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Graphiscal Represensations of Gas Producer Processes

Since Gibb's application of triangular soordinates for the repre-
sentation of chemical oompositioms, gnphical representations were used
generally in all fields of eh-inry;

One of the mo‘st_ comprehensive publications on the graphic repre-
sentations of combustion processes of oarbon 'and hydi-oonrbons is W,
Ostwald's "Contribution %0 the Grephic Combustion Techniqus® (in
Gormen) Baition Spamer, Leipsig, 1920. N

Ostwald's triaxal representation of the carbon dioxide, oxygen
"'and oarbon mondo. content of flue gases of engines and furnaces and
Ackermann‘s triangle considering these gases in cambination with
unburned oarban (socot) in diesel engine flue guoi seem to be known to
all engineers.

The conditions encountered in gas producer processes 'nro‘ shom
graphically by Ostwald m‘the above mentioned bdook using triangular
coordinates. The corners of the equilateral trisngle correspond to the
three equations.

poink A G £ 0, = COp

" B 042H0. % G0 fREy
" 0 0400, = 200

A small equilsteral triengle wish point O and with an area of one
fourth of the triangle AB0 is unused because sonditions in it regquire -
the gld.{tion of carbon dioi:ide to carbon instead of oxygem. Omitting
this small frunglo an isosceles trapezium remains, which gave the idea -
* to use a q,unar:llatonl. one in order to repronent"-iho carbon guityinc

reactions.




It shall be premiged that ali these graphical representations e
have theoretical significance mlj. They are helpful in order to
became familiar with the theory and to interpret gas properties and
performed gas analyses, so that they present an important auxiliary
means. The graphs hafe-the drawback in ccmon>,with all other
kstoichiometi*ic répr;sentations in thﬁf,'thoy do not offer a deeper
insight in the processoﬁ than is alrendy :lnimrént in theb c‘hemioal
equations, Furthemoré, the graphs _re_quire mor§ or less simplifying
assumptions, so thatk representations of the gasificatio_n of bituminous )
coals for ekample with its 'aeeondary ro}nctiokns, became inexact. .

Howev-er, we fiﬁd in literature various enlaergements of applioa-
tion and derivations of the original Ostwald triengle and a samewhat
spread application in the practice of gas produoing, so that 1.1; seems
reasonabie to represent the deveiopnent of a gasification i:rapozoid,
used successfully in my fémr laboratory (at the Institute of Technol-
ogy of Fuels at the Technical University of Vienna) and unpublished
until now. ‘

_ The four reactiona of carbom with air and water steam, which
jetermine all possible gasifioation operations and which present the
four angles of the gasification rectangle acscording to figure 1, are:

A Combustion with air (gasifiocation to COg)

C f Op £ 3.78 Ny = COp £ 3,76 Ny £ 97,000 calories
B Cambustion with water (galifioaﬁm to C0p and Hy)
C # 2H, 0 = 00p # 2 Hy - 18,200 calories
C Gesification with nt'& %o CO and Hy -
C # Hy0 = 00 fHy - 28,300 calories
D Gasiffoation with air 0 0
¢ £ 0.5 0p # 1.88.32 = 00 # 1.88 Ry # 29,300 calories -
2




It does not matter in our representation that, im agreement wiltl:
newer gas producer theories, the reaction B does nqt take plase prec-
tically, since it oonsists of ¥wo resctions whiok are auporx;oud simul ~
taneously: ’

‘ C 4 B0 = 00 f Hy - 88,300 oalories
00 4 Hy0

0y 4 Hg # 10,200 *

Sm O/ 2 HgO = GOy 4 My - 16,200

coordin;ting the four reactions 4, B, C and ,D’ %0 the corners of
a rectangle, we are able to reproaqnt ror'oach point of its area:

1) the gas oompositions, namely GO0p, CO, Hp and Np contents in
per csnt by volume, |

2) the gas volumes produced from the umis of carbon, as moles
or ocubioc meters of gas per mole or kg oarbon or the carbon content in
kg of the unit of gas,

3) the reaction heat as a positive or negative heat evolution per
unit of oérbon or per unit of gés, .

' 4) the gross and net themmal value, of the produced gases related
‘o ome mole carbon, to one nommal cubic meter of gas or to one kg of
oarban,\ the latter designated as gross or net hoat. value number,

'5) the thermal efficlency of gasification,

6) the gas composition acobrding %o the chemical equilibria m

7) procedures oocurix;g in gas ;zroduoers.

Secondary reactions such es the formatiom of methene ﬁnd the
proosdures in the preaQni:a of volatile matters, th; éasifioation applying
oxygen onriéhod air and the degree of water decomposition require derived
graphs, but shall noj: be aim of contemplation of this ﬁpoﬂ.'

i 3




Using a square for the representation according to.a proposal of
W. Ostwald, the lines of gas oappositiona. gas volumes, rttetioi heats,
thermal values and of the thoznnl’offioioncioo would be curves as showm
partlyiin tigure 2. The analytic ~ geometrioc equations of fh-ao eurves
end its design are samewhet complicated, whereas the representation by
means of a tiaposoid offers the'advantdgo of straight lines for all above
nemed values and furthermore the adventage of better imaginable repre-’
sentation. |

