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Summary

A thermogravimetric analysis apparatus for kinetic studies of
coal gasification (TGA) was delivered by Bergbau-Forschung,
Essen/FRG, 1in September 1983 to Regional Research Lahoratory,
Hyderabad (RRL). From 8 November to 9 December I was assigned
to install and commission the TGA, to perform test runs and

to train RRL staff in operation and maintenance of the TGA.

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

assisted me in installation and commissioning.

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. Presad and Mr. Narasimhan from RRL
Ccal 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.)

Some of the controls were not functioning properly, possibly by
undetected damages during shipping, sc that they had to be
replaced ur repaired by the suppliers. A test program for the
weeks after commissioning was proposed and accepted by

Dr. Vaidyeswaran, Director of RRL Coal Division.



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 fixed bed or moving bed reactor is operated in cocunter
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 2zone,
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 reactivity 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 conversion. 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.




The thermogravimetric analysis apparatus (TGA) delivered by
Bergbau-Forschung, Essen, FRG, 1s designed for studying the
kinetic of all reactions which occur in the gasification 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 coai 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 analysis

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

gasificaticn 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 tuke
is mounted 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~s 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
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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
cmall 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 steam/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 valvas. The gas pressure is 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 parailel. Their kv-values are graded 1n a way that
defined expansion over the whole pressure range and with respect
to use of various gases including steam 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.




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-diagram (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 samplie weight
are monitored by multiple measurements, logged together with
the temperature near the sample and visualized on the video

display.

For monitoring the test conditions further 17 temperature,
pressures and flows are measured, logged and displayec alpha

numerically on the video scope.

After the test diagrams showing the weight changes as a iunction
of time or temperature can be established, and these values

can also be printed out in form of lists.
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DETAIL SPECIFICATION OF SECTION 1: Reactor
Teg No. Yeasuring Circult Type Supplier Of{marsian Nates
IR 101 sample weignt microbalance, range 1 g, | Sertorius sqx. losding: 25 g atput: | ¥/1 g
sensitivity: 0,1l og
Gl 102 sanple 1Mt Bergbau- max, height: 550 m in [ cheins materfal: sllver
H 102 Forschung 10 turns ang nickel
FoO 1 cooling water for the flow indicstor flowm rate:
sample lock Q,5 - 2,0 1/min
PIR 10a Teactor pressure pressure transducer Sranat range: 0 - 100 dar output: 0 - 10V
TIRC 108 tamperaturs of the danle thermocoaple Kinzer dimm. : 2m cover: Incoloy 800,
< l0s intemal heater NiCr-d length: 500 =m + pole on pin, sealed
by compression screws
Thermocuex heating Prilips diss.: 2m cover: [nconel 600,
elemprt with cold ends length: 4300 = sesled by compression
ZEZ 1 M/50-430-50 colg exts: SO = scTews and welding
controller, Eurotherm input: mv-signal from
range: 0 - 1200 *C, thesmocouple ang 0-3V
corvmctad with pro- from ocrograswer
Qrasmgt, twristor output: 10 V-Signel to
unit eng trensforwer dats-logger, 130 V to
heater
TIR 106 tespersture rear double thersocouple Xnzer diem, : 2m= cover: [ncocloy 800,
sample NICr-Mi length: 500 mm + pole on pin, sealed
Dy compression screws
TIR 107 tempersture 20 mn as TIR 106 Kinzer as TIR 106 as TIR 106
below sample
TIAC 10¥ outer hesting et the doudle thersocoupls Kinzer digm, : Zm cover: Incoloy 800,
resctor bottos NiCr-ni length: 500 mm » pole on pin
heating tepe: 350 w Fleischhecker | length: 1 m
controller, Eurotherm input: mv-signal from
renge: 0 - 600 °C thermocowole
output: 10 v-signal to
dets-logger, logic aut-
put to solid state
relsy and heaster
TIRC 110 outer heating at the douple thermocouple Kinzer diam. : 2 mm as TIRC 109
reactor miodle NICz-N{ lengtn: 500 mm
hesting tape: 700 W Fleischhecker | length: 2 m
controller, Eurotherw as TIRC 109
ronge: Q - 600 °C
TIRC 111 auter hesting et the dowle thermocouple Kirzer dimm,: 2m as TIRC 109
reactotr top NJCr-N4 length: 500 ma
hesting tape: 1000 W Flejschhecker | length: 3 m
controller, Eurotherm as TIRC 109
ronge: O - 600 °C
Sv 1 resctor safety velve full-14ft safety velve, Leser set pressure: 110 bar
spring losded
Table 1




