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Gontributions.TorThe Gas Producer Theory.

Contents: Based on exact gas analyses and temperature measurements

in the bed of a gas -producer it i1s stated that the heterogeneous producer

equilibria do not adjust. -~Ideas are given to papers dealing with the con-

.trary opinion, It is further“tried to explain interferences, in gas pro--

ducer theories by the difficultiss of exact measuring, and sampling;andaa&so

to_evaluate model experiments. Finally, measurements and calculations of -
Wthe homogeneous wvater. ges equilibrium and the heterogeneous Boudouard equi—

librxum are represented o cff:t-. DN R N

In the Uhited States gas producers for complete gasification of solid
fuels are not as widely spread as in Europe due to the development of small
Diesel engine units and cheap hydroelectrigmpomer and due to’ the use of
blast furnaoe gas and coke oven gas fqr heating purposes in steel mills.

-chordiﬁgﬁﬁofﬁlckermann* in the E?ited States there were until 1936

R
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installed about 3y 800 mechanical and about 1, OOO hand—fed producers onlyr
Nevertheless the literature on this subject shows that the industry of the’
United States 1s not only interested in investigation ‘and improvement of LT

all types of gas producer apparatus but also in any kind of research work on

v__/
the physics and chemistry offthe gas-producer processes.

o v

The fundamental reactions- of burning solid fuels on grates and stokers

R _

are the-same as they ocour in gas producers Each grate firing may be con—

e

.......

tions of the gas producer. Therefore all research work on. the mechanrsm, )
- . /—“ ----- ,
the kinetics and thermodynamics of the gasification processes stimulate

1nvestigations and improvements to the coal burner and furnace ind.ustry,T

[

Our knowledge of the rates of the gas producer reactions and ‘of - the

order of succession of the fundamental reactions is still very small in spite

! \ ——

of the importanoe of'the coal utilization and in spite\of the fact that
e e e ‘ :
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the chemistryrof;the carbon,reactions,has‘been’invéstigated f'ro'm.'.t_he'“early.~
days of chemieal science. | ¢
The aim of the gasification in gas'producers is the. manufacture of"gases,

.the calorific value of’ which is used in power engines. and industrial furnaces

— ! -

'The princrpal thermodynamic constants. the molar change in enthalpyvand EE- QU

(r""— X .wu..«mr.-u,\" -~
-

free energy of the gas producer reactions are’ known with high accuracy. These(

'-reactions are reversible and lead to chemical equilibria, the values of Wthh
: are depending on the temperature only. The equilibrium constants and their ‘

change with the temperature are’ also well known, The gasification reactions

fcan onfy proceed until,the compositions, given by the equilibrium-constants,

are reached The speedﬁof the ‘chemical - reactions 1e very slow at temperatures

o
.,below about 530 - G the beginning of incandescence,_it 1s measurable by the

laboratory methods ~available at. red ‘hot temperaturesnup to .about 850 C. and

t

it becomes practically unmeasurable fast at the highest producer reaction

'temperatures of 1200 to 1500° G._ In practice xhe gasification and combustion
_ : -

.rates consist of the rate of the chemical reactions which are practically
.’infinite at high temperatures, pius the relatively slow rate of the physical
,processes of the transfer of the oxygen (air) and water vapor to the carbona-
ceous. surface and the transport of the carbon oxides from the carbon surface,‘
’plus the heat transfer byrwiiation, convection and conduction in the fuel‘bed
These phys1cal factors and thelinfluence of the size and shape of . the coal A

‘l

particles and the voids determine therefore practically the combustion-and

gasification rates at the necessary high-temperaturés in fuel beds.

,' Ehe adJustment of the equilibrium of the most 1mportant heterogeneous
“gas producer reactions C f.Coo '*“”ﬁb 2 Co and C. % e Hg - be—ﬁas

frequently studied with the result that -these equilibria do not adgust with

qrespectrto~the—temperature—-f e-fuei,__It—was:fnrtherrstated::that an- app ar=

ent adgustment takes place when-the gasifying agents leave fuel zones of hlgher

2.



;temperatures, at ‘which the adjustment is incomplete, and pass through zones of
lower temperatures, so that the adJustment seems to’ be accomplished at the
lower temperatures. This theory is well founded by measurements and calcula—

tions and most . of the papers and books on this subgect share the opinion.

