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THE METHOD OF QUANTITATIVE DETERMINATION OF CARBON MONOXIDE RELEASED 
FROM LIQUID STEEL BATH WITHIN AN OPEN HEARTH FURNACE

Summary. Determination of the amount of carbon monoxide which is 
released from the liquid steel bath in an open hearth furnace is 
shortly described and two applications are reviewed and discussed. 
Computations are based on the carbon balance: waste gases analysis
must be found experimentally. The results obtained help to control 
the melt properly which may have influence on the fuel economy. At 
the same time it is possible to determine momentary decarbonization 
velocity of the steel bath.

1. Nomenclature

[coj, [CO], [n 2], [o 2] - Con tents of Qjsas gained by waste gases ana
lysis (% vol.)

CO. - Carbon monoxide total amount released from
bath (m^ kg-1)

L

CO' - Carbon dioxide amount originated from CO com-
3 -1bustion (mN kg”'1)

CO' - Carbon monoxide amount which does not burn in

C02 ("N ^  3
V - Waste gases amount (a., kg )sp N

Fuel carbon fraction burned in CC2 (-)a
B - Coefficient defined by e q . (8)
C - Coefficient defined by eq. (9)

- Carbon coi."ent in fuel (section 5)
D - Coefficient defined by eq. (16)
k - Maximum amount of C02 in dry waste gases at

complete combustion (%) 
p, q - CO and C02 amount in the waste gases at in

complete combustion (%)

Subscripts
s - Dry state
max - Maximum value
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Upperscripts
T -'Theoretical amount
sk - Real amount

3 -1A - Data gained from analysis in mN kg

2. Int roduct ion

In the melt period after pouring of pig iron slag formation occurs and 
the reaction between carbon and oxygen starts. Carbon monoxide bubbles 
originated on the hearth bottom penetrate through the bath to the furnace 
enclosure where carbon monoxide at the presence of oxygen burns in carbon 
dioxide. Heat effect of this reaction is 12700 k O m ^  [4]. For the reason 
mentioned above waste gases analysis does not correspond to the given 
fuel composition and it is influenced by the presence of carbon monoxide 
released from the bath or carbon dioxide which arises from carbon mono
xide in question. Hence, a control of combustion becomes more complicated 
and lack of a combustion air usually occurs. In this period furnace works 
with too low air factor and carbon monoxide escaped burns above the air 
checker.

3. The computation of carbon monoxide amount releaseo 
from the bath

A general basis for the computation is a carbon balance in the follow
ing form

C0A + C0A = a CO^ + ( 1-a) C0T + CO^ +C01 (l)

Equation (l) is the summation of these relations

C0A = a CClJ, + CO^ (2)

COA (1-a) C0T + CO' (3)

For the purpose of calculation it is appropriate to distinguish two cases. 
First, there is no carbon monoxide in the waste gases and secondly, car
bon monoxide is present.

3.1. No carbon monoxide in the waste gases

In that case eq. (3) has no sense and in eq. (2) is a = 1. Waste ga
ses composition is shown in Fig. 1. Sulphur dioxide volume is assumed to 
be negligible. The following equations are valid.
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and

N2 = N2 + 1,88 C02 + 3,76 °2

sk
®PS SPS

V T + 2 ,8 8  COg + 4 ,7 6  0^

100

(4 )

(5 )

( 6 )

Putting (5) and (6) into (4 ) we shall obtain 
after the modification

COg =

where

N2 - 8 V Tsp =
(7 )

B _ [N2] - 3.76 [Og] 
100 - 4,76 [Og]

C = 2,88 B - 1,88

( 8 )

(9)

Because of no volume change at burning CO in COg we may write COg = CO^.

3.2. Carbon monoxide in waste gases

It is necessary to divide this case into two alternatives. First, the 
air factor is great enough to complete combustion of fuel carbon and se
condly, abundance of air does not suffice for a complete combustion of 
fuel carbon.

3.2.1. Carbon monoxide in waste gases, air factor is sufficient 
for complete combustion of fuel carbon

Waste gases composition is shown in Fig. 2. Equations (4) and (6) are 
valid also in this case, but at the right part of eq. (5 ) will the term 
CO'.

V . = V T + 2,88 COi + 4,76 Og + CO' (10)
SPS SP8

Similarly as shown in sec. 4.1 we shall obtain eq. (7) in which a value 
of B constant is changed.



12 M. Gottwald. P. Lachnit, V. Machalek

B = K ] 1 - 3 '76 1[ ° J
100 •- (4,76 |[°2J + [c o ])

(11)

3 “1If we know the value of CO^, we know the value of COg in m^ kg and also 
in %. Hence it is possible to convert other analysis components to mN kg . 
The total amount of carbon monoxide released from the bath is

C0L = CO1 + COg (1 2 )

Ot <3

3,76 0,

N,

**

c o l S
co l L
CO' 8

_1,S8bCOr_

a CO,1'

bCOr_

CO,

Fig. 2 Fig. 3

3.2.2. Carbon monoxide in waste gases, the abundance of air does
not suffice for the fuel carbon complete combustion

Waste gases composition is shown in Fig. 3. For the sake of bravity we
shall but in the following equations b = 1 - a

