





Mines Branch Technical Bulletin TB 185
CALIBRATION OF PRESSURE-MEASURING SYSTEMS OF MOVABLE-WALL COKE OVENS

by

D.A. Reeve* and J.C. Botham**

SUMMARY

Whenever technical-scale movable-wall coke ovens are used to
evaluate the relative coking propensities of metallurgical coals, carboniza-
tion pressures generated within the ovens must be recorded accurately. A
Task Group of ASTM Committee D-5 on coal and coke requested the Mines Branch
to design a system for the calibration of movable-wall coke ovens for pressure.
In the method adopted, known internal pressures were applied to the hot oven
walls with a rubber bag connected to a compressed air supply and protected
by a ceramic form from the walls. A second method was also developed 1in
which an hydraulic jack within the hot oven generated the required pressures.
The first method was found to be unsatisfactory because of friction between the
oven sole and the ceramic .form and because of distortion of the rubber bag.
The second method provided an acceptable correlation between internally-applied
and externally-measured pressures when the oven was hot and has now been
adopted for use in the Mines Branch movable-wall coke ovens.

*lssistant Group Leader, **Group Leader, Metallurgical Fuel Engineering Group,
Metals Reduction and Energy Centre, Mines Branch, Department of Energy, Mines
and Resources, Ottawa, Canada.
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ETALONNAGE DES SYSTEMES DE MESURE DE PRESSION DANS LES FOURS A COKE
A PAROI MOBILE

par A
D.A. Reeve* et J.C. Botham**
RESUME

Lonsqu'on utilise des founs & coke & paroi mobile pour
evaluen Les caracteristiques de cokéfaction des charbons métallurgiques,
on doit pouvoir emregistren avec prlcision Les pressions de carbonisation
produites & L'intenieurn des founs. Un groupe de travail du comite
D-5 du charbon et du coke (ASTM) a demandé & La Direction des mines
de mettre au point un sysidme d'étalonnage pour mesurer La pression
. dans Les fours @ coke @ paroi mobile. Dans La méthode choisie Les
pressions internes connues etaient appliquées aux parois chaudes du fourn
a L'aide d'un sac de caoutchouc raceonds @ une sowrce d'ain comprimé
et protege des panois par un moulage de céramique. Une deuxidme méthode
exdigeait d L'indérnieun du four chauffe La présence d'un cric hydraulique
qui etait appele d& fowwin Les pressions hequises. La premilre méthode
a elZ jugce non satisgaisante en raison d'abornd de La friction entre La sole
du four et Le moulage en céramique et ensuite de La déformation du sac
de caoutchouc. La deuxilme méthode nendait possible une conrélation
acceptable entre Les pressions appliquées & L'intérnieun et Les pressions
mesunces a L'exténiewrn pendant que Le foun était chaud et La Dirnection
des mines L'a maintenant adoptZe powr wtilisation dans ses fours A coke
a parodi mobile.

*Chef adjoint de groupe, **Chef de groupe, Technique des combustiblfes
metallurngiques, Centre de rechenche en enengie et de néduction des
metaux, Dirnection des mines, ministére de L'Enengie, des Mines et
des Ressounrces, Ottawa, Canada.
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INTRODUCTION

Whenever technical-scale movable-wall coke ovens are used to
evaluate the relative propensities of metallurgical coals for cokemaking, it
is important that pressures generated within the ovens during carbonization
are recorded accurately. As a general rule, the pressure generated during
carbonization of a metallurgical coal blend in.an industrial slot-type oven

should not exceed about 2 1b/1‘n.2 to prevent damage to the oven walls.

This report describes two methods used to calibrate movable-wall
coke ovens for préssure, and recommends one of them. The program originated
from the results of a series of carbonization tests involving up to fifteen
different ovens under the auspices of a Task Group (on the movable-wall oven
test) of ASTM Committee D-5, Subcommittee XV (Plasticity and Swelling of Coal).
The results obtained showed a wide variation in coke quality parameters and
maximum wall pressures developed during the tests. Interpretation of results
from the ovens of the various laboratories participating in the test series
shed some Tight on the discrepancies obtained, but there were still differences
in wall pressures which could not be explained. For example, identical ovens
operated by different Taboratories gave pressures between 1.5 and 6.0 1b/1'n.2

Following this test series, the Task Group requested the Mines
Branch to design a system for the calibration of movable-wall coke ovens for
pressure. In 1968, a project was started in co-operation with the Technical
Services Division of the Mines Branch to construct a pressure-bag system for
calibration of test ovens at temperatures of normal operation. In 1971,
another method, known as the hydraulic-cage method, was developed. In this

report, the two methods are described and their relative performance evaluated.




