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BEim ~ =N ES # 9 enefe?

F 5|0 [am | © | @ | o A ;ﬂé%éféﬁﬁﬁfﬁéﬁéé%i
R B - - - - 100.0 3.2 9.5 42.3] 45.0| 48.83  51.2
1 810 44 136 78 57.3 5.9 16.0 3.3 74.9 4.2 95.8
3 390 74 135 103 76.3 1.8 10.4 25.00 62.8 28.5 7i.5
4 180 100 135 128 95.0 2.8 10.1| 41.8)  45.4 48.0, 52.0
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dN—‘ . —_—
_a.a___kN ........................... (1 4 D)
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Ez =‘rjo f(E) exp [—Aﬂexp(E—E,f)] AR e
----- (1-4—3)
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F (E) =exp [—ABeXp(i—?)J e (1 4—4)
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HFOPRKCDOTO PWEBRED »H BEHLbD
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FEAIR & TR R R EE %R LT %08, Bin-
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LTREC L HAbDEEL DILbo

X s

1) Pitt, G. J. ; Fuel. 41. 267 (1962)
2) FH mEHEEE, 35, 266 (1956)
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a 24
PeCop g5 —ko( b L Py = g Ca1m)

a0 or* r or
R (2 1—1) ZROPMEHS L OBREH
Ig:O T =g e (2+1—2)
T=0 T OU/0r=0 ‘r-rereeeemremrniens (2+-1—3)
l r=R T ke(0t/01)=hw(tw—tr) ~;(2 c1—4)

Tfgl &

_ e - —-an?y
tw—t ¥ 2] o(anr/R)e

Tw—To - ,,clan(l"‘anz/bz)jl(ax)) e (2015
twtm _ g 4e @0V
tw—to n:lanz(l"‘anz/bz) -------- (2 1—6)
o el
I D =hwR/Keg vrrreeremiai . (2 1—17)
Y =Ko 0/PeCpeREwrvvevreevacerannns (2« 1—8)
1 an (’ibJD(an)=an]L(an)@?{‘ﬂ """"" (2 . 1—9>

Coe ; APRDOFHLLE,  (keal/kg+T)

hw ; BIEEEGH, (keal/nfshreC)
Jo ;B 1TEO kD y v LB

Jv 5 BIE 1RO~y L B

ke ; ARBEOFBEREE, (kcal/mehrsT)
o REERITEOHERE  (m)

R ; virrosE, (m)

t o ARBEORE, (C)

to ; BBROEE, (O

tm ; ARBOTERE, ()

tw ; IERMFOIRE, Ticbb v ba F OBEE,(C)
0 R, (hr)

Po s AROFIEZERE. (kg/nd)
FIRDFEREER Cpel) 120.31kcal/kgC, FHtE
DEYEEEE ko I 1 « | —2 X Rdb &%

DL 5o
PRt (C) 500 600 700 800
HNRREE ke 0.33 0.38 0.45 0.63
(kcal/mehreC)

TEEE Lo 1X795kg/nt, to=20C, R=0.1m& L
TR (2« 1—5) BIOK (2« 1—7) 75 an,
b, BXUO hw #EHTAL T2 - 1 =183 HBEBRE,

§2'1_1 ﬁf‘ Il?l&. an, bk X Uhw & @B\E_I{;];\‘

FIECT) an b hw (kcal/m2«hrsC)
500 1.68 2.4 7.9
600 1.68 2.4 9.1
700 1.79 3.0 13.5
800 1.90 3.9 24 .6
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C'pe= (C'p100+Clpc)/ 2+ (2« 1—10)
22T Clpe WRERED tT Il 5 PR
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.......................................... (2 . 1_11)
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R T o
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S UT-FEME X Dok 7e b, te=0 23 500C Bl RiC
7o THIeRERMC ERTH2L0EEL DD, &
ZCHWISEEEREMEE (ke) 13 5 &0 Bt
AT RETIEIRTWBDT, 1/R=0.7 DL
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£ 322 ®oOom 5. B w4 &
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# % mo B R w8 om K

