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APPENDIX A

THE PROPERTIES OF RICE HULL AND RICE HULL CHAR

. %’/ice hull sand rice hull char

———

O \ \- and Rice Hull Char

The chemical

were determined and

Table A.1 Che

-
B

‘?\\

Properti . ; A " \ - Rice hull char
Moisture conte £+ 57
Ash, % 28.28
Fixed carb 43.55
Volatile 26+59
Hesting valﬁe, kcal/kg 7 3,629 4,836
i1 ) NENEREINT -
L1grnn R 4 22, 1-22 8

FRIAAN T WA A EJ
St.arch s % T+6-7.9
Crude fiber®, % 39.1-41.1 -
Crude protein”, % 1.8-1.9 e
Crude fat™, % 0.28-0.31 e

® From NEIC NEWS 1984.



APPENDIX B

THE EXPERIMENTAL DATA OF RICE HULL PYROLYSIS

various pyrolysis conditions
following the .3 were recorded from the

batch operation. were shown in section B.1 and

BoZo

The ¢ ensity change were shown

in Table B.1-B.16 ontent (% wet basis) of 0O.11,

8.49, 16.35 sz density of 113.5, 120.8,

130.2 and 141.4/kg/m Y}

~|| : : -
i . 5 i
~ i¥
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Teble B.1 Experimental Data for Bulk Density Change during
Pyrolysis at 0.11% Moisture Content and 113.5 kg/ms

Initial Bulk Density

Time Bulk density (kg/m>)

{min)

T=350"C | T=400°C | T=450°C | T=500"C

113.5

71.4

59.8

56.5

56.4

55.8

55.5

Table B.2 Bulk Density Change during

ontent. and 120.9 kg/m"

]

— - z J
Bulk density (kg
4

AU ey
ARARATAY

102.2 90.5 81.4 74.0
20 | -84.8 70.2 63.2 58.8
30 77.2 68.7. 1 61.8 58.5
40 72.2 63.9 60.3 58.0
50 69.5 64.1 59.5 56.9

80 69.0 63.1 59.9 57.5




o

Table B.3
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Experimental data for Bulk Density Change during
Pyrolysis st 0.11% Moisture Content and 130.2 kg/m’

Initial Bulk Density

(min)

Time Bulk density (kg/m)

T=350°C | T=400°C | T=450"C | T=500°C

Table B.4

iy

94

S Bulk density (kg/m")
« N L] « N | -l | -
in) 1 ﬂl g LA o 1 -
Q 1 dl ll‘ ‘
T=350 C T=450°C | T=500C
ks o/
THAV L IVIETAE
3 WIVIM.N 14144 ¥ T1a - » 4
10 120.4 109.3 '96.7 86.9
20 98.4 84.2 73.9 67.9
30 90,1 76.4 71.5 63.6
40 86.0 75.8 68.4 64.1
50 84.3 75.1 69.1 63.1
60 83.1 74.4 675 63.2

130.2

77.8

63.6

58.2

59.1

59.6

58.8

Bulk Density Change during

¢ and 141.4 kg/m"




Table B.5 Experimental Data for Bulk Density Change during
Pyrolysis at 8.49% Moisture Content and 113.5 kg/ms

Initial Bulk Density

Time Bulk density (kg/m>)

(min)

T=350°C | T=a00°c | T=450°C | T=500"C

113.5

69.9

54.1

54.8

54.2

54.0

" Bulk Density Chenge during
tent-and 120.9 kg/m"
P,
Y )
T
]

Bulk density (kg/m)

10 97.9 87.6 80-1 73.6
20 78.8 72.8 61.9 57.5
30 71.4 62.1 59.5 55.8
40 69.7 62.6 58.8 56.2
50 66-8 601 57.6 55.9
60 66.7 60-6 57.4 55.5




Teble B.7 Experimental Data for Bulk Density Change during
Pyrolysis at 8.49% Moisture Content and 130.2 kg/m'

Initial Bulk Density -

Time Bulk density (kg/m’)
{(min)
T=350°C | T=400°C | T=450°C | T=500°C
) 130.2 130.2
8 7.8 79.9
7 59.8
57.6
8 58.4
-4, 4
.8 6 57.1
p 4. 5 1 60.4 57.8
i ‘ ‘
Jd
i
¥ -
Table B.g Experimental Dete 1k Density Change during

and 141.4 kg/m’

e <

?me Bulk density (kglm’)
L7

AU
AR ARTIUARTITE A

10 117.7 104.3 93.9 86.1
20 98.5 79.1 70.9 67.3
30 84.2 73.5 676 62.6
40 81.3 72.5 664 {810
50 78.9 71.8 65.5 61.6

60 78.8 70.5 66.0 61.4




Table B.9 Experimental Data for Bulk Density Change during

Pyrolysis at 16.35% Moisture Content and 113.5 kg/m’

Initial Bulk Density

Time Bulk density (kg/m>)
{(min) .
T=350"C | T=400°C | T=as50°C | T=500"C
0 : 113.5 113.5
10 8 78.4 67.9
55.5
52.6
5 °F | 52.8
X
by 5 52.4
5 3&{' o1 52.3
i \
- =
Jﬂ
A
Table B.10 Experime 3 Bulk Density Change during
- J“’_.- i
LA
and 120.9 kg/m°
'l'.jme Bulk density (kg/m")
=9 -7
Whig 0
q =350 T=400C | T= !o ¢c'| T=s00°C
¢ Qs |
AWIANT JeL NI INENAL
9 ,
10 95.9 84.5 79.0 72.9
20 80.7 68.9 59.1 57.5
30 68.4 59.1 56.6 53.3
40 65.8 58.4 55.6 53.6
50 63.5 58.3 55.0 53.3
60 62.5 57.8 54.4 52.9




Table B.11 Experimental Data for Bulk Density Change during
Pyrolysis at 16.35% Moisture Content and 130.2 kg/m”

Initial Bulk Density

Time Bulk density (kg/m>)

(min)

T=350'C | T=400°C | T=450"C | T=500"C

130.2

76.1

59.0

56.9

55.6

55.8

55.3

1k Density Change during

Cyabal ah % Moists mbeht and 141.4 kg/m”

10 114.5 101.4 94.9 82.9
20 94.1 81.2 71.3 63.1
30 81.7 69.4 63.7 61.7
40 76.4 68,1 64.1 60.6
50 75.6 68.2 63.6 60.1

60 74.3 67.1 63.3 59.8




Table B.13 Experimental Data for Bulk Density Change during
Pyrolysis at 24.04% Moisture Content and 113.5 kg/m’

Initial Bulk Density

Time Bulk density (kg/m)
(min)
T=350°C | T=400°C | T=450C | T=500°C
\
2 ' 113.5 | 113.5
. —— -2 68.5
™ 9 53.8
3 Y 50.9
2 ﬂﬁéia 51.1
y 6.8 5 51.3
sﬁﬂf" . l -1 50.7
# =

Table B.14 Experi 1k Density Change during

and 120.9 kg/m"

Bulk density (kg/m")

ﬂuﬁﬁ | WUelNN
RIARN

0

10 94.6 84.2 79.8 71.2
20 77.2 62.3 60.8 55.3
30 : 65.5 56.5 53.7 51.7
40 62.1 56.9 52.8 51.5
50 59.7 55.3 52.4 51.9
60 59.6 55.5 52.1 51.3




Table B.15 Experimental Data for Bulk Density Change during
~ Pyrolysis at 24.04% Moisture Content and 130.2 kg/m’

Initial Bulk Density-

Time Bulk density (kg/m°)

(min)

T=350 "

SNz

J 130.2

=400 °C | T=450°C | T=500"C

130.2
75.5
55.9
53.9
53.8
53.7

53.3

Bulk Density Change during

and 141.4 kg/m”

Moisture Contant,

5
=500 'C

b~ .f"“:'ﬂ

Is
10 110.7 100.6 90.9 81.3
20 91.6 77.1 65.3 60.6
20 78.7 69.1 61.2 59.2
40 717 65.4 59.8 58.5
50 71.4 64.8 60.5 57.4
60 69.1 63.8 59.4 | 57.3
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B.2 Temperature Profiles Inside the Rice Hull Bed during

Pyrolysis

The data of temperature change in time at operating

condition in section 3.1.4 were shown in Table B.17-B.80.

Table B.17 Experimental e Profiles for 0.114% Moisture

Content, 3 ,‘ni@ Density and Pyrolysis

©TINE | 1=350°C

‘{@in) } R=4.8 ca | R=3.2 ca ' R=3.2 ca | R=l.5ca | R=0.0 ca
RO 24 : H : H
e e R S S SR
R B R TE TR
R R AT
1 o3k CLoEs ) .1
¢ R B e LB 18
v SR e T -
B Lt e o 3
T B - TR T
Vg e e 328 1 3 1 3N
Coggore e : ] B R
R R A 4 ; : TR TR
B EE R RN P A Bl e e
P M e Bl o RN
RN e ?J 1’ V'Eﬁ%ﬁ‘ ﬂ:? ﬂ‘:a}t) S5 e
S e : fP g Ve R L W 38 1 3
AN P : 170 Dodsz 1o L T O I . SR
i3 ) PR T T SR
& = ﬁW?@Qﬁﬁmymﬁrb lﬂfi E]sz V32
49 4 ¢ : | - Al i - e M+ ol etk . B G
P20 ! 349 o gpE e g . B e R
W EE o n e R 51 S fEn i
ertl R T T R B T e R S P
i o R i U e S e LB
Vg ey remE bW WS el ML 33 o3l
bas s gp rUmE o WA T W L8 | opomeoloIe o
cag L Im . o il r o s B LB LB ]
SR RIS RRE A A R N e
SraETE e T e I RS S P e
vidE TR b ARSI W T 8 e I e
c3pfCHME O E RS COTas YE s L mch S s G U3
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Table B.18 Experimental Data of Temperature profiles for 0.11% Moisture
Content, 113.5 kg/ma Initial Bulk Density and Pyrolysis

Temperature at 400 €

TINE ! 1=400°C ! TINE ! T=400°C
{min) | R=4.8 c& | R=3.2 ca | : R=4.8 ca | R=3.2 ca | R={.6ca ! R=0.0 ca

v 2§ -2 : : '

T T/ a3 3 3
s TR P39 30 ) 3%
- S P39 ) 30 ! 35
P33 B PLOBE T 01 3%
O R T L3R e ! 3
3% 149 IR 3B 3
Y39 L 184 30 I Bl 2™
1402 4 220 P S Y. 3%
A R b 37t ! Wt ! 358
oA - L I g7 B SN N AR
A 11T B 7 L O L
O 30 . S - R
oMl Y I3 o8y <D 33 f
OO O A f R L Bl m
31 . RS S .
L- 408 -t 3 A - TR .
R A . R TR S
A AT - o) 374 s L 32
R I W M3
L399 361 : 33 Y. 3y L3
b8 L 383 LR oodh o YUMo
oL 364 3% ! : : PS¢ SRS I TR |
L 364 P 33 g ¢ W8 e 1 36 1 3
3 { 7. 36 T3
5 ?,ngmzwa;nng
a7 R e (7 e SR - N
T : 3 P8 398 L 3T qa 8 L 385
: i 368 | - 365
ELE X BN TS | &
' o388 3N $ TG . TR e S