Ng = Ng - 1,88 b C0T

V , = V T - 1,88 b CO + CO, sk „ T L
SPS sps

(13)

(14)

Because of the unknown item of C0L it is appropriate to re-write eq. (14) 
into the following shape:

3p|k " s p T
= (V - 2,88 b COT ) 100

[N 2]  + [C O .]
(14a)
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Putting (14a) and (16) into ( 1 3 v»e shall obtain after modification;

where

N2 - D . V
T SPS

b C0 = 1,88 - 2,88 D 15

[N2] , D = ---- ^ — ----  > 16 ;
M  + [c°2]

The total amount of carbon monoxide released from the bath is

COL = C0A - b COT (17)

The item C0A is determined by putting of b C0T into eq, (14a) and by con
verting $ 
equat ion

"7 _ I .
verting % in m^ kg . It is apparent that CO = CO and we can use the

Tcol . V sk L J so
CO'-  Joo  (18'

4. The Qstwald’s triangle change caused by CO escaping from a bath

For the combustion checking the Ostwald’s triangle is generally used. 
The computation and construction of a triangle is known from literature 
[l, 2J. For the given fuel is Ostwald’s triangle shape strictly determi
ned. In consequence of CO escaping from the liquid steel bath CO or CO^ 
content in the waste gases become greater and analysis carried out is not 
in accordance with fuel oil composition or fuel gas composition. By means 
of the procedure mentioned in previous chapter it is possible to determi
ne and to make a characteristic Ostwald’s triangle values correct. Fol
lowing relationships are valid:

k = 1,867 . C _ 10Q (l9 )
max

V T 
sps

°i?.3.3 £---  . 100 (20)
Isp„

V T + 0,933 C
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 1 i,8.67, P.. . jOQ (21)V T + 0,933 C X
8P =

Due to the presence of CO escaped from the bath equations (19, 20, 21)
will take following shapes:

1,867 . C + CO,
• I«» (22)T + 3,38 CO + 0,933 

sps

1 ,867 C + CO,
kmax = V T + 2,88 C0L ' 100 (23}

3Ps

0,933 C + 0,5 CO 
qiiax = V T + 3,38 C0L + 0,933 C * 100 (24)

SP„

The following example will show the extent of correction. Let waste ga
ses have 15,2% C02 ; 0,4% 02 ; 3,0% CO and 81,4% Ng,According to the method 
stated above we shall find CO^ = 0,418 m 3 kg 1 , k^ax =19,09%, 9^ax =8,16%, 
p'-ax = 16,33% (at the given fuel composition). The difference between
k' and k is 3,32%, which is 21% from k the initial value.Themax max max
change of k position may be easily seen in Fig. 4.

For the combustion control and heat engineering computations connected 
with waste gases composition it is necessary in the melt period after pou
ring of pig iron to make correction of CO content with respect to CO^ 
amount. However, this amount considerably varies with time in the range 
greater than in the given example. The result of this feci is the loss of
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heat in the form of incombusted carbon monoxide. Moreover, the temperatu
re of checker and total melt time will increase along with a number of 
reversals. The heat loss by incombusted carbon monoxide is determined in 
an usual way [l, 3j. In our case it was 9,3% from a total heat supply. It 
is evident that a regular control and correlation of the combustion rates 
can considerably contribute to a higher furnace efficiency.

5. The determination of the momentary decarbonization velocity

If the carbon monoxide amount escaped at the given time interval from 
the melted steel bath is known then it is possible to determined momenta
ry decarbonization velocity which may be helpful for the right technolo
gical leading of the melt. A comparison between the measured and calcula
ted values of carbon monoxide contents in the bath is shown in table 1.

Table 1

A comparison between measured and calculated carbon monoxide contents
in the bath

T ime Carbon content Momentary
(real) determined in the 

laboratory
%

calculated

%

decarbonization 
velocity
(% hour-1)

955 1,02 - 0,32

1025 0,85 0,86 0,28

1040 0,77 0,78 0,24

ll00 0,67 0,69 0,76

ll15 0,41 0,48 0,60

ll55 0,14 0,11 -

This table illustrates the time interval of the melt 30 minutes after 
liquefaction to the final steel composition modification. The absolute 
values of carbon contents have been calculated from tha Initial value 1,02% 
by means of decarbonization velocity extrapolation to the next time in
terval. The initial value determined in the laboratory has been used for 
further time interval. The course of the bath decarbonization is shown in 
Fig. 5. It is obvious that a difference between the measured and calcula
ted value increases with a number of extrapolations but in shorter time 
intervals the values are nearly the same. Momentary decarbonization velo
city is represented as a slope to the curves in given points.
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Fig. 5

6. Conclusions

1. It has been shown that by using a simple computation it is possible 
to obtain reliable data on the carbon monoxide amount which is released 
during the melt period after pouring of pig iron. It is necessary to know 
the waste gases analysis in the head of open hearth furnace.

2. The results obtained can serve the dual purposes. First, enables to 
correct the Ostwald's triangle and hence a proper combustion control. It 
leads to fuel economy and shorter melt time. Secondly, it is possible to 
find the momentary decarbonization velocity of a steel bath.