" One ofwthe recent measurements of W. Horak* were carried out in the ges

[

works of Vienna and presented in order to become Ph D, ”Eﬁgr at the Institute
____________ L L e —————

of Technology of Fuels at B Vienna, where I was employed “as first asslstant
Together with W J Muller I published** own calculations based on the experi—

mental measurements of Horak,lwhich I am going to present here. The reason,l

-

of occupying w1th,the.theme—is,‘besides of 8" general interest touthe gas
industry, ‘that in later published papers. foremost by W, Gumz***, recognlzed

as one of the first specialists on this subgect and by S Trauetel**** ‘the
opinion is still.spread. that the adjustment oiﬁheterogeneous producer equilib—

rium takes pl ce and that Just the above mentioned Viennese experimental works'
. .
bre used - by W. Gumz to demonstrate the opinlon in contradiction to. the precedp-

‘irig explained theory, It shall be premised, that the methods of. measuring

—J

temperatures and sampling gases used by Horak were adequate to modern demands,‘

‘Each temperature valug/gep;esents a mean value of numerous measurings—at. the

‘same p01nt of zone and of the same operating conditions and the gas- samples

v

e

wvere drawn by means of a narrow sampling tubes. water cooled»as far as the

: top, so that practlcally no changes of gas compositions have occurred during
_r S - - :

‘sampling. ' L _

' ‘ ~_

$Ze1tschrift der osterreichischen Gas - und Wasserfachmanner 73, 170(1938)
**Brennstoffchemie 20, 241-246 (1939) '

and .
w.J. Muller and E, Graf, iext Book of the Technology of Fuels—;Vienna,
Edition H. DEutlcke 1st Edition, 19:39 P. 332—-336 II & III Edition 1945
p. 352 - 357

*£¥ﬁandbuch der Brennstoff und Feuerungstechnik B

“Editio - = S
”11**Verbrennung;rvergasung*und*Verschlackung, Dissertation, 1939—
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The ceross-sectional-area- ofntheegas_producer~and—the«results—of-meesur~
1ng are shown in figurell and table l containsthe analyses and readings :
feccording to figure 1. | | -

The producer,‘system Marischka had an inner diqmeter of 3 n and .an
Ainner height of 3.5 m. The producer Jacket consisted of” high pressure boil-
ing tubes, which were connected to the adjacent tubes by spacers welded to

the tubes. The gas coke contained 11 5% of moisture and 9. 3% of ash. The

water and #sh free coke substance consisted of-«%mmwmm Lo
0.8% -

.2,8%

C.= 96.0%" o S

E= 0. 4%‘”"'” TO 4N

with;a gross.thermal'value of 7930 calories per kaz.

In order to discuss the measured results it is proposed to put the gas
analysis at the right side of an equation end %o make the sum of the ges
percentages by volume equal to 100 gram moles of gﬁs. The consumed carbon _

'and the introduced gsses, oxygen, nitrogen and water steam,_are eas11y to be

SN

alculeted by means of the- stoichiometry. The amount of water steam on the.
‘left s1de of the equation is obtained by adding the hydrogen and water con-

tents of the gas and subtracting the hydrogen content of the coke Thus,

‘-

................

by calculating the oxidation and reduction reactions, the heat evolution

b

RS

.and heat consumption pertaining to~ 100 gram moles of Zas. is obtained for :

each of the" zZones of the ooke bed, "As the cslculations are based*onwthe o

et

gas composition of zone 3, . the change in volume in the higher zones can be .-
B R e "\_,._
obtained by considering. that the introducei nitrogen volume does not chsnge

pas51ng through the fuel bed Therefore the gas analysis of the zones 4 to 8
of table 1 can be converted into goes compoS1tions with 58.0 moles of nitrof -
gen by multiplying the gas moles with the factor 58 O/N vherein N, ,-means

bHe nitrogen volume and the nitrogen moles respectively—in the equation of

X \

;he zone X. The obtained equations are the folloWing'

6



Zone 3 f~ distance from the ‘ash_ zone 20 cnm.
'240710611 ,1142 0, ,llss H,0- ,lseo Nz
= 112002 4 0.7 - oz,tlzeco,l 8esa,lesHo,l
% 58.0 N # 990 calories per 100 gran. moles .
Zone 6 i distance from the ash zone 70 cm. o

,. ‘factni B8:0 = 1.096 |

"Nz,;e '

szec,l 085H2}13802,£1675 Hzo,lssoNz:

7002#010271282 co,t131 H ,t ~45~H20 4

£ 58.0 Né 4 673 calories per 100 gram moles
- Zone 7f(practically equal to Zone_8) o) distance~£romﬂthe ash zone"
QQ'and 170 cm respectively,vfactor 1;112
35,5 6%¢;o~-9 H, # 13.4 0y 4 16.7 H0 4 58.0 1\1‘2. :
":36002#3190075132H2¢44H20¥580N2¥
4 57 calories per 100 gram moles. '
The calculsted ratios of the nitrogen volume to the oxygen volume in
these equations. is about 4.2, wﬁereas the theoretical ratio is 3 8 f;is
'discrepancy is not surprising as it is well known that the accuracy of the
vanalytical determination of nitrngen in combustible gases is a relatively d
‘low one’ because the nitrogen content is determined as the remainder of the

Dt

gas sample and the errors .of analyzing the soluble and combustible g£a8 COm»-

panents go partly into the. reading of nitrogen, " This discrepancy causes

an 1naccuracy of the calculated temperature, heat and chemical equilibrium

adgustment_of up to.about 10%. However, the conclusions drawn from the'

Y—

. measurements are:gpt'influenced sgpstantially;“;~

The heat evolu{ionmof the.reactions for example?in zone 31is obtained

——as—follows:



_ﬂﬁ__illz c 4 IT.E 02::_w11 o cgu_*_nn__m.fLIﬁIﬁEQ?EﬁEI“"i_lOBTﬂRIt

2) 4. 6c{ 2. 3 0, =" 4600 4 - +23x58.6" 4 135 O

2
2) 8&2.0 ;} 8.2 Hzo': 8,2 co £ 8.24H2 - 8,2 n 28.3 " - 232 v
| L | ) fiwo,;vug'v;a_ T dam ; 990 "

'In tnble 2 fhe results of calculations for.zone 3, 6,’7/8 are repre;ﬂi
”sented ' Golumn 1 contains the .number of~zone. columnuzﬂthe distance in cm
from the ash zone, column 3 the gas volume expressed in grém moles, column

4 the gasified carbon related to the gas1fication state in zones 7/8 as<

~ equal lOOﬁ- Column, 5 shows the water: steam decomposition in per cent of the

Mentlre steam of 16. 8 gram moles per 100 gram. moles of gas.. Column 6 contains

—t

...... =—— ..-7;___,»-\_ fame

) the heat~evolution—a?d heat consumption respectively in the zones. ‘Column'7

. shows ‘the celculated theoretical‘maximum“temperature whereby—the“preheattng=nf

B |

coke and alr in the zones is taken into con81deration and cnlumn g8 the measured

e

temPeratures in- C ‘ o Lo o ' i A\\'

.-Tapleﬂz;%mReaction“processes in a gas producer 2

PR . - —_—

1 2B 4 R - 7 8
e . ~ Gasi- Decom- gal . P T OQ
Zone cm Gas - fied =  posed . per Calcu- = _ Ob-

moles : H203_ .'IOO,moles"' lated . - served

3 20 " 100.0° 67.5 49,0 4990 1430 1340

6 - 70  109.6 95.5  73.1 , = 317 1026 1080
~ L. . o B ‘ _ o
w/s  90/170 - 111.2 100.0  73.5 - 97 8w -~ -- 820

- o e e e

The columns 4 and 5 of table 2 show that two thlrds nf the entire Zasi-

S r——

flcation processes of the coke carbon and two—thtrdS'of the water sﬁeam decomy
pos1on (49 0/73 5 = 0. 67) take plaee in a 20 cm wide zone ‘ Above zone 6 with

;a measured mean tempereture of 1020 C, 70 cm,from the ash zone, the steam.




aiecomposion—as completed~as—highras—190%—and—the—gmsiiication~of—carbon_by

carbon dioxide reduction is also practically finished with about 96%

) In table 3 the constants of the homogeneous watergas equilibrium and the
heterogeneous Boudouard equilibrium are calculated for the measured tempera-.
-tures (columns 4 and Sf_ond compared with the constants which are’ practically
'obtained and_measured by =Zas analysis invthe zones of therproducer'(columns

3 and 5). - P L P,
The data of table 3 show that the equilibria hav'e’naf ad justed within

the producer Zones. In zones 3 and 6 respectively, the watergas equilibrium
is approached_with 36% and 94 respectively and the Boudouard equilibrium

" with about 0.01 and la resPectively.: The apparent app*oachiﬁg oi—the—wates—
zas eoullibrium in zones 6 and 7 has to be explained by the relatively rapid

reaction ‘at the higher temperatures of ‘the lower zones and, as the equilibrium"

e

.constants become smaller with lower temoeratures, the<obtained £as composition

accords then to the-lower temperatures of the higher zonesM .