W e e m e e M mm M e R e M e S M e e M e e i e e e e M e e e e e -
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Table B.19 Experimental Data of Temperature Profiles for 0.11X Moisture
Content, 113.5 kg/m.s Initial Bulk Density and Pyrolysis

Temperature at 450 E

TINE ! 7=450C ' TINE | T=450'C
{sin) | R=4.8 c& . R-3 2ce ) R=l.6ca ' R=4,8 ca | R=3.2 ca | R=i.5 ca | R=0.0 ca
§ 1w - ! '
§ ¢ 18} CoO406 L 3% 1 39
B - B Coo406 L 397 L 397
31 36 Pooa06 1 38 L 398
£ a1 ¢ o7 L 3 ) 399
5 U M4 ) 12 P47 1 460 ) 400
&Y Mg % 15 P47 L 4L 401
7 4+ s 1 w2 Coo408 L 402 ) 402
g ! 48 1 25 AFE SN voo408 L X2 ) 402
9 ' 4% i 789 38. %9 45 vo408 1 403 1 402
10 ! 49 1 39 Coo409 ' 403 1 403
IR L W P49 L 404 ) 403
12 % 451 . 38 o409 L 44 1 404
13 1 449 1 38 P40 ! 45 1 404
WL et 3 R | AR (. RE
15 ¢ 4% . 383 [ TT R 1) S |1
16 ! 848 1 388 voo4l0 L 408 L 406
[P AR B S R
18 M9 TR | e S
o8 49 4 ITERRT I Y S )
20 M8 | R p a1 1 a7 407
ekt - R P . M2 L W7 A 1Y
2 L8 . — 4 4 o o412 v w8 ) 807
23 1 AR L a0k . R b.8E rooagg 4 808 ) a0
. S B | ' Qs 58 443 L4120 M8 1 408
25 1 450 ﬂﬁﬂ’ig{l ﬁm Ejtaﬂzdjm Coag 1 408
2% ! M9 N ; ; v @43 L w8 1 408
27 ! 452 il.'l 404 ¢ 194 m ! P8 m voo408 L 408
y. W S : 534 452 : CoMB L 408
7 Q%ﬂ ! &ﬂ ﬁ : ilwm WBEI a E’ 49 1 408
30 : . ; L 408




Table B.20 Experimental Data of Temperature Profi les for 0.11% Moisture

79

Content, 113.5 kg/ms Initial Bulk Density and Pyrolysis
Temperature at 500 c
' TINE | 1=500°C 'TINE ! 7=500°C :
Hain) | R=4.B ce | R=3.2 ca | Rel.b oa i "("‘ ' R=$.8 ca ¢ R=3.2 cB ! el bon R0, dca't
L : ' 4 :
SRR Doogss L 3% 1 432
R ¢ CASE L F NEE . 4. A )
f5 t o3 4 5 2 BN AR
b4t 478 L B4 e a8 § 4 LN L
R S B Skl ANE e
Log 1 487 b 183 v 9. % 4 E OB
b7 oL a9 L 220 L4591 438 L 4
©og 1 500 4 280 T A T - SR
b9 o498 1 32 TR T R
fo10 ) 499 1 38 B0 SRS R R TR
¢ 310 s 4 382 W T S R
AEVERTRE | R} e R DR S
Pog3 oL 500 1 410 £ am iy 1 BE Y
Cog ol 499 ) A v Lok NS ]
ro45 1 502 ) 432 b lagE C b AR KRR S
e e e e Gy - SR B - e
R MaG e ; G o e R T
YR AN L) ws 0 w1 43
B DNEEy . e ¢ s 1 oMo 1o A3 !
& M S P a5 0 M0 L 4%
e . R Y : L A TR R
P92 L 502 ) M7 429 MR . T R
P23l 500 L 448 ' Y R S e
L2400 500 ﬂ:uEJ dmwﬂ . o b7 L ML L 4% !
& 5 e : i mﬁwﬂﬂﬂ?7 P 86
coop t 499 1 9B N N TE ! ' TN A
s g7 L a0 g o433 ¢ @29 1 ST 499 L Mequi Mt 1 4
T & W’]ﬂﬁﬂﬂzﬁm uwuul ﬁ PUER Y Bl
. ; 59 q Elr‘m E_l 442 Pooagy
e Vo ASE %1 e 0 : ; : : ¥ :
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Table B.21 Experimental Data of Temperature Profiles for 0.11% Moisture
Content, 120.9 kg/ma Initial Bulk Density and Pyrolysis

Temperature at 350 i -

| TINE | 1=350°C ¢ TIHE | 1=350"C

“{min) ! R=4.B c& ! R=3.2 c& !} R=1.6 c& | ' R=4,8 c& ! R=3.2 c& ! R=1.6 cm | R=0.0
Lt B YR : : :

! 3t s Y B ¢33 ) 38 3%
P 2 78 ! M ' o3 .1 3 . 3
1 3 o ¢ 0= 1 32 0 @™ O,
Y4 7 33§ 5 : I\ ! s oW
.51 M. U W ;332 ) 39 3
Loh Y 348 1 10b ‘{333 ! B} i 38
! 74 B 33 ! O3 ¢ 3B
B L8 188 B3 OiC 36 N 3
b9 38 ! 189 3[W@ ! 3+ 328
1402 388 1. 3 07 SR SR - S R .
R EUE 3 ¢ 3} I
P12 0t 38 ) 47 307 O3[BO3N
G - R 557 S A . S O 7. |
Wt 1 N |\ O om o
bogs 4 e L 0 ™ .31 I
'ofp 349 1 288 W LW o+ n
g o8 LW, 338 ! 32 330
v o190 30 0 ¢ 99 L 5 S - SR
P9 Lo b Y B Ol'BE s
P20 ' 348 1 309 e 3% .. L 33 L 3
v LW 1 s ) : T
fod b o380 - he : F | ¥ B 1
PR T A SO SR - B B A
A TR in 12 : P ! o 4 '3 ) 332
« 95 » .38 .§1ﬂl' 30 d l§3Q1V1;1§EE i%jir] 1:1 éﬁé 1 3B |
vo26 % 348 9 3 : i e S g "5 I T S -
¢ 97 3&2 ' : 33 4 } Vo349 1 339 * M. W
ok : ' ' 4 T i 1336 1 333
HEV 310 Wae T T
. 3521 : : 5 p— . ) N
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Table B.22 Experimental Data of Temperature Profi les for 0.11% Moisture
Content, 120.9 kg/ma Initial Bulk Density and Pyrolysis
Temperature at 400 ‘c
T THE | T=400°C 1 TIME & T=400°C i
"{gin) ! R=4.8 cn | R=3.Z c& | R=1.6C& , P R=4,B s ! R=3.2 & | R=l.b cm | R=0.0 R
¢t W ™ L A : : H
4k b8 i 23 372 T 368 . :
vo2% ; 7 373 1.1 i 363 H
I N i 7 373 i J6B L 164 3
Y4 L 383 i 57 373 369 v 364 :
- i 88 373 ;389 HE -t :
b 7 388 i 43 374 i 349 HET.2 ) H
vo7 & Ael HI ¥ 374 i 37 i ahd .
Vg 7 40t T 208 374 i AN P 56h :
o9 1 40t TZE0 374 L3 ¢ 365 :
I 40 ¢ A3 H L. 375 7 {1 T 36% 4
rosgf 39 V8% 7% i Sl Y :
O AR - 203 373 v 3 HE. 1 :
P13 b ap2 A 375 I y 36b :
1418 G - 398 o 38 379 3N HE Y1 i
o1 402 . 339 376 { a7 HE.1.) -
AR T N 376 ¢ 312 T 3bb :
HEES ¥ AR 14 T 50 37b LI L 367 !
voig ) 80% ! 355 | 376 L - B2 T 387 !
19 7 398 1o Aal =t 377 A HE1. ¥ X
120§ A02 T 360 : 377 £ 30 .. :
t-2b. % OB 363 e 377 R v M7 '
ho22 % 402 1. H : & 92 371 ¢ 373 T 387 i
VT Y Y. ' < I+ P 1 ] 378 I 313 i 348 i
28 & A0 i g o 13 : 4 0 : 374 v b8 ;
1 25 | 3N : ﬂ(lu 836 w g;ﬂ: & aq ﬂ % v 374 T 368 !
v2b 39 | ﬂO HE.Y. HEY. 1] H9%8 M TR T 374 v 368 :
T O | HE1. I ] v 87 1 02 y AN v a74 i 348 -
i 28 4 m wl’il . F :ﬂ% 9 “{ 375 i 369 :
A L a3 a ﬁ mi' m nil}m El g}a :\ 7% HY Y :
1300 40N 32 v 347 i o83 a8 T3 3 HE a
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Table B.23 Experimental Data of Temperature Profiles for 0.11X% Moisture

r
Content, 120.9 kg/ms Initial Bulk Density and Pyrolysis

Temperature at 450°C

TIME ! T=450°C ' TINE ! T=450°C
{gin) ! R=4.8 c& | R=3.2 c& | R=1.b6 c& | P R=4.Bce ! R=3.Z co | R=1.6 cm | R=0.0 c&
i t H  d /

gt /- 1 B ' : :

§f 1 % | B Vo6 ! 404 ¢ 403
2+ 75 + W v ' 405 ! 403
300 37 7 M PoOAs Y 405 L 404
£ 43 1 12 LoR07 ! 406 L 404
5 1 M5 1 101 D807 L 406 1 404
6 ) &S50 1 143 b7 406 1 405
7' 449 1 198 408 ! 407 ! 405
g ' a8 - ! 240 08 ! 407 ! 405
g ! 452 ! 283 408 ! 807 ! 406
10 ) 45 ¢ 35 9 409 % 808 ! 404
i ! M8 b 332 409 ¢ 808 ! 40k
2 #4520 W ! 409 ! 8408 ! 407
13 7 451 % W0 ! B0 ! 409 ¢ &7
Mo M8 3 W 80 ¢ 8409 1 407
82 &5 3 3 80 ) 409 ) 408
th ¢ #52 % 3 411 ! 80 ! 408
17 | M8 ! 388 ! 1 810 ) 408
18 ¢ 452 1 2 f 1 B0 1 409
R TR T — - . e T S Y 1§ SR 111
20 0 451 0 39wl M2 0 ML 409
21 ) 448 ! 8 !D 812 1 AL 1 410
27 % M9 1 M0 i : : 413 ¢ My o~-! a0
23 ' 450 ! 4014 ¢ 'goc '397 L 53 1 450 M3 a2 1 40
26 1 448 1 A2 ! : { : I S AR $¥
2% ' 452 3‘”:”42 ‘wiju‘n Exj’]ﬂﬁ Y TV BRI § |
2 ¢ 450 ¢ M4 =10 ! : : S B O
- 4%2 : Y 1% S i 57 ¢ 452 R T ' 43 1 a2
28 H H ' ' HE 3 ¥
W"ismﬁimmmméqiﬁ
3 452q : a5 vl A2

