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A kinetic study of steam gasification of sewage sludge

Yong-Won Jang, Byung-Ho Song
Department of Chemical Engineering, Kunsan National University

1. A £

drEeAe e 22 9 A7 Frt2 Add Friste HE Y G dEHEg F
Zbata ot e AYFH A Sl HAF2 1997d ol F uid 3% o] FHE
Bolx . 53] HZele FAEZE AW ALY ddz st seAdF ey AeAY
e A &FL uid F7hsn lon, $EA A4 weE vEAYY v HEA
A AEEF Frt2 oA BT F7hE 7S E 20059 A3 1000TE 0] ol
A ez <FHxn Jdo. - A5 APl g ST FFEol 80%°1%
o7l el wid, 27 AgFo AN AT oL H1 dew, 53 200197
714 €A YR vddo] BAS7 A& A MHE FAF FFo) AEH
o ek zey oi@E AT AL J1eR HIFFV EU1HeR vy X2 24

€829 dA A7t 7HesAT FriHez B A HEFE FAHLE AL Y
7l WEd Z7148QA %Ze] dA PP Adol 2FH AT €A A¥E ¥y
o2E A RIIEE & VIeH FIIEEL o&FE JeE FEY £ AW oF F
71EE olgde Vleze ¥, 43 nAdEg, Hulggo] e, FIEY ALE
NNE2E BFEA, HE, S8 To8 AL et & AFdAME voleds
€ Bt Z&0 X, d/HE AL M2 duAdez dAAII A 7t28E A §s
Atk violu|&/HIIEE A2M F£F7], F4, olidsErs ZL AAFIIA G WA
718 wgolyd §A47t2 F A JIAEEE d€ F AW FoR tas FHE 27
A% ALF st AP AHEEAA, B2 £, A sAEH AP 982 A8

t}.

2 dFoAE FA bench scale 7F2317]9 el 71z HolHE BRI sy F
H A 9§ 7] (thermobalance) X Ste&elX-£F7] 71239 &S 433te] ¥g kinetics®
ZALBE R
2.4 9

Ao LA FFFEAAFAN A E FFeAE AHAASR. AEEAA, F
FEAA, BELE £4€ Table 1o EQed, FEFTFo] 80%E Y& 489 €Ao=
2 QAAREIIA NRE A A AxIIAAN A4A)F AZ¥ F 0510
mm Atele] £X& e JAE AR 3o A

€ G7o AHEE €A wErle AA 087, AN L, £57 2472 FHHA A
o ¥&7le W74 0053 m, %ol 1.0 m2 316 SUS pipe(2)2 Ao, wgr 7Hg
< 93t 3 kW kanthal E4-& W37] i HAagch A& basket ot#] 5 mm 91
of K-type @UHE 43 $grl Uyl 228 zAsigrh Age AJdste AR

-239-



# & (Mettler Toledo 120g)28¥ digital A3 HAFEE wol 7S5 A=A 4
ol S fslod d3A AR DC ez AFHE Y43 A2"S 4X39d. 100 mesh
316 sus sieveZ M2 AlE basket2 A7 03 mm HAEHoZ AL 349 med o
Astgen], €33 wgrie] FI¥o U HANE T ANEE FE, HAY 5 U=
E 3Hk 57 F4L 94§ 57 2471 ol 1 mo 18" EFE ¥ stED F
AT A4S ZHotAd Azsigen FE ue 2% & 140~150 T2 #FA&8Yd. 57
A2 FdsHe FFFY #FL PP YA 2H A H2 g/min W)
WErl URE B2z o 108 purgedtUA WHE7IE Hile &= stgEth
10 g9 AZRsFEA AEE AE basketo] F2E F wbgr) FUAR7R §F AT A
S FHRsE £ € HePe Wiz A4 27 FA TFo| Yotz 158 AR 7
9l F FA A3 dojuR S o 9AFY AL R FFTI)E o]Fojd w2 E
A, whgog Qg AR FALZEL 62 SHE HAFEA wol AFAY. dBA
el 7t wrg F o379 AAE Agdn T8 FAAA Algd dolle #HaE
< 4A3 ALAA R TAE 249}t B kinetic A8 AHEE AYPuS T HAE

Table 29 e,

3. 7k23t %% kinetics

7h23t WGl g4 HE LS g3y o] Fodo.