S T & = H—3 H—2 H—1 Pp—3 Pp—2 Pp—1
3 . ﬁ“ : " A 1,000 975 915 925 940 975
7 m (C) g 740 720 740 635 710 740
£ B O M (hr) 6 6 7 6 6 6
BoR o4 BB )

B~ (kg/hr) 287 258 200 267 233 178
- A < (hr) 6.6 7.3 9.5 7.1 8.1 10.6
g8 B ' ¢ ‘ -

(g~ (keal/ke) 628 690 775 106 892
Mz — 2 AEEE (kg/hr) 200.5 166.0 125.0 1 200.5 163.7 118.7
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b

i’ T 7E oM O BOR AN KW R FRP IR

51 B % 2 PB—2|PB—1|PB—3|UB—2|UB—4|UB—3/AB—1|AB—2
, B o4l  oic| 1,005 815  sos|  sas| 795 785
b Ty 790 758 sie| 60l 635 650 615 610
OB M (hr) ¢ 4 g 3.5 ¢ ¢ 4 3
s 2 éiéﬁg (r.p.m) i0c| 87 48 10C 87 7€ 100 87
" (Zéu\ffji—) B (kg/hr) 102 9z 6C 6 56 5¢ 8 70
P N S (1 (hr) 4.5 5.0 7.8 7.5 8.1 9.0 5.6 6.5
fpea— o AR Ckg/br) 9.4 65.0,  36.1 47.¢| 4l.1] 6.8  69.6 57.0
L R NIV N O SRR % 5 fzﬁzoo

C

2 i N WP e B

EX B #* ) T—3 T—2 T—1 Ho—1
B _ A 895 915 935 70
W W (C) 740 785 825 530
£ B OK M (hr) 6 6 6 12
e Eﬁ{%%ﬁ - (r:p.m) 70 48 30 57
R dﬁu% 1% B (kg/mo) 335 268 199 148
moom W R (br) 5.6 7.0 9.4 14.0
" Q;;«\%I‘x) B (keal/ke) 541 808 1,169 705
A=~z 2dkpE (kg/hr) 210.9 159.6 100.4 98.8

d

oo fil 75 i 4N b R

% B = Pt | P—s | P—3 | P—g | P—7 | P—5 | p—3"
. w o A R c| 7% 730 730

B 620 620 - 64 530 54¢ 550 520

BB 4 (%) 4.5 3.4 3.5 2.C 2.0 2.0 2.0
C-B - B P (hr) 48 ‘ 48 %€ 48 48 48 20
;X&%%Eﬁﬁ, (r.p.m) o - . & 77 57 51 4 67
o (%‘;m% BB (kg 248 206[~ 194 147 12¢]- 106 162
L B (hr) 7.5 9.1 9.€ 12.7 15.6 17.¢ 1.5
Bl B Geake) | o s s s w4 | s
SRt — 7 AEEE (kg/hr) 80 14 125 106 82.4 65.2 113

¥ P— QX PEMEA R LR TH B,
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1y P=3, P—4) TiZHv v FEIOREOES
DEDRE o fohs, BN E 625C DFh (P
—6, P—7, P—5) TkoiEboEsvhx <,
LEIE LIS Tishhic 2 & Hm LTV 5o

SEIGIRBERE 625C TH - 7o EH O 1 R B GG
&Dwﬂwmkléﬁﬂums-z—z@iékmé
o G IEIERTC 600C 127 Do