/]
1
i
1
i
i
i
]
i
1
§
i
I
i
i
i
i
1
1]
i
¥
i
P
i
i
1
)
1
i
1]
i
i
i
'
i
)
'
1
1
i
i
i
{5
1
i
1
1
1
1
i
1
Ll
i
1
1
i
1
1
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1
i
1
1
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1
1
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Table B.24 Experimental Data of Temperature Profiles for 0.11X Moisture
Content, 120.0 kg/m° Initial Bulk Density and Pyrolysis
Temperature at 500 o,
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Table B.25 Experimental Datas of Temperature Profiles for 0.11% Moisture
Content, 130.2 kg/ma Initial Bulk Density and Pyrolysis
Temperature at 350 °C
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Table B.26 Experimental Data of Temperature Profiles for 0.11% Moisture
Content, 130.2 kg/m® Initial Bulk Density and Pyrolysis

Temperature at 400'C
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Experimental Data of Temperature Profiles for 0.11% Moisture

Content, 130.2 kg/m’

Temperature at 450 C

Initial Bulk Density and Pyrolysis
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Content, 130.2 kg/ma Initial Bulk Density and Pyrolysis

Temperature at 500'C
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Table B.29 Experimental Data of Temperat;ure Profiles for 0.11% Moisture

Content, 141.4 kg/m3 lnitial Bulk Density and Pyrolysis

Temperature at 350 °C
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Table B.30 Experimental Data of Temperature Profiles for 0.11% Moisture
Content, 141.4 kg/m3 Initial Bulk Density and Pyrolysis

Temperature at 400.C
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Table B.31 Experimental Data of Temperature Profiles for 0.11X Moisture
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Content, 141.4 kg/m” Initial Bulk Density end Pyrolysis
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Table B.32 Experimental Data of Temperature Profiles for 0.11% Moisture
Content, 141.4 kg/m” Initial Bulk Density and Pyrolysis

Temperature at 500 €
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Table B.33 Experimental Data of Temperature _Prof‘i les for 8.49% Moisture
Content, 113.5 kg/ma Initial Bulk Density -and Pyrolysis

Temperature at 350 c
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Table B.34 Experimenta

Content, 113.5 kg/m”

Temperature at 400 c
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1 Data of Temperature Profiles for 8.49% Moisture

Initial-. Bulk Density and Pyrolysis
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Table B.35 Experimental Data of Temperature Profiles for 8.49X Moisture
Content, 113.5 kg/m3 Initial Bulk Density and Pyrolysis

Temperature at 450 e
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Table B.36 Experimental Data of Temperature Profiles for 8.49% Moisture
Content, 113.5 kg/ma| Initial Bulk Density and Pyrolysis
Temperature at 500 -
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Table .B.37 Experimental Data of Temperature Profiles for 8.49% Moisture

and Pyrolysis
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Table B.38 Experimental Data of Temperature Profiles for 8.49% Moisture
Content, 120.0 kg/m® Initial Bulk Density and Pyrolysis

Temperature at 400 T
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Table B.39 Experimental Data of Temperature Profiles for 8.49% Moisture

Content, 120.9 kg/m”

Temperature at 450 o
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Bulk Density and Pyrolysis
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Table B.40 Experimental Data of Temperature Profiles for 8.49% Moisture

Content, 120.9 kg/m°

Temperature at 500 g -

Initial Bulk Density and Pyrolysis
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Content, 130.2 kg/m” Initial

Temperature at 350'C

Bulk Density and Pyrolysis
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B.41 Experimental Data of Temperature Profiles for 8.49% Moisture
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Table B.42 Experimental Data of Temperature Profiles for 8.49% Moisture
Content, 130.2 kg/ms Ix_ﬁtial Bulk Density and Pyrolysis

Temperature at 400 g >
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Table B.43 Experimental Data of Temperature Profiles for 8.49% Moisture
Content, 130.2 kg/ma Initial Bulk Density and Pyrolysis
Temperature at 450 c
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Table B.44 Experimental Data of Temperature Profiles for 8.49% Moisture
Content, 130.2 kg/ms Initial Bulk Density and Pyrolysis

Temperature at 500 ¢

1=300°C T=500°C
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Table B.45 Experimental Data of Temperature Profiles for 8.49% Moisture
‘Content, 141.4 kg/m’ Initial Bulk Density and Pyrolysis

Temperature at 350 t
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7=406°C

Bulk Density and Pyrolysis

Initial

Temperature at 400°C

Table B.46 Experimental Data of Temperatﬁre Profiles for 8.49% Moisture
Coment, 141 o4 kg/m
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Table B.47 Experimental Dats of Temperature Profiles for 8.49% Moisture
Content, 141.4 kg/m3 Initial Bulk Density and Pyrolysis

Temperature at 450‘C
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Table B.48 Experimental Data of Temperature Profiles for 8.49% Moisture
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Table B.49 Experimental Data of Temperature Profiles for 16.35% Moisture
Content, 113.5 kg/ma Initial Bulk Density and Pyrolysis

Temperature at 350 c
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Table B.50 Experimental Data of Temperature Profiles for 16.35% Moisture
Content, 113.5 kg/ma Initial Bulk Density and Pyrolysis

Temperature at 400 g
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Table B.51 Experimental Data of Temperature Profiles for 16.35% Moisture
Content, 113.5 kg/m- Initial Bulk Density and-. Pyrolysis

- Temperature at 450 °C
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Table B.52 Experimental Data of Temperature Profiles for 16.35% Moisture
Content, 113.5 kg/ma Initial Bulk Density and Pyrolysis
Temperature at 500 o
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Table B.53 Experimental Data of Temperature Profiles for 16.35% Moisture

Content, 120.9 kg/ms Initial Bulk Density and Pyrolysis

Temperature at 350°C
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Table B.54 Experimental Data of Temperature Profiles for 16.35% Moisture

Content, 120.9 kg/m3 Initial Bulk Density and Pyrolysis

Temperature at 400'C
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Table B.55 Experimental data of Temperature Profiles for 16.35% Moisture
Content, 120.9 kg‘/ms Initial Bulk Density and Pyrolysis

Temperature at 450 c
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*Table B.56 Experimental Data of Temperature PpoFiles for 16.35% Moisture
Content, 120,9 kg/m3 Initial Bulk Density and Pyrolysis

Temperature at soo'C
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Table B.57 Experimental Data of Temperature Profiles for 16.35% Moisture

Pyrolysis

Bulk Density and

Initial

Content, 130.2 kg/m

Temperature at 350 'c
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Table B.58 Experimental Data of Temperature Profiles for 16.35% Moisture

Content, 130.2 kg/m°

Temperature at 400 °C

Initial Bulk Density and

Pyrolysis
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Experimental Data of Tempersture Profiles for 16.35% Moisture

Comtent, 130.2 kg/m° Initial Bulk Density and

Temperature at 450'C

Pyrolysis
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Table B.60 Experimental Data of Temperai;ur-e Profiles for 16.35% Moisture
Content, 130.2 kg/m3 Initial Bulk Density and Pyrolysis
Temperature at 500 c -
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Table B.61 Experimental Data of Temperature Profiles for 16.35% Moisture
Content, 141.4 kg/ms Initial Bulk Density and Pyrolysis

Temperature at 350 C =
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Table B.62 Experimental Data of Temperature Profiles for 16.35% Moisture
Content, 141.4 kg/m- Initial Bulk Density and Pyrélysis

Temperature at 400 © o
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Experimental Data of Temperature Profiles for 16.35% Moisture

Content, 141.4 kg/m°

Temperature at 450°C —

Initial Bulk Density and

Pyrolysis
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Teble B.64 Experimental Data of Temperature Profiles for 16.35% Moisture
Content, 141.4 kg/m3 Initial Bulk Density and Pyrolysis

Temperature at 500 i >
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Table B.65 Experimental Data of Temperature Profiles for 24.04% Moisture
Content, 113.5 kg/ma Initial Bulk Density’ and : Pyrolysis
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B.66 Experimental Data of Temperature Profiles for 24.04% Moisture

Content, 113.5 kg/m3 Initial Bulk Density and Pyrolysis

Temperature at 400'C =
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Table B.67 Experimental Data of Temperature Profiles for 24.04% Moisture
Content, f%s.s kg/ma Initial Bulk Density and Pyiolysis
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©TINE ! T2450°C ' OTIME ! T=450"C

' R=4,8 cm | R=3.Z ca | R=l.6 & : . ' =48 cs | R=3.2 ca | A=1.6 ca | R=0.0 c&
o i W ! i :
SR A Po401 Y 393 1 392
2 m | Poog0L ) 394 ) 393
g0 98- 1 P42 L 85 T WY
K-t 42 5 T P N
5 1 444 ) S T U R
6 1 M3 roEE. v S W§ T
% . B 'oa0F . Lo 3% 495 o
g ! M8 ! R IR e S S
B T TR e AT REE AR TR
Wit oMt us B N L
Ry G e | ERE R SRS S G
121 4% & 1B SRR | BRSAEE R
Y SRR M e T
$ovoMg L 20 : #95 L3m L W ¢
o 1o A L RN R B
T S Mg VOl e Y
P S T R aE e
18 ! 449 T A SR B
e R e e e 8 a0 I tawe
21 48 | Vi Wh L3 PR
. PR E} S ES e o
oF ey 389 M- ! : B SN e
23 a8 : 368 ' 9 229 : B g B AR TEL S A
24 ! 450 ! ‘: TR R
5 1 Mg %JH ‘V’lﬂ% Eléaﬂ e w1 3%
2% A% ] : 1t 450 S W
oF T a5 : 395 ! 381 6 : £ 00 e R
28 ! ~iher : : 403\”' LR R e
» {37 ) ol T igguijmqﬁ : w o
Nl ' : . Wb Ml



Table

Content, 113.5 kg/ma Initial éulk Density and

Temperature at 500 o ==
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B.68 Experimental Deta of Temperature Profiles for 24.04% Moisture

Pyrolysis
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Table B.69 Experimental Dats of Tempebature Profiles for 24.04% Moisture
Content, 120.9 kg/m’ lni.tial Bulk Density and Pyrolysis

Temperature st 350'C =
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Table B.70 Experimental Data of Temberature Profiles for 24.04% Moisture

Content, 120.8 kg/m° Initial Bulk Density and Pyrolysis
Temperature at 400 T
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Table B.72 Experimental Data of Temperaturg Profiles for 24.04% Moisture
Content, 120.9 kg/m3 Initial’ .Bu,lk ).Density and Pyrolysis

Temperature at 500 e =
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Table B.73 Experimental Data of Temperature Profiles for 24.04% Moisture
Content, 130.2 kg/ma Initial Bulk Density and Pyrolysis
Temperature at 350 € =
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Table B.74 Experimental Data of Temperature Profiles for 24.04% Moisture
Content, 130.2 kg/mz Initial Bulk Density and Pyrolysis
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Table B.75 Experimental data of Temperature Profiles for 24.04% Moisture
. Content, 130.2 kg‘/m3 Initial Bulk Density .and Pyrolysis
Temperature at 450 C =
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Table B.76 Experimental Data of Temperature Profiles for 24.04% Moisture

