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Summary

Oil shale is a major natural resource of Estontae power plants use oil shale as a fuel
despite its very low calorific value of 8-14 MJ/k@il shale consists approximately of
55-65 % of inorganic matter. Since 1960, the finfiaction burnt at >1308C and
collected by electric precipitators has been usetha main constituent of CEM II. Today
in the renovation process, the high temperatureesy®f boilers is being replaced with
fluidized bed firing at 806C.

High temperature burnt oil shale (PP) is the onmetonstituent of Portland cement
that reduces the water requirement of cement.

Low temperature oil shale fly ash (F) particleséndifferent shape and surface.

Keywords: Burnt oil shale, combustion temperature, durahittyncrete, Portland burnt
oil shale cement

1 Introduction

Burnt oil shale has been used as the main constitafePortland cement to enhance the
quality of Portland cement, at the same time econog natural resources and using
wastes of power plants.

Portland cement with the second main constituens pecific properties.
Differences in the properties are in direct dependeof the type and content of the second
main constituent.

Fly ash as the by-product of the power plants h&de vecale variations in its
properties. The type of combustion and dust catdactquipment has direct impact on the
mineralogical composition, structure and shape lpfash particles [1]. As a result,
Portland cement is provided specific properties, ¢haracteristics of the main constituent
used.

The second main constituent of Portland cemerdonirast to clinker, does not have
such a high content of CaO saturated mineralsies 3Ca&SiO,, tricalcium aluminate
3Ca0OxAb0O; and celite 4CaOxADsxFe0s. Consequently, Portland cement with the
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second main constituent has a lower content ofetineiserals. The increasing content of
the second main constituent has a decreasing mffu®n the content of the clinker
minerals.

Most of these materials have large specific surfacd an increasing impact on
cement water demand, respectively. All the typesPaoftland cement specified in
EN 197-1 have a higher water demand than the qmnekng Portland cement. Regarding
fly ashes, EN 197-1 sets limitations to the ga@ontent, to avoid soundness problems.
Late hydration of the dead burnt Ga@is the main reason for extra expansion of cement
stone as well as concrete cracking.

An inorganic material content of oil shale is ab&6t65 % by mass. The chemical
composition of the burnt oil shale obtained by &testatic precipitators is not directly
related to the boiler type and combustion tempesatit the same time, differences in the
mineralogical composition and distribution of peldi size are directly dependent on the
abovementioned considerations. This means alsatiegthave a direct influence on the
hydraulic properties of fly ash.

2 Chemical and mineralogical composition of burnt oilshale

High temperature burnt oil shale collected by etestatic precipitators of pulverized fuel
combustion boilers (PP) used to produce Portlanieots type CEM II/A-T; CEM II/B-T,
and composite cements CEM II/A-M; CEM II/B-M(T-L) uat have characteristic values
set in the requirements of the standard EVS 63&200

Estonian standard EVS 636:2002 defines burnt odlestior the production of
Portland cement as the material consisting of tiveker phase mainly of dicalcium
silicate, monocalcium aluminate; glassy phase wdkent binding properties and
pozzolanic SiQ The other components are calcium sulphate andptaniécles of Ca@e
Common constituents of PP are CaO, SKE20s;, Al,O3, MgO, NaO, KO, CI and SQ.

Tab. 1 shows the comparative values of characteristiqogntiees from various
standards. Variations in these values cause changbes characteristic properties of the
produced Portland cements. The amount of diffepemtt oil shale constituents used in
Portland cement depends on the acceptance ofdheements EVS-EN 197-1:2002.

The material used as the fuel, boiler type, combodemperature, and the type of
the dust collector system have a conclusive impacthe chemical and mineralogical
composition of burnt oil shale ash.