Tag Mo. rpasuring Clrontt Tyow Suppller Olasnsion ’otes
21 tews pressure GreasT ORON, Armgturertm diem,: 160 = samitivity: 0,6 8 of
SRAYDN Tube, e
renge: O - 100 bar
v Stems QresBAY wt-af? valve, .
conrected with presmare
g 208
IR 2 tempersture of the Pt 100-rwsistance Staffen dlem. : T cover: 1.a%al,
irmternal Mester thereometet length: le senled Dy compression
screws
therwocoss hesting Milipe dlam. 1o cover: {rcorel 600,
elempnt wilth colg lexgth: 00 .- sealeo by compression
o I 1 X/%-700-30 onld ends: 30 =a xTews and walding
controller, Eurotiwre Input: PR o100,
renge: O - 400 °C, three wirv Uwimosster
conrected sith thy- oaytout: 10 Vesignal to
ristor unit sd dats-logger, 130 ¥ 0
transforeey Peater
TR 203 et hesting of the damle trermocouple naer dles. : im tao thersocounles: ore
stege gurerstor NiCrai langth: 500 s ot one third of reignt,
aw st tw top flange,
cover: lrcoloy &0,
« pole on pin
Teeting taps: 2 = 100 ¥ | Fleischhecker length: 3 e two hesters: st the
WOT and the lower
pazt
comroller, Eurothere ingut: ev-sigral fros
ronge: G - 400 °C twoocaple
utgut: 10 v to dets-
ogy: 1, logle outout
%o solig state ctelay
wwd Doth hesters
A - 204 wwper water level resistance spssuresant | Sergoeu~ lemp is on, if level
indication Foracraurg contact i3 free;
lemp i3 of 7, if jevel
contact |8 lmmersed
A - 208 lower e=ater level reslstece seasuremant | Bergbau- as LA - 04
irdicetion Farschung
v n water refilling, hut-off valve rofer twough-role: & wmtertal: 1.4371
s lrdet mex,pTessure: 240 ber | corvwctiors: R /27,
-ax.tewm. o0 °C ore reeing,
pecuing: greohite
v 23 water refilling, stut-off vaive rofer asvn s v
o8 autlet
vy water refilling, shr-off valve rofet troug-rale: A materisl: 1.437,
s outlet mx. presmge: 400 bar | conwetions: A 1727,
g, tenp, %0 cone screming
v B woter refilling, mg-off valve rofer sy v
mter nlet
v % =gler refilling, sk -off valve rofer throwgh-tole: )} ™ material: 1.4871,
"ptying of the aux.peessure: 100 ber | covwctions: compres-
ttess Quwrator mex.temp.: 30 C sion Krees for
§ m--toey,
packing: gragnite
TIRC 204 tude Meeting frem doufsl - thersacanle Kirzer diem,: 2w cover: Ircoloy 800,
Stesm Quwsetor MiCe-Mi logtn: 500 em + pole on oln
autlet to resctor
inlet
heeting tepe:s 700 ¥ 71e! scrvnacar lagth: 20
controlier; O - 600 °C |Eurotherw Joot: wesigal fros
therwocowple
utput: 10 Y.signel to
dete-logger, logic
astput to solld state
ralay ad Namtas
v tos froe stees hR-off velve Hofer .y 2 v
Qurwretor
aslet to resctor
inlat
v » tWoe from stees mt-of? valve rofer V22 -y
geerstar
outiet to resctor
iniet
v ” Wwoe from stess wtoff valve rofer R r] as v 22
genecetor
autlet to resctor
inlet
w1 stees qereretor full.lift Leser set oressute: 110 Dar
safety valve safety valve,
s0ting losasd

Table 2




DETAIL SPECIFICATION OF SECTION 3: Reactlon Gas
(for saturation with steam)