Content, 130.2~k'g’/m3 Initial Bulk Density and Pyrolysis

Temperature at 500'C

¢ o
7=500 C T=5300 €

R=4.8 cm | R=3.2 ce | R=1.6 ca R'4 3cs ) R=3.2cm | R=1.6 ca | R=0.0 c=

O3 ~g O en B e PO s

»ay ] 3 P P B e b e b e b ek e s b

G

£~

L2

I TR - T : : {

SO - IR SR P45 L 45 ! 451
RN A TR A TR Y S
L 3RE 18 g P40t 457 1 453
A F T 'R0 1 458 1 453
LA LB B R N
Co48s 90 P8t b 458 1 454
0 | I P41 1 459 1 454
£ B T TR N e
A R p oAbt F 4 L s
O SRR v B - ey R
R e S L RN T
e R N e R
B . R | Fokfe h BT Rl
Lacalb:. T Y5 R T S S ST
S gk LR e
o SREa ey - R SRR
Mg Y : rag - - S TR e
500 ¢ Ase A i BR3¢ ML 57
vo50 v Y = ; Rl 34 ¢ 1 i 458
o4y s . A4 Y MEE T v
SRR 235 j S3 g 464 . 461} 458
PseR 1O 234 ey P s oL G MR e
EBaS 8 452 L B : (B T ST B T S
I L : MY A
o : . V' gzw : E;r] ﬂ i T T
P4 gl 3 41 : : : [N SRR
1498 3 459 L 436 : : =02 1 dbh g 463 1 460
: ‘ - 3 1 440
| @mmﬂ“sm:gmm: W
: e L e i it B e

0 e W e an S e 4w SO e e e W ew s MD e WS wems MM emas O Om ay R wee WO on e R M e e O s e e te N e 5o



Teble B.77 Experimental Datas of Temperature Profiles for 24.04% Moisture

‘.~-Content, 141.4 kg/m’ Initial Bulk Density and Pyrolysis

Temperature st 350 C
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Table B.78 Experimental Date of Tempersture Profiles for 24.04% Moisture

Content, 141.4 kg/m"

Initial Bulk Density and Pyrolysis
Temperature at 400 i
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Table B.79 Experimental Data of Temperature P.ro?i les for 24.04X Moisture
Content, 141.4 kg/ms Initial Bulk Density and Pyrolysis
Temperature at 450 c s
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Table B.g80 Experimental Data of Temperature Profiles for 24.04% Moisture
Contént, 141.4 kg/lna Initial Bulk Density and Pyrolysis

Temperature at 500 g

1=500°C TINE ! =500°C
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~ N APPENDIX C

THE EXPERIMENTAL DATA OF RICE HULL HEAT CAPACITY

The experimental L8 : at, capacity following the

Sﬁﬁgure C.1 and Table

procedure in section

Co 1—C060

501
401
307

20;

TEMPERATURE DIFFERENCE, °C

101

amaﬁmﬁfﬁwﬁ%ﬁ

Sure C.1 Heat Loss Curve For Heat Capacity Calorimeter




| —

the Calorimeter

Table C.1 Data ,! \“
7/ B NN

Weight of Initial temp of Equilibrium temp of Heat capacity
hot water hot water mixture constant
() °0) °c) (cal/’C)
248.6 33 25 36,30
249.0 36 27 36,90
234,9 41 ; 25 37.16
246,3 13 e 1 e g 26 37.46
21,4 a1 - | 24 37,98

1) |
; d ‘ﬂ' ; : e average 37,16
AUYINENINEE
YU

ARIANTAUNNING A Y

[ 4



€.2 Dsta for Heat Capacity Determination of Rice Hull at 0.11% Moisture Content

Table
No Room temp Weight of Initial
rice hull
°c) (g)
1 23 44,02
2 25 46,27
| 24 43,35
4 24 45,40
Table €,3 Data for Heat Capaci —"éﬁtﬁé
No Room temp Weight of
rice hull ice hull
(°) (g) -
x
|
1 24 48,92
x| AR
3 25 46.06
4 24 47,25 52

RIOINAY T

e < o

cold water

50.11

56,63
51,47

Initial temp of

Equilibrium temp of

cold water mixture
°c) (4]
17 24
15 27
10 217
11 32

Bl

e Hull at 8.49% Moisture Content

o

al temp of

Equilibrium temp of

cold water mixture
‘ () ()
lahab
18 'Y, 23
eI e a
10 27
8 30

v 1



Table C.4 Data for Heat Capacity Determination of Rice Hull at 16,35% Moisture Content

Initial \\“’l/ Initial temp of

No Room temp Weight of Equilibrium temp of
rice hull rice ‘“--—— 31} cold water mixture
(°c) (g) °C) Gl
1 24 47,20 \ | 17 24
2 23 46,49 \ 10 25
3 25 44,83 9 27
4 24 43,22 7 31
Table C.5 Data for Heat Capacity _Lg% e Hull st 24,04% Moisture Content '
No | Room temp | Weight of =¥ | temp of | Equilibrium temp of
rice hull mcold water mixture
(°c) (g) ‘. (°c (°C)
1 25 46,94 54,32 . 17 24
O /s
e Wﬁﬂﬂﬁﬂ‘iﬁu HAVINE TR E .
3 22 50,79 30
4 26 44,92 55 53,60 31

Evi



Table C.6 Data. Rice Hull Char

No Room temp Weight of rice \\\nrtaal temp of Equilibrium temp of
hull char cold water mixture
(°c) (g) (°0) (o)
1 25 47.30 17 24
2 2 44,57 1 25
3 23 46,06 11 28
1 25 45,48 8 30

ﬂ‘NEI’WIEWIiWEI']ﬂ‘i
ﬂmmn'mum'swmaﬂ

vrl



APPENDIX D
DETERMINATION OF PYROLYSIS PARAMETERS FROM MATHEMATICAL MODEL

BY FINITE DIFFERENCE METHODS

MZ/g,

'---ﬁ

Finite diF?enl a means for obtaining

imple
AN

‘ '\\

numerical solutions al shapes. Derivatives

in the mathemati ' e eplaced by discrete

. gquation which must be

N

differences. Thi

solved simultane = \\

in uation of  pyrolysis

parameters, the pr '_;1, )\\ in two parts., One part
deals with the evalu&ji-~§%{“ﬂ, T thermal conduct1v1ty and the

other part deals, wi the evaluat i ic parameters.

o

e

D.1 Di’oﬂnination of

AN AN NI Y s o
R TR T

(g r) PpPC T)
d r e Q(M) = ap » (D.l)
T ot ot

: 'ansientE&Qermal Conductivity

e 1 L]

Substitution of Fourier's Law and thermal conductivity as =a
function of bulk density and local temperature is shown in equation

(D.2)



146

K = k&, +#80 ~0:.18 + 8T - 20) (D.2)

equation (D.1) gives the following diFf‘erent.iaI.equa’;.ion

2 T 2P 2T aT 2T
k—s + (8= +- A
2w an? SF )( )+ b( pC_a.t et
2% (CT- o> '

This eguation is solved known values and estimating

the unknown values (k_. wi n in time starting at an

———

ivati luated in the interval

initial conditio

between t to t+a

i (D.4)

I{-_" (D.g)
ﬂuﬂqnﬁﬂiﬂﬂﬂﬂi o

QW’WENﬂ‘mJ zm'n"nma 4

where i refers to time and j refers to radial distance. Finally the
bulk density at various times and positions is obtained. The
average bulk density at various times is evaluated and compared
with measured average bulk density by a Gauss Newton optimization
technique (see Appendix E) where the unknown values (ko, ay by in

the thermal conductivity term are available.
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The program to determine thermal conductivity during

pyrolysis is presented in below.

10 CLEAR

20 GPTION BASE 0
30 DIH T{50,3), AYEXP(50}, YCAL{500,3), YCALDK(500,3}, YCALDA(500,3), YCALDB{500
,3), TSTEP(500,3), v(Joo,J), AYCAL{S50), AYCALDK(S0), AYCALDA(S0), AYCALDB{30)

4 INPUT "DATAFILE :

50 AL$ = "B:" + AS + '.PRN'
50 OPEN *1", 31, Al$ m ,
70 INPUT 81, Ko, &, B, DINI, CP, NO

80 FOR 1 = 0 TO MO >
90 INPUT 41, T{1,3), T(L,D), T
160 NEXT I

116 CLOSE 81

120 D0 = 153 T0 =20 : [
130 FOR 4 = 0 70 3

140 YCAL{0,3) = DINI
150 YCALDK(0,d) = DINI
160 YCALDA(,d) = DINI
170 YCALDB{0,d) = DINI
180 TSTEP(9,d) = T(0,J)
190 NEXT

200 FOR 1 = 1 TO KO

0 FOR K =1T0 20

220 FOR 3 = 9 70 3

230 TSTERP{ZOR(I-114K,d) = { (l
240 NEXT J

230 NEXT K

260 NEXT I

0FRI=0T03 [
280 (0,3} = YEAL{0,Jf =
290 NEXT J Yy
300 BOSUB 1040 E
30 FOR 1 = 6 TO NO#20

320 FOR 3 = 0 70 3

=2 g Ingnnenns

350 K = K11, 01

370 B

S ANARINIUUNINGINY
390 FBR 010

400 YCAL K(I 3} = ¥{I,d}

440 HEXT J

420 NEXT I

430 A = AIL0L 2 K = K/L.00
440 GOSUE 1040

450 FOR 1 = 0 70 NOIZ0

460 FOR 4 = 0 70 3

476 YCALDA{I,J) = ¥{1,d}
480 NEXT J

490 HEAT 1

500 B = BiL.OL : A = A/LOL
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i

S30FORJ =0703

570 B = B/L.O4 _

500 AYCAL{T) = {YCAL{20%I,1) + YCAL{Z031,2) )/4 '

540 DYDK = {&YC ALDE{TV-AYCAL(T \ 01

706 EE = EE + DYDBAZ

740 FF = FF + DYDK3DYDE

780 HEXT 1

370 LPRINT "DD =', B

340 IF Bs = °Y" BOTO !

?20 mﬁ fij 17
e YT 15 QJW‘iﬁﬁ“ﬁ"mg
930 PR T "DET

350 DR = ({TAA:TFK!TII)+(IJJ:TFFtTGB)+(TCC:TDD!YLL) (YES!TKK:TLL) {TLLITFFITRA) -
330 LPRINT *BY =%, D, "DA =*, DA, "DB =7, it

540 YCALDB(I,d) = Y{I,d)

G0 ESP =0 t AR =0 :BB=0:LC=0:DD=0:EE=0FF=0:66=20:Hd
410 AYCALDE{I) = {YCALDK{2081,1)+YCALDK(201] 2:)/2
450 DYDA = (AYCALDA{I)-AYCAL