Tab. 1 Comparative requirements for various types of bailnthale and fly ash

Symbol Burnt oil Burnt shale Fly ash (V,W) Fly ash
shale (PP) (M EN 197-1.2002 | for concrete
>1300°C EN 197- EVS-EN 450-
EVS 636: 1.2002 1:2005
2002
B-2Ca0OxSiQ + + +
CaOxALO; + + +
Reactive CaO,% + + for (V)<10 and <10
(W)>10-15
CaQee% <12.5 fOf(V) <1 <2.5
Reactive SiQ% + + for(V) 225 225
for(W)=25
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Reactive AJO:% + +
SO% <3.0%
LOI, % mass <5 <5, <7 <5; <7, <9
Cl,% <0.42 <0.1
NaO, % <5.0
MgO,% <4.0
Specific surface,ffkg >320
Hydraulic properties For calcareous | 28d> 75 % and
-(by EN196-1): 28 d >10 N/mnf 90d=> 85 %
compressive strength | =25 N/mnf | 225 N/mnf + from same for
-pozzolanic + + -(+) PC
-hydraulic + +
Soundness (EN196-3)] <10mm <10mm <10mm <10mm
Medium particle size 4um On 4Qum Total residue or
10-30 % 0.045 mm
Temperature of 1300- 800°C
combustion 1400°C

Tab. 2 gives the results of the chemical and mineraldgiompositions of two different

types of burnt oil shale from electrostatic pretifmrs of high temperature (>1300)

pulverized fuel traditionally used in Estonia (buwil shale PP) and low temperature

(800°C) fluidized bed (burnt oil shale F) boilers.

Tab. 2 Mineralogical and chemical composition of burntsiible for Portland cement production

PP (high temperature >1300 pulverized fuel combustion boiler) and burntstible F from

fluidized bed boiler (low combustion temperatur@) &)

Property Composition, % by mass
PP Rveragh F1.FoFaFa
2CaOxSiQ 11.0 5.6
CaOxALO; 1.3 0.6
CaQpee 9.1 6.1
CaCQ 5.3 13.0
CaSQ 12.2 9.3
K,O 5.2 4.6
Na,O 0.2 0.2
SO, 7.2 14.8;4.9;4.9; 7.2
Cl 0.4 /0.3;0.4;0.5;0.9
Glassy phase content:
Sio, 12.8 8.8
FeOs 3.6 3.3
Al,O; 7.9 5.62
CaO 7.3 13.7-9.7
MgO 3.0 2.9
Glassy phase sum 34.6 /24.6-31.5
Insoluble in 3% HCI residue, IR 21.7 /35.4-27.6
LOI 2.34 5.7
Reaction ability, CaO mg/g 14.9 /19.2; 25.1; 4817
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Tab. 2 shows that no conclusive differences exist indemical composition of PP and F.
The content of C] SG;, CaO, glassy phase, insoluble residue and reaahibity of F from
various fields of electrostatic precipitators aiféedent.

Obvious differences exist in the mineralogical cosipon of both types:

= The content of Cland SQis lower in F from the first and the second figlthloride
and SQ content for Il and 1V fields are almost the sawith the content of PP

= Average reaction ability of PP by binding CaO is9lshg/g. The same from F varies
from 19.2 (k) up to 91.7 for the fourth field, but the amouhaeh caught in the third
and the fourth field is very small, less than 10 %

= Average insoluble residue content and loss of igmiare higher for F

= The most remarkable differences exist in the cdrdéRortland cement clinker
minerals, glassy phase and decomposed Gall@ content of clinker minerals and
glassy phase of F is lower and the content of dposed CaCeis higher.

The mineralogical composition of burnt oil shalepeeds directly on the combustion
temperature.

Differences in the mineralogical composition preditifferences in the binding
properites of both Portland burnt oil shale cemeadsordingly.

3 Structure and physical properties of various burntoil shales

High temperature burnt oil shale PP has spheriadigtes covered with smooth glassy
material. PP with particle siz€l0um (Fig.1A). Common specific surface of PP used for
Portland cement production is about 400k

Low temperature burnt oil shale F has an indefiggemetric configuration Figure
1B shows F particles with porous stratified surfabested specific surface by Blaine is
584 nf/kg. Figure 1C shows the shape of ground F pastickéth specific suface
1040 ni/kg.

Burnt at=1300°C oil shale ash Burnt at=800°C oil shale ash  Burnt at=800°C oil shale
(F)

(PP) ground ash (8

Fig. 1 Shape of burnt oil shale particles SEM x2000

The described surface and the shape formed duangus combustion processes show
changes in the binding properties of burnt oil sliedm hydraulic to pozzolanic.

