AW) column.
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Fig. 5 Calibration curve for D-glucose TMS
ether derivatives with internal standard
(xylitol).
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Fig. 8 Char and tar from celiulosic materials
upon pyrolysis under vacuum at 500°C.
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Fig. 9 Analysis of levoglucosan and pyrolig-
neous liquor by TLC.
Note: S: Ezomatsu 430°C pyroligneous liquor

(1 ml/H.0 9 ml)

L: Levoglucosan (1.96 mg/H.C 1 ml)
Number : Drops of sample

Plate : HPTLC plates silica gel 60 for
nano TLC.

Developer : CH,COOC,H,: C;HsN : Hq
0=8:2:1

Spraying reageunt : p anisidin H,S0,
Heat: 130°C, 10 min
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PERCENT TRANSMISSION

S I IR B
' !

¢ \J\ T :
[ R v

SN

. 1
Sy ;

—

1 I I T 1 I 1 T t t 1 $--t
4000 3600 3200 28’00 2400 2000 18900 1800 1700 1600 1500 1400 1300 1200 1100 1000 90C 800 700 600 500 400

WAVENUMBER cm™!
Fig. 10 IR spectrum of tar from filter paper.
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Fig. 11 IR spectrum of tar from kraft paper.

Table 1 Yield of levoglucosan and other products from pyrolysis of cellulosic
materials under vacuum at 500°C.

levoglucosan (9
other products (%5) g 8)
Raw material by IR by GC IR/GC
. w/w w/w w/w w/w

Char Tar Gas Raw material Tar Raw material Tar
Filter paper 18 78 4 25.6 32.8 21.5 276 1.2
Kraft paper 20 S8 22 11.7 20.1 8.9 15.3 1.3
Gauze 16 74 10 26.7 36.1 21.6 29.2 1.2
Absorbent cotton — 43 — 13.3 31.0 9.6 22.4 1.4
Wood (Ezomatsu)? 18 59 23 3.0 50 2.1 36 1.4
Wood (Shirakaba)?! 19 55 26 - — 1.7 3.1 —
1) Spruce
2) Birch

EDTnB T 57 TR REEE 500°C 11 B
R T 2 cEE BRIV R VOS>
BRI 5 BB VINE L 225 T3, Z ORI, 25
fREE B L CERFMHEVNER S -bE LN
Do T, BEPERFGOBRA 2TV, 4K
VISR S — % § BRI KSR ~BD 4 2
EMBEZ RN, oo —20—kSERE »
b DFEDEARIIDO LV E 7 a4 > RSN TE

BT 52 EHRFTE, HICHSME S —L O
KGBZE 5T oV a -2 24T Lm0,
TN —AROESTEIE 7 L2 — VBT B
BT 5 EAREEEZ N D,

6. # B
wra—ARZMEBOARM, FER——BIUY

—ERERBSRL, OB RO Bk
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Table 2 Yield of D-glucose from condensate (tar) after hydrolysis (IN H,SO, at 100°C for 4 hours).

a-D-glucose (%) B-D-glucose (%) (a+ B8)-D-glucose(% )
Raw material w/w w/W, W/ W w/w w/w W/ W B/
Raw material| Tar Raw material| Tar Raw material| Tar

Filter paper 14.6 18.7 18.8 24.1 334 42.8 1.29

Kraft paper 8.6 14.8 11.2 19.3 19.8 34.1 1.30

Gauze 16.5 22.3 231 29.9 38.6 522 1.34

Absorbent cotton 7.6 17.7 9.8 229 17.5 40.6 1.29

Wood (Ezomatsu)?’ 2.4 4.0 3.1 5.2 5.4 9.2 1.30

Wood (Shirakaba)?! 1.4 2.5 1.9 34 32 5.9 i.36
VThdVRIVIYBNEEIED 2~2%58H Aohb,
+5ZERMRL, Wi, JOREBEKIEETY o

BT R % AR R L3.2~38.9% D N1 — A %
B2 Linb, O —AQBSRETIC VR
T DA OEEEAKTEIET B £ FHEIL T,
MO T AW LT, O —ARYEE
mitemicElhL, chaFERLT7ra—w
BRI BRI AT 5 Z L SAEETTH S & E
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Gasification of Cassava Bagasse Refuse*!