The high carbon monoxide content of 12,8% in zone 3, 20 cm from the ash

’—

zone, seem to correspond,to ‘the theory of I; Mayer, V.rShivonenvand others,
concernihg the primary carbon reactions maintaining that'both carbon monoxide
and carbon dioxide must be considered primary reaction products of coal gasi—

fication, whereas older theories before about 1920 assumed carbon dioxide as

the primary product only, which rea cts with the carbon to carbon monoxide in

cmIp

‘a secondary reaction.t The data determining the gasxfication rate in the investi—

gated fuel bed are the following,

The active coke zones with an overall depth of 80 cm and a cross sectional

area of 7 O souare neter had a volume of 5,6 cubic meter. The bulk den51ty of

the coke was 0:6° tons per cubic meter and-the-size distribution of ‘the coke

particles:
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6.5%- | below 5 mm‘
The anpsrent speciflc gravity of the particles ‘was l 38 tons per cubic
meter. The coke volume in these zones was 2 45 cubi; meter and the weight
3}36 tonslr The vold volume was about 3 15 cubic meten,._ssoo cubic meters

of £as were produced per hour that is<2,35“cubic meters per second The

‘,~—-—-

mean gas veloclty in the active .zones with‘the “““ mean temperature af- about B

1000 C was about 2.8 meter per second and the time of contact 0. 28 seconds.

\

As the smallest free void cross section was about 7 of the entire producer
/ .- e
cross sectional area. the effective maximum gas velocity was 22 meters per

_second at an air pressure of 150 mm head of water. This was. the nptimum gas

velocity using the mentioned coke sizes, An 1ncreaSe of gas velocity would

- .
»

have 1ead to a higher mean temperature of the actlve zone, causing at the
isame time a deterioration of the gas quality by the ‘phenomenon that thz\gases'
~ pass more and more through paths of less r631stance in the fuel bed.

In the following the procedure of computation by W, Gumz-is shown, who
applies gas analyses of.W, Hbrak to demonstrate the adjustment of the £a8
_producer equilibria, adopting calculation methods of S, Traustel* who'based
~his derivations on the preceding work of T Gerasoli**

Acc;rdrn;—to w. Gumz. the calculation 1n advance nf the nine fectors,

_determlnlng the gasiflcatlon nrocess is possible, bec ause nine equatlons are

*Traustel S. Praktische Berechmungen von Vergasungsgleichgewichten (Practlcal
Calculations of Gasiflcation Equilibria) Feuerumgstechnik, 29, 105-114 (1941)

**Cerasoll T, Il caleonlo. della composizione del gas misto o
(The Calculation of Gas Mixtures) Ann di Chim. Applicata 713, 257-270 (1923)

u—
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-availableT_—The~unknownl£actors are_the_six_components_cf_the_obtained_pro-
ducer gas GO, 002, Hé, CH4. Héo. and Né, the reaction temperature, the amount

of gasifying agents per kg of‘goke and the obtained gas volume.‘ S. Traustel's

,nine equations ares __ . ..[w S " : -

D Voo # Vcog' £ VHQ_:%“iYeﬂéiiigvVnzo_'¢_ W, T 1
2). The carbon balance . , R

;-3) 'The_bydrogen balance

‘4)' Tne'oiygen balance
5) Tbe nitrogen“balance

6), The Boudouard equilibrium
7).‘Thelheterogeneous water'gas equilibrium
8) The metnane equilibrium
95; The heat balance ‘
The follow1ng way of solution is given by S. Traustel ihe reaction
temperature has first to be estimated, later used for the calculatlon ‘and

o r— . i—a—.r'_, e )
after finishing the calculation the obtained temperature has to be*compared

with the assumed one and if necessary must be corrected for an other ‘Tun.
~The CO content shall be assumed and the 002. Fé and CH4 - content of the gas

calculated. The control computation furnishes a GO - content, which should

e LTS

*coincide‘with the assumed value, The exact co’ velue can be eliminated zraph-

1ca11y in a relatively short time by means ofva diagram With-the obtained

factors the H O content and the, Nz content and finally the amount of the
gasifying agents and the obtained gas volume can be calculated.

— W Gumz chooses the following four reaction temperatures o£_700, 750,

800 and 900 G and obtains the gas compositlons of table 4.,



$ablef4
Gas fompositions Depending on

Assumed Reactxon Temmeratuyes

200’ 750% e’ - 900°¢
co 27.3% 3_:,,3%' 35.6% | 38.0%
"002 6.4% 3. 6% 1.7% 0.4%
Hy 12, o% . 13.5% 12,79 12,8%
cH4', 0. 26’~ o 1% 0,1% 0.0%
HO LB% 1 14 B 'ﬂo_.—s% , Q_.z%
N, 52.3% - 50.,4% .49.3% 48.6%

The reaction temperature’can be determlned-using the equation of, heat

balance.
Ce

Ce

Ec =

G..