These items of knowledge are useful for technological leading of melt 
and for a good carbon content estimation in steel.Consequently, it is not 
necessary to make many tests in a laboratory and the results are accessib
le right in the place.
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METODA WYZNACZANIA ILOŚCI TLENKU WfGLA 
WYDZIELONEGO Z KĄPIELI STAL0WE3 
W OTWARTYM PIECU TRZONOWYM

S t  r e s z c z e n i e

Podano sposób wyznaczenia ilości tlenku węgla,, który wydziela się z 
kąpieli stalowej w otwartym piecu trzonowym. Załączono dwa zastosowania 
przedstawionej metody. Obliczenia bazują na bilansie pierwiastka węgla, 
przy czym skład gazów wylotowych musi być wyznaczony poprzez pomiar. 0- 
trzymane rezultaty są przydatne do kontroli wytopu, co ma wpływ na zuży
cie paliwa. Możliwe jest również określenie chwilowej prędkości odwęgla- 
nia kąpieli stalowej.

MET05, KBAHTHlATHBHOrO OnPEAEJIEHHH .71’JIEKHCJIOrO TASA,

y xoA H iisro  H3 bahhh  p a c iu ia m e h h o :: ctajih k a pt sh o b c k o ?  hemh

P  e 3 k> m e

B c i a T t e  n o n a e T c a  o i m c a H n e  M e T o ^ a  o n p e a e - i e H H S  K O j i a y e c T B a  y r i i e K H C J i o r o  r a 

s a ,  y x o n a ą e r o  H 3  e a H H H  p a c i u i a B J i e H H o i i  c T a . n n .  P a c n e T  o c n o 3 a H  a a  y r j i e p o n H O M  Ó a -  

j i a H c e  b  K O M Ó H H a i i ż H  c ó a j i a H C O M  a s o T a .  P e 3 y . T b T a T H B H u e  n a H H b i e  c o j i e p s c a T  komiks- 
H e H t H  a H a j i H 3 a  n p o n y K T O B  c r o p a H H H  U3  r o p e j i o s  M a p T e H O B C K O f i  n e n n ,  j t a j i e e  H e K o -  

T o p o e  K O J i H n e c T B O  c y x H X  n p o j t y K T O B  c r o p a H H Ä  h T e o p e i H M e c K o r o  a 3 0 T a .  3th s j i e -  

U 6 H T U  ÄBXÄ10T Cfl KOHC T a H T H H M H  jU I f l  H a H H O T O  T H n a  T O I I J I H B a .  j lH C C O  H H a i l H H  n p O Ä y K T O B  

c r o p a H H Ä  H e  n p H H H M a e T C H  bo B H H M a H H e ,  T a K ż c e  H e  y n H T H B a e T C H  K O i i H H e c T B O  0 9 b 
n p o ^ y K T a x  c r o p a H H Ä ,  O n p e n e - n e H n e  K o j u r i e c i a a  y r i i e K H C j i o r o  r a 3 a ,  y x o j i a i n e r o  h ó  

B a H H b i  p a c n j i a B J i e H H O f t  c x a j i n ,  » « e e i  n p a K T H n e c K o e  3 H a n e H H e ,  K O T o p o e  M o a c e T  ö h t f  

H c p o j i b 3 0 B a H O  K a K  b T e p M H q e c ko-te x H o j i o T H n e c K o f t, i a K  h M e T a i u i y p r H q e c K O ä  o b j i a c -  

th. B p a d o l e  n p H B e A C H H  £ B e  a n n j i H K a u H H :

1. KoppeKiiHH TpeyrojiBHHKa OcBajibna c ueji.bio koh tpojilhhx MeponpHÄTHÖ.
2 .  F u i a H n p o B a H H e  M O M e H T a J i B H O ö  ckodocth o T C T p a H e H H »  y r a e p o n a  H 3  B a H H H .

Ehjio yciaHOBjieHO, hto BejiHHHHa kM5,k„ nPH yieie CO, yxoAHnero H3 BaHHbi 
noBHCHJiacb Ha 2 0 %  b  xteaoM nepHOne ä o b o a k b  HaHHbie o MOMeHTajifaHOä
o6e3yrjiepoKHBaioneö CKOpociK, nojiyHeHHue o t h m MeTo^oM, cpaBHHBaJiHCB c nannn-
MH KBaHTKTaTHBHO-XHMHHeCKOrO aHaJIH3a. P e S y . T b T a T H  OÖOHX UeTOjtOB B SHattHTejIb-
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H O ä  M e p e  o o B n a ^ a j i H .  K o c B e H H o e  o n p e ^ e a e H i i e  o Ö e o y r a e p o a t H B a i o u e ö  C K o p o c i H  H e  m o -  

x e i  B H0 ÆH0 8  u e p e  3 a M e H H T B  K B a H i o M e T p H n e o K a i t  a H a j i H 3 ,  h o  M o a e T  i i o b h c h t  o n e -  

p a i H B H O c i B  y n p a B j i e H H H  x o ^ o u  u a p ie H O B C K O ä  n e i n .