Masakatsu MIURA Kazuhiko NIIKAWA  Hiroki NISHIZAKI
Violeta P. ARIDA*? and NIST MEMBERS*?

AHEE A avF —, BREHO OHEENTRELEDEELCEEY s 2V ¥ 2L,
BRHAEYT 2 L EMANSHFEFEEO -2 T H b, BE, EE-SIEEFSEEIERLO—BL L
T, ML VEEREY ORI L 2EFLIC2VT7 1 Y ECEEWERT->TB D, Hito v
No— A REZREFEYTH S Cassava Bagasse DRFERIC & 2 4 A{LEE (545~920°C) #1F -7, #
DRER, Bl ARERE T A EBECL > TELZZMBFER 124D 02~11 Th- 7, EEA A3 CH,,
CO, Hoix EOUAMEN A 2 60% A ES ., S X 28T 2 ML EIF T, REBT ABRE E LT+
FlRT&E2:EZLND,

Conversion of recyclable plant resources and refuse into energy has become an international
subject of study because of the oil crisis and the need to economize on energy and resources.

At present, the Government Industrial Development Laboratory, Hokkaido (GIDLH), Japan,
and the National Institute of Science and Technology (NIST), Philippines, are undertaking, as an
international joint project, research to recover resources by pyrolyzing domestic and industrial
refuse. As a part of this project, experiments to gasify cassava baggasse refuse containing
cellulose were conducted at NIST. About 0.2-1.0 liter of gas was obtained from 1 g of cellulosic
material, the volume varying with temperature, and more than 60% was combustible as CH.,, CO,

H, and other compounds. The results of ignition tests were favorable, and the gas is promising

as a household. fuel.

1. INTRODUCTION

Because of shortages of fossil fuels, the
conversion of recyclable plant resources into
storable and efficient fuels has become an im-
portant object of study. Projects aimed at
making this possible have been promoted act-
ively the world over.

With refuse as the raw material, GIDLH
and NIST are now attempting to pyrolyze and

“okAFESSE Vol 30, No. 4 (1984)

»z Natlonal Institute of Science and Technology,
(Philippines)

*a A. L. Gonzales, O. G. Atienza, D. B. Isaac,
D. L. Pugal, J. 1. Pondevida, E. A. Suavillo.

convert it into a valuable resource. Refuse in
the Philippines is mostly cellulosic materials.
The chemical formula for cellulose is (CeH;,05)n,
and it is decomposed easily into CO, CH,, H,,
CO., and C,-C, hydrocarbon gases at high tem-
perature. The quality and quantity of the
produced gases vary considerably with the
materials, gasification conditions, and the type
of pyrolysis apparatus used.

To utilize Philippine industrial refuse such
as cassava bagasse as fuel, gasification experi-
ments using a fluidzed bed reactor were made
at NIST, Philippines.
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2. APPARATUS AND EXPERIMENTAL MET-
HOD
Fig.1 is a schematic diagram of the ap-
paratus used. The reactor, made of stainless
steel, has an inside diameter of 60 mm and a
height of 530 mm. The inner diameter of the
gas distributor is 1 mm with a perforation ratio
of 2%.
ing medium (bulk density = 1.4 g/m/, mini-

“Toyoura” sand was used as a fluidiz-

mum fluidizing velocity Un; = 3.9 cm/sec N. T.
P. in air), and the hieght of the fluidized bed is
8.4 cm at rest.

