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Summary 

A thermogravimetric analysis apparatus for kinetic studies of 

coal gasification (TGA) was delivered by Bergbau-Forschung, 

Essen/FRG, in September 1983 to Regional Research La~oratory, 

Hyderabad (RRL). From 8 November to 9 December I was assigned 

to ins~all and commission the TGA, to perform test runs and 

to ~rain RRL staff in operation and maintenance of the TGA. 

I was accompanied by Mr. Nottebaum from Bergbau-Forschung, who 

assisted me in installation and corrunissioning. 

The first three days had to be spent for preparing the room. 

After this the installation was completed within two weeks and 

13 test runs were done, most of them under conditions requested by 

RRL. During installation Mr. Prasad and Mr. Narasimhan from RRL 

Coal Division and Mr. Maria Das, head of the RRL Instrumentation 

Division, and other members of the Instrumentation Division and 

the workshop of RRL were trained in repairing and maintaining the 

TGA. During test runs the functioning and handling of all parts of 

the unit, including the TGA computer, were explained to Mr. Prasad 

and Mr. Narasimhan in detail, so that they were able to carry out 

successfully one run by themselves. (Moreover Mr. Narasimhan has 

been with BF for training for 4 weeks in September/October 1983.) 

SomP. of the controls were not functioning properly, possibly by 

undetected damages d~ring shipping, so that they had to be 

r8placed uc repaired by the suppliers. A test program for the 

weeks after commissioning was proposed and accepted by 

Dr. Vaidyeswaran, Director of RRL Coal Division. 

.. 
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1. Background 

An autothermic fixed bed pressure coal gasification pilot plant 

based on the Lurgi process has been erected at the Regional 

Research Laboratory in Hyderabad to improve the process and 

to study the gasification characteristics of Indian coals. 

The fixect bed or moving bed reactor is operated in counter 

current flow of coal and gasification agent, so that the coal 

is subsequently preheated, dried and devolatilized, and the 

so formed char is gasified and finally combusted. 

The properties of the coals play very different roles in the 

different zones of a moving bed reactor. The volatile matter 

content has great importance in the devolatilization zone, 

where mainly tar, higher hydrocarbons, and CH4 can be formed. 

Also the kinetic of pyrolysis has to be taken into account 

and secondary reactions of the pyrolysis products with the 

raw gas from the gasification zone. 

In the gasification zone mainly the conversion with steam, 

including its inhibition by the reaction products H2 and CO, 

and with hydrogen takes place whereby the catalytic influence 

of ash components on the gasification reactions can be of great 

importance. The reactivi~y of the solid, i.e. the rate of reaction 

with the gasifying agent, only affects the process at temperatures 

up to 1000°C, when the chemical reaction itself determines 

the rate of the conve~sion. At higher temperatures the pore 

diffusion becomes decisive for the gasification rate. 

In the combustion zone the oxygen is completely converted in 

a very fast reaction with the remaining carbon. The resulting 

co2 reacts only very slowly with the carbon as far as the tempe

rature is in the range of 800-1000°C. 

' 
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The thermogravimetric analysis apparatus (TGA) delivered by 

Bergbau-Forschung, Essen, FRG, is designed for studying the 

kinetic of all reactions which occur in the gasificat~on zone 

of a pressurized fixed bed reactor. The data of the TGA tests 

can be used for comparison of coals of different origin or 

different pretreatments (charring) and also to feed a mathema

tical model of the gasification reactor which is a basis for 

designing large plants. 

2. Description of the TGA 

The equipment is designed for the determination of the reac

tivity of solid fuel like coal and coke with steam, pure gases, 

and steam/gas mixtures at pressures of up to 100 bar within 

a temperature range of 300 and 1100°C (Fig. 1). For ana:ysis 

a micro balance housed in a pressure resistent casing is used. 

By this micro balance changes of the sample weight in time 

are measured. 

Since low product gas concentrations already do influence the 

reactivity of the feedstock with pure gasification agents the 

reactor was designed as differential type reactor. This charac

teristic is assured if the product gas concentration of the 

gasification agent is of less than 1 %. 

The reactor pressure vessel is made of stainless steel as any 

other pressure vessels and mains. Inside, an Incoloy 800 tube 

is rno~nted around which a helicoidal heating element is wound. 

Underneath the heating coil which can reach temperatures of 

up to 1100 °C, a thermocouple for heating control is arranged. 

A temperature program control assures linear heating rates of 

up to 100 °C/min. 

Underneath the sample basket 3 thermocouple~ are arranged in 

a spacing of a few centimeters relative to each other for meas

uring the gas temperature from which the not directly measurable 

sample temperature is deduced. 



Fig. 1: Thermogravimetric analysis apparatus for kinetic studies of coal gasification 
during testing at Bergbau-Forschung 

1 microbalance 
2 sample lock 
3 reactor 
4 pressure and flow control board 

5 steam generator 
6 expansion valves 
7 condensate measurement 
8 control rack 

U> 
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Between thermobalance and reactor a sample lock is arranged. 

By means of an electric winch system housed in the pressure 

vessel the sample carrier can be hoisted into the lock system 

and after filling be lowered into the reaction tube and softly 

released. 

The steam generator of 5 1 volume and an evaporation capacity 

of 5 to 6 g of water/minute can supply steam over several hours 

before refill becomes necessary. For feeding water to the steam 

generator also if the generator is pressurized an additional 

~mall pressure vessel is used. The pressure in the steam gene

rator is kept constant by a temperature measuring and control 

system. For internal heating a heating coil is provided. 

In view of tests run on ste~m/gas mixtures as gasification 

agents, the steam generator design caters for either the gas 

being proportioned to the steam generator directly or to the 

steam conduit downstream generator. Exact gas proportioning 

is assured by a system of thermal mass flow meters and magnetic 

control valv2s. The gas pressure js controlled via a two step 

pressure reduction. 

In order to avoid steam condensation in the non-heated part 

of the equipment - in particular in the casing which contains 

the micro balance - inert gas flushing of these parts of the 

equipment is necessary. 

Expansion of the gasification agent is controlled hy two valves 

arranged in paraLlel. Their k -values are graded in a way that v 
defined expansion over the whole pressure range and with respect 

to use of various gases including steaw is assured. After expan

sion, the steam is condensed in a metallic rapid cooler, and 

collected. An electrical balance enables continuous monitoring 

of a condensate produced which is a measure for the steam throughput. 
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Detailed information of all parts of the TGA are given in 

tables 1 - 6. The arrangement can be seen from the piping diagram 

(Fig. 2), the heating diagram (Fig. 3) and the P+I-diagraffi (Fig. 4). 

Data logging and processing is assured by the computer HP9816 

with video display and disc memory. A data logger and a printer 

are connected to this computer. Changes of the sample weight 

are monitored by ~ultiple measurements, logged together ~ith 

the temperature near the sample and visualized on the video 

display. 

