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Graphicalrﬁepresentations.of Gas Proﬁucer Erocesses
‘Since'Gibbls appliCation'of triangnlaricoordinates for thé.reﬁre:
sentation of chem1ca1 comp031tions, graphlcal representations\were used
generally in” all filelds of chemistry. |
VU One of the most comprehensive publlcatlons on the graéhic repre-
sentatlons of combustlon processes of carbon and hydrocarbons is W.
Ostwald's "Gontrlbutlon to the Graphic Combustion Technlque" (in
| German) Edition Spamer, Leipzig, 1920. T
Ostwaldis.triaxal represenfatfon of tne carbon dioxide,.oxﬁgen
and carbon monoride contentEof fine.pases of engines-and furnaces and
Ackermann's triangle cons1dering these gases in’ comblnation with
unburned carbon (soot) in diesel engine flue gases seem to be known to

all engineers.

The condltions encountered in gas producer processes were shown

ovtaas

;graphlcally by QOstwald in the above mentioned book using trlangular

coordinates, The corners of the equilateral triangle correspond to the
three equations

point A  C £ 0, = CO

'W'B_o¢zHo:-m2¢2%
"-c  c#wgz 2600

A small equila eral triangle -with point G and w1€£ an area of ofie”

1 —

’fourth of the triangle ABG is unused because conditions in iburequlre'

B
F R PTIC e G S S .

the addlﬁion of carbon dioxide to carbon instead of oxvgen. Omlttlng

-

reactions.



1% shall ‘be premised that all these graphical representations
have theoretlcal significance only. They are helpfcl in‘order toi.
‘become familiar'with the thebry'and to interpret gas properties and
performed gas analyses. so that they present ap important auxiliary
means. The graphs have the drawback in common. wiﬁﬁfall other
stoichiometric representations in that, they do not offer a deeper

insight in the processes than is already inherent in the chemical

equations; Furthermore, the graphs require moyre or less 31mp11fy1ng

assumptions. 80 that representations of the gasification of bitumlnous

~coa1s for example with_Its secondary reactions, become—inexact-
-
However, we find in literature various enlargements of applica—

tion and derivations of tqe original Ostwald trlangle and a somewhat

sPread-application in the practice of gas producing, S0 that it seems

reasonable to represent the deveélopment of a gasification trapezo;d,

used successfully 1n my former laboratory (at the Institute of Technol-

08y “of Fuels at‘the Technical Uhiversi?y ofrVienna) and unpublished

until now.

The four reactlons of carbon w1th alr and water steam, which

T - P ——

determine all possible gasiflcatlon operations and which nresent the

four angles of the gasification rectangle according to figure. 1 are:
at Combustion.with air ( gesification to COp) | _
o4 02 # 3.76 Ny = 005 ,l 3,76 No £ 97,000 calories
B Combustlon‘with water (gasification to COg and Hp)

G A 2 HgO = Cog~ 4 2 Hz ~ 18,200 calories~~

o uas1f1cat10n with water to CO and H ..... s

-

» .

c# B0 ZC0 £ Hy - 28,300 c c_alories o

,D__gas1fication with air to CO

C + 0.5 0g A{. 1,18§'N2 = €0 # 1.88 N, £ 29,300 calories |

.



It does not matter 1n‘our'representation that,'in'agreement witl

newer gas producer theories, the reactlon B does not take place prac—

"tically, since 4t consists of two reactions which are superposed simulw

- taneously:

c 4/ H_0 = co 4/ H, - 28,300 calories

1

co ; ES0 Cop £ H2 4 10,100 "

saﬁ c # 2 Héo = coz 4232 - 18, 200 .
' Coordlnating the four reactions A, B, C and D, to- the corners of
a rectangle, we are able to represent for each.point “of 1ts area:
1) the gas compositions, namely 002, GO, Hé and. N? contents 1n
per cent by volume o _ ' R
2) the gas volumes produced from the unit of carbon, as moles

or cublc meters of gas per mole or kg carbon or the carbon content in

P

kg of the unit of gas,
3) the reaction heat as a p081t1ve or negative heat evolutlon per

unit of carbon or per unit of gas,

4) the gross ‘and net thermal value, of the produced gases related

to one mole carbon, to one normhl cubic meter of gas- or~tc~one kg —of

carbon, the latter designated as gross or net heat value‘number,

5) the thermal efficiency of gasification,

‘6) the gachomposﬂtion according to-the chemical equilioria and

7) procedures opccuring in gas producers..