Teg No. Measuring Ciroult Type Supplier Oimention Notes
PI X1 cylinder pr oT geuge Owutsche L'Afr connections for burn-
reducing Uguice able gases
PIC 2 cylinder pressure pressure reducing Osutsche L Air
reducing valve with diaphrasge tiquide
PC 303 cylinder pressure spring-losded Hochdruck-Redu~ | mex. supply pressure:
reducing pressurs reducing 2iertechnik 250 bar
valve
Pl Jos oas flow pressure geugs, Armaturerbeu diam.: 160 = sensitivity: 0,6 ¥ of
range: 0 - 100 dar range
v 3 gas flow stut-off valve, Armaturendes mex. pressure: 600 bar | meterial: 1.4571
comnected with comnections: R 1/2%
pressurs geuge 304
FIRC X035 qas flow thermsl mass flow Miteig / Bex.pressure: 200 bsr calibrated at 25 ber
meter / control valve Bronkdhorst flow range: 0 - 10 1l/min} with »y,
see calidbration cer-
tificate,
output: 0 - S ¥ dc
v R gas flow shut-of f valve Hofer through-hole: 3 =m material: 1.4571
max.pressure: 250 bar connections: compres-
mgx. temp. : 150 °C sion screws for
& mw-tudes
v 33 gas flow shut-off valve Hofer as vV 32 s VR
v 34 1 oas flim shut-off valve Hofet as ¥ 32 as vV 32
Table 3
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DETAIL SPECIFICATION OF SECTION 4: Reaction 6as

(with or without
blending with steam)

Tag No. Measuring Circuit Typs Supplier Oimension Notes
PL a0l cylinder pressurs pressure gauge Oeutsche L’Air comnections for noble
Teducing Uquice gases and (0,
PIC a02 cylinder pressure pressute reducing Oeutsche L'Alr
reducing valve with disghrage Uigquide
PC A03 cylinder pressure 7 ing-loaded Hochdruck-Redu- | max. supply pressure:
reducing pressure reducing valve | ziertechnik 250 ber
L G Qas flow pressuTe geuge, Armgturerdeu diem. : 160 »» sersitivity: 0,6 % of
range: O - 100 ber Tenge
v 4l ons flow shut-of f valve, Armaturenbeu aax.pressurs: 600 bar msaterisl: 1.a571
conrected with conreccions: R 1/2°
presaure gmOe 404
FIRC &5 gas flom thermal ssss flow witeig / max.pressure: 200 ber calibrated at 20 ber
matar / control valve Bronkdhorst flom range: 0- 10 l/min| with CO;,
see calidration cer-
tificate,
output: 0 - 3 ¥ oc
v a2 gas flow shwt-off valve Hofer through=hole: 3 mm material: 1.a571
mmx.pressure: 250 bar connections: compres-
mmx.tesp, : 150 °C sion screws for
6 ma-tubes
v a3 qas flow shut-off valve Hofer s V 42 as v «2
v a8 gus flow shut-off valve Hofer as v a2 as v 2
TIRC 406 preheater temperature doudle therwocouple Kinzer diem.: 2 ™™ coer: Incoloy 800,
N{Cr-Nt length: SO0 s « pole on pin
heating tape: 350 w Fleischhacker length: Lm
controller Eurotherm input: wv-signal from
thenwocouple
output: 10 V to dete-
logger, logic output
to solid state relay
and hester
v 43 gas flow shut-off valve Hofer through=hole: 3 mw material: 1.4571
sax.pressure: 100 ber connectlons: compres-
max.temp. : 350 °C sion screws for
& - tudes
pecking: grachite
Table 4