For moni taring the test conditions further 1 7 temper:: tu!"e, 

pressures and flows are measured, logged and displayec alpha 

numerically on the video scope. 

After the test diagrams showing the weight changes as a (~nction 

of time or temperature can be estab:ished, and these values 

can also be printed out in form of lists. 
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DETAIL SPECIFICATION OF SECTION 1: Reactor 

Teg No. ~Ing Circul t Type 5'CJl)ller 01-la> Not.11 

W!A 101 -1• •l'71t 11.lc:rabal.-.ct, l'WIQ9 l g, Sartorius .... la.cUng: 25 g outgot: i V/I g 

sensitivity: 0,1 11Q 

Ct 10'2 -lo lift !le~ .... hei\1't: 550 .. 1n en.ins "'terlal: silver 
H 102 rorsctuw,J 10 turns ...., nld<ol 

ro ICll cooling .. ter ror the ria. lncllc:ator fie. rate: 

-le lad< 0,5 - 2 ,0 l/mln 

~IA 10. ractor pres...re pres1Utt transct.ar B.-t nnge: 0 - 100 r:.r outp,t: 0 • IQ v 

TIAC 105 ~ntun or Ula cbbl• U.Nllelll4Jl• Kinzer d1a.: 2- c:over: lncoloy Ila!, 

ICC 105 int.em.! '-W N!Cr-'111 longtl'I: 500 - • 1111le an p1n, sealed 
by eoogressian screws 

The_,_Ung l'llU!ps dia.: 2- cover: Inc:onel 600, 
el- •1th cold .... lengt.'1: •500 - saleCI Dy ~ion 
ZEZ 1~~50 cold rds: 50• sc:r.-s Ind •ldlng 

C01troller, Wrotnmo ~ ..v-si0"191 rl'Oll 
nnge: o - 1200 ec, tlla~e ard 0-5V 

I ccn-=t.i •ltll - rn.c~-r 

gr.-r. tr>yrlstor ~ ID V-5111"91 to 
..nit..., trwwrcmoer dllta-l ow1or , l.lO V to 

'-t•r 

T!R 106 t-nture nar cbbl• tlle-1• Kinzer dia.: 2- cover : Ince lay 800, 

-l• IU!:r-Hi length: 500- • l)Ole an pin, sealed 
by eoogresslon screws 

TIR 107 teope~1ture 20 .. as TIA 106 !Ciilzer H TIA 106 H T!R 106 
I 

belOll Slllllll• I 

Tiii: 10'.t outer '-ting et the cbbl•~ Kiiuer d1•.: 2• cover : Ircoloy eoo. 
.-:tor bottal Nll:r-Hl longtl'I: 500• • pole an pin 

heetlng t-: ''° .. 'Ielsdtw:l<•r lengtl'I: I IW 

C01troller, Wrothefll ~ ..v-sil1'&1 frOlll 
renge: o - 600 ec the%1NXOl.Ol• 

~ 10 V-slgl&l to 
dllta-l ogger, 109le out-
ia.t to solid stet• 
reley ...., ,...,..ter 

I TIRC 110 outei r.eet!ng at the "'1Clle the~le KUuer dlill .. 2""' as rrnc 109 
reactor "'10dle 'l!Cr-Hi lengt": 500"" 

l'leet1ng ~: 700 .. Fl e1 sd"liec:l<er lengtf'I; 2" 

c.ontroller, Eurotheni as TIRC 109 
r991: o - 600 ec 

T!RC l1l outer t'ntlng ct the cb.Cl• U.-..U• Klilzer di•.: 2 .. as T!RC !09 
rector top N1Cr-H1 111>Gt'1: 500 .. 

I heetlng ~: 1000 .. Fle11C:Med<er length: '. 
I controller, Euro the,. es T!RC 109 

rSIQI: o • 600 ec 

sv l reeetor Nf et f velv1 ruu-urt .. r.ty vlllv•, ~-r set orfflUrC: 110 ber 
sciring i-

Table 1 
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DETAIL SPECIFICATION OF SECTION 2: Stean Generator 

-
r911 ,__ ._•.w&.na Clra.::lt 

._ 1'clDUet 01-nslon ..... 
•t 20l st.- gins.,,. SS-IUNQll4'. -- di•.: 160 - YM!thlty: 0,6 S of _ ..... , _ 

....,.: 0 .. 100.,., 

• Zt lt-0~ ....C.~ff ... ,.,.. -- .... DfftWr9: 600 bat .. u:t•l: l.U11 

aarw«tN •1th prn9We CO"W'!«tlans: " in· 
-201 

ru1cm t~ntut9 at ttw !It 11:0-rwt.ht....:e St•frtn en ... : ,_ cvwer: L•~l. 

irrt•rnal ,...tn ...._. .. lonQtft: l. Hiiled by ~rn11Cl"I ..,,_ 

--•11'9 "'111 .. Cliall.: l ... c:orar: trcarel 600. 
el...t •lU. mltl !..;ti': 1111• IMltOtJy~lon 

- Ill I lll/'°" l!ll).XI alld-: 
,., _ 

ICT9ft ~ •lelinQ 

-!ft. - .!!J!tL .. Ulll, 

"'91' t" - 40) -c. tttrft •lA U.,_.tH 

~•ltft~ ~ lD w-111791 to 

rist« l.f'il - mu-tOCJQlll', ''° ., ta 
trw9f- ...... 

TU.: ll1J cMft -·1.n1 ., ... -·- - di-.: Z• t1IO tn.rmaco..oln: or-. 

1t.m ;.rwncor Nltr-"1 i-...: XIJ - 1t are tnin:I ot "-l~t. 
cw. •l tt'tl tQD rt~. 

mwer: lncvloy .:Jl, 

•Olll•estPin 

-l11'9 -= 2 • um ~ '1•1~ tongtll: ,. t.-, "'nlft'S: It tf-. 

~ Ind u. lella' -· 
cmntrolln. ~ .. km!!.i. .;-s.Jp.1 ,,,. 

fW9:0-<llll"C ...... -. 
i!i!S;:~lOVtom:ta. 

1'4: r. t•c °"""'t 
to salla state rel.., 
W'CI OOtft ,._ten 

..... ZIJA ~ .. tnl...e1 rnl1tll"ICll~ 
.._ 1.-a l1 on, if 1 .... 1 

lndlc.Uon ,.._ ctrrt..Kt 11 frw; 
llllD h otr, 1r i .... 1 
tv'tKt 19 1-nild 

LA-201 lo-er .. tcr 1~•1 rnlst.-c• ... ....,,...,t a.r.,,_ H LA• 20& 

lt"Glcttion F'OtSCftn;I 

• l2 •tar reflllU,., lr'UC-0,, ....i .. ..,,H ~l•: ·- •hrla!: l • .,7l 

QISWo< -.crr ....... :7AObu' ~t1ana: "1rr, 
... t911S1 .. : aQJ 'C CDW scr..UWJ. 