JU—— > . -

Secondarv reactions such as the rormation of methane and the

........

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

oxygen enrlched air and the degree of vater decomposmtion requlre-derized ‘

graphs, but shall not be aim of contegplation of this report

[ TN



Using a square for the representatron accor&nng to a. proposal of

AIEEEN PN .—__~.':"":f:"'

¥¥W Ostwald, the lines of gas compos1t10ns ‘gas volumes,_reaction heats,
‘thermal values gnd of the -thermal efficiencles would be curves as shown
partly in figure 2 The analytic'~ geometric eqaations of these ‘curves:

| and its des1gn are sémewhat complicated, whereas the representatlon by
means of a trapezoid offers the advantsge of straight " llnes for 'all above

‘named values and furthe:more-the‘advantage of better imaginable repre-

sentation. , A |
It appears more 1og1cally to make (see figure 2) the side A D equal
to 34.6 parts of carbon monoxide according to “the 50.0% of carbon monoxide
of side BC, than to have the same lengths gomfpoth-ofxthe sides AD and
BC. .Shorteningvthe>SQuare side DC to (D)(G):correSponding to 50.0% Hg -
_of the side AB graduated in 66,7% Hg, helps improve the‘imaéination too
and corresponds better zo the reaction conditions.. S
 The design of the gasification trapezoid is shown 1n &1gures 3 and 4
and the gas analyses of the characteristic-points given in table 1, The CO,
, 2 and coz scales are easily to apply using a millimeter or an inch |
graduated paper. Thesz-graduatlon gives no whole number graduation, on
line A B, so that fdr a more'eas& scaling'an;aﬁmll;aréiline'A x - B is
used in flgure 4 with the aid of a line pa allel to B- C through A
A X - Bis made 2 x 79 (% Nz) z '158 parts equal 158 millimeters.
' In figure 5 the 002, GO,_FQ and Kz content of the ga51ficatlon .‘
trapezoid is- shown stereoscopically. The eas contents form oblique
wedges superposed to a prism with the cong ruent trapezoid A' BI'.C' D' at- .

"Mthe top. Stretching out the mantle .of the prism ._the trlangular and the

trape201d shaped side areas of the four welges are to be seen in flgure g

above.'



...........

................................................... et

ﬂ—fC.- D.  The. dash dotted lines in figure 5 are auxiliary lines for the

-

7 de51gn of’ the gas composition prisn and show for etample, that the llne D c

" of the trapezoid intersects at the point K with the extended COB - content—

11ne A“‘ - B“.

Figurehs shows _the readings:of'the gas composition of a‘certain'point

»

"P bThe Nz scale is not" necessary because the Nz content 1s to be obtalned

by dif}erence. In flgures 7 and 8 the volumes and the heat values of the
______,—J—

gases are represented, whereas figure 9 shows the heat evolutions. gas;flewﬂ

e s

catlon efflclencles and the temperature, belonging to the gas compositlons.

m1n case of complete adgustment of the Boudouard and the heterogeneous water

gas equlllbrlum. AR - ) S fi-' AR
‘The construction of the graphs 7, 8 and 9 is performed using the scales

on,the sides of the trapezoid. These scales are calculated by means of the

above four stoichlometric equations and the actnal part of part;crpatlon

X, u, v and % of the reactions, whereby
x # u= 1,u 4 y = 1 y ¥ z'= 1 and x % z = 1

Some of the possible functions between ges compositions and x, u, ¥y and

_Zare given in table 2. whereas all values pertalning to “the corners A, B,‘

- G and D and of certain points E, F. G, H 1nd_E+_are to be found tn“table I

pren e e st

Table 3 contalns the equatlons for heat evolution at the sides of the trape-

‘zoid as functions ‘of the actual parts of reactlon partictpation. Equations

9——

— T

for gas heat values and thermal efflciency are not necessary.