Eg

By

e

»Hc =

"gasifylng agents nm* per nm

= enthalpy of the produced gas in calnries per nm

Hc # Cg x Bc £ ¢ x Bg — Hy, - H? EP
carbon gasified per nm3 of producerigas

thermal value of.carbon .

e

enthalpy of carbon at the assumed reaction temperature

3 i of producer gas

enthalpy of the gasifying aeents of thé temperature of. entering

IR o

the producer

et L I

= heat lost by the producer, estimated o 8% of Ce x He

'net«calorific value -of producer gas

3

b
t

The_ enthalpy Ep and the left side- of ‘the heat ‘balance equatlon, both

plotted as curves upon the temperature abscissa intersect at a p01nt which 1is

_the reaction temnerature in question.l The theoretical gas composition pertain-

ing to the obtained reaction temperature of" 721 G and to a steam saturation o

13



temnerature 01 57, b b 1s comparea 1n"Table“5—wtthfthe—gas—anaiyees—ef—the—

producer.gas obtained by W Horak and other analyses obtained by F, Plenz*

ey

and by K. Neumann**'

Table 5

Coggerison of Measurements and Calculations

1o P ¢ 7 s . & . 7
Values Measured wy | Values Calculated by
Plenz - '~ Horak - " ‘Neuhann' - Gumz
Steam Satura-
tion Tempera— - i
ture o _ S ' . : o .
| c 57.5 - s9 58.4 | . B7.5 ..
- T - g
dry dry - moist dry ! ary : moist
500 . | 29.8 3.0  28.6  30.1 |°29.9 29,5
4 co, 5.17 - 3.4 3.2 a4l 5.2 5.1
$E, 12.68 12.4 12,0 12,6 | 12,4 = 12,2
% CHy 0.4 - . .~ o8 ! 0.8 . 10,2
% Np | 52.43 54.2 52.2 - 52,4 | 52,3 - 51,5
S — T T S | :
%EO . h— - T o 4.0 SN 1.5

,The conclusion of W. Gunz 1s that the'celncidence:between calculation and
'measurement'is a very satiéf&otorYione'aﬁdkthat this coihcidende shows bet%er

"than it can~be done by temperature-measurements and gas analysis 1n the fuel

e’

’bed and bJ their comparison with the equilibrium constants, that the producer

~gquilibria were adjuetedueffeetively.;' B

JR— S
[ES——

=....

*Leistungsversueﬁ\an einer (Koksvergasungsanlage) auf. dem Gaswerk Berlin—
Neukolln (EBfficiency run wifﬁ a coke gasifying plant at the ‘gas works Berlin-
Neukolln) Feuerungstechnik 15 232-234 (1926/27),

-——~———**Bie—Veran&erltchkeit—&e@=6asphase—in—Gasgenere%er———(The—ehaageableaess—
_of the gas phase in the gas producer) Z VDI 58 1481-1484, 1501-1504, (1914) '

e

'714




Indeed, the calculated gas composttkm in columns 6 and 7 of Table 5. are
‘ accurately adequate to the 721 [¥ equilibria constants used by W, Gumz, and a

superficial comparison of the GO and Hé contents with the measured values of

_Horak seem to.support this opinion. Nevertheless the calculation of the equi-

.librium constants based on the analysls of column 4 gives quite different K

-vnlues'
Comparison of" Equilibrium constants
‘EéierSéEnSSGEW”’=" 7 K values of Gumz's analysis f:K yalues -
;Equilibrium o R ' column.7 - . Horek's analysis
' ) a | Column 4
Watergas h » co) o o
» Z ¢ )(Hé) 2,40 E,,w = 0.80
“p.W -, P ‘
(—-———(ng) B
Boudouard = L Kb,B‘ - _(Co) = .1.80 o Kpsg = 2.60
Me thane 5 'S | . (CH,) o - i
: SpyMo M4 Z0.10 Ky q - O
s e - _ ’

e

. _ .. - ‘ - .
The water'steam decomposion measured~by HOrak‘was 74%, a’plausible'valuef

P e e

whereas the theoretioal value of W, Gumz is much too high-

1.5 _ x 100 = 90%-j, . _ o e
12.2 £ 0,4 4 1.5° '

BREEEE N

As W.. Gumz and S, Traustel do not explain the calculated producer temperature

15



_calculated tempereture 1s the temperature of the tqp layer o“f
Indeed. the temperature of 721 G occurs. in the top layer but not constantly
,at the same.location. After feeding the producer the. temperature rises from

20‘0 Yo about 400 to 500 G in 7. min, to about 600 to 700 C in. 15 min, and to

\

700 to 730 c in about 22 min.. when the producer is fed twice per hour with

2 1 tons of coke. per hour.