Lf_@f%%ﬁ%&"i‘inf‘ﬁ‘ C fI/JVJ 7‘\_0
g) = — 7 At E
B b b LD LR R o — 2 R AR LR
' LICETH %o o S
#3 . 20—2dickiAEBEZP 1, P—4, ‘; sonk
P— 3 L lHEER E 750C, P—6, P—7, P— _;é
5 LSRR B 625C Cfifc\s, P—8 IR aig 2o
B LT Cd Bo FPTHMIE A~ v - 2Bkl L = 00l
Tob DT, BRUEEE N A% BB S R TEEHR 4 T 4 L ol
foo THFADABREL 130°C, iiiHE 2000t /by, -~
BB TFEGE T B 100C Cd o 2o = 100r
D) v bbb S e e e e
NI v [l Yokl DA R IE o "L)[F-H?IUL CUL A TED B B e B () :
R lm, 2m, 3m, 4 5moO(7ECHE L. B 322 '
o 2k iy fz*
CERREUE AN VNS T IR £ 5 v ko P DR B
(N P NNt/ zav}oh1.R»,RJ,Ruiv 4)  RERHARIRAIBLR
P b BETH Do VEFEERE 750C DR (P— R RINEAIES - 2 —3 1R H AR
£ 323 BRI G I (R~ — 2)
a
"R & 3 1 ¥r I3 7 il % Iz
= =3 F& = H—3 H—2 H—1 Pp—3 Pp—2 Pp--1
B i ACT) 1,000 975 915 925 940 975
oo o E (hr) 6.6 7.3 9.5 7.1 8.1 10.6
FEia— 27 A (%) 75.4 69.5 €7.4 76.9 71.9 68.3
P
E& . (Nut/ &) 60.4 62.7 75.5 49.3 69.1 108.0
# (%> 5.6 6.1 6.8 4.2 5.8 8.3
u%i oo AR T 944 25.8 8.9 22
¥ oox W 9 i . . . 18. 3 23.4
b
173 [ EO | A U7 PE R R E R ROCE R B OR
e B % & PB—2| PB—||PB—3|UB—2 UB—%JUB—G AB—1{|AB—2
B & ACT) 940 910 1,005 815 805 |. 845 795 785
P /B R (hr) 4.5 5.1 7.8 7.5 8.1 9.0 5.6 6.4
Fepm — 7 ALK (%) 79.9 73.6 62.1 81.8 75.3 75.5 89.4 82.9



C
b4 i * 3 B 7 B 74 WPy H BlR
=3 59 & & T—3 T—2 T—1 Ho— i
i B AT 895 9i5 935 730
WO R HE (hr) 5.6 7.0 9.4 14
o — 7 A (%) 65.0 61.4 52.1 68.0
% (Nni/ t) 75.5 129.0 200.0 96.5
% 7 (%) 7.2 10.2 15.2 7.9
g x = (%) 17.1 17.5 19.6 12.6
7oA K (%) 10.7 10.9 13.1 6.5
d
® & 7 il 7N # ®
% ® # % | P—1 | Pt | P3| P-c|P-7]Ps | P
el ®OACOD 870 | 850 880 730 730 730 730
oo o R (br) 7.5 9.1 9.6 12.7 15.6 17.6 11.5
HRiz— 2 A (% l76.2 71.2 69.0 73.1 69.8 62.6 71.2
& ) ' (rinf/t ) 80.8 93.6 123.0 67.8 93.1 118.0 83.7
? d 7~ (%) 6.2 7.3 9.1 5.3 7.2 8.8 6.5
Z) - —
mir - » (%) 7.4 11.6 12.4 9.5 14.0 -17.6 11.1
w7 2 ¥ (%) 6.2 7.7 6.5 6.5 7.6 9.6 6.9
B LS (% 4.0 2.4 2.9 5.6 1.4 1.4 4.3

AR E Y40 FedT BT AR IRERIMCHRR Lok
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5) iz — 7 AR

a) T2 4

B 2~ 7 ADTESFT LORBBEEES « 2—
4R T F RGNS DELE S e — 2

—— JIFER 750C
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ADKEFERS DE B> %M 3 + 2— 3105 Yo
BERAOIT O TFEOE L 0 Y, F—pi
RCEyv A PADRFGEBEEDT L DIz L RE
Lo

