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Environmental control and energy crisis hawve become household
words in many industries and there is no doubt that the underlying problems

are very serious, especially in the iron and steel industry and in the related

coke industry.
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Figure 1: Pollution From Tyvpical Wet Coke-QuenchinQ Plant

It is difficult to foresee how these challenges can and will be met
in the years ahead, but it seems obvious that the answers must come from
newtechnologies or the adaptation of existing technologies to the increasing

and changing needs of industry.



Figure 1: Pollution From Typical Wet Coke-QuenchinQ Plant

It is difficult to foresee how these challenges can and will be met
In the years ahead, but it seems obvious that the answers must come from

new technologies or the adaptation of existing technologies to the increasing

and changing needs of industry,



Considerable interest has been focused in recent months on dry
co}ce—quenching'because this technology offers significant advantages for
coke plants in the fields of pollution control as well as energy recovery.
As a matter of fact, it _1s this combination, pollution coﬁUoi/energy recovery,
that makes the process econom ically a;ctractlve. Few, if any, other pollution
control technologies offer a return on the initial inveétment: that is, most
pollution control installations are non-revenue producing and require in
addition relatively high operating and maintenance costs.

Dry coke-quenching is not a new process. It is actually an old art,
developed _shortly 'aftér World War I by Sulzer Brothers, Winterthur, Switzer-

land. At that time the process was used mainly for the purpose of energy

recovery, which always has been a big issue with the traditionally more

economy-minded Europeans. Over 70 coke plants in gas works and some
steel mills were equipped with dry coke-quenching units up to 1950. Al-
though most of these gas works installations were shut down when natural
gas became readily available, there are still some dry quenching units in
operation in European steel mi'lls_ today, two of them with more than 40 years
of trouble-free service. One of these two is located at Ford-Dagenham

in England (Figure 2), the other at Wendel-Sidelor, Homecourt, France

(Figure 3).

Russia adopted the dry quenching technology in the eatly sixties
and has now made it mandatory for all new coke plants. There are to date
28 dry quenching plants in operation in Russia and 24 more in the construc-

tion or design stage, The Russian units, as a rule, are larger than the
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Figure 2: Dry Coke-Quenching Plant In The Coke Works

England
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Figure 3: Wendel-Sidelor Dry Coke-Quenching Plant

Homecourt, France



other European units but follow essentially the same design and operating
principles develo;aed by Sulzer. Whe reas the European installations were
bulilt primarily with the energy recovery aspects in mind, Russian sources
Indicate that the improved coke quality res_ulting from the dry quenching was,
at least in the beginning, the driving force behind the adoption of the dry
quenching technology. In the USA, stringent air pollution regulations are
probably the main reason more and more coke producers are looking into dry
quenching, whereas the energy recovery, improved coke guality, etc., are
considered as desirable side benefits,

Alfhough most of the side benefits are real, substantial, and can be
measured, only the energy recovery in the form c;:f steam generation or gas
preheating has received full recognition in the economic evaluation of the
proccess., The other bex_uefits, such as increased cofce_ hardness, strength,
stabllity énd size uniformity, reduced breeze and blast furnace coke rates,
to name just a few, are either not taken into account at all or are applied
very cautiously, i.e., with a very high uncertainty or safety factor, when
the economics of the technology gre investigated. This attitude reflects the
lack of, or very limited experience with dry coke-quenching in this country,
and also the fact that only a few long-term, systematic tests have been
carried out to determine the improvements that can be expected in actual
plant operation. Nevertheless, the measurements and tests have ylelded
results that establish a clear improvement pattérn, although there are somé

differences depending on the coal mix and other factors.



Dry coke-quenching is basically a simple process. Nevertheless,
it requires considerable knowhow and operating experience to deslgn a plant
which, by necessity, must operate 24 hours a day for many years with an
absolute minimum of repair and maintenance v\;ork. Drf quenching, as the
name indicates, is a dry process. Commonly used quenching media, such as
water or flushing liquor, are replaced by an inert gas. This inert gas acts
as cooling and heat transfer medium. It is continuously récirculated in a
closed-cycle operation, taking the heat out of the incandescent coke and
dissipating it in a waste heat boiler. This heai can be us-ed for steam gen-
eration and/or, in a gas-to-gas heat exchanger, for prehéating gas. This
preheated gas may, in turn, be used profitably in other phases of the coking '

process, for instance, for coal drying and/or preheating,

The flow sheet (Figure 4) gives the basic p-rocess characteristics.