DETAIL SPECIFICATION OF SECTION 5: Flushing Gas

Tag to. Messuring Circult Type Suppller Olmension Notes
Pl %l cylinder pressure pressure gauge Deutsche L'Air connections: fgr noble
reducing Liquide Quses and (:0z
PIC 502 cylinder pressure pressure reducing Oeutsche L A{r
reducing valve with disphrage Liquide
PC 503 cylinder pressure spring-loaded Hochdruck-Redu- | mex. supply pressure:
reducing prissure reducing iertechnik 250 bas
valve
Pl S0 ous flow pressure gauge, Armgturendey diam.: 160 nm sensitivity: C,6 X of
renge: O -~ 100 bar range
v 51 ous flow stut-of f valve, Arsaturenbeu max.pressure: 00 bar material: 1.4571
connected with cowections: R 172"
pressuts gmQe 308
FIR 05 ous flow thermal mess flow- Mittig / max,pressure: 200 bar calibrated at 15 bar
aster Bronkhorst flow renge: 0-20 1/sin | with He, see calibra-
tion certificate;
olput: 0 - 5V a
v gas flow shut-of? valve Hofer through-hole: 3 m material: L.4571
max. pressure: 250 bar connections: cumpres-
mex, towp. : 150 o€ sion screws for
& m-tubes
v 53 gas flow shut-ofi’ valve rofer as v 52 as v 52
v b gus flow stut-off valve Mofer as vV 52 s V 52
v 55 Qas flow dosaging valve Deutsche L'Afr | through hole: 1,19 mm | msterial: orass
Liquice sax.pressure: 210 dbar connections: compres-
mx, temp, © 230 ¢ sion screws (gyrolok)
Table 5
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DETAIL SPECIFICATION OF SECTION 6: Filter., Expansion, Cooling

Teg No. measuring Circuit : Type Supplier Oimension Notes
v [ 13 filter stut-off valve Hofer
TIRC 401 filter double thermocouple Kinzer clam. : 2 ™ cover: Incoloy 800,
outer heating NiCr-Ni length: 500 mew +» pole on pin
heating tupe: Flelschhecker length: 3m
1000 W
controller, Eurotherm 1rput: mv-sigral from
range: O - 600 *C thersocouple

output: 10 V-signel to
data-logger, logic out-
put to salid state
relay and heater

v 8 expansion control valve Kimmer sax.pressure: 100 ber materisl:
nax. temp, : 350 ¢ body 1.4571
kv: 0,025 cone stallite
seat stellite

G £03 expansion | valve gesr: Wirmet 220 ¥, 30 cycles, 5 W
L] 603 motor drive
siep controller snd Joens 220 v, 50 cycles
position indicator for 1000 § check-back
potentiometer
v 63 expens jon control valve Wimmet agx.pressure: 100 bar material:
mex. temp. ; 350 °C body 1.4571
kv: 03,0008 |cone stellite
seat |.8122
c 504 exparsion valve gear: Kammer as G &0
L] 604 mator drive
step controller and Joens as G 603
position indicator
TIRC 602 expansion douwdle thermocouple Xinzer diem.: 2m cover: Incoloy 800,
valves outer hesting HiCr-NL length: 500 mm + pole an pin,
tmo thermocouples at
V& aumv el
heating tape: F leischhaciker
00 W (Vv &)
heating twe: Fleischhecker
1000 w (v 83)
controller, Eurothem input: mv-gignel from
tenge: 0 - 600 *C thermocauple
output: 10 V to dats-
logoer, logic output
to solid stats reley
and both heaters
v 64 spansion shut-aff valve tofer through-hole: 3 m material: 1,457,
max.pressure: 100 bar comections: compres-
nex, temp. : 350 °C sion screws for
6 m-tudes,
packing: graghite
FO 608 cooling flow indicate flow rate:

0,5 - 2 1/min

WIR 608 cooling balance for Precise range: 4700 g autput : 1vig
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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 construntion of a steel frame on which the TGA was to be mounted.

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

15.11.1983 - Identification of additional angle steel struts
for the framework according to BF piping and construc-

tion diagrams;

- Check of all 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 1in presence

of workshop and instrumentation group staff.




17.11.1983

18.11.1983

21.11.1983

Continuation of Drilling
Assembly of the steam generator and the reactor

Testing of the computer program with
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

Mounting of the TGA
Transportation of the control rack to the TGA-:ioom

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

Continuation of mechanic work

Installation of the voltage stabilizer and the

main switch by RRL eleciricians

Laying of cables for power 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:

a) 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

b) Training of RRL staff how to operate the steam
generator without the water level indicator




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 without 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 connectore.

- Mounting of the cylinders' holder.




24.11.1983

- Steam generator test 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 350-1100°C, flushing gas 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 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 irregqularities in
the weight loss curve. We supposed condensation of 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
hvdrogen as flushing gas have to be used.

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

30.11.1983

1.

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 cylinder.
Nitrogen is necessary to 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 balance,
heating rate 10 K/min, with the final temperature 1100°C
and isothermal at 1000°C. Both tests without any problems,

data were evaluated and stored on the disc.