b) B OE &

FRE Oz — 7 AhORES Y = 2 HET
ME LR aE3 » 2— 5107”7 So/So EEHK
LR 2 — 7 AP OBRERRESEREOILTH D 0.5
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R eI, B3 ¢ 2— 4R T L ol ELNIEE
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£ 324 =2 ATHERW
- - } 1
g | Eals )
5 || (kcal/kg)
H—3 | 4.918.6 5,970
PR | H—2 | 3.519.9 6,180
H—1 | 4.2023.2 5,930
] B Pp—3 | 2.5[11.7/32.5/53.5 7,030 % W om R 0.07 0.29 _
P A R | Pe—2 ] 3.2012.825.1)58.9 6,900 Ppo—3 018 0.13 0.45
Pp—1 | 2.916.3] 8.9|71.9 6,580 Pp—2 0.18 0.13 0.45
PB—2] 2.6/20.4|21.1155.¢ 6,170 Pp—1 0.19 0.11 0.38
FRHE T | PB— 7 F .
FRAEE: (P B 2.7020.9]18.5/57.S 6,120 e 0.07 0.48 _
PB—3]| 4.7{24.0| 3.¢|57.7 5,790 P_ | 0.11 0,51 0.64
o UB—2| 2.0[23.7]21.7[52.¢ 6,040 P—4 0.13 0.14 0.29
K5 E? UB—4| 2.528.4/10.¢[58.7 5,530 P—3 0.15 0.26 0.54
UB-—3| 4.1/28.5 8.1[59.3 5,360 P—s¢ 0.13 0.19 0.40
P—7 . ) )
I AB—1]| 2.1]14.027.6/56.3 6,890 P—s 8 fi 8 fz 8 ‘;g
IABEER N A 59| 9.(|i3.729.6554.7 6,870 : : :
P—sg 0.12 0.22 0.46
T—3 | 3.8i4.120.1/52.0 6,660
- 32 OPE \/L\W/ﬁﬂl].’*\ 008 1.18 -
N T2 |sqsgrgue 60 T o2l oml oer
T—1 | 5.8]16.4 3.4/74.4 6,210 . : : :
UB— 0.11 0.75 .63
% P9 A B | Ho— L | 2.9/10.6]16.4[70. 1 7,180 UB—3 0.10 0.55 0.47
P—1 | 2.8/11.7)25.3/60. 2 7,020 =3B = — 7 AdhOBRBEETT
P—4 | 2.612.4/18.7/66.1 7,020 So JE B DI TR
P—3 | 2.2114.7]14.5/58.6 6,810 BEERS LUER 2 ~ 2 AL S L b b S
PRV | P—6 | 2.2]12.4/19.4]56.C 7,020 I BIEIRE A KRR TR L, FOMEX#X3 « 2—5
P—7 | 2.6]12.513.7/70.¢ 7,010 R
P—s JE12.2) 8. .5 , sz .
0-o|t2.4 8.805 6,750 WIS (It 2 — 7 A B i
P 5 ]
8 [ 2.&'1.8]15.2]70.2 7,080 (/) CER = — 7 A *1{100
s00p iRz '?:7«‘;20’\“30/1}9 2 EL T /‘%’L[/ilﬁ}_‘»{uaﬁf%ﬂf‘;}
]
FeHl MR
s ! - 0-= SLIGIFE 750C
001 35L ---0-- THIFR 625
£ | %
£ 500l- 2 “:““
s w®r Y
3 500 . ug \ .
'\E\ n \‘\o.
o = vooN
400 "‘\\ 251 “\\ ‘.
\\\.\ ‘\\ \\
300 i 1 1 é"\‘
100 50 80 70 60 L \
ET -2 2RE (%) 5 P % m
X 3-2—4 BT — 7 ZWEE (%)
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RRIEREERAZ AT TS EARLOIRE Ay Fofbokk
K& T8 %o 323 e 20— I HFER, FeEt e — 2 A0 R
£ 326 B = — 7 AR O bRk
a
= BE| RS | H—3 H—2 H—1 [\ #505 | Pp—3 | Pp—2 | Pp—1
;Q JEmmLJ\T %> 10.0 39.5 38.4 42.8 8.4 17.3 13.9 21.9
j_i IIOWLJL 679) - 57.6 18.2 19.9 12.3 50.9 44.3 51.5 45.9
'5% Zﬁ)mmu_t 73] 11.0 0.6 1.7 0.5 5.9 9.3 16.5 14.3
(= v ,
).gﬂo,fm’ B9 69.4 36.7 37.9 36.6 77.2 77.0 81.7 84.0
BEZRAEER (%) 1.07 SR 0 0 5.3 4.2 1.5 0.1
b
= w |5 A pp_o|pPr__ o | #ER e Jrip_al# E|ap .
A B Gbmp | PB—2| PB—1| PB—3 | phiis | UB—2| UB—4 | UB—3 | iy s | AB—I |AB—2
fifat, (10wl F (%) 10.80  29.0 27.5 19.7] 5.7 7.5 12.9 14.9] 15.C) 19.1 21.0
é;%éi/lwmgh(%) 83.5 54.11 52.8 67.5| 89.5 88.¢| 8l.z] 78.¢ 80.C| 69.3 068.8
o E O | el s s wa7| oas| 954 o2 955 es.(| 872 86.6
H W E (O 205 2920 294 371 20¢| 206|305  308| 19§  29¢| 265
C
= sl j( SP ﬁé - i i
i H R 7 T—3 T—2 T 1
st 10mmEA T (%) 10.7 40.8 49.9 39.6
38 \o0mnl) (%) 6.4 0.2 0.6 1.3
Eim B ep | e wr| w5 e
B okEE (O 206 275 286 342
HER AR (%) 4.5 0.15 0 0
a
= al & il _ ‘ _ . . . . s
B\l p—1 | P—¢ | P—3 | P—s | P—7 | P—5 | P—s
st (10mmll T (%) 13.7 19.3 26.3 27.8 31.7 32.1 26.9 38.8
o8 \20mnll (%) 1.0 15.9 18.9 18.7 12.6 18.1 17.7 1.1
o 298 85.6| 873 o13| 913| 88.3| 900| 96| 896
KR E (O 223 270 290 304 286 289 316 289
B R A R (%) 5.27 1.24 0.05 0.01 0.14 - 0 -
FER, b e v AE, BRER DO LR EERLARE L CE VIS L REORE VR 2 —~
N3 o 7 AL Trotcl &z LT\ b
QNN W i) Fe v ARRE
bR 3 L O = — 7 A0SR DR X b ovxo BREE ERRRI X B BURTREE R
DRENMOEIE D&, TR, KRR (500mn x 500mm ¢ ) ¥ RLEE1Omull OB tkg 3 A
SDIEREE L 5 nell T, 10mmbl T ORIELS ML, L, 257 .p.mC 2 77 HENE X 4, 10mad i Lo mpR
20mnl)_FORIEDRDT Bo ALK LIRS X TR LTH Bo IRHFGHRD BOEE = — 7 A5
O BIANIRZE O BORGRE RIS 5 mnl AT o 10mabh F DR D SHEME S — MR bOER = — 2
L B HRERIN L, B{Eo@mEd 5%, RREK AVEIRR & DB < Teo T %o

