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CA1'ALYTIC BI MASS GASIFICATION BY THERMOGRAVIMETRY 

by 

M.V.C. Sekhar* 

ABSTRACT 

R•sults of gaslfi ation of a w od wast from a pulp mill debarking 

proc SS ar des ribed. Exp rlments wer carrled out wlth and without a gasi-

flcation catalys and at acmospheric pr ss ure be tween 500 and l000°c. The 

ga lflcation process was ollowed by t.hermogravi meLric m asurements and the 

product gas s w r analyz •d by in rar d and Lhermal conclue ivity echn ques. 

Gasification ln h presenc of sc.eam incr ased the gas production by con-

v rting ~am~ of th intennediat devolatil"zat ou products to CO and H2 . The 

p asslum ca bon t ca alysr low r d Lhe a tivat on en gy of the S4:: aJD-

carboo reaccion om 121 . 8 to 93.4 kJ/rno 
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Laboratory, Energy Re car h Laboratories, Canada Centre for Mineral and 
Energy Technology (CANMET), D partment of Energy Min s and R'ésources , 
0 t tawa, Canada 



lNTRODUCTlON 

Th!.! c.oncepL of converting biomass to other energy forms, although 

11ot new, ls appropriatë to the times. lt 1s cstlmated that the waste wood 

generated by lumbl'r oper aLions in Canada amount to 12 million tons per year 

(1), t!qulvall.!nL Lo 36 million barrels of crude oil or abouL 5-6% of Caoada ' s 

crud e oil use. lL chus represents au important source of energy and if 

proper tech11oh1gies are <lcveloped for iLs use, can make a significant contri

buL lon to our energy necds. 

Conversion of this blomass ta useful forms of energy can be accom

pl bhcd by ;:i nurubcr of processes such as pyrolysis, gasiflcation and hydro

gas !f icaLio11 (2,3). Biomass offers many advantages for conversion ta fuel 

for gos 0r ull furaac~s or transportation. 

U11fonuna I ely , the synthetic gaseous and liquid fuels pr~duced by 

cheae conv~rsion 11rocesses are very expensive. A major factor responsible 

for Lhis hlt,h cosL is the high capitaJ charges .Ln build.lng complex equipment 

antl higl1 Olh!raUng cosLs necessitated by Lhe high operating temperacures and 

pr~ssure:s. !l()wcvc r, sui tablt! catalyses can lower the gasificatlon tempe ra

tures &nd rl!duce reac Lor slzes, resul ting ln J ower cos ts for the en tire 

ope rat ion. Tl, l s paper dlscusses resul LS of catalytic and non-catalytic 

gasiflcaLüm of b iomass to produce carbon monoxlde and hydrogen. 

EXPERIMENTAL 

The blomass macerlal gaslfied in thls study was a residue obtaioed 

from the Forest Engineering Research Institute of Canada, Pointe Claire, 

Quebec. This resldue was the wasce m~teria1 stripped from full tree chips 

(consisllng of equal amou 11Ls of white spruce and balsam fir) during the 

cechnical process known as debarking. ft had an overall bark content of 70%. , 
An analysis of thls sample on a moisturc free basis is given in'Table I . 

PoLassium carbonate was used as the gasificacion catalyse. Two 

rnodts of caLalysL addition were tested. ln the first method, experiments 

were per[ormed using c;1 mechanical mixture of the dry catalyst and the biomass 

sample . The second method w::is an impregnation procedure, in which an aqueous 
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soluUon of K
2
co] w;Js prepared and the biomass soaked in this solution and 

0 
<lried overnlghc at 60 C. ln both methods the catalyst concen tratio n was in 

the range 8-12% by weight of the biomass. 

/\ St;ml-batcl1 reac cion system was used co s tudy the pyrolysis and 

gaslficaLJ on races (4). Somples of biomass (with and without the catalyse) 

J n th<! rangt' 100-200 mg were placed in a cyl l ndrical quartz basket, whic h was 

suspcndt?<l l mm Lhe welghing mecbanism of a Cahn RG Electrobalance. A stream 

of nitrogen tlowed through the hangdown Lube con tainiog the sample and carried 

l!Way the produi.:ts of ga!:d ficaL ion . Stl:!am was added as a nitrogen-stea.m 

mlxLure prnù1H:eù by b\,lbbllng nitrogeo through a trap filled wlth dlstilled 

water and maJncain~d at 23°c . All the experiments were carried out at atmos

pltl.!ric pre:,;:c;un:: and at total g·a!::i flow rates in the range 180-2~0 mL.min-1. 