Using low temperature burnt oil shale F as the neaimstituent of Portland cement,
these changes lead to an increasing water denfaid.3 gives workability results of the
tested Portland cements with 20 %F and PP. Thétsesdicate that water demand of F is
higher than that of the other types.
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4 Strength properties of various burnt oil shales

Variations in the mineralogical composition, higihntent of decomposed Cag,®atrticle
shape and surface formation in the combustion gsohave direct impact on the hydraulic
properties of burnt oil shale as the main constitwd Portland cement.

Tab. 3 Workability of Portland cement mortar 1:3 with W#.5 made by EN 196-1

Portland cement | Portland cement| Portland cement
with 20 % PP with 20 % F

Workability of standard mortar G, mm 153 185 145

Test results oTab. 4 show a decrease in the hydraulic properties acr@ase in the water
demand of low temperature burnt oil shale F.

Tab. 4 Results of hydraulic properties of various buihshale mortars (1:3 = burnt shale: sand)
tested by EN 196

Type of burnt oil shale W/C G,mm Compressive strerifp 28 d, N/mnt
F1 0.9 201 3.9
F2 0.89 199 4.8
F3 0.83 179 6.8
F4 0.83 188 7.1
PP 0.41 195 11.7

5 Characteristic properties of Portland oil shale cerants and Portland
cement

Results ofTab. 5 show alterations in the compressive strength anshdgness of mortar
prisms 4x4x16 cm made with various types and cordkburnt oil shale (PP and F) and
10 % pulverized limestone (L). Portland cement Bodland limestone cement with 10 %
limestone were used as reference cements. Prisnesmagle with the same water-cement
ratio, W/C = 0.5.
Test results show slight decrease of the early strength for Portland cemmiaide
with low temperature burnt oil shale F as compdoethe same for Portland cement and
Portland limestone cement mortar:
= An increase of the F content causes a decreabe eftly strength. The early strength
of Portland cement with an inert constituent, gblimestone, has a significant
decrease.

= The content of low temperature burnt oil shale @ftland cement has no direct impact
on the standard strength (28 days).

= 20 % content of high temperature burnt oil shalehB®a decreasing impact on the
compressive strength caused by the amount of mixatgr content, too high for this
cement amount of (equal to W/C ratio 0.5 of otlypet). The workability of Portland
burnt oil shale (20 %PP) is G = 185 mm. The saméh® Portland cement mortar is
157 mm and for Portland cement with 20 %F is 145, mcoordingly.

Soundness tests results show no direct impact wf ttmperature burnt oil shale, in

contrast to Portland cement. Expansion shows htsligcreasing effect with an increase of
the F content.
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Portland cements with the PP content have highgaresion caused by Ca@. The
values comply with the EN 197 requirements.

Tab. 5 Results of compressive strength and soundnessagitsarious types of Portland cement

Type of Portland cement G, Compressive strength, N/mr of Soundness,
mm | standard mortar prisms 4x4x16cm mm

made by method EN 196 Le Chatelier

2 7 28 56 91

Portland cement 157 32.8 49)]3 583 632 685 1.0
Portland cement with 10%F 156 31|13 49.0 57.6 61 063. 15
Portland cement with 20%F 145 31}]4 466 558 6]1.53.76 1.0
Portland cement with 10% L 160 315 442 523 5b5.88.1 0.5
Portland cement with 20% PR 185 29.3 396 499 566R.9 4.9

Thus, the lower content of CaQ and large specific surface of the low temperature
material F have a decreasing impact on the expansilie.

Test results of 24-hour hydration heat carriedyuthe Laboratory of Kunda Nordic
Cement Plant show a 10 % decrease in the hydraganh of Portland cement made with
a 20 % F content, in contrast to Portland and &adtlburnt oil shale cement made with
a 20 %PP.

6 Conclusions

Low temperature combustion of low calorific fossileel oil shale causes changes in the
mineralogical composition and in the structure drtisles caught by electrostatic

precipitators. This results in the developemerpaxzolanic properties in low temperature
burnt oil shale F, in contrast to hydraulic profrtin high temperature burnt oil shale PP.
Changing properties cause alterations in the ctexiatic properties of Portland burnt

shale cement produced with low temperature buraledh.

SEM analyses of combustion products were made by The Centre for Materials Research of
TUT
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