The Incandescent coke is brought to the dry quenching station in a transfer
car or a speC1a11y .designed bucket located on the transfer car. The car or
the bucket is then lifted to the top of the cooling bunker by means of a skip
hoist arrangement or crane trolleys. The bunker top is designed in a way
that positively prevents air pollution during the charging operation, This is
accomplished by special seals, varying fan speeds, ‘and exhaust equipment
In connection with appropriate dust collectors.

Thg dry quenching. station consi;ts . in essénce, of tl'ie refractory
lined coolilng bunker; the hoisting equipment for lifting the incandescent

coke to the top of the bunker: the steam generator (waste heat boiler) for

heat recovery; the fan for recirculating the inert gas; the double-seal
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measuring-hopper discharge equipment for releasing the cooled coke at the
bot_torn of the bunker onto a conveyor; the dust extraction equipment for re-
moving the particulate matter from the circulating gas stream; and auxiliary
equipment .and controls required for a smooth, semi-automatic operation of
the plant. Since the plant is operated in a completely closed cycle and s
sealed off from the atmosphere, even during charging and discharging, there
is no air pollution.

. The inert gas cc.;:oling and heat transfer medium is free, i.e., the
inert gas is formed from an initial intake of air whereby the oxygen content
of the air réacts with the coke to form 002. This creates an inert circu-

lating gas of the following composition:

%

CO2 .14.5
02 0.4
CO 10.6
Hz- 2.0
N2 72.5

There might be slight variations from case to case, and cyclic fluctuations,
but the above figures can be assumed to be average, representative values.

The almost total abs_eﬁce of oxygen eliminates the danger of explosion, and

there is no case on record thata dry quenching unit ever developed explosion



hazards or had an explosion. It is, nevertheless, good design practice and
adds tovthe safety considerations of the operation to equip the dry quenching
st.atlon with .strategically located pressure relief doors.

The heat recovery from the incandescent coke in the dry quenching
process is substantial, and it is amazin§ that the concept of recovering heat
from the quenching operation has not caught on in this country on a larger
scale, especially in view of the fact that great efforts have Ibeen maée in

other phases of the coking process to recover heat from waste gas streams.

For example, by employing regenerators, modern coke batteries reach effi-

ciencles of up to 80%. Figure S gives a heat balance for the coking process.
For carbonizing one pound of coal 1,01'-5 BTU, or 2,780,000 BTU

per ton of coke, are required, 19% of which is radiation and stack losses.

"Pifty—two percent or 1,440,000 BTU per ton of coke remain as sensible heat

in the incandescent coke. Assuming that the hot coke .is cooled to 400°F in
a dry coke quenching unit, 1,180,000 BTU per ton of coke will be recovered,
which is equivalent to 940 pounds of steam.

If electric power generation is considered, the recovered heat would
be equlvaient to about 100 kW- per ton of coke, Again, it is interesting to
compare this figure with the energy requi-.rements for the coking process.
Energy consumption varies in a fairly wide range from plant to plant. Average
values are 8 to 12 kWh for one ton of‘c_oke produqed. These f‘igures, how~
ever, do not include any power requirements for pollution control equipment
which, because of féderal, state or county air pollution regulations, will
have to be installed in new as well as in old batteries in the foreseeable

future.
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It is an unfortunate fact that most pushing emission control systems
now being marketed have a relatively high power consumption and therefore
add noticeably to the operating costs of the plant, For instance, installa-
tions providing an exhaust hood over the wet quénching car or a shed for the
entire coke side of the battery, have about 2000 HP installed, which means
that the power consumption for the battery will double.