-"l"'l;~t· 

• 2, .. tu rcruur-q. shJt..orr wa.l .... 1ot:1fcr asvn HI/ t2 

QIU outlet 

• 2• •tn reruu,... lf'Ml-otr "'"" 
.. ,., ~lo: ·- •t•tl•l: l.071. 

911 ouUet ... prwa.cw: 4CO Der o:nwcuar.: 1111 irz•. 

-·'-· lXI "C caw sc?9V. 

• ZI •tar reruu,., ....... ,, .11 .. ..., .. .. y 2• u y 2• 

•ter ln.Lst . 26 .. ~If re'11llrq, ~""°" w1he MO(H l"'rat4"'-l'ICll•: , .. •ter1•l: l.4'11, 

911Ptyl"Q of t"9 .. •.prn..,n: HXJ o.r eanw:tl.ont: Cl:llllPfH-
It- Qlftlfetar .... t ..... : 

'"" 'C 
s1an Kr..,'"' 
' .... t...on • 
..... lnq: gr-1t• 

TU.: 2116 tlAlll ,..ll"4 ,.,. cb.Al,.UWl'llGll!ll.01• ....... dl ... : 2• ar.er: Ircolo, .a, 
•'-- Olll"lntot oucr.- lonQtll: '°° - • ODlt on Dln 

autl•t to t91CCOI' 

lnlot 

-l11'9 -· lllOW 
fl1.' tel'ftldler longtll: 2. 

-..u .. , 0 • <11111 "C runuw .. mil •·•icra& rro-
-1• 
~ 10 •·•lo-al to 
dlta-l-r, logic 
autout to tOl ld tUtt ---• 17 ~ fna SUWI ft.It~,, .,.h .. ..., .. .. • n .. yr. _ ..... 

Mlotlo-
Inlet 

• 21 ~ rrm 1t.1 --.c-otf .u .. ..,, .. I .. • n .. • l2 _.., .. 
auU1t ta rest.or 
Inlet 

• 29 l'°9 fr09 1tc• nit-off •11Y9 "''"' II 't n H" n 
or-ntor 
<J.1Ut't to rteetar 
~l•t 

9' 2 1t•• QINUtor full•llft ..... , Mt ornturc: llO ~Ir 

urcty •tht' Mft(J' •lhl, : 
tor 1no loemd 

J 

Table 2 
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DETAIL SPECIFICATION OF SECTION 3: Reaction Gas 
Cfor saturation wlth steam> 

Tog No. -..ring Circuit Type ~ller O~ion Notes 

Pl JCl c:ylindrr pttSJUtt pnssure !111.1119 DluUc:he I..' ~r comectlons for burn-

rn.c1ng UIJ,l10. lllle gases 

PIC )02 c:y linOor pressure praaae 1'9CU:1ng ~1..'Air 

reo..c1ng val .. with c11~ UIJ,l1dt 

PC XJJ c:y Under pressure 111ring-loecled ~~ ••· ~ly pressure: 
recl.clng praaae recM:lng z1ertecl'n1k 250 bar 

.ai .. 

Pl )()A gu flow pressure !111.1119. -tul'!l"bmu dl•-= 160 .. MnSHlvity: 0,6 I .Jf 
r1ng11: O - 100 b9r rwige 

v JI gas flow IRlt-Off vai ... Ar..tunrceu ••· oressure: 6Cll bar •terlil: i.•571 
comected •1th comecuons: A 1n• 
p~ !111.1119 Jo-

r1RC JC5 gas flow tllerll9l - flow 141tt1Q I .... pressure: 200 bar callorated at 25 b9r 
.,.ter I control .. 1 ve !lrtn<h:lrst """' ronge: 0 - lO l/11tln with "2• 

see calioration cer-
tiflc1te, 
autpJt: 0 - 5 v de 

v J2 gas flow sRit-orr val .. 1-tifer tll~le: ' ... •terlal: l.&571 
111x. pressure: 250 bar comectlons: ~res-
1118X. t""".: l50 °C s1on ).Crews ror 

6 -t..Oes 

v " gu flow IRlt-Off .ai .. He fer u v l2 IS V l2 

v ,. 
I gu flr• ftlt-orr val .. I-ti fer .. v l2 .. v J2 

Table 3 
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PI 401 

P!C 402 

PC 40l 

PI -
y •l 

rIAC 405 

v 42 

y 4) 

v .... 

TIRC 606 

v •5 
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DETAIL SPECIFICATION OF SECTION 4: Reaction Gas 

..,.uur 1.nQ Cl rcu.1 t 

c:y 11,..,.,r pressire 
•ed..l:lnQ 

c:y 11,..,.,r pres1Un 
recllclnQ 

c:ylindu pressure 
red.cit1Q 

OU ri .. 

OU rte. 

OU rte. 

oa• n""' 

91• r1°"' 

ljlS r1°"' 

preheater t-rature 

gas r1°" 

TYIJ9 

pressae QIUQS 

pieuure nwcl.nQ 
val ft •1 tll dilphrllQll 

1pr1nQ-l-*1 
praa.n r-.cinll we.l .. 

praa.n gaQI, 

1'119: 0 - 100 bar 

nt-orr we.l .. , 
Clll'l.ctecl •1th 

prnan gaQI -

u.-i - ri .. 
•tft I c:anual val .. 

sllut-ofr •al .. 

s11ut-orr valve 

,.,.,t-orr •ll•• 

Cbbl• tlla~l• 
N1Cr-H1 

heating tlQe: J50 ~ 

c:antroller 

,.,.,t-orr valve 

<with or without 
blending with steam> 

5'4)1)ller 01-.lan 

Cloutsel'e l' Alr 
U~Ot 

Ooutsd'e L 'II.Ir 
U~Ot 

.--llecll- .... -..iply pressure: 
Uertecmlk 2'0 ber 

~tunrmu cSl•.: 160 .. 

