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Fly ash, nitrogen and sulphur oxides are the general pollutants of
ambient air when oil shale is fired in power plants. Experimental data
on NO, and SO, contents in boiler exhaust [1, 2] indicate that the emis-
sions are considerably higher than the standards [3] accepted by the
most of European countries, USA, and Japan, as well as those, our
country is going to keep to. The most acute problem is the high sulphur
oxides content in flue gas. Following the standards SO, concentrations
are to be reduced from 1.6—1.7 to 0.2—0.4 g/ms. However, it is also
important to reduce NO, concentrations in oil shale fired boiler exhaust.
The NO, level may be up to 0.42 g/m® according to the data given in [1]
and about 0.28—0.38 g/m® according to [2], and it must be reduced to
0.15—0.20 g/m?>. As to sulphur oxides, there are obvious advantages
of the methods using more completely the potentialities of shale ash
calcium compounds to bind sulphur oxides. The selection of NO, reducing
technology in flue gases of oil shale fired boilers is not so evident and
unambiguous.

Most frequently combustion modifications such as fuel-rich com-
bustion, staggered burning, recirculation of flue gas in burners or
combustion zone, water injection, special burners with low NO, yield
and others [4] are used for reducing the content of NO,. These methods
are more effective for gas/oil fired units and, as a rule, are not applied
for coal fired boilers. In particular, recirculation of flue gas in burners
is practically not used in coal fired boilers, mainly because of deterio-
ration of fuel ignition and burnout conditions, though it makes possible
to affect NO, formation by lowering operative oxygen concentration
as well as flame core temperature.

In our opinion the high reactivity of Estonian oil shale dust let hope
that the flue gas recirculation in boiler’s burners takes place without
considerable ignition and burnout deterioration, while NO, formation
can be affected essentially. The experimental data presented below can
be of interest by further investigation of this supposition and partly
confirm the correctness of it. These results have been obtained from
tests that were carried out at the coal-fired pilot facility of Energy
Institute at the Kohtla-Jarve power station. The fuel used was a mixture
of pulverized Estonian oil shale and low-grade Donetsk anthracitous
duff. The choice of this fuel composition was conditioned by the test
objectives. One of them was stabilizing the ignition of low reactivity
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anthracitous duff and it was achieved combusting together oil shale
and anthracite. Firing was carried out in direct-flow combustor with
a belt staggered tube bank shown in Fig. 1. Fuel/air mixture and heated
secondary air, mixed completely in straight-line zone, are fed into com-
bustion chamber through the annular slot. Stabilization of annular
jet ignition is guaranteed by the forechamber geometry, which creates
the required aerodynamics and determines the recirculation of com-
bustion products to the flame root. Intensive after-burning of com-
bustible residues takes place in the second part of combustor on the
belts of slag screen tube bank. Then flue gas enters the duct and leaves
through the stack.
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Fig. 1. Design of direct-flow com-
O bustor with a belt staggered tube
S bank. Legends: I — forechamber,
2 — staggered tube bank section;
coa| 2 I — pulverized fuel/air mixture,
s o I1 — secondary air
8 e Puc. 1. KOHCTDYKIHA IIPAMOTOY-
& Sl o HOI'O IIPeJTONKAa C JICHTOYHOM Ha-
cagkoii. YciaoBHBIE 0003HAYEHHS:
1 — dopramepa, 2 — cexnus Ha-
510510 cagku: I — NBLIEBO3AYLIHAS CMECh,
II — BTODHYHBIA BO3AYX

There are some peculiarities of the secondary blowing preparation
system. An oil supply system is available to heat the oxidizing mixture
by burning oil in the oxidant stream. Oxygen content is regulated by
additional gaseous oxygen supply. Thus, the blowing preheating tem-
perature can be varied from ambient air one to 700—800 °C and Os-en-
richment — from 21 to 100 %. If supplementary oxygen amount supp-
lied is less than needed for oil burning, the O, content of blowing
may be less than 21 %. In the same way, regimes with lowered O, con-
centrations simulating flue gas recirculation in the burner have been
modelled. If oxygen content in blowing was 15—16 %, the degree of
recirculation might be evaluated at 23—25 9.

