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'I. Gesification in’ suspension.,-~”

_ ghe‘theory 62 ¢ gaszfy;ng in suspension given by Dr Gumz is.-'

essentlally baged on the- rules of heat transfer and the. complete

analogy of heat transfer and: the exchange of materia. But it.is

" ndt quite sure that all those lawa are valid in the case of a. gas
,producer for powdered fuel, because two condltlons are not revular
. in the sense of- aerodynamics. ‘The size of ‘the partlcles is nearly
the same as the thlckness of the boundary layer and on the surface
.'ofthe- partlcles ax heterogeneous reaction "is” g01ng on, produc1ng =
new materia in the gas’ phase, whereby the exchange of .heat and
materla is influenced. ,4 el : S :
.. . The f0110w1ng is to outllne a. method of calculating the tlme
‘requlred for gaslflcatlon whlch ig based on. s1mpler prop051t10ns
“and leads £6 dlfferent results. ‘ : ‘ ~ . ~
' Generally speaklng a’ chem1ca1 reactlon may be influencedo y?
-several condltlons, which are sometlmes 1ndependent from each
Qother& In such ) ‘case the speea of- the process 1s 11m1ted by the
condition requlrlng the longer time In the spe01al cage of the
’Vheat consumlng water gas reactlon two condltlons must.. be mentlone&
‘::1 ) The dlelcultles of the exchange of materla through dlffusn.onI
gfand convectlve exchanne, 25 ) the cond1tion “that the Water~ gas“re'
-actlon can only take place as 1ong as a surface temperature of g
considerable hl”ht is malntained.“‘-

*t

: i The readlness of carbon and steam to pclform the water~ :
,hgas reactlon is. glven by the ooncentratlon factor

”]Thls factor marks a sharp edge w1th the’ abszissq about 800°C and
:pnhereiore the mechanlsm ‘0f the heat ab orbing reactlon on the o

’

3, s absorbed thlspway. Between e
500 and 800 G the surface temperature ‘can be ‘Paised by 1ntens;y'%
:;heat transfer'fo the readlne 8-0: the‘substances‘is‘ videibl;
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‘heat transfer, as long as . enough reacting materia is is at the dls—'
posal. If this. 1s suppossd-a very simple theory can.be derived' x
. ‘Phe water gas reaction: , S ’
063kgc+1Nm3Ho—1Nm3co+1Nm332-29000kca1. |
The decrease of weight W of a particle in dlfferential tlme .
dt: . R : L !

er s aw L 085 .q -«~fm¢e;r=' E
o CesmT T oo T T

where ¢ means -the quantity of heat transferreﬁ %0. the. sﬁrface of
the partlcle in, unlt tlme and. con31sts of ‘the two ‘components: mhe n
heat_transfer~through radfation qR and the heat “transfer through i
convectlon qc. Giving a spe01al example, the temperature of “the _b
steam and, the whole reactor is say 1200 G tne surface temperatur

Aof the partlcle is 800 C, qR would bes"

o 2 10°° w3,9 : 0,5 . 0,25 1200+273 200+273 -
4 fmmj ; chal/sec] ey

The radlatlon is- calculated a8 50 % of the radlatlon of &
."lumlnous flame" of 3 .m dlcmeter,tr01 the immer- of 8-gas’ producer7
\ is radlatlng Les° than a lumlnous flame and- the reactlng partlcle‘
i partlally surrounded by CO, absorbln" Theat radlatlon too.}These
Iactors cannot be glven exactly but the ploblem is governed by !
the predomlnatlng influence of the Stefan—Boltzmann—llnk, con-
talnlng T4, thexefore a wrong egtimation of a constﬁnt factor is
of 1o great 1nfluence 1n thig spe01al case. The other p rt of the;

S g_f,‘7 aw_ 1900 ~Lgog. P : _,',,_,f;; S
'].ch“'ﬁ' Ht . 0,65 ﬂ‘i‘}‘it._ e ,vn;. kw
. R i .
Thls formula w1ll say that only thls part of the surroundlng
“ﬁedfumfi - r -~ v ecﬁfﬁﬁ“ﬁe:f'ffﬁﬁﬁ?er, WOICH. 18- i
taklng part 1n uhe Teactlon 1tse1f for all other: medlum is in- ;J
eolated from the surface oC the partlcle by “the reACtion produc‘sf
H2 aﬂd 00y “which are’ ‘i thig” same oW temperature 88 the surracel
o and’ cannot contrlbutefto the heat surface therefore.