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




the flowmeter and built in a bridging tube between the connec-

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

avoid further wetting of the flowmeter 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 next test the gas lines had to be changed again

because of the failing flowmeter: 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
requlators, 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-
gasification 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.

.12.1983

Preparation of a test with carbon dioxide at 31 bar and nitrogen
as flushing gas. These are very easy conditions for the unit
and appropriate for the first tests to be done by RRL staff

without assistance.




- 23 -

- During the test again a failure of the thyristor for the internal

reactor heater was observed. This happened irregularlv and

it 1s unclear whether it depends on the duration or on the

load. Thé 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

performed 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 1lift, 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 discetes with

the three programs, MEASURE, EVALUATE and GRAPH, and additional



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 on this unit. It was recommended that the next test

should be done with carbon dioxide under different pressures, heating

~ rates and temperatures.
.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 Diis~eldorf, FRG, on 9 December 1983,




16.11.1983

18.11.1983
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Frame with the additional angle steel struts for
fixing the TGA

Painted frame and room before mounting




During installation the TGA

19.11.1983

During electrical installation

.1983

21.11
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23.11.1983 Control rack and Computer for the TGA

Left side of the unit with expansion valves (1)

r
condensate cooler (2),

and safety valves (3)

)

x
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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 bucket (4)




Prasad,
Narasimhan

Mr.
Mr.

28 -

Vaidyeswaran,
Sudharka Rao,

Dr.
Mr.

After the final test at 30 bar CO2 pressure

from the left

3.12.1983




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 cegqulators. The general
handling of the computer is descrikted in the manuals provided

by the supplier. The description of handliing 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 measured 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 reaction rates, and burn-off, that means the carbon
consumption, are printed out (Table 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
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.




Flushing gas

Pressure

Temperature

Heating rate

Date Run-No. Sample Gasifying agent ber oC K/min Remarks

24.11.83 0 no load steam nitrogen 11

25.11.83 1 GDK-10 steam nitrogen 11 1100 10 Reversal of the
balance signal

25.11.83 2 GDK-10 steam nitrogen 11 1100 10

28.11.83 3 CGP-21.11.83 steam nitrogen 11 Not stored

28.11.83 4 CGP-21.11.83 steam nitrogen 11 1100 10

28.11.83 5 CGP-21.11.83 steam nitrogen 11 1100 10 Repeatibility
test of No. 4

29.11.83 6 CGP-21.11.83 steam nitrogen 11 Computer error

29.11.83 7 CGP-21.11.83 steam nitrogen 11 1100 10 Repeatibility
Test of No. 4

29.11.83 8 CGP-21.11.83 steam nitrogen 41 1100 10 Condensation in
sample lock

30.11.83 9 CtP-21.11.83 ste-m hydrogen 4] 1100 10

30.11.83 10 CGP-21.11.83 steam hydrogen 41 1000 isothermal

01.12.83 11 CGP-21.11.83{ steam/hydrogen hydrogen 32.5/8.6 900 isothermal

01.12.83 12 CGP-21.11.83 hydrogen hydrogen 81 900 isothermal

02.12.83 13 CGP-21.11.83 | carbon dioxide nitrogen 31 1100 10

03.12.83 14 CGP-21.11.83 | carbon dioxide nitrogen 31 1100 10
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Run No. 49

Evaluation
Experimentail Conditions

Date of evaluation: 30.11.83 ‘ Date of run: 30.11.83
CGP-21.11.83
nonisothermal mode 10.0 [K/min]
Weight of chnar 1nserted 513.1 fmg]l
Height of <cample holder 3724.7 (mg]
Corrected content af ash 1n char (raw) S1.6 (Z]
Content of moisture 1n char 1.1 4]
Total pressure 41.0 {bar]
Composition of the jJasifying agent
JPartial pressure of H20 41.0 {bar]
Partial pressure of C02 0.0 (bar]
Partial pressure of CO 0.0 (bar]
Partial pressure of K2 0.9 {bari
Partial pressure of CH4 0.0 {bar]
Residiue 111.0 [ma]
Carbon 1n residiue .0 {mg]
ritting of the poiynominal

Coerricients:

ACD) = 3.64878553640E+02

ACH) = -3,21620558051E+00

A2y = -1, 2962058833 1E+00

AC3) =  1,51972492935E-01

ARCY) = -1, 1947S4K6565E-02

ACS) = 2.21601579512E-04

ACB) = -4,06303371947E-06
Standard deviation .73 imgl

Shift of time axis -25.2 {min]

Fault of the dyrnamical boyouncy 14.4 {mg]
Yalidity of the polynominal:

Lower dound 25.2 {min]

Upper bound 50.2 (min]

Average ri12x1ng of temperatiure 10.7 {lard/min]
Corrected coefficients:

A3y - 3578673369710 402

ATy = -0, 694779355436 +-00

Table 10




Run No. 9

Time Temp. Hei13ght r’ r’ rs burn off
min:sec gqrd C g -mg/myin AC/min ZC/min pA
25:00 750.0 358.4 3.059 .851 .823 9.596
25:30 755.1 356.6 4.310 1,209 1.167 10.0€2
26:00 761.5 354.1 5.365 1.515 l.459 10.674
26:30 766.5 351.2 6.2473 1.779 1.709 11.468
27:00 7172.2 347.9 6.388 2.009 1.923 12.244
27:20 | 777.3 344.3 7.612 2.211 2.110 13.166
28:00 781.9 340.3 8. 145 2.293 2.275 14.160
23:30 786.9 336.1 8.509 2.561% 2.424 15.217
29:00 732.3 331.7 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 10.124 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 3.25! 22.601
32:00 §21.9 301.3 11.264 2.738 3.411 23.986
32:30 826.6 235.6 11.689 3.355 3.586 25.443
33:00 835.9 289.6 12.144 4,193 3.776 26.945
33:30 839.8 283.4 12.631 4,456 3.985 28.507
34:00 846 .0 277.0 13.149 4.747 4,212 30.133
34:30 351.0 270.3 13.699 5.068 4,461 31.825
35:00 855.83 263.3 14.277 5.422 4,731 33.589
35:30 862.1 256.0 14.379 S.812 5.024 35.427
36:00 865.6 248.4 15.502 6.241 5.340 37.343
36:3 373.0 240.5 16.13S 5.711 5.681 39.338
37:00 876.7 232.3 16.7833 7.226 6.046 41.414
37:30 382.2 223.7 17.427 7.790 £.437 43,571
38:00 3887 .6 214.8 18.062 3.407 65.854 45,809
38:30 3893.7 205.7 18.679 3.083 7.298 48.126
39:00 | 397.2 196.2 19.2693 3.823 7.768 50.520
33:30 1 902.0 136.4 19.32! 10.634 8.269 2.385
40:00 310.0 176.4 20.324 11.525 8.797 55.517
40:30 | 313.4 166.1 20.769 12.505 9,357 58.109
41:00 1 918.4 155.56 21.142 13.588 9.948 650.753
4130 1 3923.3 145.0 21.435 14,788 10.574 53.439
42:00 + 329.4 134.2 21,834 16.12% .23 £6.155
4230 934 .4 o223 21.724 17.613 11.338 3.891

2:00 1 3371 2.5 21.708 19.301 12.682 71.631

3:30 345 .6 101.6 21,561 21.212 13.476 74,367
44:00 349 .4 20.9 21.277 23.399 14,323 77.064
44:30 955.7 £80.4 20.845 25.930 15.234 79.722
45:00 | 960.3 70.1 20.259 28.895 16.2189 32.316
45:30 i1 966.0 60.2 19.50% 32.421 17.293 84.825
46:00 | 970.3 0.6 18.573 36.690 18.477 g87.228
46:30 376.0 41.8 17.463 41,976 19.801 39.503
47:00 380.7 33.2 16.170 43.710 21.310 31.626
47:30 | 985.4 25.5 14,673 57.613 23.077 33.574
48:00 931 .1 13.6 12.987 70.003 25.226 95.320
48:30 996 .3 12.5 11.094 88.581 28.002 96.841
49:00 1000, 7.5 3.995 120,051 31.378 98.110
49:30 1105.9 3.6 6.691 187.811 39.047 393,101
50:00 1o1i.9 .8 4.182 500.218 64.144 99.789

|

Table 11
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