The main characteristics of regimes:

combustor heat output 4.2—5.1 MWt
share of oil shale of total heat input 40 %

blowing temperature 570—580 °C
oxygen content in the blowing 15.4—22.2 % (vol.)

oxygen excess coefficient
(stoichiometric ratio) 1.05—1.26
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Average characteristics of oil shale dust: W™= 0.54 %, A" = 49.37 %,
(CO9) iy = 24.4 %, SE10= 1.78 9%, Q7= 2061 kcal/kg; anthracitous duff:
Wr=37%, A"=30.15%, Ssto=2.33%, Qi= 4950 kcal/kg. There
was rather coarse grinding: Rg = 35—40 % (limited by pulverizer
potentialities).

NO, concentrations were measured in gas duct after combustor at
temperature 600—700 °C. Measurements were carried through on chemi-
luminescent NO/NO . analyzer 344 XJI-01, using the method with nitrate-
selective electrode, and a modification of method with Griss reagent
(device “Evdiometr-1”). In some cases multicomponent gas analyzer
(BRD) “testo-33” was used.

Average results gained by different methods are corresponding suf-
ficiently to one another. The spread in values does not exceed +30 %
and no systematic regularities of these deviations for different methods
were observed.
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Fig. 2. Nitrogen oxides concentrations in flue gases of different
burning regimes: 1 — anthracitous duff (AD) + oil shale (blowing:
0°=229%, t2=590°C); 2 — AD +oil shale (0%=15.89%,
t» — 580 °C); 3 — AD - fuel oil (03 = 21 %, t* = 440—480 °C)

Puc. 2. KoHneHTpanusa OKCHJOB a30Ta B JBIMOBBIX rasax DU pa3yiMy-
HBIX peXKUMaX cKuranusa: I — anTpanuToBbii mTH6 (AIl) 4 cranen-
kykepcur (05229, t2590°C); 2 — AIll + cnawery (0% 15.8 %,
t2 580 °C); 3 — AIII 4 masyr (0% 21 9%, t* 440—480 °C)

Measured No, concentrations are shown in Fig. 2. The upper curve
summarizes the data obtained in air-blowing regimes. The bottom one
corresponds to regimes with lowered oxygen content in blowing, that
simulated flue gas recirculation in a burner (as it was mentioned above).
Comparison of these curves shows the second method of burning to be
effective for NO, reducing. When there was lowered oxygen content
in the blowing, NO, concentrations recalculated to flue gases into
accordance with o = 1.4 were 0.28—0.40 g/m3. Thus, NO,. level had
dropped three times approximately. This is the best result for com-
mercial boilers, in which recirculation has been applied [5]. In our tests
some conditions in which recirculation is most effective were used: high
temperature in the centre of flame, stoichiometric ratio close to 1.0,
ideal premixing of recirculated gases, second blowing, and air/fuel mix-
ture (modelling of the mixing).

Besides the above-said, analysis of the data obtained allows to draw
conclusions about replacing fuel oil usually used for stabilizing anthra-
cite ignition by high reactivity solid fuel such as Estonian oil shale.
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Experiments carried out have given promising results of such firing
technology. NO, concentrations obtained both by anthracites/oil mix-
ture and oil shale/anthracite mixture burning with air blowing are
rather high, as it is shown in Fig. 2 (curves I and 2). They are con81der-
ably higher than in low temperature oil shale-fired boilers — 0.42 g/m?,
but on the same level with those in anthracite-fired boilers with wet
slag removal. The cause of high NO, concentrations is first of all the high
temperature of blowing preheating — 440—580 °C, which is necessary
for wet slag removal. The level of NO, emissions can be essentially
reduced, if using the possibilities of recirculation pointed out.