ANatunrtleu .... pnsaae: 6Dl bar 

141tUQ I ....pressure: 200 ber 
Bn:richorst ri .. rww;ie: a - 10 lfllln 

~rer ~le: J .. 
.... pressure: 250 bor 
••.teoii.: 150 oC 

~rer IS V 42 

~rer as v 42 

ICl6\zer cSl•.: 2• 
length: 500• 

~leiSCl"llaCl<er l~t~: l ~ 

Eurot11er11 

~rer tllro.q'l-l'tole: J ""' 
••.pressure: 100 bar 
.... teoip.: J50 oC 

Table 4 

... t .. 

camections ror nollle 
gases arc1 OJ.i 

' 
sensltlvlty: 0,6 lli or 

renge 

•terial: l.•'11 
comectlons: R in• 

callbr•ted 1t 20 bar 
•ltll OJ.i, 
see cal1bnt1an cer-
t1r1c•te, 
ou~t: o - 5 v oc 

•terial: 1.11571 
ccmec t Ions: cooores-
sion scre-s for 
6 --t..ces 

IS V 42 

u v 4'2 I 

caer: Ir-coloy 80J, 
• pale on pin 

~ ""'-sipl rraoi 
tht'MlCQLClle 
~ 10 y to dlta-
lawer, logic ou~t 
to solid st1te nhy 
and ""•ter 

.. terlal: 1.A57l 
camectlons: c~res-
slon scre.s ror 
6 --t..oes 
peck11'1Q: Qr.Pit• 
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DETAIL SPECIFICATION OF SECTION 5: Flushing Gas 

T8Q re. --.ring Circuit T~ ~l•r 01"'""51cn Notes 

Pl 501 c:y Under pressure pressure QIUlle Oeutsc!'c L' Alr ccmectiom: ror roDle 
te<l.cl.nQ L1~1de 111ses arid co2 

PIC 502 cylinder pressure P~• ?'91M:1nr,i Oeutscl'e L' Alt 
te<i.clnr;J •alve .1t11 cill!Jllt8Qlll L1~1de 

PC 50} c:yl.inder pres....,. spri1'9-l- Hac:rodruCI<~ ••. supply pressure: 
re<i.cl.nQ pri.sure re<i.clng ziertecmik 250 ba; 

valve 

Pl '°" 111• flOlll pnsaae galQll, Ar.tunreeu cil•.: 160 - sensitivity: C,6 ' or 
n19: 0 • 100 Im tlnlJI! 

y ,1 111• flOlll sr..t-orr valve, Ar.turerceu .... pressure: 600 tier •terlal: l.•571 
c:cm1Ct9d •1 tn ccmect10"9: II 112" 

presain QalQll '°' 
F"IR '°' QIS flOlll tller.1- n- ltltUg I .... pressure: 200 tier calibrat9d It 15 bat 

•ter Bnnclllnt '10lll nnge: 0 - 20 l/111n •1th >ii!, see callbr•· 
Uon certtrlcete; 
oi..tQut: 0 - 5 v de 

v 52 QIS flOlll sr..t-orr valve HOfer ~le: ) .. •terlal: l.t571 
.... pressure: 250 bar connect1.-.s: corores-
••.t-.: 150 "C sion screws ror 

6 -to.bes 

v " \1IS n ... sr..t-ori' .. Ive HO fer IS V 52 IS V 52 

v ,. gu n .. nt-otr valve HO fer .. v 52 u v 52 

v H glS f!Oo< ~·•l•• OeutSd'le L 'Air throuc1' hale: L,19"'" mater Lal: orass 
U~de .... pressure: 210 bar connecttcns: c;oopres-

.... teop.: 2)() "C sicn screes C gyrolOk) 

Table 5 
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DETAIL SPECIFICATION OF SECTION 6: Filter. Expansion. Cooling 

TIQ .... -.iring Circuit Type ~lier 01->sion Notes 

v 61 filter sn.ot-off ••1"• ltJfer 

TIAC 601 filter cbble tnel'!llOCOLClle l<U'lzer di•.: 2 .. co.er : lncoloy 800, 
outer l"eet1rq NJ.Cr-Hi len;itll: 500 ... • pole on pin 

heltirq t.-: f"leiscl't*"<er len;itfl: J. 
1000 II 

controller, Eurotl'leno J!l!.!L .V-sigwl frat 
nnoe: o - 600 oe tne~· 

~ 10 V-siiroel to 
dlta-lOQ!Jer, lOQie out-
i::ut to solid state 
nlay and heater 

v li2 ~ion control valve 1<19er .... preuure: 100 ber •tariel: 
..... telllp.: J50 'C tlodr l.•571 
k : 0,025 eone stalllta 
v 

sat stalllte 

c 603 e_,slon valve our: ~r mv, 50 c:ycln, 5 II 
H 603 .,tor drive 

~ap controller lnCI Joens 220 v, 50 cycles 
post Uon indiaitor for 1000 n ctleck-o.:11 

potenU.-tar 
-

v 6J elll*'Slon control valve Kloloer ..... pritSJUnt: 100 tier .. terlal: 
.... t-.: J50 •c body l.•571 
k : 0,0004 cone stelllte • seat l.4122 

G !5()4 e""31".slor. valve gear: Kiiinoer as c; 60J 
H 6Gl .,tor drive 

step controller lnCI Joens .. c 60J 
post Uon lncllaitor 

TIAC 602 •"l*'sion en.cl• tne~le l<ii\zer dl•.: 2 .. CO'ler: lnco.loy 80'.J, 
•elves outer mung 1<1Cr-Hl len;itll: m- • pole cro pi.,, 

t.o tne~les at 
V62endV63 

helltlng t.pe: Flel~r 
7al II (V '2) 

l"eatlrq t.,e: f"leisctt19Cker 
1000 11 (V 63) 

controller, Eurotl'lem J!l!.!L .v-sigwl fro-
fS1gl: 0 - 600 'C the~· 

~ 10 v to dlta-
logger, lOQic outiait 
to !IOlid state relay 
11111 both hellters 

v 6t ._..ion sn.ot-orr val ... Hofer ~l•: ' ... •terial: l.4571, 
.... preslUl'e: 100 tier comecUons: ~res-
.... telllp.: 350 "C lion sc:r11WS for 

'-t..cies, 
peclcirq: Ql'll!lhlte 

ro ~ cooling flOll 1nd1cata fl0ot Ute: 
0,5 - 2 ll•in 

11111 '°' cooling bal- for Precise range: 4700 Q output: l V/l g 
candllWte --t 

Table 6 
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3. Installation and Start-up of the TGA 

After briefing at the UNDP office on 11 November 1983, work started 

at project site on 14 November 1983 with a meeting with Dr. Vaidyeswaran, 

Mr. Rao and Mr. Narasimhan, followed by an inspection of the room prepared 

by RRLH for housing the TGA. Two more days were needed to complete 

the constru~tion of a steel frame on whi~h the TGA was to be mounted. 

The following is a detailed protocoll of the work done during installation: 

15. 11. 19 8 3 - Identification of additional angle steel struts 

for the framework according to BF piping and construc-

tion diagrams ; 

- Check of a 11 parts of the TGA revealed damages 

of steam generator heater and some thermocouples; 

- First introduction in operation of the TGA-computer 

to Mr. Prasad . 