L0 <, 20mnih EORETIEINL TV %o Zh i) & K E



BFRRBEITAERGHTRIC X B 27 2 f v O (kr-
eulen) OFHEIC L 0 WE Lichs, IWEAR RS
60~100 4 » v & Lico #AMEIINERE, FHE
[, Z2RE, VBRI & ONE LA BIUSR
TR0 Iofl& 7Y, —EOME S HIE& 0 I
BILTE 2o 60~100 # » Y DEB AL 7 - 1A v
VORHERES X DITB KRR M bo 1EHE > )
By FOFEEEA 1 C/min & L, BEHE0.3
£ /min THE Lico

GE 7 =1 v DU TE S R BV X
THEDT, LT60x v YENFITHIE LTh DR A
U Licts, b LTI10~204 » vicdiiz 51
DT, JL = — 7 AFRFCIRERI T X 7oV o FHLT60
~1004 » DL, DEFFE Lico )

COWMEGECHREERD 3 4D~ T~y
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B LTREKOWBEE B Uizo SE41nm, 553 25m
DRFEL D DIZ% JF LT 1 0 35D B 0 T, 5
DITPIDIREEAS 800C 1270 5 & 51 IFE 2 30 Lo
FURHZ60 # » YEITFORIET 1 8 % (FH Lizo 30BN
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3

