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Abstract—We successfully developed a new straw combu:
technology thatefficiently reduces problems with unmanage:s
deposits inside strawuéled boilers in Zluticka Heating Plant. T
deposits are mainly created by gléssning melts. We plotted stra
ash compositions in 0-CaO-SiQ phase diagram and illustrat
that they are in the area of lanelting eutectic pints. To prevent the
melting of ash and the formatioof deposit, we modified ash
compositionsdy injecting additives into biomass f.
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|I. INTRODUCTION

OR more than ten years, the cer heating plant in

Zlutice has been burningooden chips ar packed straw.
The plant is equipped with fodmorizontal boiler with piston
stockers. Every year, they buin averag 4 000 tons of
wooden chips and 1 000 tons rofinly wheat, rye, bary, or
rape straw. For many years, therting of straw had been
causing slagging of the bottom paefsthe boiler and fouling

significantly decreased the efficiency of the b by

hindering heat transfer and increasithge corrosion of the
metallic and ceramic parts of the boilef® maintain a high
efficiency of heat generations, frequeshu-downs of the
boilers had been necessansually every three months. F

cleaning up the boilers, workers hdperforn laborious and
time-consuming removal of the depos We have
successfully developedew technologie reducing problems
with unmanageable deposits forming inside the stiwsled

boilers in Zluticka Heating PlantBy applying thes:

technologies, wesignificantly reduced tt amount of the
deposits in the boilers and prevented stickindhefdeposits t

the walls of refractory ceramics.

Il. GLASS DEPOSITS FORMATIOI

Figure 1 shows glassy and partially crystallineasgs tha
formed in a flame part of the boileduring the burning of
different types of straw and wooden chips contatethavith
soil.
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Fig. 1 Glasgupper) and partially crystalline (lower) depoditsm a
k - flamer part of the boilers that burned wheat stfapper left, barley
of their heat-exchanger compartment$iese deposits had straw (upr right), rape straw (lower left), and brown wondips

from pine loppngs contaminated with soil

To find out what causes the formation of the deppsie
determined their chemical composition with -ray
fluorescence analysis (XR Table | lists examples of the
chemical composition ofhe deposits formed when different
types of biomass weréred. These results indicate a high
concentration ofoxides Si(;, CaO, and KO. These main
components caeasily form glass. Iithis material, the glass
forming oxide SiQ forms an amorphous network; and
other components CaO an,O decrease glass melt viscosity.
Other oxides of significant concentration a,Os, Al,O; and
MgO that also promote the formation of gl layers.

In the next stepwe focused on alyzing ashes that formed
during burning different types of biomass. To gatethe ast
we developed a laboratory procedufor the controlled
burning of biomass. We put a fuel of about 200g ial
corundum crucible and burned it in a spec designed
electric furnace with kanthal loo

TABLE |

COMPOSITION OFDEPOSITS FOFDIFFERENTFUELS

Mass% Wheat Barley Rape Pine
Na,O 0.4 1.9 1.1 1.0
K20 19.7 249 114 5.0
MgO 3.4 1.8 4.4 3.4
CaO 16.2 15.1 30.7 15.6
MnO 0.1 0.0 0.1 1.2
Al203 2.6 15 3.7 12.7
Fe,0, 0.9 0.3 0.9 8.9
P,0s 2.2 3.1 3.3 1.4
TiO, 0.2 0.1 0.2 2.8
SiO, 54.1 494 439 474
Sum 99.8 98.1 99.7 99.4
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The temperature inside the combustion space wassphg
monitored with PtRh thermocouple and the whole imgr
process was automaticallyontrolled b' a computer. The
maximum firing temperature was 1@ The obtained ash
was again analyzed with XRF. Table Il shows exaspleast
composiion for selected types of straw; and in Figureou
can see solidified meltand ash residues aftthe burning of
wheat and ray strawGlossy surface of partially transpar
solidified melts confirm theiglass characte

TABLE II
COMPOSITION OFASH FROMDIFFERENTFUELS

Mass%  Wheat Barley Ray Rape Hay
Na,0 0.2 1k 24 0.€ 1.z

K0 10.3 25.4 42.1 324 27.7
MgO 2.3 3.3 3.0 2.8 4.2
CaO 5.9 16.4 9.5 53.7 7.6
Al,03 0.7 0.7 45 0.3 2.7
P,Os 1.5 5.0 8.5 4.6 12.0
Sio, 76.3 42.9 23.6 0.6 38.9
Sum 97.3 95.2 93.6 95.3 94.4