16.11.1983 - Welding work on the frame performed by RRL workshop; 

- Marking of the holes in the frame for fixing the TGA; 

- Drilling performed by RRL workshop; 

- Repairing of the steam generator heater and replace·· 

ment of the reactor heater thermocouple in presence 

of workshop and instrumentation group staff. 
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17.11.1983 - Continuation of Drilling 

- Assembly of the steam generator and the reactor 

- Testing of the computer program witn 

evaluated and stored data using a BF-data disc 

and training of RRL staff in this operation 

- Painting of the walls and the frame by RRL 

18.11.1983 - Mounting of the TGA 

- Transportation of the control rack to the TGA-room 

- By evening attachments and pipe system completed up to 80%. 

21. 11. 198 3 - Continuation of mechanic work 

- Installation of the voltage stabilizer and the 

main switch by RRL elec~ricians 

Laying of cables for puwer supply and measuring 

circuits 

- In the morning pressure test at 40 bar, during 

night at 60 bar 

Check of all cables and connections in the control 

rack, some needed to be repaired 

- Testing of temperature controllers, heating tapes, 

pressure transducer, valve positioner, level 

and flow indicators 

- Level indicator of the steam generator defective 

and one temperature controller working irregularly 

- Redresses: 

al Changing of the temperature controller from 

the expansion valves to the outer heater of 

the steam generator; this heater is of minor 

importance, because of the oversized internal 

heater 

bl Training of RRL staff how to operate the steam 

generator without the water level indicator 
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22.11.1983 

Overnight pressure test without any drop in pressure 

- Preparation for pressure test at 100 bar 

- During unlocking of transport safety bolts of the microbalance 

the two suspension bands of the counterweight side were broken. 

Repair by shortening the bands, balance ready for work. This 

repair normally has to be done by an expert of the microbalance 

supplier. 

- Adjustment of the balance, the sample lock and the reactor 

in a very accurate vertical position, that the sample basket 

hanging with a chain on the balance comes in the middle of 

the heated reaction tube. 

23.11.1983 

- Zero-point and output-signal of the microbalance calibrated 

- After discussion with RRL staff we decided to change the 

cooling system of the sample lock and the condensate cooler 

from the proposed open circuit to a closed circuit with a 

circulating pump and an ice-cooled stock bucket, because 

RRL cannot ensure in summer a temperature of the city water 

below the temperature of the air-conditioned room to prevent 

wetting of the balance. 

- Pressure test at 95 bar witho~t any problems 

Putting all temperature controllers in operation 

Checking of all measuring signals with the computer using 

the program for testing the apparatus conditions. 

- Adapters for the pressure reducers are provided by RRL, because 

of the different cylinder connectors. 

- Mounting of the cylinders' holder. 
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24.11.1983 

- Steam generator t8st at 10 bar 

- First no-load test with steam at 10 bar and nitrogen as flushing 

gas has shown an excellent operation of all parts of the unit. 

25.11.1983 

- First test with a char made from Indian coal by RRL 

- During heating-up the non-isothermal test the computer showed 

an increasing weight instead of a weight loss. The reason was the 

faulty installation of the microbalance in a sidewise inverted 

direction. Redress: Polarity reversal of the output-signal 

of the microbalance. 

- Continuation of the test without any problem. 

28.11.1983 

- Repeating of the first test at 10 bar steam pressure and 

a temperature range of 350-llOOcC, flushing qas nitrogen. 

It was not possible to store the data of this test because of 

a mistake : the sample basket had been lifted into the sample 

lock before the computer was stopped. After that 1 we had an 

intensive discussion about how to carry out a test. 

- After completion of a normal test, two more tests were performed under 

the same conditions. The data of these runs have been stored 

on the run-data-disc and evaluated with the program "EVALUATE" 

to calculate the reactions rates from the weight loss curve. 

29.11.1983 

- Third test at 10 bar steam pressure and a heating rate 10 K/min 

up to 1100°C. The repeatibility of the first and the third test 

was very good. The second test has shown an unusual difference, 

the reason of which could not be found. 
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- Gasification test at 40 bar steam with nitrogen as flushing 

gas. In the beginning indication of some irregularities in 

the weight loss curve. We supposed condensation ot steam 

on the chain, nevertheless the test was carried on with hea

ting-up to the final temperature of 1100°C. After the test, 

opening the sample lock showed a lot of water inside, wet 

chains and wet tubes, but an intact and dry microbalance. 

These findings confirmed that for 40 bar steam tests helium or 

hydrogen as flushing gas have to be i.:sed. 

After cleaning and drying the unit was ready for the next test. 

30.11.1983 

- Changing of the gas lines to the cylinders and pressure regula

tors: a) Flushing gas for the balance to the hydrogen cylinder; 

b) One of the tubes for reacting gases to the nitrogen cy}inder. 

Nitrogen is necessary ~o flush the unit oxygen-free before 

starting with hydrogen and after the test to flush hydrogen

free before opening the sample lock. 

- Instructions and intensive discussion how to operate the 

unit with hydrogen, not only as a flushing gas but also as a 

reacting gas. 

Performance of two tests under following conditions: 

40 bar steam, hydrogen as a flushing gas for the b3lance, 

heating rate 10 K/m~n, with the final temperature 1100°C 

and isothermal at 1000°C. Both tests without any problems, 

data were evaluated and stored on the disc. 

1.12.1983 

- During preparations for a test with a steam/hydrogen-mixture, 

to show the inhibition of the product gas hydrogen on the 

rate of steam gasification, we localized a fault in the hydrogen 

flowmeter. Opening showed condensed water in the meter, but 

also after cleaning and drying it didn't work. We removed 
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the flowmeter and built in a bridging tube between the connec

tors. The flowrneter has to be repaired by the supplier. To 

avoid further wetting of the fl0wmeter line, we changed the 

hydrogen tube from the steam generator inlet to the gas pre

heater inlet. Now a gas/steam-mixture can be made by mixing 

the gas streams before entering the reactor. 

- For the r.ext test the gas lines had to be changed again 

because of the failing flowrneter: a) reacting gas hydrogen 

to the second reacting gas line, provided and calibrated 

for carbon dioxide; b) flushing gas nitrogen to the non

metered gas line. Changing of the gas tubes was sometimes 

difficult, because of the different heights and the different 

connections of the cylinders for hydrogen, nitrogen and carbon 

dioxide. The adapters between the cylinders and the pressure 

regulators, necessary because of the different threads, were 

made by the RRL workshop very promptly and accurate. 

- The test at 900°C and a total pressure of 41 bar, partial 

pressure of steam 32.5 bar and of hydrogen 8.5 bar, has been 

performed without any problems. The data of the test were 

evaluated and stored on the disc. 

- In the evening we started another test to show the hydro

gasif ication of a char. The reaction rate in hydrogen is 

a function of the hydrogen pressure and therefore the pressure 

was set to the maximum. The maximum pressure of 81 bar in 

this test was calculated from the flow rate of hydrogen, 

the intended duration of the test and the gas volume in the 

cylinder. The temperature was set to 900°C and the sample 

was lowered into the preheated reactor to achieve the maxi

mum heating rate of > 500 K/min. The test has been performed 

without any problems. 