The mean temperature of the fuel bed is fluctueting between 1imits

v

depending on the feeding prodedure' and cen be calculated as to be approxi—
mately 770°C - and 750 G resnectively.

Herbordt* measured the temperatures in- the’ blast furnace coke bed of a

iwater gas producer obtaining results which confirm ours, The produced water
gas consisted of 6% co, , 42% €O _and 52% Hz. The highest temperature was

-about—50 cm above the top of the grate‘and could not be measured becausew

-

- the pyrometer wag destroyed, 75 cm above the grate top an average t/pperer

ture over all measurings of" 1220 C at the beginning 1080 G at the end of

the steam run period was measured and the water decomposion found to be

~.

very active;y 125 om abo;:7the grate top the corresponding average tempera—

_tures were 1070 0”556—1045 c respectively, The ''''' Tittle change in tempera-

,(—v— PR —— —_—
L e

_fture at this point demonstrates that the water gas process _
| c ,l HpQ ~—— 0O ,l H, is practically finlshed at 1000°C a.nd
that- anfadjustment o? the heterogeneous gas producer equilibria at tempera-

.mtures ‘below 1000 C is out of question.- The relatively high 002 content of

i 6% nay be explained by a: partial adjustment of “the homogeneous water-

gas equilibrium at 1000 Cto about 800 C The- gas analysis obtained by

Herbordt correspond to an approximate adjustment ‘at about 750 ¢ of the

heterogeneous Water gas equilibrium.

e

*Deutsche Licht — und Wasserfachzéitung 31 183 (1937) .
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Without regard to the above shown interferences of‘theories based of

one and the same measurement at a commercial plant. the interferences in con—

templation experipents can be explained by the difficulties of measuring

temperatures; sampling gases and the performance of model experiments under

exactly-the same conditions a8 they occur in commercial plants.vw L

-

.......

for example by means of thermocouples it must be born in” mind that thé " measur—

A

ing device causes & disturbanCe of the temperature field The difficulties

increase when model experiments and micro tests are_ used because 1t becomes
- . { : "

more and more difficult to maintainbthe analogous conditions of the geometry

>,

of the heat flcw and the gas flow. For example it is comnaratively easy to

-obtainethe truermean-temperature of a given point of high temrerature up to

tected thermocounles and the true mean gas composition by means of water cooled
sampling'tubes. waever, it becomes more’ difficult to measure the temperatures'
and to draw samples using~small laboratory apparatus and it becomes practically
impossible to draw a.micro zas sample from the bounded film of the carbon
surface by means of a for examplo 0. 2 mm i d quartz capillary sampling tube,
When this capillary tube is not cooled the gas composition is changing:

more or less in the direction of adgustlng chenical equilibria because of the

P . s
ot

catalytical influence of the inner surface of the tube which 1s inversely
proportional %0 the tube diameter Such micro measuring and. samplingfmethodS”
become worthwhile when no changes of the temperature flow: and of the gas flow
'occur as well as of. the gas sample during its. passage through the sahpling-—s
deviée,

Certainly. ‘some. of the discrepancies of measured results and interfer—

ences_in oninions soncerning processes of the gas producer ‘are based on the

fact ‘that the mentioned difficulties have not been recognized.

..17.
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7With reference to these difficulties an analogy is offered hy the -A1ffi-

PR

'culties which exist in an exact sampling of solid fuels

The value of all conclusions; drawn from chemical or phy31cal“analyses
' of coal samples; for example from coal piles and coal seans, depends chiefly
‘;uDon the exactitude with which the properties found by the analyses correspond
‘to those of the fuel mass- to be analyzed The divergences and possible errors
caused by 4inexact sampling are, as’ a rule, mostly much higher than those made

- e

in analyzing or given by the analytic methods.

PUSIIREEY

It was sald at the beginning that the principle thermodynamic constants .

are known with high accuracy, Nevertheless,vthe chemical equilibrium constants

....................