35emD [\ fE T 800C ICE R bR THK L, Badfi+
D05, PHIFRA ELREDD00FNICEE Y  JES T
B DL DN\ e BOIEHOBER R L 7 Too Ths
DEDIZ 2 DIE PN E | HFTAII L, 3 EHO

Mz TR E L0 BRES SR BSRER & L
oo B3+ 2— 6\ EEITRS L B R OBy
o

T

ol
1}
0 'Y - .
10 20 30 40 50 60
TR EIEE RS (doat %)
3:2—6

HERESBER & TRERIRSE & DI

HRMESES20% (d.a.f) CHBRAESRT 03 7o
%55, Pr—1 O X 3CHBERSI0SBETS T
P HESSET 5L DL b Do

6) ELEE 4 AR

FERR W AR RNE 7 A B BROBENCHER Lo
F3 - 2— TITEIRMIR, BB FOBE 7 2%~

TARE B R B DT 7 AR (vol%)

% B & ﬁ»| co, j Oy \ co He [CuHons2| Cnbim N fﬁéﬁﬁﬁf%
H—3 171 | 0.1 7.0 18.7 49.3 3. 5.6 6,210
H—2 21.8 0.1 8.8 19.9 4.2 3. 5.0 5,580
H— | 20.4 0.4 8.4 27.5 36.4 3.5 3.4 5,480
Pp—3 8 0.2 9.0 13.4 59.0 6.9 5.7 7,840
Po—2 4 0.1 7.5 14.9 60.5 6.0 4.6 7,770
Po—1 6 0.1 8.3 23.4 54.4 5.9 43 7,460

BROGERTRT BHHE
A AR DOHETH Do S HBDfIL, L b
/v b B D o INEEE 7 AR o A FC IR A L
ToZ EERFBE LT Ny OEN 5 BRI /5 X 5 FiIE
L7o
3 o 2—BIITATR/YE, WRAHRBLR, 55
INRIRDEGE I A A A m~ } 75> BelE U

HidamTo

SWHEE LT BBz 2T % 9930% KOH i
& BWIETCO R MTE, COz 2 i Lic Ak &
AT AFRZBARHT A2 v~ b 75 71 jebleEie
THEAL, £®v#a27—>—713XTHs, Oy, Ny,
CHi, CO%, 429 # #° A CCaly, CyHy, CyHs,
CoHor n-CuHro 2 fRHRERENT X 0 WITE Lz
ARDMERGEMES L O &R D E 35 0 T %
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x 3.2-8 FIERENRGR, IRPIRBLR . FERVINR O 7 AR (volZg)

SER | COy | Op | CO | Hs | CH, | CaFfy | Call, | Cslls | GaHe |CiBro| Mo |JB 55 REES
T—3| 179 o4 88 180 w04 52 1o 15 19 A 62 6,280
T—2| oqd o4 o3 280 302 44 1.4 18 1o - 5 6,480
T—1| 64 09 149 301 3.9 45 o0g 13 o8 o 57 6110
Ho—1 | 7.6 05 85 25.d 423 4¢ 12 15 20 08 52 7,110
P—1| s 02 102 28 200 «d 21 21 1.1 07 42 7,140
P—yg | 56 03 105 22 306 <48 21 17 25 o0g 52 7,200
P—3 | 56 02 103 324 386 45 2. 13 15 05. 3.0 6,850
P—6 | 42 05 87 24¢ 459 5.9 1.2 22 2§ 0g 3.4 7,910
P—7| 5.6 o4 87 2.4 445 51 13 18 2.4 08 43 7,480
P—s5 | 43 04 102 284 424 45 08 17 1§ 08 46 7,040
P—g | 47 04 8.6 29 <6 45 1.2 17 27 05 52 7,500