'8 linear elation between ad and 4t is found and on inbegration
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A | | .
. i 2900 ~ ( Tm - TR)
Zsec f'd P Ti32 /4 /TR \4
/I°°' (100)

ig obtalned, where d, is the drameter of the partlcle at the ‘be~"
Finnlnr of the reactlon glven in /‘mml7T i8'the ‘abs olute tempe-

'rature of the steam and TR the absolute temperature of: the
'1react1ng‘surface,/r.Kelv1n~/ R :

" f' Flg. 2 is showing the tlme Z for var:ous steam tembera-x
.tures, when the temperature of the ‘reacting surface 1s estlmated
'1w1tnu800 C ingecorgnce: with “+the” ‘apoves ‘Géscribed- mecnanlsm sof” the

water gas process._(“he objection could be made, that the’ estlma—
:‘tlon of the. temperature of 80000 is a very rough oney. but as may
be seen from flg. -1 the real tempereture cannot dlffer very _much
~from this estlmatlon end the:différence to tbe general result
ig very small 1n corsequence of T 4) (Plg 5)

BN o il

e e

"\ Plg 3 shows the tlme reqplred Tor- gasaflcatlon accordlnﬂ'
to ‘the calculutlon of Dr. Gumz, mentlonlng the dlfflcultlee of
1d1ffus1on only without respect to the temperature of the. reacting
‘Jsurface. The dladram shows a very small "’ dlfrerence between the.

. behaviour of coal dust from 900° t0-1500°C. Thls is not 11kely to
" .be proved.. true by experlence and I- consider the, theory leadlng

.50 such results not as. wrong, but - ds inoomplete aad the worgt- 19‘
that it makes too optlmlstlc pronlses especlally at lower tempe-“ 
ratures surpestlng thls .way. the poss}blllty of & dry process.‘- )

~methods® for the temperature of 12uO°C Llne l marks the- uime re-&
qulred under the supposltion of. a reaction tempereture of 800%- G
¢ ob-the surface of the. partlcles ‘and, line 2° shows the: time’ re—t:gf
"quired mentlonlng the dlfflcultles or diffusion only. Pige A
‘fsays that between 0 and 0,4 T dlameter of particles, the short

“Times Tor gasilfication. promiged- by -line 2- canno’t-be’ verlfled in—w
‘a real process; -for it woul# sinlk. the temperature of the surface;
wcon51derably under 800° C, where the water gas reactlon would be ;
"stopped for Lack of temperature. ‘ L w" S “n.w

Al

‘consequences that 11m1t muet be cons1dered, whlch ceuses th‘
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time. In- flg. 4 the tlmes requlred are marked by the .dotted 1ine.

_ For gas producers heated w1th fuel powder of the:seme quali- ‘
ty as it used for boiler flring most partlcles are below 0,1-mm &
_ therefore the" process 1n gas producers will be- ruled by -the rela—‘
“tions shown’ in Flg. 2y for the dlfqulon Timit glven by Dr.Gumz
will: 1ntersect these lines only au blgger dlameters and very high f
‘temperatures. S i T .
' In order to- av01d the obgectlon thdt the constant surface
'temﬁerature of 80000 is. estlmated too hlgh, fig, 5. shows the
;smallness of. the 1nfluence of thﬂs estimation . at a-gas- ten mpera=:
iture of 1200 C, when the estlmeted reactlon temperature is vary-
1ng Detween 600, and soo°c. L e s S
,“:v Influence of mlneral constltuents.

- A partlcle oF. say 0 05 mm dlameter, whlch came from a particlef
1'oi’ Yomme origlnal size wlll not' behave exactly llke a partlcle oF"
0,05 mm, which' comes dlrectly Lrom the coal m111 The reason of'’
the ‘different. behav1our is the dlffelent oontents of mineral con—l
~stituen*l,s. Mathematlcally thls oontents may Jbe expressed as. a
_functlon of “the ratlo of the dlameter d at the moment when Ob=-..
served and the - orlglnal dlameter d at the beglnnlng Of the pro L
:cess. "It -would- ‘be very: dlfflcult to flnd ‘out” thls “PUnGtion by ex—;
per1mental methods, and the results could not be generalised 'W
because there is always & catalytlc 1nf1uence, especlally when ”,
.bltumlnous coal is’ used but it may e3311y be estimated what thiS’
ﬁunctlon must look llke (fig._ﬂ) If we put the dlfferential :
geouatlon ‘of. the decrease -oF- welght - : g

vabove wrltten dlfferentlel equation must be made graphlcallyv -
awould 1ead to 1n£1n1te tlme requrred,;or complete gaslfioation. Jf
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. Por- practieal appllcetlon of the results in de51gn of gas pro-
'ducers for. synthesis: gas: with oxygen the follow1ng facts must be;:
.vmentloned' The heat absorbing process beglns at the moment, when
1all free oxygen is conuumed. The temperature t lS an average onef
between—the temperature of the. oxydation zone and the end of the- 1

gas way. o : o . : :