780 11 = 11 + DYDK*2

750 33 = 33 + ECDEDYDA

790 00 = BB : 86 =CC : BH =

830 LPRINT "85 =",

870 IF B$ = 'H' BDTG 88

33 IF ABS(DET) {= 000001 THEN END
{TII3TDDETII) )/ DET

90 K0 =Ko + DK s A=A+ DA:B=8+ D8

510 GOSUB 1040
520 FOR 1 = 0 TO NO$20
S50 NEXT 3 :
540 NEXT I o
=0 0l=0¢ u-etxx-o.u-a
590 FOR 1 = 0 70 N0
570 AYCALDA(T) = (YCALDA{2081,1)+YCALDA(ROM!
430 AVCALDE{I} = (VCALDB(2081,1)+YCALDB{Z0
450 DYDB = (BYCALDB{I}-AYCA x—
470 ESP = EGP + (AYEXP(I)=
430 EOC = AVEXP(I) - AYCAL(I
430 AR = BA + DYDA®Z
770 B8 = 83 + DYDBIDYDA
730 ©C = CC + DYDKSDYDA
750 KK = KX + EDCHDYDB
770 1L = LL + EDCHDYDK
800 LPRINT "DATAFILE = *, A3
210 LPRINT "8 =*, 84, "B =*
840 LPRINT "ESP =*, B82
850 INPUT *D0 YOU mw@m
o
830 INPUT *
390 IHPUT 'm ’5 H’] ﬂ ‘j
300 INPUT "TGE,
910 INPUT TESP rss
950 DA = ({TIIATEEATI1}+(TBBATFFATLL)+ (TCCHTKKSTHH ) (TLLITEEXTCE)- (TRHATFFATIY)-
(TII$TKKETBB) ) /DET
970 0B = {(TARFTEEATLL )+ (TEBSTKEATBB)+ (TIIETDDRTHH ) - (TBGATEEETI)- (THHATKKATAR)-
(TLLATODETER) }/DET
1000 LFRINT K0 =*, K0, a =*, B, "b =", B
{010 1F TESP ¢= 0001 THEN END
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1020 6670 10
1030 END

1040 FOR I = ¢ 70 NO$20-1

1050 FOR J = 1 70 2

1060 A0 = CPEY(I,J)¥(TSTEP(I+1,J)-TSTEP{1,J}}/DELT

1070 BO = ({TSTEP{I,d+1}-TSTEP{I,J-1}}/2/DELR}*23B

1080 €O = (KO + AR(Y{1,J)-D0) ¢ BR{TSTEP{I,J}-T0)}/DELR/J

1090 DOO = AX(Y(I,d+1)-¥(I,J-1)}/2/DELR

1100 EO = (DOO+CO)¥{TSTEP(I,J+1)-TSTEP(I,J-1}}/2/DELR

1110 FO = (KO + A3(Y{I,d)-DO) + BR{TSTEP{I,J)-T0))3(TSTEP(I,d+1}-24TSTEP(I,J)+T5
TEP{1,d-1))/(DELR*Z)

1120 If TSTEP{I,J) < 200 THEN & = -2,764TSTEP{I,J) + 2518.4 : GOTO 1240

1130 IF TSTEP(I,Jd) < 225 THEN @ = -2.2 \ STEF 837.5 : GOTO 1240
1140 IF TSTEP(I,J) ¢ 250 THEN @ = ~&§ ‘\ki f’ : 6070 1240
1150 IF TSTEP(I,Jd) < 273 THEN & ) 6070 1240
1160 IF TSTEP(I,J) ¢ 300 THENGGB.Z SHWaRTSTER I,J smbBT0 1240

1170 IF TSTER{I,J) < 325 THiMs@emmbetdTSTER, ) +=a45mreBBil 1240
1180 1F TSTER(1,d) ¢ 350 THEMeB="=T5Sitr(1}J) + 512, v 60idui240
1190 IF TSTER(I,J) ¢ 375 THEN.@ 41 3

1200 IF TSTER(1,d) ¢ 400
1210 IF TSTER(1,J) ¢ 425 THE
1220 IF TSTEP{1,J) ¢ 454
1230 1F TSTER(1,d) ¢ 500 TH
1240 § = CPHTSTER(1,d)
1250 Y(I+1,d} = DELTH(FO+E04H0-
1260 NEXT J
1270 YI+1,0) = (48Y(1+1,1)-yff+ a4
1280 Y{1¢1,3) = (43¥{1+1,2) M 1e801) /30202000
1290 FOR K = 0 10 3 -‘M‘”
1300 IF Y{I+1,K) > Y{I,K) THE t"" m
1310 NEXT &
1320 NEXT 1
1330 RETURN

D.2 ‘yf:-“

HTTEI“’”J "ﬂﬁmﬂ"m 17

(D.8)
where the pyrolysis rate is expressed as
2T
-k s-r-//\L
o YR D
Fr (D.10)

E
A exp(- ——) ((P-LP.)
P E R ks
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Equation (D.9) is solved and the kinetic parameters are available
by optimization.

The progsram to determine kinetic parameters is

~

presented in below.

10 CLEAR
20 OPTION BASE 0

30 DIN T{50,3), ABULKD(S0}, YCQL(JOG,Z‘_ :
3}, YEXP(500,3), ¥(500,3), AVCAL{5Q), &Y
40 INPUT *DATAFILE : *,A¢
50 AL$ = "B:" ¢ A% + °.PRN"
40 OPEN "I, #1, Al$ .
70 INPUT #1, K0, A, B, PRE
80 INPUT 41, DINI, DFIN,"CP,
90 FOR I = 0 TO NO
100 INPUT 41, T{I,3},
110 NEXT 1

120 CLOSE ¥

130 D0 = .45 : 70 = 20 2
180 FOR J = 0 10 3

150 YCAL{0,) = T(0,d)
160 YCALDP(0,d) = T(0,d
170 YCALDE(0,d) = T(0,])
180 DEAL{0,J) = DIAI
190 NEXT J

200 FOR 1= 1 TO MO
OFIRK=17020
220 FOR J = 0 70 3
230 YEXP{208(1-1) K 443
240 NEXT 3
250 HEXT X
260 MEXT 1
270 FOR 1 = 1 TO NO$20
280 Y{1,3) = ¥E

333;*;;’11-0&‘{18’3 NYNINYINT

36 Y{0,d) = ?Cn 0,4}

= RAAANTAUNMINIAY

JWFRI=0T03

360 YCAL(I,d) = Y{I,d}
370 NEXT 3

380 NEXT I

390 PRE = PRE#1.04

400 GOSUB 920

410 FOR 1 = ¢ TO HO¥20
420 FOR I =0 T0 3

430 YCARLDP(I,3) = Y{I,d)
440 NEXT J

450 NEXT 1

hy3}, YCALDE(300,3), DCAL{S00,
CALDE(S0}, AYEXP{50)

Tl




460 E = E11.01 : PRE = PRE/1.08
470 GOSUB 920

480 FOR 1 = 0 TO NO$20

490 FBR J = 0 10 3

500 YCALDE(I,3) = Y(1,3)

510 NEXT J -

520 NEXT 1

530 £ = £/1.01

SO ESP=0: PR =0 :BB=0:CC=0:00=0:EE=0:FF =0
550 FOR 1 = 0 7O ND

560 AYCALLT) = (1/(3.141644.8°2))8((3
BA2IVEALIZOE, 1)) + (3.18168(4°2-2.8"
L{2081,3))) ‘

1418 EAEXYCAL(EUX! O)‘ + (4 14161(2 4*”‘

S70 AYCALDR(1} = /( 141614, 8- 03 hiet (P ar lantipiot1 0)) + (3,14153<3 3

A2-.8*2)IYCALIP(20LT, 1)) + (3
P2MYCALIP(20IL,3))Y o
580 AVCALDE(T) = {1/{3.14
A7-,8°2)$YCALDE(2041, 1))
4°2)1VEALDE(2041,3)))
590 AYEXP(I} = {1/{3.14181 § LB EWEIP (20T, 00 ¢ (3.14168(2.4°2-,
BAZJIVEXP{ZO4D, 1)) + (3 - (Z081,2} "illes (4.8°2-4°2)1YEX

P{Z0S1,3)))

600 DYDP = (AVCALDP(I) -
610 DYDE = (AVCALDE(T)
520 ESP = ESP + (AYEXP(I)
430 EBC = AVEXP(I) - AVCAL(I
830 AR = AR + DYIP°Z
650 D = DD + DYDE*Z
560 BB = BB + DYDPYDYDE
670 EE = EE + EDC3DYDP
430 FF = FF + EDCIDYDE
699 NEXT 1 ‘
700 CC = BB oo
710 LPRINT “DATAFILE 5,
720 LERINT *Ad =7, éh, o =
730 LPRINT *CC =*, =

G} + {3.1416%(2.3
+ (3.14161(4.8°2-

-',DD,
740 LPRINT °ESF " ESP, *Pre-esponential =* PRE
750 IHPUT "DD Y IHPUT DATAFTRE 7 (Y or N}
Hﬂﬂ’lﬂ‘ﬂ'ﬁwmﬂ‘i
770 IF B$ = "N

780 INPUT °TRA,TBR,TEE “, TRA, TBE, T

790 I

o0 il ﬁﬁﬁfﬂﬁ“ﬁ’ YRIINYIAY

820 PRIJ‘ “DET = ", DET

830 IF ABS{DET) (= .0001 THEN END
340 DP = (TEEYTDD - TFFYTBB)/DET
850 DE = (TARYTFF - TEEYTCC)/DET
840 LPRINT °DP =", P, “DE =%, DE
70 FRE=PRE + DP : E=E ¢+ IE
330 LPRINT "PRE-EXPOMENTIAL =", PRE, "E =%, E
390 IF TESP (= .0001 THENW END

700 6070 10

910 END

320 FOR I = 0 70 HO120-1

151
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0O FOR 3 =170 2

940 IF Y{1,J) ¢ 200 THEN M = (KO + AL{DCAL{I,J}-D0} + BE(Y{I,J)-TO}IR(Y{I,d¢i}-¥
{1,d-1))/2/DELRST . 6F{-2.768¥(1,d) + Z318.4} : GOTO 960

730 M = PREJEXP{-E/R6/Y(I,J} ) ¥(DCAL{I,J} - DFIN)

960 IF ¥{1,d) ¢ 200 THEN 8 = -2.768Y{1,d} + 2518.4 : 6OTO 1080

970 IF ¥{I,J) ¢ 225 THEK @ = -2.201¥(1,d} + 837.5 : GOTO 1080

980 IF ¥{I,d) ¢ 250 THER @ = -1.73%¥{l,J} + 725 'bDTG 14890

930 IF Y{1,d) ¢ 273 THEN @ = -1.54Y{l,J} + 662.% : 6OTO 1080

1000 IF ¥{I,3) ¢ 300 THEN @ = -1.49¥{[,J} « 435 : BOTO 1080
1010 IF Y{I,3} € 320 THEN 8 = -L.38¥{1,3} + 543 : 5070 1080
1020 IF ¥{I,d} ¢ 330 THEN @ = -18¥{I,J} + 312.5 : GOTO 10890
1030 IF ¥{1,3) < 375 THEN G = -.80¥{1,J; + 440 : 5OTO 1080
1040 IF Y{1,d) ¢ 400 THEN @ = - L 5070 1086
1050 IF Y{I,0) € 425 THEW @ =
1060 IF Y{I,J) (450 THEN G =
1070 IF Y{1,3) (3§ i

00 THEN
1080 N = (CPAY(I,J)-0)8N
1090 § = {{Y{1,3+1)-¥{I,J-
1100 P = (K0 + A{DCAL(I,J)-
1110 80 = AR{DCAL(I,J+!
1170 R = {PHERYS(Y{I,d¢1))
1130 § = (K0 + AB(DCAL(J
ELR*Z)
1140 Y(1+1,0) = DELTH{5¢
1150 DCAL{I+L,d) = DEL
1160 NEXT J
1170 Y{1+1,0) =
1180 DCAL{I+1,0)
1190 DCAL{I+1,3)
1200 FOR K = 0 70 3

W 3Y(1, 013170

1720 1F DCAL(I4L,K) > BCﬁL(! K} ]
1730 NEXT K -
1780 NEXT I e
{750 RETURN V-e )

: Eq ﬁﬁ) and (D.10%%&re solved again by substituting
the thermF; nﬂminrﬂal ﬂ‘jor and activation
enerﬁ Wt,mﬁ ﬂf ‘ ﬂ rﬁlﬂ HE}] étgirp’mm zation
technigue For tﬂs zeﬂf:, ﬁ hea conduction  term,

pre-exponential and activation energy term are the best wvalue

available as shown in this program below.
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10 CLEAR

20 OPTION BASE 0

30 DIN T{50,3), ABULKD(50), YICAL{300,3), YTCALDK(300,3}, YTCALDA(300,3), YTCALD
B(300,3), YTCALDP{300,3), YTCALDE(300,3), YOCAL{300,3}, YT{300,3), AYTEXP(50), A
YTCAL(50}, AYTCALDK(SO), AYTCALDA(S0), AYTCALDE(50}, AYTCALDP(S0), AYTCALDE(S0)
40 INPUT *DATAFILE : *, B$ %

50 418 = "Bt +AE 4 ° " PR" .