As indicated before, one t-on of incandescent coke yields about one
thousand pounds of steam in a properly designed waste_ heat .boiler, or a
million usable BTGs. Steam generation, of course, is not a necessity. The
waéte heat could also be utilized for heating another gas (in a gas-to-gas
heat exchanger), which in turn could be used for drying or preheating coal,
The.-shaded area of the heat recovery diagram (Figure 6) shows the ranges in
“"which dry goke—quenching plants operate. The arrows follow a typical
example in a modern plant. In the cooling bunker the coke is cooled from
the. initial lSOOoF to approximately 40{}0F at the discharge gate. The gas
temperature at the distributor inlet and boiler outlet is BOOOF and at the top
of the cooling bunker 1400 - 1600°F,

The residence time of the coke in the bunker varies from two to four
hdur_s, depending on the coke plant cycle time, siz.e 2~d number of batteries_,
bunker size, fan Speed,'and other basic design criteria. There is no univer-
sally accepted optimum that can be applied to any plant. The optimum must
be determined for each individual case, taking into consideration the pre-
vailing conditions at the plant. It can be said, however, that deveiopmex;lt

in the more modern plants seems to tend toward larger bunker sizes, shorter
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residence times, and a corresponding increase in cooling gas volume,
Cooling bunkers with throughputs up to 120 metric tons per hour are now
under construction.

Dry quenching units can be employed in any existing or new coke
plant because they require a relatively small plot area, are flexible with
regard to the physical arrangement of the components, and do not necessar-
ily have to be located in the immediate vicinity of the battery, although this
may be desirable and the most economical solution.

_ Figure 7 gives an example of how dry quenching units can be fitted
into existing plants and also shows track configurations for various coke
battery line-ups.

It should alsc be mentioned that since dry quenching is a separate
process ana not directly interconnected'with the battery, a dry quenching
facility for an existing coke plant can be built without interfering in any way
with the current coke production, which is an important economic factor.
Even the switch-over from wet quenching to dry quenching does not require
any interruption in production or any alterations on the battery or other exist-
ing equipment. The wet quench tower can be left in place, because it
normally has sufficient clearance to accommodate the dry quenching transfér
car, including bucket, if any, in case the dry quenching station is located
at the far side of the wet quench tower, which could, by the way, serve as
backup facility in an emergency.

Dry quenching not only does away with air pollution as far as the

guenching operation is concerned, it also facilitates considerably the
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pushing emission control on the coke side of the battery, mainly because of
Lh_e different transfer car or transfer bucket design (Figure 4). While wet
guenching requires a relatively long transfer car with a slanted bottom, over
which the incandescent coke is spread out in a 2 to 3 foot layer, transfer
buckets for the dry quenching process can be very compact and deep, be-
céuse the slanted bottom for discharging the quenched coke at the wharf is
nét needed. Thus the compact dry quenching transfer bucket allows one-spot
pushing; i.e., the transfer car does not have to be moved during the push,
which reduces the-possibility of coke spillage to almost zero, It is obvious
thaf this éonfiguration also makes it much easier, ir_: comparison with the

commonly used wet quench car, to catch the pushing emissions with a pro-

: perfy designed exhaust hood and interconnected dust collecting equipment.

Furthermore, the compact bucket permits sealing with a sliding door or simi-
lar device, thus completely eliminating air pollution and burn-off losses that
would normally occur with an open car while travelling to the dry qguenching
station. But, even if the compact bucket is left open, air pollution and
burn-off are reduced substant'ial_ly because a much smaller surface of the in-
candescent coke is exposed to the atmosphere than with the wet quenching
car. For the same reason, the burn-off in the dry. quenching facility itself
from the initial intake. of air and occasional seepage =-- normally below
0.1% -- has no effect in the overall economic evaluation in comparison with
wet quenching. |

. The basic design features and components of all existing dry
quenching plants are the same. There are, however, variations as far as

|



design details are concerned. Cooling bunker cross sections can be circular
or rectangular. Both configurations provide for an even distribution of the
cc;oling gas énd an even flow of the coke from the top to the bottom of the
bunker if the gas distributor is designed accordingly. Many modern plants
have a drop-out chamber between the c-ooling bunker and the waste heat
boiler in order to catéh the heavier coke dust particles and keep the number
and size of cyclone separators comparatively small. Fans, cyclones, _bunker
top and bottom design, discharge gates and measuring hoppers vary in shape
and size in the various existing installations but, Df;mguﬁg.éqerig}aiy%gp?ms%%%‘