_values of the gases are often doubtful. Before about 1038 1in Gentral Europe
the values of B. Newmann* and W, Schﬁle** were preferred and were different
from the English ones published by I. R, Partington and. W’ G Shilling***

- The differences regarding biatomic gases were as high as 5% and even 10 and ..
more per cent regarding three atomic gases, The doubtfulness esoecially in .
| the heat values at the higher temperatures is eliminated by new measurements'
using more efficient%and unobjectionable methods than the former used calori—
metric and explosion methods. namely foremost by the Spectroscopic method,
which gives a high and constant acouracy within the entire range of. high ,
temperatures;- Based on the new experimental deta of E Justi**** and his”
| coworker. E, Justi***** calculated anew the snecific heats of‘the technical

gases.'using the so—called “distribution function" (= Verteilungsfunktion)

a refined calculation method. which takes into consideration the statistic -

l

§tahl und Bisen, 39 746-748, 772-775 (1919) a
Neue Tabellen und Diagramme fur technische Gase von Obis 4000-0f

Springer, Berlin® (1929)

**x*The spécific heat of gases, London 1024 , oLl
kK ]i‘or_schung 2 117-124 (1931) - T '
- w7 5 130-177.(1934) =

ne " 6 209-216 (1935) . T

M***S;pezifische arme, Enthalpie nntrooie und Dissoziation technischer
__Gase, Berlin, Springer 1938,
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weichts'and'the energy values of the different pdssible states of the cuanta
of the 1nd1v1dual atoms and‘ﬁolecules respectively. The so calculated andv

1938 publ1shed specific heat values of technlcal gases are of hlgh accuracy

—

.and will presumably’not be. changed in the near future’ by the progress of the

—— i aen

phys1cs

.......

_librium was calculateﬁ and publlshed*  The dependence of the reaction heat

on the temperature was first calculated by means of the interpolatlon method

of the least squares and the follow1ng row functions of the sPecific heats

were found: ' T st

. -3 ' - 2
¢ o = 5,69444 12.2762 x 10 x T -4.8485 x 10 X T
Cp, w0 = 74855 4 1, 6414 x 107° x T 4 0. 69117 x 1076 x 1°
Co gy = 6-4986 £ 11,3463 x 207 -3 x 7 4 0.02187 x 1o‘6 x 17
Cp» + 7.0695 - 0.5644 x 103z ,t 6,6250 x 10‘6 x 70
Py H, v x 10 |

",Thefreaction'heat becomesﬁ"

' -3 6 2
Qp T = ‘-0#1.17:;1'-43591::10 x.1° 4 1.64_55:{1061:53
For T = 273° X, the value of QP’O becomes 10 082 calories per mole and the

flnal equation becones, aftér being brought 1n a suitable form by means of

the method - of the least squares: o o ' o o

Qp,T._100827[4162x104xT2—-48733xl@“6 x T #23875::10 )ﬂ&
The expression for log Kp is finally ahtained. ass. ‘ ‘

log Kp = - 2zoss_¢~o 9105 x 10‘4ax T -o.s7é4 x 108 x 7% L5174l x 1072x T3/
. T . , il S »
T s

The following table 7 contains the - calculated Kn—values.'

*W. I, Muller and“ET*GrafT”Short Textboog1or tne wechnoxdgy"oijueis. ernna,

19465 (in German) (Pg. 76).
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- THIJE 7“ -

I S S o
.- K_ -~ Values of the Homogenequs Watergas Reactlon, O to 1000 C

5 -
t ff} “Kp:f']' ESe I & 1 - g}lxi. IV '_it. ) _'pr"
o 00471 fw§°9_;:;iiw- 0,205 700 0.674
0 0. o832 ss0 0.2 800 1,002
450 - 0.135 -~ - 600 0,408 ngoo . 1.407

“lo00 146

The valuesigiven in table 6 correspond with an accuracy of O to 5%'a€

temperatures of 450'to 80000 andls'to'lod at the higher‘and lower.temperature

with the most exact experimental determinations and calculations of Neuman and

1

Kohler* At the temperature range of. lOOO G to 2000 c the following Kp—values

given by E. Manrer and E, Bischof suit better the practioal conditions.