Steam was used as the fluidizing gas beca-
use it can be condensed easily by cooling, be
collected as water, and does not interact with
the produced gas. Using air has an advantage
because it maintains the temperature required
for gasification by burning a part of the intro-
duced material, but it has a disadvantage be-
cause it contains 809 nitrogen which takes no
part in the reaction. Nitrogen reduces the
quality of the produced gas when mixed with it,
is difficult.

and its separation Therefore,

1. Hopper

2. Ball valve

3. Fluidized bed
4. Furnace

5. Thermocouple
6. 0i1 bath

7. Condenser

8. Ice bath

9. Plastic bag

10. Flowmeter

11. Blewer

12. N, Tank

2
13. Cylinder
14, Balance

15. Manometer

R.H. Ribbon heater

16. Roller pump

Fig. 1

steam was chosen as the fluidizing gas in this
experiment.

Steam was generated by passing water
through a copper pipe into oil bath with the use
of a rotary pump at about 210°C and heating the
steam supply pipe to more than 300°C by a
ribbon heater. Fluidizing-bed particles in the
reactor were heated at various temperatures
ranging from 545 to 920°C. The cellulosic
material was charged in lots of 5 to 10 g by
opening and closing a ball valve on the lower
part of the hopper when the bed temperature
and the system around it has reached stable
conditions. Table 1 indicates the proximate

analysis(moisture, volatile matter, ash, and

Table I. Analysis of samples.

Cassava bagasse®
Moisture 13.2%
Volatile matter 74.8
Ash 2.6
Fixed carbon 9.4

*Particle size : 16 — 32 mesh.

CDSam
ple
+

Schematic diagram of gasification apparatus.



fixed carbon) of the cellulosic waste materials
used. The gas produced was collected in plas-
tic bags, and the volume was calculated by
measuring the water volume the gas pushed
aside by expansion at 30 sec or 1 min intervals.
The composition of the produced gas, such as
methane, carbon monoxide, hydrogen, carbon
dioxide, and others, was analyzed using a Shi-
madzu-GC3BT gas chromatograph under the
following conditions: Column: Packing was
Porapak Q in a 2 mx3 mm stainless steel col-

umn. Column temperature: 50°C.  Carrier

gas: N,;, 50m!{/min. Detector: TCD. The
standard gas contained 5.01 vol9; H,, 10.2 vol%
CH., 29.8 vol% CO, and 29.9 vol% CO..
centration of the produced gas was calculated

Con-

using the one-point calibration method, assum-
ing that the peak area was directly proportional
to the gas concentratinon. For hydrogen, it
was supposed that the peak was extremely
sharp.

Ignition tests of the produced gas were
conducted by igniting with a match after mea-
suring the gas quantity, and the results were
recorded.

3. RESULTS OF THE EXPERIMENT AND OBSE-
RVATIONS

3-1

The steam velocity was calculated at var-

Steam Velocity

ying temperatures of the fluidized bed using the
following equation, with 1 mole of steam being

(39)
22 4 liters :

U _ QH.0 xT/273%22.4 %1000
steam = 60x MW IO x A

where : Ugean : Superficial fluid velocity
of the steam mea-
sured on an empty
tube basis, {cm/sec).
MW H:0 : Molecular weight of
water, 18 g/mole.
QH.0 : Feed rate of water, (mi/

min).

T : Fluidized particle temperature, ('K).
A : Sectional area of fluidized bed, (cm?).

At a steam velocity of 5.0 cm/sec or more,
the recovery rate was nearly stable at about (.8.
At a steam velocity below 5.0 cm/sec, the rate
showed a decreasing trend to about 0.2. At
lower steam velocities, large amounts of steam
were considered to be condensed and adhered to
It follo-
wed from this that to conduct experiments

the inside of cooling and other tubes.

under stahilized conditions with fixed recovery
rates of the water supply, it was advisable to
have the steam velocity at or above 5.0 cm/sec.
Steam velocity, however, should be lowered if
the temperature of the fluidizéd bed can be
This
specific heat of steam is twice that of air, and

maintained constant. is because the
the heat loss increases in proportion to the feed
rate. Therefore, steam velocity at the experi-
mental temperature was set at 4.6 to 6.7 cm/sec.

3.2 Amount of Produced Gas

Table 2. Summarized data on the gasification of cassave bagasse at varying steam velocities (U steam) at

constant bed temperature.