cation or reprinting in any form
function. inasmuch as exclusive, injtial

_ o : ﬁ}jblication rights are reserved

Most of the Russian installations are equlppgﬁ ANeE a so-called
pre-chamber (Figure 8), which is located on top of the actual cooling bunker
section. The stated main purpose of the pre-chamber is to provide for more
stable steam generating conditions. At the same time, the pre-chamber
could, to a certain extent, accommodate green coke, thus cutting down on
the coking t;me in the ovens and increasing the battery capacity accordingly.
Therefore, the coking process would be completed in the pre-chamber rather
than in the oven. With the advént of coal preheating and pipeline charging,
however, it is doubtful whether the pre-chamber, which perforce complicates
the dry quenching unit, would be justified for these reasons. The reduction
In coking time (in the oven) is not too significant (up to one hour), and the
steam generation does not fluctuate greatly to begin with if the predeter-

mined pushing schedule is maintained within certain limits. In this con-

nection, it should be mentioned that the originators of the dry quenching
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system, Sulzer Brothers of Switzerland, entertained for some time the pre-
chamber idea and even had it patented. But after a thorough analysis of the
prog and cons, the idea was dropped for practical applications. It was felt
that further equalization in the steam supply could be accomplished much
more easlly and simply by gearing the fan speed to the coke input or by the
use of an accumulator.

As far as the economics of the dry coke-quenching process are con-
cerned, it is difficult to establish firm number_s beéause of the complexity
of the coking proce-ss and the prevailing technical, energy and raw material
conditions, which change from country to country, even from coke plant to
coke plant. Furthermore, the ramifications of the dry quenching process
itself necessarily involve related operations, such as coke screening and
the blast furnace operation in the case of metallurgic.a! coke. It must also
be kept in mind that, while some advantages or results of the dry quenching
process are very tangible, steam generation, for instance, others are more
difficult to determine in dollars and cents. Some of these are the influence
on the blast furnace operation, the elimination of air pollution and ecology
problems in general, which can hardly be expressed in monetary values.

The diagram shown in Figure 9 is an attempt to present as objec-
tively as possible, foi' pr-actical purposes in the U,S,A,, the economics of
the process, based only on the tangible advantages and averaged-data col-
lected from the pertinent literature and actual oberation. The economic pic-
ture will naturally change when the less tangible, but nevertheless signi-

ficant, benefits are also taken into account.
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This diagram shows the amortization period in years versus the
Specific cost of the plant (cost per :con annua!l coke throughput) at various
blast furnace coke saving rates. Plant costs generally range from $5 to $7
per ton of annual coke throughput, depending mainly on the capacity of the
plant, the number of cooling bunkers (determined for the most part by the
number of coke batteries to be served and therespective pushing schedules),
and the desired reserve capacity. The lower values refer to large units
(bunker sizes) up to 3000 tons per day capacity: i.e., 1,100,000 tons per
year. The higher-values refer to smaller units or plants with standby
capacity.

The stated costs are comrplete, inc.luding installation. For the
: detefmination of the amortization periods, all expenses, such as operating,
maintenance, power and depreciation costs, were taken into account.

The figures for the savings are based on current market prices, that
is, $1.50 per 1000 lbs. of steam, $40 per ton of coke and $13 per ton of
breeze. The diagram reflects the wvariations in coke rate savings recorded
in existing plants, so that the amortization time can be determined on the
basis of the coke rate saving percentages. Higher savings observed on
occasion were not considered. .

In geeeral, hox-;rever, the diagram shows that amortization periods
are comparatively short regarding blast furnace coke rates, .even in the
lower saving percentage ranges. The Russians, for instance, report amorti-

zation periods of approximately three years for their dry quenching install-

ations.
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In summary, the advantages of ;iry coke-quenching can be listed

as follows:

L.

5.3

3.)

4.)

5l

No Air or Water Pollution

Dry quenching is carried out in a completely closed-cycle opera-
tion. There are no emissions of any kind imto the atmosphere or

rivers.

Revenue Producing Investment

Anti-air-pollution installations, as a rule, are non-revenue pro-
ducing. In view of the mounting legal and public pressure for
stricter environmental control, dry coke-quenching, which com-
bines legal necessities with economic advantages, becomes espe-

cially attractive.

High Amortization Rates

Due to the energy recovery, improvement in coke quality and other
savings, amortizationrates are high and amortization periods shdrt,

normally only a few years.

