Supporting document 2

Impact of slag addition on dry kiln operation

1. Outages of kiln system during 1-st half of 2008

% of total
. . Number of
Reason Outage time, h outages time
outages
Clogging of raw mill 89.90 36.2 6
in cyclones
Mechanical part of 52.55 21.1 2
kiln and cooler outage
Outage for cleaning of 36.40 14.6 4
kiln main exhaust fan
Electrostatic 24.00 9.7 1
precipitator electrical
part repair
Electrical part of kiln 19.30 7.8 3
outage
Outage for cooler 11.50 4.6 1
cleaning
Other reasons 10.89 4.4 2
Power cut-outs 4.00 1.6 1

The data in the table above shows that the main outage time is clogging of the raw mill in
cyclone system which results in 1) production losses due to kiln stops, ii) additional labor and
material cost.

2. Influence of chlorine and sulphur on clogging of materials
High content of sulphur compounds in slag lead to increase in clogging of raw mill in cyclone
system (also see simplified diagram below).
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Indirectly it also influences on the requirements to select the ferrous additives. For example,
blast furnace throat dust, traditionally widely used before as ferrous additive, has high chlorine
content and, in combination with slag, creates simultaneous high concentration of sulphur and
chlorine, which causes plugging in cyclones. Due to this fact, the plant has to use another ferrous
additive, the ill-conditioned fraction of iron ore, which has low chlorine content, but contains
less ferrum, is harder to grind and has high content of low reactive crystalline quartz.

As a reference material explaining the reasons causing clogging or ring building, the two
documents are included in supporting document 1 (SD1), the first is an article in “Cement-
Calcium-Gypsum magazine” named “Reactions associated with the kiln gases. Cyclic processes
of volatile substances, coatings, removal of rings”, it has a summary of article in English at page
11. The second one is a report in Portland Cement Association R&D Information issue #1996
named “Kiln exit buid-ups: study of alkali and sulfur volatilization” by Presbury B. West. Below
the title pages and abstract in English are presented.
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KILN EXIT BUILD-UPS:
STUDY OF ALKALI AND SULFUR VOLATILIZATION

by
Prezsbury B. West*

ABSTRACT

This repart comtaing & hibdiography of amicles on cement kiln processes that affect the formation
of kiln exit build-ups. Arscles are included on the following topics: alieali, chlorine, and sulfur
cyeles, dust cycles, air blasters, by-pass sysiems, mathemancal models of cyclic processes.
and volaslity of alkalies, chiorine, and sulfur, The citations came from & compuer Heranre
search and are supplemencd with other references found in the PCA library, Many of the
citations includs either an abstract o a 1ist of keywords,

Experimental work 18 reported on volariliny of alkalies and sulfur from kdln feeds and 4th stage
materials, Alkalies and sulfur are key components of kiln gases which react to form build-ups.
Samples from three prebeater and three precalciner kilns wers studied. Vipladlity of allalies
and sulfur is usoally less for 4th sage materials than for kiln feeds. Fourth stage matcrials
frim precileiners panerally have lower alkali and sulfir volatility than similar makerials from
prehearer kilrs. It is conclwded that increases of the sulfor-alkah molsr ratlo may cause the
observed decreases in volatility, Potsssium iz more voladle than sodium for bodh kdln feeds
and 4ih stage muterials, Addidon of sulfates, changing the molar mtio of $03 -NagD) alkali
eguivalent o near 1.0, decreases the volality of both sulfur and alkalies.

Thermal gravimeric experiments osing kiln feeds indicad thas calcination was not affected by
the presence of 5% coal. Another s=ries of experiments investigated the effect of oxygen on
calcinaton; resubis wers inconclusive, Furuse work s suggesied on the effect of reducing
conditions on volastlizaton, and westing models of cyclic phenomena in coment kilns.

Keywords: alksli bypass, alkali cycles, alkali volatlity, cement manufacturing, kiln exit
build-ups, pordand cemens, precalciners, proheaters, sulfus cycles, sulfur \'Dlllﬁll]r.

SCOPE

This repost describes the expenments performed and discusses tbe results of those
cxperiments. s this projecy, the volatility of alkalies and sulfiar was evaluated as well as the
differences in their wolatility between kiin feeds and founth stage materials, becauss of their
ircrgmq.nuc in modeling imernal cycles in cement kilns. The differences of these same
vodarilities berween pl';ltﬂﬂ and precalcineT kdln snﬂkxmﬂwumﬂ The effect of
reducing conditions and espectally the presence of coal on the calelnation of kila feads was the
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3. Financial losses occurred due to kiln stops caused by clogging of cyclones

Period 1-st half 2008
Kiln output, t clnk/hour 152,92
Duration of kiln outage, hours 89,90
Clinker volume not produced due to outages, tonnes 13 747
Clinker purchased price, UAH/ton cink 428,90
Clinker variable production cost, UAH/ton clnk 245,21
Cost of clinker replacement (purchase), UAH 2525275
Additional fuel consumption due to kiln outages, GJ 4 200
Fuel price, UAH/GJ 33,15
Additional fuel cost, UAH 139 237
Additional electricity consumption due to kiln outages, MWh 90
Electricity price, UAH/MWh 327,03
Additional electricity cost, UAH 29433
Exchange rate, UAH/Euro’ 7,655
Total cost (clinker replacement, additional fuel and electricity), UAH 2693 944

Total cost (clinker replacement, additional fuel and electricity), Euro 351 910

! National Bank of Ukraine, http://www.bank.gov.ua/ENGL/Fin_mark/Kurs_mid/kurs_96-last.htm
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