50 OPEN “1°, 81, Al$ ,

70 INPUT 41, K0, &, B, PRE, E

80 INPUT #1, DINI, DFIN, CP, NO

90 FOR 1 = & 70 X0

100 INPUT 81, T{1,3), T{1,2), T{L,1), T41,0), ABULKD(I)

140 HEXT I

120 CLOSE #1

130 D0 = .15 3 TO = 20 3 DELT
140 FOR J =0 70 3

150 YT(0,3) = T{d,d)
140 YDCAL(0,d) = DINI
170 NEXT

180 FOR I = L T0 N0
190 FOR K = 1 70 20
200 YT{208{1-1}4K,3) =
210 NEXT K

220 NEXT 1
230 GOSUB 1840

240 FOR 1 = 0 70 NO$20
250 FOR J =0 70 3

250 YTCAL(I,3) = ¥T{L,J)
70 NEXT

280 NEXT 1

290 K0 = K04L.01

300 GOSUR 1840

310 FOR 1 = 0 T8 NO$20%,
JWFRI=0T03 Woem—
330 YTCALDK(I,d) = YT4LM
340 NEXT J ‘
350 NEXT I
360 & = ABLL0L : KO = xof1.p1
370 GOSUB 1840
ﬂwﬂ’msmwmm
390 FOR J =

3

400 YTCALDQ(I {1,d)

%%%%ﬂ’mmmmummmaﬂ

340 GOSUB 1B4¢

450 FOR I = 0 7O NOi20
450 FOR 4 = ¢ 70 3

470 YTCALDB(I,J} = ¥T{1,d}
430 HEXT J

430 NEXT 1

540 PRE = PREE1.01 + B = B/L.01
310 GOSUB (340

520 FOR I = 0 70 NGiZ0
530 FBR § =0 70 3

540 YTCALDR(I,d} = ¥T{1,d)
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550 NEXT J

560 HEXT I

570 £ = E41.01 : PRE = PRE/L.01

530 GOSUB 1840

530 FOR I = 0 7O ROIZ0

500 FOR 4 = 9 70 3

510 YTCALDE(I,d}

520 NEXT 4

530 HEXT 1

440 £ = E/L.0L

550 ESP = 0 : HA
=0t Nl =0: HJ

B0 WP = 0 s HE =

M =0:H

i

¥1(1,3) -

70 FOR T = 0 : |
530 AYTEXP(I) = {1/{3.141614,8°F08(3 ; {3.18168(2,4°2-.8°2}1
T{L,4)) + (3.13168(4°2-2.4°204 : $(1,3) )

530 AYTCALLL) = (1/(3.1816 P+ (3.13168{2.4%2-.8
. AUVTCALLL, L)) + (3.1416 B*2-4*2)4YTCAL,
3
760 AYTEALDELT} = (1/(3.14

2- B2 IYTCALOE(T, 1))+l Y ;}nx : :
YICALDK(T,31)) -' \:\Qk\
710 BYTCALDA(LY = (1/(3 st

2- B2 YTCALDRIL, 1)+ (3. 11"

. 14168(2.4°
16‘(# 842-4*2j%

," + {3.14188(2. 4"
3. 18161{4.80 2420

YTCALDA(T, 1) ' &
770 RYTCALDE(I) = {1/{3. : %é_ ,0 } o+ {3.1416%42,
2-. B 7VEYTCALDE{L, 1) + (3. ] A J J3YTCALDD ‘\ 3.141461{4.8%2- 4*7}

YTCALDH{;,;);) AN

730 AYTCALDP(1) = (1/{3.1416 A5k hL (1,0)) + (3.14168{2.8°
2- e*z;:vrcaaapg: 1) ¢ (51816804 BEOPTT,2)) + (3.1416%(4.8°2-4°2)1
YICALDP{1,3)}} e :

740 MYTCALDE(E) = (1/T8y1 (13 44188, 0} (3.18168{2.4%
2-.8°2) YTCALDE( 1, 1) Yot LA g3 S VTR R EE T EE 4 (4,8°2-4°2)1

750 DYDE = {AYTCALDK(I) ‘
760 DYDA = {AYTCALDA{L) m
770 DYDR = {AYT LQLDB(X)'AY &L(I))/ o
780 DYDP = {AYIL
LN TN
800 ESF = ESP ¢ 4 Y AL
810 EDC = AYTELP
Eiﬂ%ﬁﬂ‘ifu 4NN Y
840 HH + Y
850 MS = HS + DyDPAZ
870 MR = HE + DYDAYDYDE
880 HC = HC + DYDARDYDX
300 HE = HE + DYDAIDYDE
910 HH = MH + DYDRIDYDK
330 HJ = HI + DYDBIDYDE
740 HH = BN + DYDKIDYDP

YTCALDE{1,3))) Y X
TCAL{1})/.00
790 DYDE = (AY
9 gvrantz)
820 n
B6O HY = MY + DYDE"Z
§90 HD = HD + DYDALDYDP
920 NI = HI + DYDBSDYOP
350 H0 = HO + DYDKDYDE



960 HT = HT + DYDPIDVDE

970 MI = HI + ECDADYDA

380 NAR = MAA + ECDIDYDB

990 HER = MEB + ECDEDYDK
- 1000 MCT = MCC + ECDEDYDP
1010 MDD = MDD + ECDIDYDE
CWHNEXTT L by

1030MF = MB : MK = HC : MP =MD : ML = MH : MU = NE : M3 = I : WV = M) : MR =

MN s MW o= MO HX = MT

1040 LPRINT *DATAFILE = *, &%

1050 LPRINT "& B C D £ I°, MA, B, HC, HD, HE, MI

1060 LPRINT °F 6 # 1 J BA®, NF, NG, MH, MI, MJ, MAA

1070 LPRINT "K L M % 0 BB®, HK, HL, HH, i

1080 LPRINT "F @ R 5 T CC*, MP, NG, A, ¥

1090 LPRINT "U Y ¥ { ¥ DD", M x‘ffap,

non

RE, "E =, E
1110 INPUT *DO YOU INPUT DATAE L
1120 IF B$ = *Y* 6070 10
1130 IF B$ = "N* §0TO ¢
1140 INPUT "T&,T8,TC,TD,TE

1180 INPUT "TU,TY,TH,T
1190 INPUT *TESP *, TESF
© {200 71=AA%(561{HMISSTYYHNNL & 88400 IRRINN) -HHE(LLISS
YV +NNETTEVY 00808 KX -VVI53 1 RN + 1T £ (0N AR Y+ M3 TTHVY+ 00400 EWN
-UVIRRI00-WHETTELL-YYS0RENN}-1] RRAK LA IER RN YV IRRINN-WHESSILL-XY

10GEHH} ) .

1740 77=-BB4 (FFE{MHE55EYY+NNETTIHH*00SRRE) 0- X ETTEHM-YYSRRENN) -HHE{KKIS
SAVY+NNATTRULDO1PP 1 XX-UUASS00-LARTTANE -1y SPERNM) ELRCK X IRRL YV HINATTLU+OOHPP M
w-uutaaxan-watTttxx-fr:iP;uu§~33!¥ i # RRINN-WHESSEEK-)
YIRPIMM) ) L S :

1220 13=CCH{FFH{LLISSETHENNETTIVV+00S00EY VALRENN) 661 { kKI5
$YVHNNETTEUU+008PPEXX-LH48S T 01 ¥ H+L LI TTHUU+D08PPIVY
-UUSBRIO0-YYETTERE-VYSPRALL }-004 (KKHOES S UU+NNEPP Y- UULDTINN- WSS EEK-1X
1PPILLY) .

1930 74=-DDE{FFL{LLIRREVY +MMUTIEVY 008008 HH-VY IRRE00-BRETTILL -1V 1GOIMN) BB {KKIR
REVYHHNETTHUU+ Pﬁ @-Mfﬂm)mig};ﬂ\ﬁﬁwmwm
Y-UUEEEID0-YVE TTREK Y L) 033 A1 aaHRALL sRRE LU MRy -DURCOT ARV IRRIKK -4
HIPPALL)}

1780 75=EEL(EF3 (LLIRREXX HHESS 1YY+ NNLOTENE-VYERRINN- AR IL L1 100N ) - R
R A
- aatHN-WESS I Y PP ILL) 111 ¥ Tt g L o] ]
$PPILL))

1750 DET = I1 + 12 + 23 + 14 + 1§

126 PRINT "DET =", DET

1270 IF ABS(DET) <= .0001 THEN END

1780 76=17%(G68 (HHISSTYY+NNITTINM+D0SRRE (- HHESSE00- XXETTENN-YY IRRENN) -HHE {LL 153
V7NN TTEVY+D03BGENE-VVES5100- (XS TTELL-YYAGRENN) + 1 TH(LLIRREYY +MMETTRVV+00 100NN
-YYERREO0-HHETTELL-VY $00MN) -0 (LLERRE VY +MHISSEVV+NNIDOIHN-VVIRRINN-WHISEILL - XX
$00EHH) )

1730 17=AARE{HMESSEYY +NNETTIUM+D0IRRE (X -HHESSE00- XX ETTERN-YY SRRINN) -HH { BRBESSEY
Y+NNETTRDDD+00SCCCEYX-DDD55400-X X TTABBE- 1Y SCCOINN) + 111 { BREIRRYY +MMITTIDDD+004
CCCHHN-DDDIRRIDO-HHETTERRE-YYICCLIHN)
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1300 777=-BBI{17-3J 1 (BBESAALLX +HMESS1DDD+NNSCCCWN-DDDIRRINN-HNISSIBBEB-XXICCCANN
1

1310 718=AAAT{LLISSEYY+NNSTTVY+001003XX-YVISSI00-XXETTILL-YYIGAINN) -661 (BBBISSIY
YeNNETTIDDD+008CCCE XX -DDDIS5400-X X TTHREB-YYSCCOINN) + 118 (BBBIBATYY+LLITTIDDD+004
CCCIYY-DDDIGRI0C-YVITTIRRR-YVICCCILL)