II.)The "£elldwg space theory" =~ “,;v)f‘gfﬁLJ
- and why it g no% appllcable. L -

 Very small partlcle '51nk extremely slowly in the medlum they are;
15uspended in and there’ ould be suﬂgesteé that the watergas reac
“tion on “the surface 01 su a. small partlcle mlght be ;n extreme—i
.'Iy slow one by “the. same rea on._z e -

_ In order to brlng thls thoug t 1nto a mathematlcal form vie'
-can assume that. the . surface . is reaC"nwaJLh—a quantlty of - steam
_only which the partic.



II. The "falling space theox
’ ana why Tt is not appIIanle.

‘Very small partiolu sink oxtrenoly olowly in the medium they
are suspended in and there could be suggested that the water-
_8as reaction on the surface of such a small particle might be
an extremely slow’ one by the same reaaon. L

In order to ‘bring this thonght into a nathematioal foram we -can
assume . that' the surface is reacting with a ‘quantity of steam
.only which the partice is able-to touch physically.This quanti.
*tg gi roagting med:l.un per unit time. is oontained in- LY cylinder
0 8 ‘volume

v = ._, d a[mms/fef/

wherein & is the ‘diameter of the sinnng particle 1n m and u
:18 the sinking -speed in mm/sec, ‘
“the sinking speed u of particles.between 0.and: 0,15 am-can - be

given with’ satisfying accuratoness by the. parabola ST

u.,];(ﬂd S ¥ . .
whauf i) depends from the toughnes of the nediun,itl tenperatur

and the specific weight of the partiele.'meretor
V=7 Juyy- L isfoyrd*

“Assuming a temper ur 2 of 1200 °c the normal contents of the S

tallin.g ‘8pace: would be - il

V= 1950.a% (mm3/sec)

-;\Pplyéﬁs the equation for ‘the water-gas reaction in an\adequate
ransformation .
A 063%[ */’mﬂl//” /”ﬂm ” +/¢nm Cﬂ /ﬂ //500W

‘the decrease ot weisht 18 d// = 043, /567 al*’ R

,Substituting the decrease ot we:l.ght by the decrepse of d:lameter,i,
e ‘/,/..ja‘.'é J”’sj»._ d dd _ .
2 tdE
the complets diff’erential eduation 1s -
P Fd G =963, 1950. %L 3
’ This equat;ion can be solved by separation of the variables
| -3‘54;-:——2—'0534”“/;‘ R
'and by integrating hgth s:l.dea ‘ ,/ T
‘ HE(FT) TP
,where de 1s the. diame€er of. the particle. at the end ot the time N
-t-and -dp is-the dlameter at the: beginning of time't. :
- This formula’ means that a ‘complete gasification requires 1ntin1te
-time in’ -any case and. in.order: to make the formala: say anything
~about: the difference" ‘between the gasiﬁcat:lon of big and small.
..par.ticlea&he-assunpt-ion&mde»thmn“o -
: weight conalsting mainly of ash is tolerated.Then
dy=d,. 59?‘ - d 21546, T G- = L1504
and a _:ve\r\y”isi 1

represonting a: hyperbolio‘ law,
_.Fot a temperatur ot 12009(!:*..: »

f,;fror 4.dlanetor 4=0,1 ma.this would-be 16,5 secs



-The result 1s that the time required for ,gasification increases -
rapidly with smaller diameters and that an increase of. the medium

temperature would cause an increase of time required.Jt is quite

clear that this law would be applicabe only below the diameters S
where the hyperbola intersects the line of ‘the minimal surface ~ .
temperatur, (Fig.8) 1.,e. below 0,5 mm,but even than it would make .
the whole gasification of powdered. coal impracticable,for the . "
maximus of ordinary fuel dust ist below o, mm, .= . o L
-But_even in the realm of small ‘diameters ‘the theory of the falling
space is not applicable because: 62 the following reasons: . .-

'1.)It 48 true that the sinking pxxktaia speed decreases rapidly.
with the diameters of the. particles,but at the same time the ' L
reaoting surface per unit. weight of fuel is tending to an infinite:
sice and therefore-even a small transport way of materia causes

cousiderable results, . . = c T T A e

2,)If the sinking speed is. very emall the mechanism of dirfusion . :
will “4nterfere and it is not. necessary,that all reacting steam ...

s “touched physically by the sinking -particle.fhe basic assumption
of the contents of the "falling space" readting only is too pes-
simistic therefore. .~ ~ =~ - - L T
.3:)The volume of the falling space was calculated under the cone: -
+dition that the particle would sink stghtly down:In fact the '~ .
relative way of a particle through the medium can never be a . -

~straight one,but in consequence of. the turbulence ‘and the .