. TABLE 8

Xp - Values for the Homogeneous Watergas Equilibrium 1000 to 2000 G

1000 L 1.76  _ 1800 4,22
100 =218 1800 - 5.04
11200 2.60 - == 2ooo . B.97
1400 3,42 | h

The coincideﬁbe of the-Kp values of Table 7 Witﬁ the~results of cataly—

tical CO conversion into HZ % 002 used for detoxication of illumiﬁating gases
B o T
was- satlsfactory

by B. Graf‘* and W, J Muller and B. Graf*** at 350

P

Too. o e

*Zeitsehr. Elektrochem. Angew..: physik. Chemie 34 218 (1928)
**Das, Gas- und Wasserfach-28 (1936) 209 -~ .
* Al n -u - .26 (1934) 122 . ‘
_and Chem. Ztg. 38 (1935) 81-86

“and Report E,  Graf to Fuels and Lubricanfs'Branch OQMG, "Research Experi
“ments to Detoxicate Illuminating Gases" Sept 1946, '

Py
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' In connectlon with the research'work at my 1aboratory ab the Technical

'Unlversity of Vienna the development of methodé* and apparatus for testing

-coals and cokes and the heterogeneous 602 ~~CO equilibrium were subject of

"investlgations.' The following equations of Bodmer"** was found most t reliable

for the temperature range. 400 to 1200 G ’
- 2 -6
=8274 . - 2 T 10~ 2,3
Log Kp - __T____.% 2 6024 log T -~ O, 0018 9x T ; 0.2625 # 935;M
) The representation of the dependence of the GO ‘and 002 content on. the pres-

sure and temperature given in fig 2 was found new*** and advantageous for our

research work on_§§E’£g§gtigg§;underle1evat’d préssure for the purposes of

'teachlng students.

-

In fig. 2 the GO and 002 content according to the Boudourd equilibrium is
represented by 1sotherms whereby the pressure is plotted upon the percentage of
gas by volume.

Gombining the eouation of the equllibrium constant Kp = cho/Pco and the

- 2
equation that the total pressure P is the sum of” the partial pressures -

N the following quadratic equation, of 1sotherms is obtalned

2 BEC
. 6o

The seven 1sotherms*of ftg Z“are calculated with the Kp values of table 9

®s ®eg he Coz

% Ep . Pco - KP .PZ0

and show sufficlently the dependence of the. gas composition on the pre5sure,

whereby total pressure values of 0, O. l O ¢3s 0,5, 0—8 l 35 5, 8, 10, 102.

_103 and 104 were ised and the 1sotherns for the higher pressures plotted upon
logarithm‘of the pressure. ""‘. . o R

n .

—-#W.J: Maller and coworkers(courad Jandl, Graf, Gruber)
Brennstoffchemie 11 125-128 (1930), -ibid., 12 187—191 (1931)
1bid., 14 340=341,-343-347, 421-424 (1933)-- o
ibid., 15, 347-85}A§}934),11b1d.,~. -305-309 (1935) 1bid., 1o 45-48 (1938),
Krafstoff 1 62-64" (1939)"
'**Mbnatsbull, ‘schweilz, Ver,. Gas—U WeSSerfachm 6 181 (1926)—"

kW7, Muller and B Graf. Feuerungstechnik 25 42—44 (1937)
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“TABLE S -

Kp - Values of the Boudouard Equilibrium

£“?c‘ | Kp _Mv;v" % Ep.

- ). , L ) -
400 0.00022 - 800 8.150
500 0.008%0 “ 905iv'2 | 34,52
- 600 o.1edd T ”i»‘ 1000 115,66

700 1.366 e

The representations given in fig 2 show better than the usual repre—

oo 4—»»'.-
N

R URe

sentatlons by isobars plotted on the temperature abscissa that the equilibrium
composition for all temperatures is practically Cco only'for‘the lowest absolute
‘pressures and COo dnly'fbr'tﬁe‘highest absolute pressures respectively, The

quadratic 1sotheima1 equation must be'eoriEGted for pressures ebeve about

—_—

26 atm, beceﬁse”bf the divergeneee to the law of the 1dea1‘gases._ The 1nf1uy

ence of the pressure on the equilibriunm composition between 1 and 10 atmos-_

=

upheres is imnortant at the mean temperatures 600 and 700 c and decreases

vigorously with the higher and’ Jlower temperatures The curves shew that;at

normal pressure the gas composition is with suff101ent accuracy

about 10%-60 at 500°C.  about 50% 002 at 700% | —

about 30% CO at 600°C about 10% 0o, at 800°C"
e Exxending the co = 002 eystem to the theoretical producer gas composisvion,

using the relation between CO and 002 eontent in the presence._ of nltrogen of the

air .. 00 = 34.55 - 1,66 00z Co = . (002> et

and ‘the exact compos1t10n of the air-_ P e

' CO5= 0.035 02 = 20 871 . Né (¢~A) = 79;094%
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.the dash dotted lines for the 602 and CO constants and the broken line for the

v

sum of CO # 0oy are obtained

The representations here shown have served on other places too to deepen
the - knowledge about the processes in gas producers and fuel beds on flring

grates,
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