2.12.1983 

- Preparation of a test with carbon dioxide at 31 bar and nitrogen 

as flushing gas. These are very easyconditions for the unit 

and appropriate for the first:. tests to be done by RRL staff 

without assistance. 
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During the test again a failure of the thyristor for the internal 

reactor heater was observed. This happened irregularly and 

it is unclear whether it depends on the duration or on the 

load. The redress was to unlock the thyristor from the base 

plate and lock again. It was not possible to find out which 

connections failed and so we couldn't repair anything. My 

recommendation was to work with the thyristor until the suppliers 

delivered a spare. In the meantime the RRL staff can make 

tests and achieve good results if they observe the temperature 

curve on the screen very carefully and do in the case of 

a failure in the described way. The checks and the removal 

of the thyristor were done in the presence of persons from 

the RRL instrumentation group and the laboratory staff. 

- The test was accomplished without further problems and the 

data were evaluated and stored. 

- In the afternoon a discussion took place with Dr. Vaidyeswaran, 

Mr. Mallikurjunan, Mr. Narasimhan, Mr. Prasad and other staff members 

of the RRL coal division about the progress of the TGA installation, the 

perfor~ed test, the observed faults with the remedial actions 

and the test program for the next weeks. 

- Summary of the discussion: The TGA is completely tested and 

can be operated. Thirteen tests, most of them under different 

conditions, were performed successfully. Instructions on the maintenance 

and the repair of the most important parts of the unit were given to 

the staff concerned, for example: 

calibrating of the microbalance, cleaning and drying of the 

sample lift, replacement of the internal heaters, replacement 

of internal thermocouples, setting of temperature controllers 

and checking of input and output signals on the terminal 

strips of the control panel. Some parts have to be repaired 

or to be replaced by the supplier: thermal mass flowmeter, 

temperature controller 0-600°C, thyristor for the reactor 

heater, water level indicator for the steam generator and 

cooling water flow indicator. The missing discet~es with 

the three programs, MEASURE, EVALUATE and GRAPH, and additional 
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data discs should be sent as soon as possible. Before doing 

a test without any assistance the operator of the TGA, Mr. Prasad,· 

should make his own operation manual from the instructions 

and explanations received during the tests. To be on the safe 

side it is better that Mr. Prasad and Mr. Narasimhan, who 

was trained on a similar TGA at Bergbau-Forschung, are working 

together or. this unit. It was recommended that the next test 

should be done with carbon dioxide under different pressures, heating 

rates and temFeratures. 

3.12.1983 

- First tests performed by Mr. Prasad and Mr. Narasimhan 

with carbon dioxide under 31 bar. With the excepticn of one 

thyristor failure the test was carried out successfully. 

The recommended proceeding for the next tests was confirmed. 

5 - 9 December 1983 

- Preparation of draft final report, debriefing at UNIDO, Vienna, Austria. 

- Arrival Dus~eldorf, ?RG, on 9 December 1983. 



16.11.1983 
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I 

19.11.1983 During installation the TGA 

r ... ._~~;;~:~.:~~~.,. ...... , . -~ ··-B~tj'.;t~?~·: ~~~-L-"'"-- ·-· ... s. .. 