Lo

phenomenon. of "Browns -motion” the real way and: therefore the
--falling-space -at the same time’ would be multiplied especially: -
. at higher temperatuts. . ..~ e e L
..-44)In the Berlin experiments :screened particles were -gasified - ..
and an increase of the time required for small particles was . e
‘not observed,quite the other way,small particles:showed a 8lightly
better behaviour,-ihe consequence that an increase of temperatur
--of-the-steam would cause an inocrease of time required was mot: i
observed to0o0.An increase of- temperatur. showed a '*c]lea: reduction. .

~<0% the time required in. any cases .. .. ... - .- e
- 5.JThe results of this theory would be in contradiction Wi

et
LR

| th the
-experince of dll chemists using fine grinding and high temperaturs
L to .gc,c‘:e{lerat_e‘ the“teactipns. B I R N

,j‘y ... 111.The Berlin experiments, . . ' . ‘
1\ fik The followtng experinents were ‘made dn Berlin in 1940/41 with.
RN small experimental .plant-diagrammatically shown in- the attached

.t Tuel:Powdered bituminous -coal from middle Germany. (Geiseltal - ...
;. near Merseburg) with about 8% ash contents was used.The wat
WA evaporated beroYe the experiments. - i s
- Description of the ‘apparatus:A kikkis small gas fired ‘botler -
,produced superheated. steam at 5 kg/om2 which was.reduced to:
atmosperic pressure.The steam entered an electric . preheater(4)
The last stage of this superheater was made of platinum wire =~
-wound -through the holes :gr;;a ‘ceramic filter and allowed a steam
‘temperatur up. to 1200°C, han -the steam entered the.react or_consis.
“ting"6L A vfefi;;:l-cal;;-.;ej;eel‘,;,:tube.uwhich'.;;.waa;whvoated..;by»alow;_vol~tage~* e
.current.+he.tube. mater L-Wwas-a-steel-composition with Si;Cr-and"*
Al (Sicromal) which can resist high temperaturs and sulphur . .
‘corzosions.the tube was € m long an when heated to 1000°C.1%

WY




" grew longer by 10 cm.At such a high temperatur the steel tube

‘would sink down under its own weight and therefore it was to.

be £ kept in tension by two counterweights. RIS P
The steam entersd the reactor tube through a filter and immedia-

tely above the filter the fuel entered the tube.The feeding - .
apparatus(5) consisted of a small coal bin,a: feeding screw and

a tube below the feeding sorew in which an axis with spikes was

- rotated by a motor in order to keep the dust in suspension and . .
- to maintain a continuous flow of the coal Gust this way.*he . . -

“:further transport of the coal dust .into the reactor was carried

"out by steam of about 150°C. .

After the reactor was passed,the "steam and' the reaction products -
had two ways controlled by the tube switch (9) .Firstly the: E
measuring equipment consisting of a dust discharger with Rukx -
filter(10) and a condenser for the steam;secondly a by-pass -

.with a rough discharger only.

_ The reactor tube was.carefully insolated by fire-clay,asbestos— -
“and'slag wool.The whole insolated -tube was covered by a. sheet .

iron tube of 500 mm g.

T T e S S v

k)

-Operation of the plantsOn the evening the low-tension transfor- L
-mer(7) was switched on to heat the: reactor during the night.: '

The temperatur was registrated by a writing apparatus co‘ntr‘ollklinig .
the temperatures of 6 spots of the tube at the same time ‘and
writing it up in differnt colours.In the morning when the tem~

- peratur scheduled was nearly reached the boiler was heated and .

~-the coal bin was filled.When the boiler gave steam the -tube’swit_bli

9) was put to connect the discharge pipe (8) with the by-pass. .

" (Different from the position as shown in the figur)Than the whole

- equipment was regulated to normal pressure and: temperatur con-

ditions.Than the test was started by switgching on- the feeding -

., apparatus_and Jputting the tube switch into a position to' comnect: -

the discharge pipe with the dust-discharger as shown in the- 3
figur,The time of ¢peration was about 30 minutes .When the coal .

“"bin wag cleared &ll electric energy was switched off and the .

dust -discharged was’ removed and cooled immediately being very
reactive.Gas samples were taken before the gas had passed the

- filter and sometimes after the gas meter as a control only.