Wy— W
X=———~Woj W o))

A71X, Woe Z7IA 89 B, Weat UleHE ARE S8 d2AA & 8E9 FA0
o, WE Alge £AE Yead

AY Hioly 48 A3 vlFY 7l-nM wgo] dis] Wen[1]# Ishida and Wen[2]°]
A A& shrinking core model®} volumetric reaction modelg Al£3 %t w8 A|zhy H@
&9 BAE g o] $£9AY W shrinking core modelE HEEHA 2(2)e=,
volumetric reaction model® A8 442 YelE + A4

o=1- 1-X'" @
A HezRE dolgle €A 2 uhg4 E(specific reaction rate)¥ T5# o] FEEH.
——1 daX _ 37
O %" “Tiox ™ @
2t=—In(1-X) @
A Ho2RHE reactivitys ©&# 2ol 4E9rt)
-1 _daX _
k(0=-71s -0 ®)

HEtojoj o] 7h23t &R E BASI, AFHoz WA A A, EH 2
< burn-off4] & Al-£3}9 HKasaoka et al., 1985)[3].
at’=—In(1-X) ()
G714 ast B H2ATYE ol &std AL dojglz iy T AFAE Wl Fob
NE reactivitys A&l wal WEs g3 o] fxdh

8-1
X =1 i _pa-x1 % @

1-X at ~ ¢
B# WEEEE dg3t 2ol A
1
k= | k(X0dX ®



4. FFEHA-457] 71239489 model ¥ E

streel A9 AR RS AR FEA s FUAEEI HE Ay NSEEE
o] nH3etukgol Aujgct HPL do[E ] shrinking core model 4(2)& AHE3td &
£GAE gol® 4 ot &, shrinking core modeldlAl log tol W& logli-(1-x)1/3]1& 2
AH ™ 7} 23S0l A 9 rate-controlling factor® ZAAE + Yot 71&7] 1& 3guke &
£ 7187 2 #4do] 2£TAYL 9vjd} Fig. 12 shrinking core model 2 A4t
H APHQA g Be Agg AL detd Rolth log t vs log 1-(1-X)°19) 7]&7]
#Eol A9 14 ARgEE B A2{dA S -$F7] #EL o] &5
AdE & = Ut

el £%7] wZoA chard] AE BGE od v-14 mdo] M Z H

Hateste Yoyl 9189 shrinking core model, volumetric reaction model©}l. modified
volumetric model S #&3H o Fig. 25 4 (2), (4), 6) & BAE =AF Aoz FHdd
AegsE & 2x 2dolgt AW A model EF AL XM sE ARE BdFn
2lt}. Modified volumetric model ¥ 789l parameter2 Al 29 ZF 7}3 M &
A%E Holmg AddHoleE 713 & @Iy & + Aok

4#%7] o]l 05 atm 4 o 9% 650 - 850 C Aloloj A utg-A|zte} W& 3 A
$go W3lE 4¥EY Fig. 38 Zrh YoM BEo] 723 HEEEE HE2EA4
A o] S mZEA WEEUY =2 Ao RE A4 &7 wg&er JMF 21 AEE
o] ZIIstAA Hal FAass AL Holn Unk E£F Fig. A AgE I8F 4 =
do] &7t BoFa ot o8 2d FoA modified volumetric model ¢+ volumetric
reaction model ©] A#zkol 713 o] HZ33 AL S ¢ # U Shrinking core model
o] AL 750 T oldy Afd HIFAAH ZF Woly: A B 4 U2 modified
volumetrci model® volumetric reaction model 750 - 800T ol Az A9 UXHe
W o Rg ge 2544 A 29 F modified volumetric modelo]l 7} 23 &< 2
oF3 U