EVFL.T—v—713X TR 1m, EENC,

Y AL AT ARLSTM, BEINC, Fr Vv —

F v )+ — A AAr20ml/min, JEHE(EIE

320°C TR 2 BT T 750 7o

» A Ar500ml/min, JEME(L230C T

2 "ﬁ‘ﬁlf]‘f&’) TCo

I

FWRNE, ACERESR 7 & DARRAGEE FIT I\ T AD
eI DMEL S DILCOs DRI TH Do BRI

* 3.2-9 % ~ S ) e %
b7 5] Z vol2

KREE | E | B | R x T 230‘3 270%( 2 —

(a®) | (vol 9 | (vor 2 | ~170C | "Dospre | Ngroc | “~sooc |300CHE
H—3 0.962 26.5 1.2 13.7 34.8 12.7 10.3 28.5
H—2 0.943 26.3 0.4 12.2 34.3 13.6 9.9 30.0
H— 1 0.963 32.0 1.0 8.0 31.0 15.5 11.5 34.0
Pp— 3 0.988 32.5 1.0 7.0 23.8 14.2 10.7 443
Pp— 2 0.983 - - 5.0 24.0 17.0 9.5 445
Pp— 1 0.975 31.0 1.2 4.4 27.2 14.7 12.7 41.0
PB— 2 1.000 32.5 1.0 2.2 22.1 16.2 12.0 47.5
PB— 1 0.995 32.0 0.2 2.0 19.8 13.7 5.7 48.8
PB—3 1.015 35.5 0.5 1.1 20.9 16.5 13.8 47.7
UB— 2 1.020 33.0 0.5 1.9 16.2 16.0 11.7 54.2
UB— 4 1.025 32.0 0.5 1.9 21.3 13.3 11.3 52.2
UB—3 1.019 36.5 0.5 1.1 7.9 14.0 12.5 54.5
AB— 1 1.021 34.0 0.5 1.0 21.1 10.5 13.5 53.9
AB— 2 1.024 34.0 0.5 0.8 19.3 14.2 12.5 53.2
T — 3 0.971 32.0 1.5 3.0 25.0 15.5 14.5 42 .0
T — 2 0.975 32.5 1.5 2.2 16.4 15.5 13.8 52.1
T — 1 0.985 32.0 0.5 1.5 16.5 22.0 12.2 47.8
Ho— | 0.971 28.0 1.5 1.3 22.4 4.8 12.7 48.8
P —1 1.009 35.5 0.3 1.6 20.4 14.7 12.3 51.0
P — 4 1.002 29.5 0.8 1.5 22.5 13.9 12.0 50.1
P — 3 1.006 29.5 1.5 2.4 23.1 5.9 14.4 44.2
P — 6 0.981 32.1 0.7 3.3 22.8 16.7 11.1 46.1
P —7 0.980 30.8 2.3 3.6 24.8 13.9 12.1 45.6
P —5 0.999 32.1 0.7 0.8 21.0 13.9 10.0 54.3
P — 8 0.982 34.0 2.0 2.0 25.8 18.0 14.2 40.0
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et KO O SR E SRk v 2 T~
BEBRIC X5 300C AFORD oL O TH Lo ik
W 330% T WMEMIE RN | %TH Do T,
Bz &% 300°C LA DB 3E950% T Bo

8) HwEBE

#3 o+ 2—2 ADFEJVNRPRDEE el DT s R
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Studies on New Carbonization Process of Coals

Part I

Studies on Manufacturing Solid Smokeless Fuel .

from Graiz Size Coals

Synopsis

Present high temperature carbonization industries have been established for
many years and operations have been developed. And furthermore, we have expe-
rience of low temperature carbonization @_{9&?_ brought into operation till the
end of the World War II in Japan to obtain substitute for petroleum. Nevertheless,
the reason why we aim to carry out these experiments is as follows:

(1) to promote coal utilization in Hokkaido, one of the main coal producing
districts in Japan, and
(2) to manufacture dometic solid smokeless fuel for smoke abatement.