1370 788=CC1{78-JJ% (BRBIAAIYX+LLESSIDDD +NNSCLCIVY-DDDIGRINR-YYISSEBEE-XXICITILL)
} "y
1330 79=ARAL{LLIRREYY+HHITTIVY+O0DEGOIRH-YVIRRID0-WRETTILL-YYG0INA) 561 (BBRIRRIY
VeMHETTEDDD+004CCCE¥N-DDDIRRA00-NWETTBRE-YYSCCOINM ) +HHY (BBBIQAYY+LLITTIDDD+002
CCCRYV-DDDIREIO0-YVETTERER-YYICCOMLL)

1340 199=-DD1{79-JJ1{BBALEATHN+LLIRRIDDD+ARICCCAVY-DDDICGENE-VVIRREBBE-RHICCCILL
H

1350 Z10=ARRY{LLIRREXY+HAISEIVVENNIGELN V }-“X;SXLL IY10GTNM}-G61 (BRRIRRY

X +HHE551DDO+NNICCCTHH-DDDIRATNN-RAIG5TEE HHE{BERIGEIXX+LLISSIDDD+RN
§CCCIYY-DDDIGRINN-VYIS51ERE- 1 13CC0H 1\

1340 7100=EE${710-114{BEBIOGIHELLARRIDS +ﬂﬂtCC G1MH-YVIRATERE-WHICCCIL
L)) :

1370 DETDA = {16+177+188+19%
1330 111=AART(RMISSTIYY+NNI
Y +NNITTEDDD+004CCT1IX-D0R4SS
§CCCHWH-DDDIRAYN0-HHATTIERE o
1330 711i=AR${111-J01{BERIRR
1)

1400 11Z=-11¥{FF1{HHI55L

RtHN)-HHi(BBBXSS!

{XIPPINH))
1310 713=FFH(BBBIGSIYY+NHITIAD
KASSEYY +HNETTIUL+DOTPP XX
$PPEDDD-UUICCCID0-DODETTHKK-YAP

B})

1430 114=FF$(BEBIRRYTMHL , :
CERREYVY+HMETTSUU+001PRE ._'............,.....,, SIREE ey +BBBATTIUL00
$PPADDD-ULICCT00-DDDALISKE-YY: e _ \J

1440 7144=-DRE{I4- m(ﬂc ODERREKK-WWIFPLB
BE})

(450 715FF1(BREIRRELE HRNESSEDDD+NNICCCIHH-DDDERRNN-HHISSEERE- XX ICCCANN) -AAAE (K
LARREN L +HNAGS Y - HISSHKE-1XE HHE (EKICCCE L1 +BERASS UL NN
zpmnn-uuxcecﬁ ﬁ @%ﬂﬁﬁm ﬂzj

1499 7155=EE {2 . ! x cotHy K-HWEPPLEE
1470 14241

e —
L4554YY 1)+

1G040DD-YV4CCCHO0-DDDSTTILL-YYI001BEE)

1490 717=FF1{BBBISSIYY+NNETTSDDD+COSCCCEYX-DDDESEIC0-XXSTTIRBE-YYICCOINN) -AARS (K
IS5V +NNSTTSUL+00SPPEYY-UUSS500- K (ATTERK-YY KPP INN) + 113 (KKICCTRYY+BBRATTIUU+OD
$PPEDDD-UUICCCI00-DDDETTEKK-YYEPPIRER)

1500 7177=-BB8{217-J03{KKICCCEXX+BBBISSIUU+NNIPPEDDD-UUSCCCINN-DDDASSRKK-XX3PPIB
BB))

1510 748=178(FFE{LLESSEYY+NNETTVY+0080GEYY-VVES5H00-XXSTTILL-YYIGRINN) -BEF(KKIS
SEYY+HNETTRUU+008PPEY Y -LUUE55E00- 1 XA TTRKK-YYIPP NN + TR (KKIGREYY +LLATTIUU+00IPPIY
Y-UULAEE00-VVETTIRE-YYEPPILL ) -8 (KKEQEI XX +LLESSRUULRNEPPIVY-UUSBRINN-YVISSEKE-X
{1PPILL)
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1570 119=FF4{LLICCEYY+RBBETTIVV+00ERE30DD-YVICOCIO0-DDDITTILL-YYIGREEBE ) -BRE (KX
COCEYY+RBRITTIUU+D0IPPIDDD-UUICCCIO0-DDDETTIRK-YYIPPIEBE ) +ARA{KX3BAEYY+LLYTT Y
+00EPPEVY-UUIREI00-VVITTEKK-YYIPPILL )

1530 1199=-D04{719-J04(KX3E0LDDD+LLICCCECU+BRRIPPIVY-UULERIERE-YVICCCIKK-DDDIPPE
LLh}

1540 720=FF{{LLECCCEIY+BRRESSIVV+NNTRGIDDD-VVICCCINN-DDDISSELL-XYS0GIRBR)-66T (KK
$0CCE Y +RERISSEUU+NNEPPEDDD-UUSCCOINN-DDDIS5 K - (IEPPIBBE  +AART (KX IGRTIX+LLESEY
HHHNIPPEVY-UUEORINN-YVISSEEE-{XEPPILL)

550 7200=EE4{770-11%(KKi001DDD+LLICCOIUL+BREEPPIVY-ULIROTBRE-YVICCCIKK-DEDIPPIL
L

1540 DETDE = {T166+1177+14B+1199+1200)/DET
{570 121= Bbt‘HHICCFXYY+BBB!TTXHH+U}XdRiuDJ-ﬂﬂtLCCXDO ~-DODITTEHN- YYXRRXBBB) HHI{LL
§CCCIYY+RBRETTIVY+003005DD0-YVICCTIO0- E“ Yi0OIRER ) +ARAT{LLERREYY+HHITTEY

Y0100 EHE-YYIRRIOO-HHATTELL VY0008 / :

1580 I711=RA1{121-JJ4{LLIRRIDDD) ‘ SEEB-wHXCCCtLL-DDE$GQ$H
H)) 4 :

1590 172Z=FFi{MHICCCIYY+BBRATTER Eﬁuﬂtbﬂmm‘f‘{mmﬂﬁﬂ}-%l(.iiK
:cccxvv+ass:rrtuu+aoxFann - -0 TTIEE-¥E ARAS (KXARRIVYNHITTIY

1600 ZIZ’Z‘-dEX(ZZE--}Jl(” Y gt et : #uiCCCIKK-DRDIPPY

Hi) ) R,
1610 123=FF{LLICCCIYY ] §L4100- W CA0H08-D00ATT $084BBR}-5E1(KE
$CCCEYY+BBBETTHUU+008PP1DD0SL 1 06T 5 FEEK-TYIPRIABR ) RARE { KKIGQEYYHLLITTIU
L+00$PPIVY-UU1RG100-YY 1 LalRY -l — _\\ L

1620 1233=CL8({123-134{KK18D DODIPPIL
L}

1630 124=-12H(FFHLLIRREVY +rfT 7400 AT Ap——
RREYY +HNETTUL+004PPAWH-UL ERS0OSRATT TR j (XHOREYY+LLETTRUY+00HPPE

YY-UU00E00-YVS TTEEE-YVEPPELL ) 400 { KIA0B 4+ L+ MM ARR VY -UUS OO EMM-YVIRREKK -
HUIPPELLY) by i "
1640 Z24-FF1‘LLtRHKDDD+HH!€LC!VV+E§§!§?§!3 HICCCLL-DDDEOOINM)-661(KK

IRAIDDD+HHICCCAUUCERRIPP IRE- UU!HRJEEE“E&?“E' Hi+HHE (KKIOREDDD+LLICECE
HE+BRBEPPEVY- Uﬂtﬂﬁtﬁﬂg‘ ViLEttiﬁ'§§E¥PP¥LL} ' ;
1850 1253 Ehl?rﬁﬁ' HEL s -HHXF’PlLL))
1660 DETDP = {I211+]1790#1 Z : O
1670 126=681(HHZSSZDDD+@CC $i mmﬂmmm—nmm
§551DDD+NHECCOSVY+BRRED ”VXSHISBB -AXICCCELL-DDDEGEINN) + 1 T RLELSRRIDDD+HNICCCE
VJ+BBBXBGI§§-VV!RPXBBB-HRX”"CKLL I L
1680 1256=ARY(1260RR01 (Y RHT agint})
io"r'(i 127=FF4(H M CLE %ﬂ%as Wﬁ ;Tﬂ iﬂ) ~HHE (KK
S5EDDD+NNECCOTUULRE -UU¥ss CCLEXK-DBoD I D+MHICELY
bU+BBBtPPI§E 1 BBB HHI Ctrk B‘DXPD %g

e R VV UUtGG!ﬁBB VV!CELKXX QEJ!PPtLL

1720 1288=CCH{773-RART{KKIGRIN+LLISSIUU+HNIPP VY -UUIRRINN-VVISSIKK-YXIPPELL Y}
1730 129=FF{(LLIRRIDDD+HNICCC VY +BEBIGRINE-VVIRRIDBE-WHICCCILL -DDDIGAINH) -6 (KK
$RREDDD+HHICCCEUU+BEREPP E M- UUSRRTHER- %HXCQuiKK-BﬁDiPP!Hﬂ}+HHtiKK!BQ!DDD+LLXCCE!
UU+RBREPPIVY-ULIGEIERE-YVICCOXKK-DODIPFILL

1730 1299=-DDE{125- ﬁﬁﬁi(RL;QG!#&+LLXERiuﬁ+ﬁHiPPt?V-UUiGGSHH-VViRRSKK-HﬁtPFiLL}}
1750 I30=FFE{LLARREXY eMMESSIVY rhNIBOINE-YVIRRINN-RHIS51LL - X 1001HY ) -B61 (KK ERRILX
+HHESS UL HNEPP ERR-ULIRR SNN-BHESSTEE- XXIPF IHM ) +HHE (XKI0EE XX +LLESSTUU+NNSPREVY-LU
FBOINN-YVISSEKE-XXIPPILL)

1760 I300=11H{230-TIE{KRIGOINA+LLIRRELU+MMEFPIVY-ULIR0IRH-VVERRIKK-HHEFPELL))
1776 DETDE = (1266+1277+1288+1299+1300}/DET
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1780 LPRINT *DA =7, DA, DB =", DB, *DK =%, DK, “DP =*, D, "DE =*, DE

1790 K0 = KO + DK : A=A +DA:B=B+DB:PRE=PRE+DP : E= £ + DE

1800 LPRINT "k0 =*, K0, “a =*, &, *b =", B, "Pre-exponential =*, PRE, "E =*, E
1810 1F TESP (= .0001 THEN END

1820 5OTO 10 .
1830 END .
1840 FOR 1 = 0 T0 NO$Z0-1 H

1850 FOR J = 1 T0 2

1880 IF YT{1,d) < 200 THEN § = (KD + AS(YDCAL(T,3)-D0) + BE(YT(I,d)-TO))$(YT{1,J
+1)-YT(1,d-1) }/2/DELR/T.6/{-2.764¥T(1,3)+2518.4) : GOTO 1880

{870 § = PREAEXP{-E/RE/YT(I,3))B(YOCALE,3)-DFIN)