It appears more logically to make (see figure 2) th.‘lidﬂ AD equal
to 34.6 parts of ecarbon manoxido according to the 50.0% of carbon monoxide
of side BC, than to hare the same lengths for both of the sides AD and
BG. Shortening the square side DO .to (D) (0), corresponding to 50.0% Hy
of the sido AB graduated in 66.7% Hg, helps improve the imagination too
and corresponds better to the reasction conditions. )

The design of the gasification trepezoid is shown in figures 3 and 4
and the gas analyses of the charasteristic points given in table 1. The CO,
ﬁz and COp soales are easily to apply using a millimeter or an inch
graduated paper. The Ng graduakion gives no whole number graduation, on
line A B, so that for a more ;aly sealing an auxiilary line A x - B 1is
used in figure 4 with the aid of a line parellel to B O through A.
Ax-Bismede 2 x 79 (% Ng) = 158 parti equal 158 millimeters.

In figure 5 the COp, 0O, Hg and Np oontent of the gasifiocation.
trapezoid is shown stereoscopioally. The gas cantent' form{obliqno
wedges superposed to a prism with the congruent trapezoid A' B' O D' at
the top. Stretehing out the mantle of the prism, the trian;ulag and the
trapezoid shaped side areas of the four 'odén- are t§ be seen in figure b

above. : R
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The edges of the gas content wedges run along the lines D' - A' - B*
-0 - D, The dash dotted lines in tigure 5 are suxiliary lines for the
design ot the gas composition prism and show for example, that the line D C
of the trapezoid interseets at the point K with the extended G0, - content-
line A" - B®, -

Figure 6 shows the readings of the gas composition of a certain point
P. The Ny scale is not necessary because tlgi Np sontent is to be obtained
by dirreranoe.‘ In figures 7 and 8 the volumes and the heat values of the .

gases are reprosénted. whereas figure 9 shows the heat evolutions, gasifi-

‘oation efficiencies and the temperature, belonging to the gas compositions

in- case of complete adjustment of the Boudouard and the heterogeneous water
gas equiiibrium. ,

The conatr;xotion of the graphs 7, 8 and 9 is performed using the scales
on the sides of the trapezoid., These scales are calsulated by means .of the
above tour‘ato'icpianotrio equations and the actual part of participation
X, u, y and z of the reaotiona, whersby

TAu=1l, ugfgy=1, yF£z231 and x£2z2=1

Some of tl:xe possible functions between gas eompositions and x, u, y end
Zz are given in table 2, whereas all v.alues p&tainihg to the comers, A, B,
C and D 4nd of certain points E, ¥, G, E and P, are to b.e found in table 1.
Table 3 contains thp equations for heat evolution at the aidos of the trape-
zoid as functions of the actual parts of reactionparticipation. Equations
for gas heat values ﬁnd thermal-efrioioncy' are not. neoesbary.

Table 3 Heat Evolution Equations

A -B Q = 115,200 x ~ 18,200 calories
B-0 Q=-10,100 y - 18,200

C <D v = 57600:—28300 "
D-a Q = 67,700 x £ 29,300 "

7




In figure 7 the parallel lines of gas volugo_ values range from
8.9 u° in 4 down to 3.7 m° in C. The net gas heat valus numbers, thas
meens the produsts of net heat vdg‘- ‘of gases multiplied by the volume
of gas in m, produced from one kg of oarboa, lie on diverging straight
lines. The three straight lines A - G, A - 0 snd A - H coordinate to
point with an Hp/0O ratio of 0,5, 1.0 and 2.0 respectiwely.

Point G represents an ideal gas, prodused with 96% thormal gasifica-
tion efficiency with the composition. B

00, = 0.5 00 = 40.0 Hg = 20.0 Ny = 30.55

The lines of net and gross calorific gas values in figure 8 run paral-
lel, whereas the lines of heat evolution and thermal efficiemey in figure 9
converge to a point outside of the trapezoid. The lines of heat evolutiem
would be congruous with those of thermal efficiency when the 'éalortfio' |
value -of one mole carbon would be 100,000 calories. They are practieally
congruent in the area 90% to 130% efficiency and ¢ 10,000 to - 28,300
calories heat evolution respeotively and diverge but as little as 0.9% and
5000 calories respsctively in the range as far as line through D:

, In figure 10 the areas are represented in which tho.proddcor.gaul,
water gases and synthesis gases are placed. The analyses of gases drewn
from the zones kof a"gas .producer in order to 1nvut1¢flto the proogdurn_,
represent the pi-odedure in a coke fed gas producer. Analysis (@) relates
to the combustion zone, analyses (b) to (e) to the rednot.ion gone and (f)
to the preheating zone of the producer.

The lines I, II and III show schematically the course of analyses
during bléw and run of water gas production and improved operation econdi-
tions, which lead from the early processes of the 'lixropean Watergas canpany"'

8
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and the "Dellwick - Fleischer - Prooess" to the Strache - Water gas Process"
and other modern water gas processes.

Hydrogen formation by oconversion of water gas lead finally to the oorner
B and cen be completed using low temperatures according to equilibrimm

‘temperatures shown in figure 9.

!ashington‘ D.C. May 1947.
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GASIFICGATION
TO CO

WITH AIR
(DRY)
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WITH WATER)

FIG.1 ~ BASIC IDEA OF A GASIFICATION RECTANGLE
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