- .. , 

21.11.1983 During electrical installation 



,-_, 

rr----~. -- ·~~---· -,, .. __ ,.... .. 
~~~I- . 

23.il.1983 Control rack and Computer for the TGA 

Left side of the unit with expansion valves (1), 

condensate cooler (2), and safety valves (3) 

24.11.1983 During no-load test with steam at 10 bar 

Middle part of the unit with microbalance (1), 

reactor (2), steam generator (3) and cooling 

pump with stock buc~et (4) 



- 28 -

3.12.1983 .After the final test at 30 bar co2 pressure 

from the left: Dr. Vaidyeswaran, Mr. Prasad, 

Mr. 3udharka Rao, Mr. Narasimhan 
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4. Performed test runs 

In the test and training time from 24 November to 3 December 1983 

we performed one no-load test and 14 tests with Indian chars (see 

Table 7). The first tests have been performed to check the func

tioning of all parts of the unit including the data acquisition 

and evaluation. Also detailed information were given to the RRL 

staff about the mode of operation of the instruments and the 

sequence of handling of the valves and Legulators. The general 

handling of the computer is descriced in the manuals provided 

by the supplier. The description of handling the computer in 

connection with the TGA is part of the program. This information 

can be displayed on the screen or printed out before starting 

the program. The order of commands to the computer is fixed in 

the program as a dialog, so that the operator can see for which 

commands the computer is waiting. 

After setting the controllers to the desired set points and 

inserting the sample the operator normally starts the test run 

with loading the program MEASURE. In this program the temperatures, 

flow rates and the pressure can be checked, displayed on the 

screen and printed out (see Tables 8 and 9). In case of a steam 

test the program is continued with measuring the signal of the 

condensate balance from which the condensate rate is calculated. 

The course of the condensate rate is displayed and can be printed 

out (see Fig. 5). 

An example for a non-isothermal steam test run is seen in Fig. 6 

showing the weight loss curve, the course of the condensate 

rate and the increasing temperature curve. This figure is a copy 

of the diagram shown on the screen. After the test all relevant 

data are stored on the disc for further evaluation using the 

program EVALUATE. 
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In this program a polynomial is fitted to the xeasured weight 

loss curve and corrections are made according to the dynamical 

boyouncy and the check of the theoretical and the determined 

amount of residue (see Fig. 7 and Table 10). At the end of the 

calculations time, temperature, ash-free sample weight, three 

different reacLion rates, and burn-off, that means the carbon 

consumption, are printed out (Tabl~ 11). The rate r' is defined 

as the consumption of carbon per minute related to the input 

weight, the rate r" as the percentage of gasified carbon per 

minute related to the instantaneous carbon content of the sample 

and the rate r as the percentage of gasified carbon per minute 
s 

related to the instantaneous carbon content with the power 2/3. 

The equation for the temperature curve and the coefficients 

of the polynomial are stored on a disc. 

With the program GRAPH the reaction rates of one or several 

tests can be plotted against temperature, time or burn-off. 



Date Run-No. Sample Gasifying agent 

24.11.!33 0 no load I steam 

25.11.83 1 GOK-10 steam 

25.11.83 2 GOK-10 steam 

28.11.83 3 CGP-21.11. 83 steam 

28.11.83 4 CGP-21.11.83 steam 

28.11.83 5 CGP-21.11.83 steam 

29.11.83 6 CGP-21.11. 83 steam 

29.11.83 7 CGP-21.11.83 steam 

29.11.83 8 CGP-21.11. 83 steam 

30.11.83 9 CCP-21.11.83 ste-m 

30.11.83 10 CGP-21.11.83 steam 

01.12.83 11 CGP-21.11.83 steam/hydrogen 

01.12.83 12 CGP-21.11. 83 hydrogen 

02.12.83 13 CGP-21.11. 83 carbon dioxide 

03.12.83 14 CGP-21.11. 83 carbon dioxide 

Flushing gas Pressure Temperature 
bcr oc 

nitrogen 11 

nitrogen 11 1100 

nitrogen 11 1100 

nitrogen 11 

nitrogen 11 1100 

nitrogen 11 1100 

nitrogen 11 

nitrogen 11 1100 

nitrogen 41 1100 

hydrogen 41 1100 

hydrogen 41 1000 

hydrogen 32.5/8.6 900 

hydrogen 81 900 

nitrogen 31 1100 

nitrogen 31 1100 

Table 7 

Heating rate 
K/min 

10 

10 

10 

10 

10 

10 

10 

isothermal 

isothermal 

isothermal 

10 

10 

Remarks 

Reversal of the 
balance signal 

Not stored 

Repeatibility 
test of No. 4 

Computer error 

Repeatibility 
Test of No. 4 

Condensation in 
sample lock 

w ...... 



~ ;ernperatures rleat1ngs 
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Temperatures R~act0r 
Time ICyclel Sample Gas I Gas I I Tube Bottom M1ddle I lop 

I T 265 T 215 T 165 T IRC 10~> H 109 H 110 I H 11 1 
Ill :s I ·c . c ·c ·c . c ·c I ·c 

-------- -----1-------·- -------- -------- -------- -------- --------!--------
, 14: 05 240 I 337.9 336.5 333. 9 . 34'3. 1 345.9 3L1S. 2 I 344. f, 

'14: 15 241 I 338.6 337.' 334.4 351. 8 3'~7.1 345.3 I 345.0 
1 14:25 242 I 339.8 338.0 335. 1 35, . E. 34h.7 345.3 I 345., 
114!35 243 I 339.9 338.2 335.3 350.0 346.2 345.3 I 344.6 

114:45 244 I 339.2 337.7 335.0 348.3 345.6 345.2 I 344.4 

114:55 24~1 I 338.2 337.0 334.4 345.9 345.0 345.4 I 344.7 

115: 05 24£. I 337.3 336.2 333.7 348. LJ 344.7 345.2 I 345.0 

'15: 15 247 I 338.5 337.1 33~.4 35, . 6 344.6 345. I I 345. 1 
1 1s:2s 248 I 340., 338.5 335.4 35?. 1 344.5 345.2 I 345.0 

• 15: 35 249 I 340.5 338.7 335.8 3 1:»0. 7 345.0 3L15. 3 I 344.6 
115: 45 25(1 I 339.8 338.3 335.4 34~1. 0 344.9 345.2 I 341~. f, 

115: 55 251 I J39.3 337.9 335.3 310. 3 344.7 345.3 I 345. l 

116:05 252 I 338.4 337.1 331~. t. 347.4 344.2 345. 1 I 345.2 
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Time I Cycle No I Flushing Ga.s I Ga.s I 
I I =rR 505 FIR 405 

rn : s I I i'. of max • I I. 
-------1 ----------1--------------1---------