“Ine proper-working of the plant was controlled by.caleulating
- the material ‘balances.(Carbon in fuel=carbon in gas + carbon. .

. in@ust recovered)The losses were found to be below;lo%',genq;ja,],’ly

~-about 5% and-most-1ikely due to the smallest partioles which .

are difficult to be discharged completely. -

The experiments: ' - . . H .-

“1.)Powdered bituminous coal of a ‘composition as 1t 1 used for |

._.cnmbuauon.;inubou’er;housep&w&sﬁquﬂedﬂiaﬂmwbeivvfmﬁ

‘mm' ) ‘Operation temperatures 800,900 and 1000°C.The results

..were compared with the results of ‘carbonising the same coml
..at the same temperatures.The -quantity: of the steam was-allways -

"~ complete:

very high and about the double 'quantity mssdag required. foxr - .

asification of the fuel.*his was done to become free -

~from. the';f?gnﬂuenc“‘e ‘0f the varying composition of the medium

- along :the reactor.

eaconly

__Results:At 800 'C.ondy. the volatyle materia. was gasifiedyand agx-

--nearly the same -results: were obtained as when the coal was
~heated in am

china potyat 800"C.=At 900 and 1000°C the attack -
he. fixed .carbon could.be clearly: observed,but -

£ the stean

 the figured according to the diffusion and heat transfer. border:

o)



.was found to .be too optimistic.C

e

omplete gasification could not '

'be reached and the discharged dust ska was found to contain =~
-about 40% of its original carbon after having been suspended o
for about 2 seconds in pure steam ‘0f '1000°C.The. whole idea begine

. Yo become_interesting at temperatures only which are considerab-

- 1y above 1000°C.

The dust recovered was screened and the. samples of different .

grains were examined . seperately “in~order to- find out the different

behaviour of the particles of various sice.No oorsiderable differ-

ence can be found and the increase of the ash ggntgnts ‘8 nearly -
[P R o

-.equally distributed over all sis

- 2,)Thé powdered bituminous coal was soreened and the seperated
sizes of particlees were gasified seperately.A set 0f screenes

. wag-used’ containing wire screens

with holes of 0,03 0,06 0,075

0,09 0,12 and 0,15 mm squ.The ‘best .results were. obtained with. . -

the smallest parttoles at 1000°C
ned about 20% of the original ca

-the gas samples showed no difference ‘between the various sizes

.whepe the dust recovered:contais-
rbon contents.The analysis of

-of the.grain and the composition of gas was determined by the. . =

~temperatur of the process only.This would be to xxgaf suggest :
the constancy of the surface temperatur as it is desribed before.

"After all the "falling space”the
-according to that theory a bette
barticles was to be .exspected.(E

ory does not hold good because
r gasification of the bigger .
veh if there is admitted that . -

-the resilts cannot be exspected to be as clear as the hyperbolic: .
‘law of .the "falling space. theoxry" demands for all results are -

~a-1ittle covered by the inflienc
~there must have been at least a

of say 0,12-0,15 were gasified instead

e of the volatyle f constituents -
slight improvement when particles

and 0,03 mm,but) quite the other way:Small mk particlesgh

;,allways@ result than the

v,,s;;ch,.'_.eipé'z"iﬁ'ehfs,:.woﬁla ~give-m,Ax‘;.iin;ere'st,ingw sight- into-‘the -mecha--

niesm of endothermal reactions,if

‘ditions i.e.mainly between 1000 and 1500°C.

they: *are,:;oggrated at proper con-
exe i a simple way -

‘to make this but it is of theoretical interest onlg:Ae in Fig.9 -

‘is" shown natural gas or the:like

is ‘burned by pure oxygen in a

combustion chamber and the flame is cooled down by steam.This - ’
Tay .8 gaslfying medium is generated consisting mainly of steam

and Xk small quantities of' CO'and CO2.Into this medium’ the p
'«dex;pdwfueldsffted-:f'anda--':the_j;'adjo;q;‘p‘gg"tubulhrf"‘réﬁ'dt’dr“fq‘opaistp e
0f tubes made-from a fireproof material «An -external heating must

be applied if small diameters are used and the best way is to ...

put -the reactor into a furnace which- is filled with¥ orushed"
fire~clay.The exte:nalj*.heating» can be. xun by using the same -
natural gas and oxygen as. it is mamk burned. in the combustion -

chamber and the porousnes.of the
‘made-from wil troubles

materisl where. 8...
-fox -there isg- nearly the same

PON" W11l Gause no.t 26 -10X" X
composition of the gases neide and -outside the reactor. -
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