) Temperature (°C) Product gas
Experimental U steam
run number | geq | Furnace | TOPO | Ribbon | Oil | (emysec) | Total vol. | Yield (d.b.)"

reactor | heater bath (liter) {I/g dry sample)

9 850 900 360 365 215 3.38 4.54 1.046

10 850 900 365 370 215 4.40 3.88 0.894

11 850 910 380 390 215 5.67 3.74 0.872

12 850 910 385 395 210 7.54 4.05 0.932

13 850 910 385 395 200 6.58 4.54 0.730

14 850 910 380 400 210 5.04 4.05 0.743

15 850 910 380 400 210 7.54 5.59 1.23

*(d.b.) : dry base.
Note : Sample weight: 5g.



(40)

Table 3. Summarized data on the gasification of cassavalbagasse at varying bed temperatures.

. Temperature (°C) Product gas
Experimental = c Ribh ol U steam Total vol Vield
run number ) opo 16bon U femysecy | total vol. teld (d.b.)*
Bed | Furnace reactor | heater bath (liter) (I/g dry sample)
21 545 610 260 335 200 4.62 1.66 0.191]
22 550 605 260 345 230 4.65 1.58 0.182
23 630 690 280 350 220 5.10 3. 18 0.37
24 735 790 310 360 220 5.70 5.58 0.64
25 810 840 360 490 210 6.12 8.40 0.97
26 845 910 350 385 215 6.32 7.61 0.88
27 915 950 395 420 210 6.71 8.30 0.96
28 920 950 400 420 210 6.74 8.70 1.00
*(d.b.) : dry base.
Note : Sample weight: 5g.
5.0 and the amount of gas produced in some experi-
' T T T 1
o 845 °C ments.
+° Fig. 2 and 3 indicate the relationship bet-
7.0 k 0/01 - ween reaction time and the amount of gas
d . .
0/0 produced using 10 g of cassava bagasse. Fig. 2
/ shows the accumulated amount of gas pro-
Q .
2 6.0 = duced, and Fig.3 shows the amount of gas
[sH -
§ f/ 735 °C produced per minute. A large volume of gas
o d evolved shortly after the material was charged.
=50 | / n The volume of the gas and the duration of gas
~
§ evolution increased in proportion to the tempe-
A / rature. At the temperatures tested, more than
@ - !
_E 4.0 ‘ 80% of the gas was produced within three
E minutes.
g 630 *C Fig. 4 shows the relatjonship between tem-
SLo bk o ’O/o B g ] P
= o° perature and amount of gas produced. The
° o . .. . .
- ] /o” relationship is represented by a straight line,
2.0 L /° _ and gas yields of 1 liter/g at 900°C and about 0.2
é 550 °C liter/g at 550°C could be generated.
o000
Y 3.3 Amount of Produced CH,, CO, H,, and CO,
1.0 / - gas
0 . . .
/o Fig. 5 shows the relationship between the
temperature of the fluidized bed and the amo-
0 1 é 1‘ 116 20 unt of methane, CO, H, and CO, gas produced
Vi .
i i) per gram of material. The amounts of the
Time min
gases produced from 1 gram of cassava bagasse
Fig.2 Relationship between tatal gas volume increased proportional to the temperature ; 0.06

and reaction time of cassava bagasse
gasification.

Tables 2 and 3 show temperature of the
fluidized particle bed, top of thc reactor, ribbon
heater, oil bath, and furnace; steam velocity ;

-0.15 liter CH,, 0.13-0.36 liter CO, 0.02-0.6 liter
H,, and 0.1-0.34 liter CO,. More than 609% of
the gas produced was combustible, CH,, CO,
and H,. Fig. 6 shows the relationship between

steam velocities of 3.4-7.6 cm/sec and concen-
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Fig. 3  Relationship between rate of gas production and reaction time of cassava bagasse gasifi-

1.0

0.8

0.6

0.4

Gas yield ({/g dry sample)

0.2

Fig. 4

Note :

cation.