116: 35 I 255 I 51 . 8 I 1 . 1 
l 16: 45 I 256 I 51 . 7 I 1 . 1 
116:5':» I 2:,7 I 51.7 I 1.1 
l!7:!J5 I 258 I 51.8 I 1.1 
117:15 I 25'3 I 52. 0 I 1 . 1 
1 l 7: 25 I 260 I 5 I . 9 I I . 1 
117:35 I 26: I 51.8 I 1.0 
l I 7: LIS I 262 I 5 ! . 8 I l . t 
117:5:1 I 263 I 51.8 I 1.1 
l 18: 05 I 254 I ':11 . 9 I I . I 

118: 15 I 26:1 I 51 . 8 I 1 . 0 
118: 25 I 265 I 5 I . 7 I 1 . T 

~-11 B · ~ ':· -2 ~ 7 I S ~ . S ~ . 1 

Temperatures Steam-Generator 

Gas 2 I 
FIR 305 I 

!. I 
---------1 

- . 1 I 
- . l I 
- , i I 
- . l I 
- . 1 I 
- . l I 
- . 1 I 
- . l I 
- . 1 I 
- • T I 
- . 1 I 
- . l I 
- • 1 

Time I Cycle No I lns1de I ou.tside 
I I TIRC 2021 H 203 

I m:s I I "C I "C 
l-------1----------1---------1---------
1 114:551 245 I 282.4 I 268.7 
I 1 l 5: 051 246 I 282. 5 I 268. 7 
I 1 ~ 5: 15 I 24 7 I 282. E. I 268. 6 
I liS:251 248 I 282.6 I 268.6 
I 115:351 249 282.5 I 268.6 
I ! T5:451 250 282.6 268.6 
I 115:551 ,2~,i 282.:. 268.6 
I : 16:051 252 282.5 268.6 
I 116:151 2S3 282.4 268.6 
I ! 16:2Si 254 282.5 268.6 
I 11£:351 255 282.4 268.6 
I ! 16: LIS I 2Sf, 282. 4 268. 6 
I 11£:551 257 282.6 268.6 

;:i,-ec:.su.re 
Time I Cycle tfo I Pressu.re I 

I I ~ I 01 I 
I m : -::. I I ba.r abs . I 
i-------1----------1----------1 
I 1 1 E. : 1 :, I ~~ 5 ~: G 1 . 4 I 
I ll6:2C:il ~:,Li 61.4 I 
I 116:3c:,1 ~:)c. 61.:, I 
I T ; 6: 451 ::,r:. SI . S I 
I 116:SC:1i ~·:,7 5:.:, 
I I I 7: OC:i I ~S.3 6 1 . 4 
I 1 1 7 : 1 c, I ~· r:, •:i ~) 1 . q 
I ! 1 7 : ~· ~. I '.Ii S : . t1 

I 1 1 ? : '3 LI I l) ~ ~ b, . ~ 
I ! r 7 ~ t~ ~. i . -~ ! ~·r • _~ ~~ i . 4 
I : 1 7 : ~. :_:, I ~ .::, •· t. ; . u 
I 11:3:!:C::,1 ,>.LJ .:.1.!1 
I '. i ;:; : '. c ! _ · f~ ,- ;; " • ! , 

' 
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Ru.n ~lo. •::i 

Evaluation 
Experimental Conditions 

30 . t t . 83 Date 

CGP-21. t 1 .83 

~e 1 13h t of cnar inserted 
~eight of s.amp 1 .:- h1Jlder 
C0rrectt?d conter1t (lf ash in char < r at.i> 
Content of mo i·:. turt? in char 
Total press1.ire 

of run: 

10.0 

513. I 
3724.7 

21 .5 
I • 1 

41. 0 

Compos1t1on of the ·~a.s 1fy1 ng agent 

Partial pressure of H20 41 . a 
Partial pressure of C02 a.a 
Partial pressure of co 0.0 
Partial i=Jressure of H2 o.o 
Partial pressure of CH4 0.0 

Residiue t 11 . 0 
Carbon i 11 residiue 0.0 

Fit ti n•::i of the poivnom1nal 

Coef'f 1c1ents: 
A< I) > :: 3.64878553640E+02 
A< I > = -3.21520558051E+OO 
(~ ( 2) = - 1 .2962058833!E+OO 
A<3> = t .51972492935E-n1 
A<4> = - l . l 94 75466565E -02 
A<SJ = 3.9160t579512E-04 
A<6> = -4.06303371947E-06 

Sta.nda.rd devia-ti0n .78 
::~hi fl of ti rr1e d.X 1 ·~ -25.2 
F" 2.U l t of th•? dy nam 1 cai boyouncy 14.4 
1./aJid1ty of the poly11om111a.l: 

Loi.iJt-r CHJund .25.2 
U;:.per b•Jl_Lnd 50 .. 3 
A,,~ r a.•,j>:? 1· 1 ·:, 1 n·~ (If t e 111 p e r a t •_L r e 1 0. 7 

Corrected coo?f f 1c.1~n ts: 
'4 ( :J ) - :: . ::, 7 8 f. f :_1 8 !; 9 7 ! t ~ I) 2 
A< i > ~ . :: ' 4 9 4 77 r, 3 ~I 5 Lf'3 E .;. n 0 

Table 10 

30. 11. 83 

[K./min] 

[mg] 
(mg] 

( /. ] 
[ I. ] 

[bar] 

[bar] 
[bar] 
[bar l 
[bar] 
(bar) 

[mg) 
[mg] 

L rrig J 
[ rr1 l n l 

[mg J 

Lrn1nl 
[ 1.11 n l 

[·~rd Im 1 n l 



- .J: -

~urr No. '3 

I Temp. We1·~ht 
, ' burn I) ft Time I r r rs 

min:sec grd c lilq -1n9/ rr11 n %C/m1n /.C/min I. 

25:00 750.0 358.4 3.050 .851 .823 9.596 
25:30 755. I 356.6 4.310 1 .209 l . 167 10.062 
25:00 I 761 .5 354. 1 5.365 1 . 515 t. 459 10.674 
26:30 I 766.5 351 .2 6.248 I. 779 1 . 709 Ii. 4!~8 
27:00 I 772.2 347.9 6. '388 2.009 I. 923 12.244 
27:30 I 777.3 344.3 7.612 2 .21 l 2. 11 0 13. 156 
28:00 I 781. 9 340.3 8. 145 2.393 2.275 14. 160 
28:30 786.9 335. 1 8 . .;09 2.561 2.424 1::.217 
29:00 7'32. J 331 . 7 9.022 2.720 2.563 16.330 
29:30 794.7 327. 1 9.403 2.875 2.696 17.492 ' 30:00 798.4 322.3 9.766 3.030 2.828 18.701 
30:30 801 . 4 317.3 l 0. 124 3. 190 2.962 19.955 
31; 00 832.7 312.2 10.487 3.359 3. 102 21 . 254 
31: 30 851 . 4 306.9 10.865 3.541 3.251 22.601 
32:00 82 t. 9 301. 3 t I. 264 3. 738 3. 41 I 23.996 
32:30 826.6 295.6 It. 689 3.955 3.586 25.443 
33:00 835.9 289.6 12. 144 4. 193 3.776 26.945 
33:30 839.B 283.4 12.631 4.456 3.985 28.507 
34:00 846.0 277.0 t 3. 1 49 4.747 4.212 30. 133 
34:30 851. 0 270.3 13.699 5.068 4.461 31 .825 
35:00 855.8 263.3 14.277 5.422 4.731 33.589 
35:30 862. 1 256.0 14.87'3 5.812 5.024 35.427 
36:00 865.6 2Ll8. 4 15.502 6.241 5.340 37.343 
36:30 

I 
873.0 240.5 16. 139 s. 7 11 5.681 39.338 

37:00 I 876.7 232.3 16.783 7.226 5.045 41 .414 
37:30 I 882.2 223.7 17.LJ27 7.790 5.L!37 43.57: 

I 38:00 
I 

887.6 214.8 18.062 8.407 6.854 45.809 
I 38:30 893.7 205.7 18.679 9. 083 7.298 48. 126 

39:00 I 337.2 196.2 19.26'3 '3.823 7.769 50.5?0 I 
33:30 I '303. 0 185.4 19. !32 ! 10.534 8.269 52.985 I 

'10:00 
I 

'310.0 176.4 20.324 t t . 525 8.797 55.517 
40:30 '313. 4 166. I 20.763 12.505 9.357 58. 1 09 
41: 00 I 918.I~ 155.5 21. I L12 13.588 9.948 60.753 
41 :'JO ! ·-~23. J i45.0 2.T. i13c, 14.788 10.574 63. L139 
l'..!2:00 ' '32'3. LI 13LJ.:' 21.6~:;~ 16. 123 11. 235 ~6. 155 
-4.1: 30 I '334 '4 • ,..., 'I ""' .? 1 . 7 2 ·~ 17.618 11 . '338 58.891 IL...)•.:; 

{.j 3: 0 (I I '33 7. I It 2. 5 21 . 708 1 '3. 30 I 12.582 7 1 . 53 l 
43:30 I '.345.b 101 .6 21. 561 21 . 212 13.476 74. 36'1 
44:00 I '.349. 4 90.9 21. 277 23.399 14.323 77.064 
44:30 I 955.7 80.4 20.846 25.930 iS.234 79.722 
45:00 I 960.3 7 o. 1 20.259 28.895 16.219 82.316 
45:30 I 966.0 60.2 19.505 32.421 17.293 84.825 
46:00 I 970.3 :,o. 6 18.578 36.690 18.477 87.228 
46:30 I '.376.0 41 .6 17.468 41. 976 19.801 89.503 
47:00 '.380. 7 33.2 16. I 70 48.710 21 . 310 91. 626 
47:30 I '385. 4 25.5 14.678 57.513 23.077 33.574 
48:00 I 9'.3 1 . 1 I :3. 6 12. '387 70.003 25.226 95.320 
48:30 I '3'36 . '3 12.5 11.094 88.581 28.002 '36.841 
49:00 I 1 noo.: 7.5 8. '3'35 120.051 31 . '.378 98. i 10 
49:30 I ~1)05.9 3.6 6. 6'3 l 187. 811 33.047 9'3. I 01 I 50:00 I I (I t i . '3 .8 4. 182 500.218 54. 14Ll 99.789 I 

I ·~~ 
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