Energy Recovery

Using the dry coke-quenching process, over 1,000,000 BTU's per
ton of incandescent coke can be recovered and used for steam gen-
eration and/or for drying and preheating coal or other useful pur-
poses such as power generation. An average dry quenching plant
yields 1,000 pounds of éuperheated steam per ton of incandescent
coke. In many cases, this amount of steam could satisfy the steam
requirements of the whole by-product plant. Typical steam para-
meters are:

a. Process steam : 200 psig, 600°F (superheated)

b Power generation : T 550 psig, 850°F (superheated)

Flexible Design

The dry quenching process can easily be adapted to existing or new
coke plants and effectively tied into a total pollution abatement

program for all phases of the coking process.
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Increased Operating Safety

Safety hazards and production interruptions due to poor or impaired
visibility are eliminated or greatly reduced. With dry quenching
there is no formation of steam clouds in the quenching station, on
the hot track or on the wharf. Pushing emissions and fumes ema-
nating from the quench car can either be eliminated or effectively

controlled. Compliance with OSHA standar%ir? is facilitated ac-
] i
N bl

cordingly. cation oi epiinting in any form
| _ Inasmuch as exclusive, initial
Low Operating and Maintenance Costs publication rights are Feasrved

by the AISE,
There are no expenditures for quenching water, pumping plant,

breeze reclamation or track maintenance due to coke spillage and
vxlrater drainage associated with wet quenching. The energy con-
sumption runs cohsiderably below one-tenth of the energy recov-
ered. Operating manhours are l.ow; one to two men are sufficient

to run a dry quenching plant of the largest size.

Long Service Life

Dry quenching plants have been in operation for more than 40 years
without any major interruption or overhaul. Preventive maintenance
programs, which as a rule, provide for a predeterm ined once-a-year

thorough inspection, have become routine in dry quenching plants.

Corro'sion Cutback

Wet quenching contributes substantially to the corrosive atmo-
sphere in coke plants. With the dry quenching process, there is a
strong reduction in the corrosion rate. Therefore, maintenance and
replacement costs for transportation equipr;:ent, steel and concrete
structures and conveyors drop accordingly because they are.no
longer exposed to the corrosive influence of the acid content in the

water and steam.
|

No Winterization Necessary

Trouble due to ice formation on conveying equipment, etc. during
the winter months is no longer encountered. Screen heating

becomes unnecessary.
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ri.) Better Coke Quality

a.

Mainly because of its absolute dryness, dry quenched coke

has a higher heating value than wet quenched coke,

Dry q‘uenched coke, in comparison with wet quenched coke,
Is of higher strength and greater stability. Stabilization is
achieved by the coke handling in the cooling bunker. Reported
improvements are as stated in Figure 10; for example, the im-
provements according to the Micum 40 Test are 8%, and the

improvements according to the Micum 10 Test, 5%.

Dry quenched coke is more uniform in size, thus narrowing the
lump size range for use in the blast furnace and eliminating
the necessity for crushing. 'I'he_ percentage of desirable size
fractions increases appreciably. In general, compared to wet
guenching, there is less coke larger than 3", more coke in the

1.5" to 3" range, and less coke smaller than 1.5".

Dry quenched coke has a more uniform content of volatile con-
stituents, as parts of the coke in which degassing is incom-

plete are further degassed in the dry quenching plant.

Dry quenched coke is clean and practically free from adhering

dust or breeze.

Dry quenched coke forms less breeze than wet quenched coke
due to the steady, smooth cooling procedure in the dry
quenching process. The average breeze percentage is reduced

from 6 to 4%.

Dry quenched coke is less susceptible to additional-breakage

after quenching.

Dry E;genched coke yields breeze which is absolutely dry and
can therefore be used as a valuable fuel, for example, sinter