1 L [ L L 2 1 L

i
500 600 700 800 900
Bed temp. (°()

Relationship between bed temperature
and product gas yield from dry cassava
bagasses.

U steam: 4.6-6.7 (cm/sec).

tration (vol%) of the component gases at 850°C.
There was no significant effect of the steam
rate on the concentrtation of CH, and H,, being
nearly stable concentrations of 16 and 5 vol%,
respectively. The concentration of CO increa-
sed from 32 to 36 vol%. This may be because
at low steam velocity, part of generated CO is
oxidized to CO, when CO stays longer in the
reactor, in which case the amount of CQ, incre-
ases.
3 -4 Component and Calorific Value of Pro-
duced Gas

Table 4 shows the concentration (vol %) of
hydrogen, methane, carbon monoxide, carbon
dioxide, and unknown gases in the gas produced
and the calorific values calculated from the
components of combustible hydrogen, metharne,
and carbon monoxide. The calorific values
were calculated on the basis of the proportion
of the components, with the maximum calorific
values for H,, 3052 kcal/Nm?®; CH,, 9527 kcal/



(42)

Oak sawdust : —————————— Eml qgas

ey "
Manuge-* /
i
(o] Toral gas

Ges yi1eld {liter/g dry sample)

0.01

Ll

Ty

600 700 800 900
Bed temp. [ ]

Fig. 5 Relationship between bed temperature
and product gas yield from dry cassava
bagasse.

Notes: Beck and others.

*1: Ind Engr Chem Process Des Dev, 19,

312 (1980)
*2: |bid., 18, 328 (1979)

Nm?; and CO, 3034 kcal/Nm®. The concent-
ration of H, is 4-6vol% ; CH,, 15-17vol%;
and CO, 36-45 vol%, and the total amount of
calories produced is 2690-3130 kcal/Nm?®. The
concentration of unknown gases was estimated
from the concentration of the already known
gases subtracted from 100%. The 3-149% un-
known gases includes C,-C; hydrocarbons and
a slight amount of O, The corresponding
calories of the unknown gases were not used in
the calculation of the total calorific value of the
gas produced. However when used, the total
calorific values would be slightly higher than
the values indicated in Table 4. About one-
third of the gas is incombustible CO,, and it can

50 T T T T T
40 r h
A
L ‘>_//—A A= (0
v 3 = 4, , ]
-\\‘
g L4 COZ |
S 2 r o .
g 5 B CH,
P10 - 1
5
3] Q o Oo— 4
: ° ° y
& 0 N 1 . 1 : | N Il N 1 M
3 i 5 6 7 8 9
U steam (em/sec)

Fig. 6 Relationship between steam velocity (U
steam) and gas concentration of cassava
bagasse.

Note: Bed temp.: 850°C

be removed easily by an alkali solution or

There fore, when the CO, is

removed by refining the gas, calories produced

ethanolamine.

will increase by 30:9%.
3 -5 Combustion Test

Combustion tests for various kinds of gases
produced from cassava bagasse, sawdust, coir
dust from coconut husk fiber, and similar
materials were conducted. All of the gases
were combustible when triggered with a match.
Cassava bagasse and coir dust exhibited similar
The flame of
the gas from sawdust was bluish wihh less

red flames with littele smoke.

smoke.

4. CONCLUSION

At NIST, a gasification experiment with
cassava bagasse, an industrial refuse in the
Philippines, was conducted with steam. It was

confirmed that 60% combustible gas, H,, CH,,

Table 4. Gas analysis data of cassava bagasse.

Experimental | Bed temp. Gas concentration (%) Calorific value
run number {*C) H, CH, coO Co, Unknown {kcal /Nms3)
23 630 4.2 17.2 36.0 28.8 13.8 2,859
24 735 4.5 16.6 46.5 29.9 2.5 3,128
26 845 5.6 16.7 39.0 35.0 5.7 2,945
28 920 5.7 14.8 36.8 33.7 9.4 2,685




and CO can be produced easily and that the gas
could generate about 3000 kcal/Nm?
sult of the ignition test was favorable, and the
gas was found promising as a household fuel.
For future practical purposes, successive gasi-
fication without external heating is essential.