The hangtlown Lube was surrounded by a Lub ular .Eurnace and the gasification 

LemperaLure 1.Jas varied in the range 500-950°c. Both the sample we~ght and 

thl::! tempera Lure of tlH: l nte r ior of the hangdown tube we r e monitored and 

recorde<l conLinuously. 

The produc.:Ls leaving the reactor Lube were passed through a series 

of Lrapi:; maintalncd ac dry ice temperalure to remove water vapour and con 

densables. The dried gases were then passed through a thermal conductivity 

cell and a Wilks lnfrared Analyzer . The signal from the thermal conductivity 

celJ measur.lng the overall thermal conductivity was correlated with the hydro ... 

gen concentra.Lion in the mixture whlle the 1R analyzer was used to m~nitor 

CO concenLrations. The products were also qualitatively analyzed at intervals 

by gas chrornatography . 

AL the start of each experlment , the air in the apparatus was purged 

wilh dry oiLrogen for two hours . After ensuring by gas analysis t hat the air 

had been rêmoved, the f urnace was moved into position and heating initiated. 

For those experimènts where char gaslflc:atlon r ates were determined, the 

sample was heated ln the absence of steam to a final t emperature of 950°c and 

maincained at that temperature until the sample had attalned a constant 

welgh L. Nexc thé furnace temperature was lowered to the desired value and 

char gasification initlated by introducing steam-nitrogeo mixture. In all 

oLhcr cxper.1ments, Lhe steam-nitrogen mixture was iotroduced ac the begioni ng. 

J ' 1 ,, 
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LŒSULTS AND DISCUSSION 

WooJ, llke coal, is a multi-componcnt solid and its gasification 

Lhere(ore in vol Vtc!S a number of difft!renL reac tions which might be occurring 

1::dmulLaneously. The Lhermal decomposltjon of wood, in the absence of any 

reacLlve ga::H!S such as SLe.un or air yiclds a gaseous , a liquid (tar) and a 

!:iolid prod,11..: c. 'l:'hc gascs cvo L Vt!d include co
2

, CO, H
2 

and s mall amounts of 

CH
4 

anJ hlghcr hyJrocarbons (5-7). l r Lhese prlrnary pyrolysis products a r e 

not n.;movcd immedlau:d y ( rom the hoc reac cor chey undergo secondacy reactions 

t u funn addi tiunal en, co
2

, H2 , cars and char. In the presence of reac t ive 

gases, the products nf tlw ptJmary and secondacy reactions undergo further 

r<::ac t Ions \~ i Lli Ll1ei.c gase~ to (orm more CO, co
2 

and u
2

. 

FiAur~ l slluws the Wt!lght of the sample as a function of tempera

turc with and \./Îlliout addcd steam. The solid curve represents the pyrolytic 

processcs ocLurring in the system and accounts for Lhe 80% weight ioss 

observed. Tht: lrnlk of this weight loss, as muc.h as 65% , occurs at tempera

tures bclow 500°C. Ln the presence of steam, the welght vs. temperature curve 

is nut appreciably dj fferc n t until a cemperature of about 800°C is attained, 

above which the char-steam reacLion begins, resulting in furcher weight loss . 

Figure 2 shows the conceutration of carbon-monoxide in the product 

gase::; as a fonction of Lime lor Lhe same set of experiments as in Figure 1. 

Therc is a live-fo1J lncrease ln the aroount of CO formed when the sample was 

l1eated Ln a steam-nitrogen mixture. 