fuel, with equivalent improvements in the sintering process.
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Single compara- Commercial
- tive tests tests
Data wet dry wet dry
quenched cooled guenched cooled
coke coke coke coke
Moisture % . . . . 2+5 0.15 2.0 0.4
Mechanical
strength:
large-drum .
residue, kg . . . 334 343 334 337
<l0-mm content of
through-drum
ptoduct, kg .« » = 23 38 26 35
Mag o o o o o o 73.1 8.2 73.6 79.3
Big - = & = @ » # Wl Tl 7.6 Tl
Size analysis
by mm fractions,%
Se@Bld & & % w = 19.2 13.4 12.6 13
60--80 32.8 31.6 28.2 30.1
40--60 43.7 52.0 52.0 54.3
25--40 3.0 2.1 4.3 3.3
€25 . - ow o B s o e 0.9 2.9 3.3
Structural
strength, % . L 84.6 84.3 85.3 85.9
Reactivity,
ml/g.8 . . « = 0.629 0.541 0.717 0.534
True density,
g/em® . ... . . 1.877 1.882 1.897 1.908
Apparent den-
sity, g/cm3 : 1.028 1,037 1.108 1.108
POXrosity; % « « & = 45.2 45.2 4% .7 41.9
Ultimate chemical
analysis of
the coke, %:
cC {4.a.€£.b.)- —~e - 97.6 97.7
H {(d.a.ft.b.]. == —— 0.38 0.30
& {d.a,E.ba) -~ - 0.58 0.58
P {d.a.f.b.}). - == - 0:13
O+ N (d.2a.£.b.) - - 1.56 - 1.46
Chemical analysis
of the ash, %
$i0p . . . . . * i — 58.64 60.70
Al,053 . . . - - - - 23.44 23.54
R R -- 8.18 7.08
CHE e ow o oa oy ol - - 3.43 2.65
Mo, o o om = R s - - 1.B1 1.54

Tarmuara 1N




11.)

i2.)

23

Dry quenched ccke is of lower reactivity, a phenomenon which
has been found beneficial in recent studies for improving the

blast furnace performance.

Dry quenched coke has excellent screening qualities and

- absolutely prevents blinding of the screens.

Improvement of Blast Furnace Operation

a-

The improved coke quality, along the lines of the properties
listed above, provides for better and more even bed perme-
ability in the blast furnace, thus reducing or eliminating

choking.

For the same or similar reasons, reduced coke rates per ton of
pig iron can be obtained through the use of dry quenched coke.
Savings reported in literature and in actual operating logs

range from 2 to 10%.

Because of smoother blast furnace operation with the use of
dry quenched coke, substantial productivity increases (pig iron
rates) can be expected; 4% for instance, according to Russian

experiences.

Use of Lower Grade Coking Coal

The improved coke quality resulting from dry quenching opens the

alternative for the use of lower grade coal.

Better Pig Iron Quality

For a given coke quality, an increase in the moisture content of the

coke in the amount of 1% inCreases the suifur content in the pig

fron from 0.030 to 0.035. Thus, using dry quenched coke, the

sulfur content in the pig iron can be minimized.
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Where there are so many advantages, there must be some draw-
backs, too. In technical and commercial evaluations of the process, the
cox.asiderably higher initial investment costs are cited in comparison with
wet quenching and a sdmewhat dustier atmosphere in the screening station
due to the dryness of the dry quench'ed.coke. But these disadvantages do
not seem to carry too much weight in the light of the energy recovery and in
view of the fact that a properly designed exhaust system can solve the dust

problem that might develop in the screening station.

As mentioned before, all the above advantages are real, but they

should be considered at this time more as trends or tendencies rather than

as absolutely firm numbers. To establish such firm numbers an_d correlated
blasi furnace performance figures, a systematic, long-term test program
with precise measurements should be ca;ried 6ut in order to quantify better
or more conclusively the stated improvements and to determine quality and
operation parameters which would allow the full utilization of the inherent
advantages of the process. Of course, such an effort would require close
cooperation between the engineering department or company and the oper-
ating .departments of the coke a;nd blast furnace plants. Furthermore, it
would seem that the first full-size commercial plant in this country v@ould

5

very well deserve not only moral support or indirect assistance through tax

exemptions, investment tax credits, taXx rebates or accelerated depreciation,
but also active financial participation of the government agencies concerned
with environmental control and energy conservation. It is indeed an extreme-

ly serious question, how many more years this country can afford to blow
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trillions of BTU's into the atmosphere every day, not only wasting valuable
energy, but at the same time hampering environmental dontrol efforts.

In conclusion, it can be said that dry coke-quenching as a long-
proven, fool-proof technology, deserves new intensive consideration in this
and all industrialized countries, As far as the economics are coﬁcerned,
especially in view of the energy crisis, it can be stated with ceftainty that,
to quote a Russian source, "'With the fuel prices moving upwards, the pro-

fitability of dry coke quenching will become even greater in the future and

the capital cost of the equipment will be recovered sooner than expected."
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