For reasons of reproducibility, economy, and ease of operation, the hydraulic-

cage method was ultimately selected over the pressure-bag method.

PRESSURE-BAG METHOD

In this method, an internal pressure within the test oven was
produced with a rubber bag connected to a compressed air system. The rubber
bag was protected from the hot 6ven environment by an interlocking ceramic
form (Figure 1) which transmitted pressure from the bag to the oven wall. The
known pressure within the oven was theh compared with that from the calibrated
gauge attached to the outside of the movable-wall.

The ceramic form (3' x 3' x 12"; internal dimensions of the Mines
Branch 12-inch movable-wall oven) was manufactured from "Duolite 24" castable
refractory cement and the rubber bag (14" x 14" x 4") within the. ceramic form
was attached to a compressed air supply. The ceramic form was designed to
distribute pressure from the bag -over the whole of the area of the fixed and
movable walls and to allow several measurements to be made before the rubber

bag was damaged by heat transfer through the form.

HYDRAULIC-CAGE METHOD

The cage was divided into two vertical 3' x 3' sections incorporating
anhydraulic jack (Figure 2). The two sections were forced apart by the hydrau-
Tic Jack, the pressure applied to the insides of the oven walls being calculated
from a calibrated hydraulic gauge (0-4000 1b). The two parts of the cage were
fabricated from mild steel channel section (2" x 1" x 1/8") and lengths of .

angle iron provided a housing for the jack. Compressible-block ipsulation
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(two-inch) allowed the applied force to be distributed evenly over the oven
walls (three foot square). The cage was suspended in the oven with a bar
through the levelling doors. The jack and éonnecting hose to the pump were
thermally insulated with "Kaowool" blanket, allowing approximately 15 minutes

operating time when the oven was at 1200°F.

RESULTS AND DISCUSSION

Comparison tests of the two methods were done withip the empty
Mines Branch 12-inch movable-wall coke oven 12-61 (Figure 3). At the start
of the tests, the movable-wall was allowed to hang free1y to permit zeroing
of the external pressure-measuring gauge. As pressure was applied by either
method to the inner surfaces of the oven walls, external wall pressures were
recorded.

Pressure calijbration results using the pressure-bag method with
the oven cold are given in Figure 4. The correlation between applied and
measured pressures was not linear or reproducible. Two factors may contri-
bute to this Tack of reproducibility:

(i) Static friction was considerable between the ceramic

form (protecting the rubber bag) and the oven sole,
as well as between the interlocking surfaces of the
form.

(ii) Expansion of the rubber bag caused distortion at its

corners; the effective area over which the pressure
was being applied was thus not known accurately.

The lack of reproducibility between applied and measured pressures
for the pressure-bag method with the oven cold made measurements superfluous

in the hot oven.




Pressure calibration results using the hydféu11c—cagé method with
the oven at 12000F are given in Figufe 5 and éompared with the theoretiéa]
correlation fof applied and measured pressures. An oven wall pressure of |
2 1b/1n{2'11es at approximately 2600 1b on the abscfssa.

The difference between the actué] and theoretical measdréd pressure
was about 150 1b (approximately 0.1 1b/in.2) attributable to the static friction
of the movable-wall roller suspension system. |

Use of the pressure-bag method, which is expensive because of the

short 1ife of the ceramic. form and the bag, has been discontinued at the Mines
Branch in favour of the hydraulic-cage method. The new 12-inch oven (12-71),
the 18-inch (18-70), and the gas-fired Koppers oven at the Western Regional
Laboratory, Edmonton, A]berta,'have all been calibrated using the. Tatter

method.
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FIGURE 1 - Ceramic Forms for the Pressure-Bag Method




FIGURE 2 - Cage and Hydraulic Jack for Calibrating the Pressure-Measuring Systems of Movable-Wall Cokeé Ovens
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FIGURE 4 - Movable-Wall Oven Pressure Calibration Using the

Pressure-Bag Method
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FIGURE 5 - Movable-Wall Pressure Calibration Using the
Hydraulic-Cage Method