The re-

(43)
For this purpose, it is essential to burn a part of
the material to use the heat for the gasification
and evaluation of the produced gas as a fuel.
Studies to establish a more economical gasi-
fication method which would be indespensable
for practical purposes will be conducted.
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Converting of Organic Wastes into Oil and Gas*'
Hydrocracking of Cellulose

Kunio HIROSAWA and Mikio MORITA

SYNOPSIS : In an attempt to convert urban organic wastes to gas and oil, hydrocracking of
cellulose as a model substance was studied, using a batch autoclave, to determine the active
catalyst and to elucidate the effects of reaction conditions on the hydrocracking and properties of
hydrocracked products. As the results, Na,COs-NiO (1 : 2 ) mixed catalyst was found to be most
active for the hydrocracking, among metal oxides and metal chloride tested, under the presence of
the same amount of water as that of the sample. In the presence of this mixed catalyst and water,
cellulose was hydrocracked effectively to gas and oils above the temperature of 250 °C at the initial
hydrogen pressure of 50 kg/cm® The conversion into ethanol-solubles of cellulose was nearly 100
wt% at 350°C for 3 hrs. under the initial hydrogen pressure of 50 kg/cm® As the hydrocracked
products, 27 wt% of gaseous product and about 30 wt% of oily products, which were composed of
water-soluble components and water-insoluble components, were obtained. The gaseous product
consisted of CH, (49.9 mol%), C.Hs (2.8 mol%}, CsH, (3.1 mol%), C.H., (2.1 mol2%), CO (9.8 mol%)
and CO, (32.0 mol%) and the heat of combustion was about 9,000 Kcal/Nm?® The water-soluble
componets were confirmed to be acetone, acetaldehyde, ethanol, propanol, propion aldehyde,
methyl ethyl ether, cyclopentanone, butanol, cyclohexanone and cyclopentanol.

The water-insoluble oily products were found to be composed with a number of components
and its combustion heat was about 7,000 kcal/kg.
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Table 1 Comparison of catalytic activities

Reaction condition : Temp. 400C, H. initial press.

50 kg/em?, Time 5 hr.

Sample : Catalyst ¢ : H:O)=10g : 5g (: 10g)
H: con- Ethanol in- Gas pro- Gas constituent (mol %)

Ex. NO Catalyst (sgu/rgz)ad s(g\l;;b%s) (iﬂcﬁ) CH. C.He C:Hy CHio CeHip CO  CO: H,
1 None (no H) — 32.0 30.4 12.8 2.6 0.8 0.1 0.1 9.9 58.9 14.8
2 7 +H:0 0.009 22.3 27.4 11.9 6.9 4.1 2.4 13.9 60.2
3 NaOH 0.013 11.7 34.6 31.4 25.9 13.7 3.0 20.0 4.1
4 ” +H.0 0.025 Trace 10.0 24.9 11.8 5.4 4.1 0.7 4.9 44.1
5 NaCl 0.013 25.0 10.8 33.7 31.6 16.0 9.3 4.9 4.5
6 7 +HsO 0.016 23.6 35.7 14.1 6.7 4.6 2.0 0.4 7.6 64.5
7 MgO +H.O 0.018 12.6 20.2 21.1 20.0 14.5 8.5 2.3 11.2 22.5
8 MgCl, 0.008 38.2 32.9 17.5 9.4 6.7 4.7 1.0 6.7 54.0
9 4 +H.0 0.019 19.5 23.5 18.0 10.6 55 3.5 0.8 7.8 53.8