The ash composition that @ose to lov-melting eutectic
points promotes the formation gfass melts that are ve
strongly bonded refractory materialherefore, to predict tr
effect of compositioron the formation of a melt, we usec
thermodynamic approach [based on L,0-CaO-SiQ phase
diagram illustrated on Figure 3 [2For its application, we
simplified the original ash multicomponent mixtt We added
together components of similar chemical effi [3];
K,0=K,0+Ng0O, Ca0=Ca@MgO, and SiG=SiO+Al,O3
+P,0s. The remainingomponents of low concentratic were
omitted. Using this simplificationwe could plot the ash
compositions in the phase diagraithe diagram illustrate:
for example significant differences in the ash cosifoons for
wheat straws from different suppliers. The ash flmariey is
richer in CaO and from rayrdiay is richer in LO. The ash
from rape has very differertomposition; it contains only
small concentration of SKOBIg differences are also in tl
compositions of ash from wood chips that generedigtain &
low concentration of KO. The biomass ash contains usu
more than 40 mass% of Si@ndup to 30 mass% (CaO.

Fig. 2 Solidified glass meltsith ash residuals from burning whe
and ray straw
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Fig. 3 Phase diagram,R-Ca0O-SiQ with simplified ash
compositions for different biomass fu

The diagram indicates that this composition arestains
low-melting eutectic points from 700 to 1(°C and the
eutectic temperate increases with t increasing
concentration of CaO. To suppress formation of melts, the
ash should contain a higher concentration of CatDaalower
concentration of KO. The ash composition can be modif
by blending biomass fuels of different composition by
injecting additives.In some cases, it is not possikto
completely suppress the formation of a melt. Far situation,
it is advantageous to modify the biomass ash coitipoghat
the ratio of melt to crystals the mixtureis as low as possible
and the resulting solid phase contains a mininzetion  the
connecting glass phasklostly, the glass phase is probably
responsible for the creation of veidurable and compact
deposit layers.
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Fig. 4 Temperaturdependence of absolute value of impedanc
the ash from wheat straw and fcash model mixturelg represents
the eutectic temperatt
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Fig. 5 Temperaturdependence of absolute value of impedanc
the ash model mixture with additive AlL: represents the eutec
temperature

The viscosity of a melt should béher very low or very
high. The low viscosity promotes crystallization athus the
solid phasecontains only a small fraction of the glass pr
On theother hand, the high viscosity prevents spreadim
sticking of the melt to refractory ceramics. e viscosity is

strongly increased by oxides Si@nd ALO; and decreased by

CaO and KO.

In our experiments we modified ash composition |
injecting additives to a fuel. Wused two types of additiv
labeled A1 and A2. The additive Al contains a
concentration of CaO and the additive A2 a high contsf
SiO, and ALOs. In our laboratory, we prepared moi
mixtures of oxides simulating the ash from wheatws
containing different concentrations of theditives

===PSL10M A2
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Fig. 6 Temperaturdependence of absolute value of impedanc

the ash model mixture with additive AP: represents the eutec
temperature
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Fig. YSoIiified glass melts with ash residuals from t'nmgn/veal
and ray stra

Fig. 80Iiified g ass melts with ash resiauals from’n/vheal
and ray stra

Ill.  MEASUREMENT OF EUTECIC TEMPERATURE

The eutectic temperature of a mixture is the lo
temperature at which the first melt appears. Werdehed
the eutectic temperature of biomass ashes by megstire
temperature dependence of their electric imped The solid
mixture of ash components was heated °C/min and the
impedance was measured with metallic electrodesdatec
into the mixture. Whe a melt forms, it connects the electro
and the impedance suddenly drops down. Figureudtilites
the temperature dependence of the absolute valu
impedance for the wheat ash PSL10 and for the nmodedre
PSL10M.The resulting eutectic temperee for both mixtures
was practically identicalz=627°C. It confirms that the model
mixture was prepared correctly and behaves veriasino the
real ash mixtureThen we added the additives Al and to
this mixture The additive A1 was injected in thmount of 2
mass% of the fuel and the additive A2 in the amaoind
mass%. Figure 5 plots the temperature dependenc
impedancefor the mixture with the additive A The curve
indicates that the eutectic temperature increaged8C. A
similar plot forthe mixture with the additive A2 is in Figure
where the eutectic temperature increased by°C. Our
laboratory eperiments revealed that 1 mass% of Al incre
Te by 24°C and 1 mass% AR by 44°C.

IV. TESTING OF ADDITIVES

We did thelaboratory combustiottests of straw with the
additives Al and A2The mixtures of wheat or barley stri
with the additives were burned in a corundum crec
Figures 7 and 8 show the obtained ashes. When mgare
these ashes with the ash without an additive, wecoaclud
that the additives significantly suppressed themfdion of
glass-forming melts.The positive laboratory results wi
additives were verified irthe biomass boiler of Zluticka
Heating Plant.
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For five moths the additive A1 or A2 was injectadoi
various types of straw. We observed very positiffects of
the additives that strongly suppressed the formatibglass
melts in a burner and a flamer. We also observed tihe
amount of deposits was significantly reduced ag.wel
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