1680 1F YT(1,d) ¢ 200 THEN 0 = -2.7MYT(L,1) +2518.4 : 60T 2000

1890 IF YT(1,3) < 275 THEN @ = -2.25 437 5 3 BOTD 2000

{900 1F ¥T(1,3) ¢ 250 THEN @ = -1 758101, \\* ’ /: 0 2000

i910 1F YT{1,d) ¢ 275 THEN @ = SLENT(L ) 2000

1920 IF YT(1,3) ¢ 300 THEN @ =wmiudffT61,0) ¢ 63 400

1930 1F YT{1,3) ¢ 325 THEN 0 2 3} 544—”

1940 1F YT{1,d) ¢ 350 THEN.@ 500
1950 1F YT(1,J) < 375 THEN 0 = f"’;'

1960 1F YT(1,3) < 400 Th
1970 1F YT(1,3) < 425 THEN G
1980 IF YT{1,d) < 450 T
1990 1F YT{1,d) ¢ 500 THEN 4
2000 N = (CPIVT{T,d)-0) 5l g
2010 0 = ((YT{1,041)-YT(1, 380 1/ oalhpea s
2020 P = (K0 + AS(YOCAL{L0-00f + x(vr'

2030 08 = AF(YDCAL(D,d+1}-vocali! 15& JIELR
2080 R = (PAR)S(YT(T, 1)W1 J51))/ 2/050R
+1)-20YT(1,3)4YT{1,3-

2050 5 = (KO + AL{YDCAL{I,d}-00
1}/ {DELR*Z)
2060 YT{I+i,d) = DELT$(3+R+8+N)IYDC
2070 YDCAL{I+1,d) = DELT!( -
2080 REXT J !
2070 YT{I1+1,8} = {417
2100 YDCAL{I+1,9) =
2110 YDCAL{1+1,3) =
0 FORK=0T703
2130 1F YT{I+1,K) < YT{I, K} THEN YT{I+1,K) = YT(1,K)

7140 IF YDCAL{I i ¥or + =
s T e in g
7160 HEXT I

2170 RETURN

QW’]Nﬂ‘iﬂJWﬁV Y18 ¢

{4
{




APPENDIX E

THE GAUSS NEWTON OPTIMIZATION TECHNIQUE

This method solves: efficients in a multivariable,

A A
Y - o.ooo,AM) (Ebi)
utilizing N data goi : AT T R R Y
.li.l...,Kl
E.1 Method
4 7}".-“'_“ Bre "neariza‘oion of the
proposed model. ﬂ!east squares objective f' ction is utilized. The

D T
A WAL e e

retair@ng the near terms only,

A A A
L Byt - 5 s
* 1 p i A
Y. =¥y g % S — BA, + ol 4 |—= AAM (E.2)
Bk A% Lo tak £ 3A
1 2 Aq
where
A A ris ;
AAj - [AJ. - Aj], (TN i MR, (E.3)



160

The asterisk designates quantities evaluated at the initial trial
values
2. A least squéres objective function is formulated,
N 2‘
and s=2% (Y. -Y.)° 1is minimiZed.
3. The linearized model is substituted into the

objective function and the "normal equations” formed by setting the

unction with respect to each

coefficient equal to zé& }

. (E.4)

s will be of the form

(E.5)

where

AU :Jmmwmn;
ﬁﬁfu%maﬂﬂ

q A=
A A A
[ BYN BYN
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s A Ayl - 7 A*-I
Gh s HR, - A (X o 29 = o J X, =ele "
(A, - A1) (¥, =¥
(" o | Ak y &
l_AL‘JI-AM) ; -(YN-IN )_

A is the transpose of % Jhe derivatives in the A

matrix may be evs erically.
S - e, uations. s 8 system of linear
algebraic equat it hdf 4501 by an appropriate technique for
A A - - 3
afA. The a A vect 2nd '\ 8pproac ro as convergence is

achieved. If conve

calculated from

-_———7_—__-& _ (E.q)

F"

If convergence i “ot achzeved, is updat” by replacing the old

e Fr‘m% ST

lustratlng the above procedure is given

= Fa*ma\m'sﬁuuwrmmaﬂ
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Determine Initial Parameter
A
Values ﬁ*

|

A#
Evaluate (Y-Y ) Vector
and f._ Matrix
Solve the Li
Normal
b A =
*

Bora 44

e

s s '.ﬂlh'a

1 -

a ‘.-‘ :J

AU InEmineInT
RININIUNRINYIAE



APPENDIX F

SAMPLE CALCULATION FOR HEAT CAPACITY MEASUREMENT

computed

experiment No 3 1 rom equation o2
where

pr 1.00 cal/g C

wﬂ

wn =

) _
‘A C FPerence in temperature of cold water

ﬂuﬁ“’mﬁﬂi‘iﬁlﬂ’lﬂ‘i

= difference 1n temperature of hot water

ama@ﬁwwﬂwmaa

difference in temperature of calorimeter

"

41-25 = 16°C

Thus :
H o 1xX290.2x15 - 1x234.89x16
e G i6e
37.16 cal/'C

using
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F.2 Determine the Heat Capacity of Rice Hull

"The heat capacity of rice hull was computed using

experiment No 3 in Table C.2. From equation (3.1)

C‘.W_(AT--GR‘__.) patll . R (AT +6R_) - H_(AT_-6R)

where
C'_ = cal/g C
C = al/g C
W

w_ =

w” =

R‘= =

] = 2 min

AT. = sample minus the
mi 5 re

= Y )

fj .

A'l' = 111br1um emperature mm 15 initial

q ‘W'Tﬂ‘ﬁﬂ‘?mﬂ‘ﬂ TINTIEY

equilibrium temperature

46 - 27 = 19°C

H = heat capacity constant of the calorimeter

37.16 cal/ c

Thus
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C  x43.35%x(19-2X0+2X10 ) 1x53,06%( 17+zxo-2x1o'?>
k-2 1
- 37.16%(19-2%0.2%10 )

0.2384 cal/gC

c
s

AUSINENTNYINSG
QRIANTAUNMINGIAY



APPENDIX G

—_— -

PROPERTIES OF SATURATED STEAM

Table G.1 Properties of Saturated Steam ; Temperature Table

Enthalpy, Btu/lb,,
Temp Abs. press. : - . .
°F psia - q ar Sat. liq. Evap. " Sat. vap.
(¢9] @ - : / Ahyap | (Y
32 1075.8 1075.8
35 1074.1 1077.1
40 1071.3 1079.3
45 1068.4 10815
50 1065.6 1083.7
60 1059.9 1088.0
70 1054.3 10923
80 1048.6 1096.6
90 10429 1100.9
100 1037.2 1105.2
110 1031.6 11095
120 1025.8 1113.7
130 1020.0 11179
140 1014.1 11220
150 1008.2 1126.1
160 1002.3 1130.2
170 996.3 1134.2
180 990.2 1138.1
190 984.1 11420
200 7.99 977.9 1145.9
210 ) . — Tl 178.m 971.6 1149.7
212 g . 180.07 970.3 11504 °
220 17.1868 0.01677 - - 188.13 965.2 11534
230 A 016 ‘ L 9 8.8 1157.0
240 ﬁg ﬂGEJ y] ;w Ejnﬁ f ?2.2 11605
250 1 29.825 0.01700 13.821 216.48 945.5 1164.0
260 35.429 0.017 11.763 228.64 38 1167.3
i =
% A 1. r 170.6
) GENI3EE ) D)
61 176.8
300 67.013 0.01745 6.466 269.59 910.1 1179.7
310 77.68 0.01755 5.626 279.92 902.6 11825
- 320 89.66 0.01765 4.914 290.28 894.9 1185.2
330 103.06 0.01776 4.307 300.68 887.0 11877
340 118.01 0.01787 3.788 311.13 879.0 1190.1
350 134.63 0.01799 3342 321.63 870.7 11923
360 153.04 0.01811 2957 332.18 862.2 11944
370 173.37 0.01823 2.625 342.79 853.5 1196.3
380 195.77 0.01836 2.335 35345 844.6 1198.1
390 . 220.37 0.01850 2.0836 +364.17 - 8354 1199.6




APPENDIX H

OTHER UTILIZATIONS OF RICE HULL CHARS AND RESIDUES

1 "%\lerted to energy s residue

this .. the percentage of ash in

Whenever rice

remains. At the lowe

the variety bei . 22% of the rice hull

weight. The upper out 35 of the initial

weight, it represent onhyersion Y\ C volatiles present in
ent of carbon.

The utiliza s \ esidue has tasken many

varied paths. In ountry there is some

ubilization made of the ~ deee of utilization varies

from salmost 5 rds. Tabl narizes some technical

commercial oppo 'l"- . char utilization.
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Table H.1 Technical/Commercial Opportunities for Rice Hull Ash

and Char Utilization"

Technical Status Commercial Status

Category Form Proved Possible Conceptual Proved Possible

ABSORBENT

Marine spills LC +
0il absorbent (Greasweep)
Sweeping & floor cleaning (Greasweep)

X0

BUILDING MATERIAL COMPONENT

Calcium heterolsilicate brick
(Silicior)

Cement (impingement procesw",
Concrete (acid-resistant)

Concrete blocks

Lightweight concrete

oooo0o0

CARBON SbURCE

Fine filter media (water
purification)
Activated carbon
Decolorizing charcoal
Adsorption media (water
purification)
Coagulant aid (water purifi

o o

CARRIER
Catalyst
FERTILIZER

Anti-caking agent
Coating for prills

X0

FILTER MEDIA

Liquid, gas or oi

sl VLI IO) (1 () MV °

Rubber compounding (as carbon silica) He S+ a/ x
Silica a ] Sins i u ™ :

Grit toothpas | ! l'] a EJ 5}

Rubber comupundIng (as silica L + - X
HYDROPONIC MEDIA

Ash media Lc + g

INSULATION USES

Hot tops (steel plant) LC + o
Bridge undercoat, steel beams, etc. 1e- - ;
Ingot insulation (steel plant) HC i X0

5.
(=]
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Table H.1 Technical/Commercial Opportunities for Rice Hull Ash

and Char Utilization (cont.)

Technical Status Commercial Status

Category Form Proved Possible Conceptual Proved Possible
PIGMENT
Varnish - shoe polish . HC +
Paint +
Porcelain enamel suspension agent +
+

Carbon paper, ink extender
REFRACTORIES

Heat-insulation brick from a
Porous media (Ontario Rese
Ceramics .

Insulating brick (Medium T

SILICA SOURCE

Silicon tetrachloride
Silicon carbide nitride
For production of sodium
Dehydrating agent
Thickening agent
Dessicant and deodorizer
Fumed silica y
Finely divided silica -
Silica coating (welding electr
Silica rocks for landscaping ects
Silica source for glass manufacture
Sintered glass material

+ 4+ 4+

+*

SOAP MANUFACTURING

Soap ingredient from ash/

SOIL USE m

Silica regeneration in siliea-

SETEHHAINININGINT
e QRIANNIUHNIINGINY

FORM OF HUSK PRODUCT: Low-Carbon As
High-Carbon Ash

STATUS: \ + = Techincal feasibility
o = Commercial, small use
x = Commercial, extensive use

® From Beagle 1978.
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