TI1e cwo curves ln Plgure 3 show the reaction profile for gasifica

tion of the char t"l!Sidue by steam at constant temperature. For both cases 

shown in thi_s figure, the samples were heated initially co 950° in the 

absence of steam till no further loss in weight was observed. It 1s apparent 

from the f igun~ that: the cacalysL increases Lhe reaction rate and reduces the 

LOLal Lime rl;!quired tor comµlcte gaslfication. Thus , after 70 min at 865°c, , 
the catalyz~d gasilLcatlou is vircually compleLe whereas in che·uncatalyzed 

case ouly 50% of Lh~ char has been gasified . 
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Titi.; mnJI:! of addition of catalyst wai:; found Lo be unimportan t , the 

catalysr bdng equally etfeclive whelhcr added as a dry powder or impregnated 

as an aqueous 1:wlulion. In view of this, some experimencs were performed 

uslng the n,:,;idut.! from a previously cauily~eJ experiment to caLalyze the 

gasificatio11. As can b~ seen from Figure 4, Lhe welght-loss patterns using 

recyt.led catalyst ls very ~imllar LO the resulL obtained wich fresh catalyse. 

lt ls Lhert loru possible to recycle L11e used calalyst aJong with the ash 

n:sidue wiLl1out aµpreclable loss in activ.i ty. Simllar results have been 

uhset"veJ rec1::ntly hv Sealock cl al. (8). 

Th<> l! f:focL of the catalyse in the gasification wich steam becomes 

more appareuL as shown jn Figures 5 and 6. The presence of catalyst does 

not appredably ;1fft=cL the pyr<;>lytlc purtlon oI Lhe welght-loss curve . 

llowl!vl!r, thé amLHrnts u[ CO and H
2 

fonued differ appreciably as seen in 

Table l l. AL a Lt:mpt.! r,Hun~ of 875°c and with no catalyst present about 45% 

uf the total carbun prcsenc in thd sample is converted to CO , wher~as in the 

rresenee uf a ca taly~ L about 59% ot the carbon appears in the forro of CO. 

The catalyl le effect 1s also more apparent when one considers the 

lOtal tlrne required to completely gasify the biomass material. At 760° wiLh 

no catalyst i t takoa:s 360 min to ga::iify the biomass leaving behind only th!::! 

a::.11 resldue, whl!reas tlte catalyse redut:es Lhis time Lo 160 min . At approxi

rnately 875°c, tl 1l!Se rimes reduce to J 08 and 92 min (Table Il). 

Figurl:' 7 is an Arrhe11ius plot showing the effect of temperatu re on 

the char-steam n:acUon rate. The data for this figure were ob t ained from 

exp1:riml!nts in \-Jhich tlie samples were pyrolysed initially in the absence of 

steam, followed by gasiflcation of the char according to Lhe reactlon: 

Assumlng the reactlc.:>n LO be of flrst order with respect to carbon and of 

order n wlth respect Lo a2o. (9), the raLe of the reaction is given by : 

Rate .. - d(C] 
d t 

where k 

k [Cl 

(1) 

(,2) 

(3) 
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Sincc steam was pn::scnt in excess in all the experiments the water concentra

tion can be <lSSumed LO remdin constant and k becomes a pseudo first order 

rate consume. ln tt:gratin~ equat ion 3 and ta king logarithms, one obtains: 

k :._!_lj._Ç_k 
t n [C) (4) 

where lC lu L111d [CI rèprci:H.:nL the concentrations of the c har carbon ac t=O and 

t•t rcspuctivcly. 

according L\1: 

fCI and ICJ are related Lo the weight of the sample 
0 

and tel 

where W , W dnd W refur Lo the weight of the sampl e at t--=o , tPt and t=cc 
0 1 •L 

(S) 

(6) 

resrectively . Substitution of tht.:se values for [C] and [C]
0 

ln eq u.atioo (4) 

followed by rearrangement glves: 

( 7) 

A plot or ln (W - W0 ._) vs. t gi vel:> a straigh t llne havlng a slope of -k. These 
t 

rate constants obtain1;d at dlffercnt temperatures are related by the Arrheniu s 

equatJon: 

ln k 
E 

= ]n A - RT 

where T 1s Lht: absolute Lemperatu L·e, R Lhe gas constant and A and E the 

Arrhe nius parameters. The slopes of the dotted and the solid lines in 

F lgure 7 give the activation energies for the catalyzed and uncatal yzed 

reac Lions r~sp~ctlvely. The ca Lalyst lowers Lhe activation eoergy of the 

sceam-carbon reactio11 from 121.8 to 93.4 kJ/mol. 