- Table 3 Heat ?volution Eqnations

A~ B' Q = 115,200 x —- 18 200 calorles
B0 -q: - 10,100 y - 18,200
¢ -D Q = - 57,600 3 — 28,300 "

- D-4 Q= 677001:-/29‘300 ‘v



- %

In figure 7 the parallel lines of gas: volume values range from

8.:9'1118 in A down to 3,2*m§ in C. The net gas hBuJ value numbers, that

means the products of net heat valueguof;geses multlplied by the volume
-of gss ln ms, produced-frOm one kg.of'carbon,'lie on diverging straight
lines,ﬁ.The three straight lines A-G, A - C and A — H coordinate to
points with an HZ/ GO ratio QI‘ 0.5, l..O’ a:lnd. 2.0 i‘_espeetiifélﬁ:“f Em, ............ -
Point G repreSents’an ideel,gas, produced with 98% thermal‘gasifica-
tion. efficlencv with the composit1on. |
| ‘.’0_’3.;_ |

The .lines of net and gross calorific gas values in figure 8 run paral-

0.5 co“'-"4oo Hy =200 Np = 39,5 %

lel,IWhereas the lines'Ofpheat.evolution and thermal'eificiency-in figure.

9 converge to a point outside of uhe trapezoid, | The lines of heat evolution
( : :

would  be congruous w1th those of thermnl efficiencywihen the celorlf1c
value ‘of one mole carbon would be 100,000- calories.  They are practica 11y
: coﬁgruent in'the;erea 90% to 130% efficiency and £ 10, OOO $0 ~ 28 300
calories heat evolution respectirely'and diverge but as little as 0,5% and
5000 calories respectively in the renge as far as 11ne through D,
in flgure 10 the areas are represented in which the producer g 25€8,

'Water'gases and synthesis.gases are placed,' The analyses of gases drawn

“from the zones oida;gasbproducer in order to investigate “the procedures,

according to explanatlons of report VI ”Gontribution 40 the gas producer.

theory" March 15, 1947, represent the procedure in a coke fed gas producer.

Analys1s a. relates to the combustion zone, analyses b~ to e to the reductlon

zone and f to the preheating zZone of the producer.

~

.. The l1nes I, ITI'and- III show scbematically the course, of analyses

durlng blow and Tun of water . gas production and improved operatlon_cond1w~

tions, whlch lead from the early processes of the “European Waterges Company“'“



and the "Dellwick — Fleischer — Process" to the Strache — Water gas Process”
~and other modern water gas processes.
: .

~Bydrogen formation ﬁ§'conversion of water gas lead finally to the corner
S )

B and car be completed using low temperatures accor&inglto equilibrium

temperaturcs shown in figure 9.

’lov‘.



GASIFICATION ~ GASIFICATION

TO GO & TO CO + Hy
WITH AIR |7 CARBON | 77 - wITH WATER
- (DRY) | | TN o (MOIST)
, NS

GASIFIGATION £ GASIFICATION

. TO0Go2 (CONVERSION,.

o TO COz+ Hp
(COMBUSTION (COMBUSTION

. WITH AIR) "WITH WATER)

FIG.| BASIC IDEA OF A GASIFICATION RECTANGLE



HEAT EVOLUTION ' THERMAL EFFIGIENCY
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FIG.3 SCALES OF GO, H2 , coz, N2 IN GASIFICATION-—
| ' TRAPEZOID




A el
3
‘?

~ : 3.3%:CO,.:

—_—

FIG.4  DESIGN OF GASIFICATION TRAPEZOID
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FIG. 5 STEREGSCOPIC REPRESENTATION OF GAS COMPOSITION
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GROSS CALORIFIC VALUE
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