It has bezn estimated that smoke from household chimneys is responsibie
for about two-thirds of the total smoke discharged into the urban atmosphere of
winter season in Hokkaido. One important coﬁsideration is the seasonal demand,
which means that solid fuel must continue to take the greater part of the domestic
heating load as neither gas nor electricity can be stored to satisfy winter réqui_re—
ments. Thus, for domestic heating, coal must be replaced by solid smokeless fuel as
far as possible. The hard coke produced by high temperature carbonization has lower
combustibility and is normally considered less suitable for the usual type of stove
than the more reactive solid smokeless fuel which is consequently more easily ignited
and more flexible under extreme combustion conditions. So burning semi-coke produced
by low temperature carbonization of coal is best fitted to extend the use of solid
smokeless fuel in place of coal. In low temperaﬁre carbonization, its main object
being in manufacturing domestic solid smokeléss fuel, the problem is in the pro-
perties of the manufactured coke, that is, srr}gkg?}e?igngsis, combustibility, as well as
reasonable price. So, we must raise the carbonizing temperature a 1itte thus
shortening carbonizing time, increasing manufacturing capacit;lr per unit time, and

utilizing by-products effectively.
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This paper prescnts an outline of the experiments at the Government Indu-
strial Development Laboratory, Hokkaido.

Coal carbonized: representative Hokkaido bituminous coal, from non- to wea—
Lo arbonized 1% )

kly-caking, of the size from 5 to 25 mm.
plantsl: vertical type retort, ezternally heatei by burning producer gas in
hair-pin type flue with capacity of carbonizing ca.5 t of coal a day.
From 1961 to 1964 several tests had becn carricd out in parallel with the
fundamental experiments. Results at pilot plant carbonization are analyzed as
follows.

A. Carbonization experiments at pilot plant

The semi-coke yield is about 70% of feel coal when carbonized to get one
that is almost smokeless, its volatile matter being about 20%.
a) Approximate analysis '

Volatile matter of each size of semi-coke scatters more widely, the higher the
carbonization tempefature, as well as the greater throaghput rate at the same te-
mperature. -

b) Sulfur

The combustible sulfur conteﬁt in semi-coke reduces by half compared with the
content of the original coal. 7
c) Bulk density
Bulk density of semi-coke manufactured from non-caklng coal decreases a little
(550~7OO kg/m?®), while that from weakly caking coal decreases largely (450
—SOb kg/m3).

d) Heat required for carbo_nizatiOn

When carbonization is- carried out using by-product gas as heating medium,
from calculation on heat balance, it is found that gas volume is insufficent at the
condition of the mean wall temperature of §25°C, while at temperature of 750°C,
surplus gas volume is obtained.

B. Analysis of pilot carbonization experiment

Simulating thermo-balance curves at each temper-ature in retort by Amnalog

Computor, we get the following formula,

+CpceR?

B/6 + Lo ——=3.1x 10~ 3 (tw—350)
e



C75)

while experimental formula obtained from pilot plant experiments is

E' C:l—)c']:{2
Ke

B/H ; =3.3%107" (tw~430)

where o @ mean packed density in retort, kg/m?
Cpc : specific heat of coal, kcal/kg ‘
R : radius of retort, m
ke :effective heat conductivity of coal layer, kcal /me hre T
tw ::mean wall temperature, C
f# : residence time, hr.
Also, we get thefollowingrelations between stability of operation and change

of coke discharge

B =4.8x10"2(tw—430)/mo =(1 —mo )

oc /m_c =k<ﬁw—8c)+c=fctw,mo)

where, mo : feed of coal per unit hour, kg/hr
oc : deviation of coke discharge,

mc : yield of semi-coke per unit hour, kg/hr

Be : ratio of dry distillates to original coal at center of retort bottom

Bw : ratio of dry distillates to original coal at wall of retort bottom

K,C: constants

C. Product examination

The volatile components evolved from volatile matter in coal at relatively low
temperature of 300-500°C are responsible for the cause of smoke emmission. The
relation between smoke evolved in semi-coke(S%) and the above volatile compon-

ent (dW%) of volatile matter in coal(v}n%) is
S=0.08(dw)1.29
S=0.00{2(vm)2.19

In recent years, gas manufacturing industries change their raw materials from
coal to petroleum oil, so carbonization of grain size Vcoal has no promises for
industrialization. So, we must seek way by raising additional value of by-product
tar or by carbonizing low cost pulverized coal.

From these views, we are now undertaking carbonization experiments of pulve-

rized coal at fluidized and at moving state.
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