(8) 

' ' 
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CONCLUSIONS 

The work descrlbed here has shown that K2co
3 

is an effective cata

lyst in the gaslficaLion of forest proJuct Wastes. At temperatures below 

700°C, the rate of thermal conversion of the biomass to gaseous liquid and 

solid producLs l $ noL jnfluenced by the K
2
co3 catal yst or Steam . With steam, 

the rate of clecomposi t Lon ruark.::clly lncrèases ac temperatures above 700°c due 

Lo Lhe onset of the Bteam-carbon r eactlon . Either steam o r a K
2
co3 catalyst 

however, causes major changes in the product dj s tribution. Bo th increases 

the select.ivlty for the formation of CO and H
2

. The catalyst ls equally 

cfft!Ctlve whé.ther added as a dry po1.der or impregnated as an aqueous solution; 

the caralyst can therefore bt! rec.:overed along with the ash residue and reused 

WlLhout further treaLmunL. 

ACKNOWLEDGEM.ENTS 

I wish tu expr ess my appreclatiou to Dr. M. Ternan. for his invalu

able assistance in conducting chis research. I would also like to thank 

Mr. R.W. Berlyn of the Forest Engineering Research Instltute of Canada, 

Pointe Clalr<~ , Quebec for supplylrtg saruples of wood wastes for this study. 

REFERENCES 

1. Wayman, M. Chemistry ln Canada,~. (10) 26 (1977). 

2 . Love, P. and Overend, R. Energy, Mines and Resources Canada, Report ER 
78-1, Ottawa, 1978. 

3 . Graham, R. and Fung, D . .P.C. Eastern Forest Produc t s Laboratory, Ottawa, 
Report OPX221E, 1979 . 

4. Sekhar, M.V. C. und Ternan, M. Fuel, 58, 92 (1979). 

5. Knigh c, J . A. " Thermal U.st:!s and Properties of Carbohydrates and Lignins" , 
Ed. Shafizadeh, F., Academic Press, New 'lork, 1977. 

6 . Tran, D.Q . and Ral, C. Am. Inst. Chem. Eng., Symp . Ser., Ji, (184) 
lf] (1979). 

7. AnLal Jr., M.J. Am. Cilem. Soc. Div. Pet. Cllem. Prepr. ~ , 445 (1979). 

8. Sealock Jr., L.J., Robe rtus, R.J., Mudge, L.K., Mitchell, D.H. . and 
Cos , J.L . First World Conf . FuLure Sources of Organic Raw Materials, 
Toronto, Canada, July 1978. 

9. Van lleek, K.ll., .lunLgen, H. and .Pt!ters, W. Fuel,~, 249 (1973). 



Flgute 1: 

fj gure 2: 

Figun.! 3 : 

Figure 4: 

Figure 5: 

Figure 6: 

Figure 7: 

Table L: 

Table 11: 

CAPTlONS TO F ll:URES 

Thermogravlmetric curves ln N
2 

a11d N
2
-steam mJ:xture 

CO conc:enLratlon in off-gas as a funccion of tlme. No corrections 

have beeu made for dispersion cffocLs during the flow of gases 

from the reacLor LO Lhe sample cell. 

Effect o[ c:aLalyst on gaslfication of char with steam. Time was 

<JrblLrarily sel al t=O wl11::11 gasiflcation was initiated. 

Comp..irlson of the · catalytic effeccs of fresh and recycled 

cataly~t on char gaslflcation. 

CO concc11L r ation in off-gas as a function of time. 

11
2 

concentration ln off-gas as a function of Lime. 

Arrhenlus plot of the pseudo first order rate constant for steam

char reaction vs. inverse temperaLure. 

CAPTIONS TO TABLES 

Analysis of the dry blomass sample, WL 7. 

Comparison of the effeccs of catalyst i n the gasification in 

presence of steam. 

l 
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TABLE I 

Proximate Analvsis 

Volatiles 77 .4 

Fixed Carbon 19.1 

Ash 3.5 

Ultimate Anal isis 

Carbon 51.2 

Hydrogen 5.8 

Sulphur 0 .1 

Nitrogen 1.1 

Ash 3.5 

Oxygen (by diff.) 38 . 3 

--.. 

.. 
.. ~ t - .. -. 



TABLE II 

o . 29 No . 31 

Ca alyst nil 10 wt % 

Total Lass , Wt % 96 . 7 96 . 4 

Fraction of Carbon Converted ta CO 0 .45 0 . 59 

Atnount of Hydrogen (millimole / g sample) 19 . 3 25 . 2 

Fi nal Temperature , oc 882 867 

Time taken for Complete Gasification, 108 92 

min 

... 
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