Fig. 4= A€ d 249 model AolA FalRE Ao ME reactivity(specific
rate, ko(X))e] W3 E B} Reactivity(specific rate)s L2oA = AL wg F7ist
g, A2AME A@go W a2 dutFHoz o BEe & W SRdME
844+ A 3 (diffusional resistance)ol 2l#] AL WA, o] AFL nLoA J|FTHFo=
A3 E FFL FA ZF wEA 27 dgsETE urgo) AP we FAY F
glt}. Shrinking core model 422 Fg k(X)& %714 gAFsY AgEo] 14 71793
FE A Fste AL B 4+ oy 43d@as A Hojden wido] volumetric
model & F44 Aol sl A dAY & BAFT Lo E78tn vizy F X
3z o}t Modified volumetric model €Al A8 k(X)E w23 & ZHstn Yt

sgreelRe] F£F7] g HF@E dHo]HE shrinking core model, volumetric
mode], modified volumetric model& AH§3dte] Wms] ¥ A3 & FHole 92\ modified
volumetric model ©l A 2@ FojA Azl 73 24 A& B4F 2 . gaA o]
g Hgso B2AAE &34 Modified volumetric model?] AP AHY oj&ghg
T=850 Tolx +F7|5te] W] wa} Fig. 54 B4t £%7|%9] o] BAgel 483k
I A A AE RAgFH 9k

&R -557) 7t2s g wgAd g £33 £ 9%E 2AEA Fig.
69 YEFRTL Fig. 69 regression AA9 71&712%H HEAFE 78 5 o g2
T 850TCe ZA9dle 0960 HUTE Lee(1995)[4]9] AP Ao o8, 35 F9A¢
(Blairathah)e] 7ol ¥g2% 80TCHA 27 WLk £37] ¢ A=Y w&

-241-



244 0968 AU, Chin(1983)(5]9] 7 $-ol= 1000CoHA #tgal+7t 0872 HHEHUG
metx g ATl oA - wrgAesE A W gozn #ddn, 27
t 57 249 7t wep dgHoz FoES & 4 Ak A9 Ho Fe 357
28phgol A 27 WM& xe dg F£F7] B4 L £F7] £l latm 7AA FI
ol wet $£F7] 29k 1xe] waisn, £57] £Yol latm ol4o2 F7hsid 03 3
32 239 v oK (Chin et al, 1983). 2AlM B X0} reactivitve sts&eixie +
F7) Bl diste 14 dladts Aoz Jeya

stpgel R Fo| $F7] 7hAs g gg 43U E FE] Y wELEe o
Fo ZF mdoA T3 we4& T A4E L arrhenius plot 39, %7 £%o] 05 atm ¥
o Fig. 72 Zo] "l Fig. 79] A4 71€712%H & AU AE 78 F d&d,
modified volumetric model 9 7% 1565 kcal/mol, shrinking core model & 7ol 197.7
kcal/mol, volumetric model 2| 7ol 1526 kcal/mol o]t} Table 3& ¢ &dA-+%
7] 7}228b9b-8- 9| kinetics parameter & Z+Zte] model 4& 3o AL @& JEE Ho)
o AYg dolg oA RaFXo] model of g st UR g IA Aoy ¥EA
9t shrinking core model®] #tol <7t I A Yelyd

o]49] kinetics data® FTHAA 3 Y W#§ Rl o3 Helolo] o} FF57%9
7238 whg ol kg sy AL Hysd gLy g