It is also necessary to mention that the data obtained on the pos-
sibilities of ecological solution of NO, emissions by the high tempera-
ture firing show the process of Portland cement clinker obtaining from
a new point of view. As is known [6], this process can be based on high
temperature oil shale combustion with wet slag removal.

So, the most conclusive result of the experiments is that flue gas
recirculation may be effectively used for NO, control when high reac-
tivity solid fuel (or fuel mixture) is fired. These results allow a sup-
position to be made about the analogous positive effect on oil shale-
fired boilers, although for low temperature burning it will possibly be
less considerable. To evaluate this influence more exactly, it should be
useful to continue the experiments on test pilot facilities and to carry
out tests on one of the low power oil shale-fired boilers in action.

PE3IOME

CozepixaHue OKCHIOB 230Ta B YXOASIIUX rasax IMbIJIECIaHIEBLIX KOTJIOB, IIO JaH-
HEIM pasHBEIX aBTOpOB, moxoauT xo 0,38 um maske mo 0,42 r/m®. Ilo cpaBHEHHIO C
COOTBETCTBYIOIIMM IIOKA3aTeJIeM /JIA AEHCTBYIOIMUX IBLIEYTOJBHBIX KOTJIOB 3TOT
YPOBEHb MOJYKHO CUHMTATH YMEPEHHEIM, HO TeM He MeHee OH IIPEBOCXOJUT IIPHHSA-
Thle B OOJIBIIMHCTBE Pa3BHUTBIX CTPAH ,HODPMBI IIPe/ie/IbHO JOMYCTHMBIX BEIOpO-
coB, cocTapisiomue B cpegaeM 0,2 r/m°. OueBHZHO, YTO IPOGIEMa yMEHBIICHHS
KOHIIEHTPAIlMd OKCHJOB a30Ta B YXOASIIUX rasax IBUJIECIAHIEBBIX KOTJIOB HE
CTONIb OCTpa, KAaK 3ajadya CHUKEHHUS KOHIEHTDAIIMHM JUHOKCHAA CEphl, OJHAKO
M OHA JKJAET CBOEro PEIIeHUs.

Cpegy HBBECTHBIX TEXHOJOTWYECKHX METOLOB, O0ECIIeYMBAIOIIUX II0JaBJIICHUE
o0pasoBaHUA OKCHAOB a30Ta, OLZHUM K3 HauboJsiee 3 DEKTHBHBIX ABJISAETCS PEIUp-
KYJALUsS ABIMOBBIX r'a30B HEIOCPEACTBEHHO B ropesku. OZHAKO HA NELIEYTOJb-
HBIX KOTJIaX OHA IPHMEHSETCH PEAKO, IIOCKOJIBKY IIPHBOAUT K yXYAILICHUIO BOC-
NJIaMEHEeHWs ¥ BBINODAHWS TOIJIMBA. B TO K€ BpeMs, IOCKOJBKY IBLIb 3CTOH-
CKOr'0 TIOpIOYEero CJIAHIA-KyKepPCHTA HMMEeT BEICOKYIO DEaKIHOHHYIO CIIOCOOHOCTH
(Vdaf ~ 85 %)), MOKHO OKHIATh, YTO KCIOJH30BAHHE DENUPKYJIANWH Ha IIBLIE-
CJIaHIEBEIX KOTJIAaX He OyZeT MPUBOAUTH K HA3BAHHBLIM BHIIIE HETaTUBHBIM IIOCJE[-
CTBHSM, IIDH TOM 4YTO IIOJAaBJIEHHE O0pPa30BaHUSA OKCHAOB OyAeT HMEeTh MeCTO.