10 Ca (OH), 0.017 23.6 23.8 7.2 5.1 2.6 1.7 0.3 10.7 72.2
11 7 +H:0O 0.048 14.6 73.2 2.6 19.3 23.5 21.3 4.6 1.1 27.8
12 CaCls 0.036 26.6 3.2 60.3 21.2 10.5 2.4 5.6
13 4 +H;O 0.018 29.1 17.0 28.1 9.1 6.1 2.3 0.7 3.0 50.6
14 ZnO 0. 008 45.6 20.9 24.1 24.8 24.4 19.0 .0 0.8
15 ” +H:O 0.022 0.1 29.9 9.1 6.6 5.4 3.5 0.8 5.9 66.9
16 ZnCl: 0.050 4.7 61.8 12,5 12.8 14.7 21.1 5.3 19.9 13.6
17 ” +H:O 0.037 6.1 55.3 11.3 10.8 11.2 23.4 9.2 7.2 26.9
18 NiO 0.083 ? 37.5 57.6 5.5 1.2 9.6 5.8 7.4 3.8
19 4 +H:0 0.080 16.4 14.3 86.5 5.3 4.6 3.0 0.5 Trace

20 NiCl: +H.O 0.023 35.1 ? 33.1 8.6 5.9 7.2 0.8 4.1 40.3
21 FeO +H.O 0.029 19.2 28.2 11.1 6.4 4.4 2.0 0.6 75.6
22 FeCly 0.035 38.6 17.6 33.6 17.6 10.2 7.4 1.9 12.6 16.8
23 7 +H.O 0.068 43.7 16.3 16.8 17.5 4.7 3.8 0.9 44.7
24 WO; +H:0 0.033 10.3 31.8 15.6 12.8 8.6 8.5 2.7 51.7
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Table 2 Comparison of catalytic activities

. Na,CO Na.CO Na,CO Na,CO
Catalyst NaOH  Na,CO, NiO No RS S Mo
1.0g l.4g 1.8 a:2 (1:2) (1:2) (1:2)
React. temp. (C) 300 300 300 300 350 350 350
React. time (hr) 5 5 5 5 3 3 3
Sample wt. (g 10.05 10. 46 9.93 10.65 10.15 10.00 9.99
H.0 (g 10 10 10 10 10 10 10
H: added* (g) 1.28 1.28 1.28 1.28 1.28 1.28 1.28
H; consumed (g) 0.27 0.13 0.47 0.35 0.07 0.05 0.55
Gas produced (g) 2.78 3.26 1.13 2.64 3.08 2.97 2.63
H,O+Ethanol solubles (g)  7.08 7.19 7.25 8.36 6.73 6.84 7.25
Ethano! insolubles (g) 0. 46 0.14 2.02 0 0.41 0.24 0.16
CO 4.3 6.6 Trace 3.9 9.3 6.7 9.8
o ég COq 86.4 86.4 26.9 53.0 83.3 83.2 32.0
g 3 CH, 4.9 3.3 69.2 40.0 4.2 4.7 49.9
< E CHe 1.8 1.9 1.3 1.4 1.7 2.6 2.8
g CaHs 1.4 0.9 1.2 0.9 1.0 1.6 3.1
é CHia 1.0 0.4 1.1 0.4 1.5 0.9 2.1
CsHie 0.2 0.6 0.4 0.4 Trace 0.2 Trace
* . H, initial press. 50 kg/cm?
W I Ehs, FERMEOBEOME SR R 100/,,/»
STWnLEHEEENSE, Thodl s RES 80 Ethanol solubles
MUY A cBib=y r VRSN LD — R % e
BT ) — DY AT B Tz 8 DG BT S eof
m
100 9
/—‘\ 5 40|
oo Ethanol g Gas produced
o solubles a
20 k= 4
.94 H, consumed
g 50 1 — g
2 duced 0 [
0 HZO / Sample
H., consumed
0 — 2 . React. condition
M/-o—'—' Temp. 350 °C , Time 3 hr.
H, initial press. 50 I~<g/cm2
OC02 NaZCOB:Niozlg:zg
A CO
e 50 o CH4 Fig. 2 Influence of amount of H,0
—
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Na,C ample . .
2773 HIE 50 kg/cm?, 506 10 g iz ok 10 g 202 72 RIE

React. condition : Temp. 300C, Time 5 hr.
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Sample 10 g, H.O 10g

Fig. 1 Influence of amount of Na,CO,

catalyst
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Fig. 3 Influence of reaction temperature
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Table 3 An example of a hydrocracking
result of cellulose

React. condition
React. temp. : 350°C
React. time : 3hr.
H: initial~press. : 50 kg/cm?
Catalyst : Na,CO, : NiO=1(g) : 2 (g
Sample : 10 (g), H:O : 10 (g)
Result

Conversion 99.9% (of sample wt.)