156.5

X
PR o MR B

o 71X, ko¥ frequence factor® 148E+08(1/hr)9} &< At}

5.3 &

sl Al k23 WHE- kinetics S48 otz std el 4F5FF wgrldA 3§
F&HA YA £Z7] 23S FP59 g3 2L dE8E AU dFedA @
Z AAE 71Estd 1-28 olulo] Aol o} doprtm, 7] FAY < 40 - 0% A=
chartto] ‘do} 7123u¢2 Ao Char-steam ¥$e 7]-2d vgzdg AHEHE
Az tgo] 494U ¢ & UUND 72 BgEEE £F57EUG dF 1x=2
vl d¥3 BgrldAMeg dFEHA-+F57] ¥EL modified volumetric model#
volumetric reaction modelol W8-4E 48 & wgth & -+F7] g A &4
g A E 1565 kJ/molE Fojeon, dyry) wg&L£cEs oS3 go] @A

dx 156.5 0.96
Pl +08)exp(-~§'1',—)(17um) a-x)

A2 Ed

1. Wen, C. Y., "Non-catalystic Heterogeneous solid Fluid Reaction Models”, Ind. Eng.

Chem, 60 34 (1968).
2. Ishida, M. and Wen, C. Y., "Comparison of Kinetic and Diffusional Model for

Solid-Gas Reaction”, AIChE J., 14, 175 (1978).
3. Kasaoka, S., Sakata, Y. and Tong, C., Int. Chem. Eng., 25(1), 160 (1985).
4. Lee, W. ], "Coal Gasification Characteristics in a Thermobalance and Fluidized Bed

Reactors”, Ph. D. Thesis, KAIST, Taejon (1995).

5. Chin, G, Kimura, S., Tone, S and Otake, T., Int. Chem. Eng., 23, 105 (1983).

6. ol&e, “3- e 24, Az % ALY 7l FH", Energy Tech. Info.
service, 11, 20-36 (2000)

-242-



Table 1. Analysis of the sewage sludge

Proximate wt% Ultimate wt%

analysis saslysis
Volatile 4.82 C 3426
Moisture 87.27 H 1.00
Fixed carbon 253 N 524
Ash 538 S 0

0 59.5¢
Ash analysis | Si0211.62, Al:0::7.89, FesO; (195, Ti0::0.20,
(wt%) Mn0:0.06, Ca0:2.58, Mg0.0.76, K;0:0.71,
N2;0:0.32, P;Os:5.68

sby difference : 100-(C+H+N+S)

Table 2. Experimental variables and their
ranges in steam gasification and combustion of

waste tire.
Exp. parameters range
Reaction temp., T 50 ~ 80
Steamn pressure, kPa 2~ 100
Weight of sample, g 10
Size of sample, mm 05 - 10

Table 3. Comparison of kinetic parameter for

the steam gasification sewage sludg_e.

Model k Ea AR
(kJ/mol)

T(T) |650 700 750 8OO 850

Modified ]0.33 140 2.09 560 14.47| 156.51 |2.11E+08

Shrinking |0.16 0.43 1.61 6.69 12.23] 197.74 |2.14E+10

Volumetric| 0.42 0.78 2.06 5.51 13.48| 152.59 |1 48E+08
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Fig. 1. Logarithmic plot of the shrinking
core model for steam gasification.
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Fig. 2. Time-conversion behavior of the
steam gasification of sewage sludge
char according to the three gas-—solid
reaction model @ Puo = 50kPa.

Fig. 3. Comparison of data with the model
predictions in the steam gasification of
sewage sludge: (—), modified volumetric
model; (- -), shrinking core model; (---),
volumetric reaction model.
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Fig. 4. Reactivity profile for the steam
gasification of sewage sludge: Pgo = 509.

Fig. 5. Comparison of data with the model
predictions in steam-sewage  sludge
gasification :(—), modified volumetric
model; T=850T.
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Fig. 6. The effect of steam pressure on the
reactivity for steam gasification of sewage
sludge.
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Fig. 7. Arrhenius plot for steam

gasification of sewage sludge: Puxo =
50kPa.