OTH NPEAIIOJIOKEeHUsI IIOATBEPIKAAIOTCSH SHKCIEPUMEHTAMH, IIPOBEASHHEIMH HA
ONBITHO-IIPOMBIIIJIEHHON yCTaHOBKE, 00OPYZOBAHHON INPAMOTOYHEIM IIPEATOINKOM
C JIeHTOYHOM Hacajgko# (puc. 1). B KadyecTBe TOIJIMBA MCIIOJH30BAJMA CMECH HCTOH-
CKOr'O CJIaHIAKYKEePCHTa M JOHEIKOr0 AHTPAIMTOBOIO MITHI0A B COOTHOIIEHUH
IO yJeNbHOW TemyoTe cropaHus coorBercTBeHHO 40 : 60. Takoii BEIOOpP TONIMBA
GBI ompejesieH IMOCTaBIEHHBIMU 3aJadaMi, CPeA¥ KOTOPBIX HADPAAY C 3KOJIOTH-
yecKMMM OBlyIa M 3aZjavya CTAGMIMBHPOBATE BOCILIAMEHEHHE HH3KODPEAKIMOHHOIO
aHTPAOMTOBOrO MMTHIOA. OOBIYHO MCIIONB3YEMEIA AJIA MOACBETKH MasyT Obla 3aMe-
HEeH BBICOKODEaKIMOHHBEIM TBEDPJAEIM TOIJIMBOM — KyKepcuToM. TemnjaoBas MOIIl-
HOCTb NpeATONKa jgoxoxuya xo 5 MBr, temmeparypa aytes — mo 580 °C, mmen
MEeCTO BBEICOKOTEMIIEDATYDHBIH DEXUM C KHUAKUM NIJaKOyZaJIeHHeM.

3HaueHHs KOHIEHTDALUU OKCHJOB a30Ta IpPEeACTaBJIEHEl HA DHC. 2.
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Bepxusii Kpusasi 0000maer maHHBEIE, IIOJy4YEeHHBIEe IIPH PEXHMaxX C BO3JYII-
HBIM [yThEM, HUJKHSA — IPH PEXHMaX C IOHUIKEHHBIM COJEpPKaHUEM KHCJIIO-
poja B AyTbe, TO €CTh HA PEXXHMAaX, KOTODEIE MOJEJIUPYIOT PEeIUPKYIAINUI0 ALIMO-
BEIX ra30B HEIOCPEACTBEHHO B I'OPEJIKY.

CpaBHeHHE 3THX JABYX KPHUBHIX YKa3bhIBAeT HA BBHICOKYIO 3(dEeKTHBHOCTH BTO-
poro cmocoba cokurasus: npu 25 % Ho# pPenUPKYJIAIMN CHUYXKEHHE KOHIEHTPAaIUuH
OKCH/JOB a30Ta OKa3aJioCh II0YTH TPEXKPATHHIM. [[OCTHUIHYTHIH MHHHMYM KOH-
nenTpanuu coctaBunx 0,28—0,40 r/m® (3HaueHMS NpUBEJEHH K 06HEMY TIa3oB,
cooTBeTCTByOIIeMy « #% 1,4). B okcrmepumeHTaX ObLI COGJIOZEH DAJ YCJIOBH,
KOTOpBIe 00ecneunBaliy MaKCUMAaJbHYI0 3O GOEKTHBHOCTh BIUAHUA DPEIUPKYJISIUHU.

EcTe Bce OCHOBaHHS OMKHMJATh AHAJOrHYHOrO 3ddexra um mpu paboTe mbLIE-
CJIAaHIEBHIX KOTJIOB, XOTSI HE HCKJIIOYEHO, YTO IIPH HUBKOTEMIIEPDATyPHOM CXKHU-
raHUM BIWSHWE DPEUUPKYyJsSnuu OyxeT 6ojiee yMEepPEeHHBIM. YTOYHUTH 3TO II03BO-
auiayu OBl SKCIEPDUMEHTHI Ha KaKOMJUOO JeHCTBYIOIIEeM IIhLIECIaHIIEBOM KOTJe
MaJIOM MOIIHOCTH.
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