H, consumed 5.5%
Gas produced 27.3%

0Oil recovered 21.3% (heavy oil)
2~4% (light oil)
Gas component
(mol %) : CH, 49.9, C,H, 2.8, CsH, 3.1,
CHiw 2.1, CO 9,8, COy 32.0
Combustion heat : 9000 kcal/Nm?!
Properties of oil
Elemental analysis of heavy oil
C :83.4%
H: 9.1%
O: 7.5% (diff.)
CII-EHIB-‘O
Combustion heat : 7000 kcal/kg

H/C=1.31
0/C=0.07

weight fraction

30 35 40 45 50

elution count

Fig. 6 A GPC curve of water insoluble heavy
oils produced at 350C for 3 hrs.
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(1)
(3)

{4)

(2)

Column ; Carbowax 3 m,

Peak Mass co a
number numbe= mpoun

1 58 (CH4) 2CO

2 44 CH3CHO

3 46 CZHSOH

4 60 iso-C3H7OH

5 72 CBHHCHO

i

6 60 C3H7OH

7 60 C2HSOCH3

8 84 CSHSO

8o°c ,

MNFNTFTER, 2FNLT—FN, Y7UuXs¥ )/
Y, TFLTINA—N, VTZONFH I, VT
UAFH /=L EBNEENT WD I & 2HERAL
too 72, KELHPRMEOFTA7ax M7 5
L% Fig. Bmy, FHAPOKAIMTHD 2 L
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MFER, Ly, 2TV, RIAEENSE
NTWBE I EREZONDY, BOBODRSTIC
DNTIRTARARY P RHFETE2VLHDHRE <,
E— 7 QLB O DWW T I EER W EEANIC
BFRELTEDLHDOTHY, SHOBEE
75,

F.I.D.

Peak Mass -

numbex numbez Compouna

9 - unknown

10 74 n-C,HqOH
11 98 CgHy 0
12 - unknown
1z 86 CSHQOH
14 - unknown
15 - unknown

Fig. 7 A gas chromatogram of water soluble components contained
in hydrocracking liquid products at 350C for 3 hrs.
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(29)
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Column : Silicon DC 530 , 5m , 120 °C , F.I.D.
Peak Mass
amber aumber Compound Peak Mass Compound
‘ number number
1 44,58 CH,CHO, C,H CHO 16 112 gl 62
2 58 (cH,) ,€0 17 112,124 CyH, ?,CgH, 2
3 60 C4H,OH 18 110,128  CgH,,?,CgH, 02
4 72 C4H,CHO 19 112,120 CgH,?,C4H,,?
s 74 C4H, (OH) 52 20 126 CgHy g2
6§ 74 C HgOH 2L 126 Cotly 2
7 86,96 C 4 HgCHO, CoH, 0,2 22 98,126  CqHy,?,CgHy g2
134 Cy By s?
8 70,96 C5H) o7/ C5H 0,2 26M14
, .
s - _ 23 120,134 CgHy,7,CyHp,?
24 - -
10 100,110  C.H; OH,CgHy,?
11 92 CgHsCHy? 25 124,140 CgHp47,CrgHp0?
12 84,110 Cgi;,2,CgH 32 26 132,140 Cy4H)57,CigMp07
-4 il
13 82,96 CeHy?0CqHy 52 27 138 C1ro¥167
110 C,Hy 0 28 138 Cio¥1g?
14 122 €, ¥,CHO? 29 145 CypHyg?
15 - - 30 130

Fig. 8 A gas chromatogram of water insoluble components contained
in hydrocracking liquid preoducts at 350°C for 3 hrs.
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