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Emission (ng/J) : bituminous coal

Type Consumption 1974 25% sulfur , 157 ash
(10*® k) S0 Flyash NO
e o X
Pulverized Coal
Tangential 5.13 1,510 2,925 275
Wall-fired 2.94 1,510 2,790 320
Opposed 0.84 §,510 2,790 320
Cyclones 1539 : 1,700 535 560
Stoker
Spreaders 1,700 3,400 295
{2,15} :
Other 1,700 1,300 165
U.S. E.P.A. Standard (1971) - 516 43 300
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Boiler Type

Stoker

Pulverized

Fluidized-Bed

Coal'Properties

Moisture

Ignition Delay
Clogging

Ignition Delay

-Long flame

Can burn 50 %
black liquor

Size distribution

Carry over

double screened

Small & even
Minus 200 mesh

Carry over

Volatile Matter Min. 25 % VM High VM ; Long flame Not semnsitive
Caking Sensitive Not Sensitive Not sensitive
(free swelling index) FSI <5

Ash
Fushion temperature
Ash content

Min. 2,250°F

Low, catastrophic oxid.

Sulfur components

Clinker

Less sensitive
Less sensitive

High, frequent removal

Need SO2 removal
Small ind. boilers

Not sensitive

Not sensitive
Not sensitive

Need SO2 removal

Utility

Do not need 802 removal

Modular application

Nitrogen oxides

Need NOx removal

Need NOx removal

Do not need NOx removal
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CYCLONE 2 (SECONDARY)

SCREW INJECTOR AIR
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BED MATERIAL ‘
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Run No. AAP #1 AAP #2 AAP # AAP # AAP #
Sample No. CH 2486 CH 2483 CH 2492 CH 2501 CH 2505
Israeli Moroccan Moroccan Colorado Colorado
Sample-Demcription 0il Shale | 0il Shale 0il Shale 0il Shale 0il Shale
Carbonate as C02, Wt%Z 22.98 17.06 14.71 15,23 1717
Ultimate Analysis , Wt%
Moisture 5.14 4,38 i Iy 0.58 0.71
Ash 56.61 62.49 61.82 68,06 67.94
Sulfur 22153 2.14 2.42 0.70 0.60
Hydrogen 1.52 1.62 1,62 2,20 2.76
Nitrogen 0.42 0.40 0:33 0.74 0.73
Total Carbon 14,86 16.23 26.26 27.65 26.68
Oxygen (by difference) 19.30 12.74 10.48 10.07 10.56
_ Elemental Analysis , Wt%
Silicon, SiO 22,78 39.47 40,09 49.48 47.56
Aluminum , A1203 10.30 10.83 YL, 72 11.56 11.69
Iron , Fe303 3.91 4,82 9253 507 512
Calcium , Ca0 50.62 3074 27.61 17:50 18.69
Magnesium , MgO 0.36 5,81 4,71 : 1.34 7.91
Sodium , Na20 1.19 0.10 1.08 4.40 2.58
Potassium ,“K,0 0,72 1.48 .62 2.46 3.00
Phosphorus , P205 2,86 3.01 2.52 0.45 0.32
Titanium , TiO2 0.41 0.49 Q.58 0.45 0.42
Sulfur , SO3 6.08 4,42 5.98 2,80 2:55
CaO/SO3 8.33 6.95 4.62 6.25 7.33
TOTAL 99.92 101.07 101.44 101.51 99,87
Heating Value ,Kcal/Kg 1063.0 1320.0 1503.0 _1639.0 1522.0
S , h 12.% 30 2% 0 12 %0 12 x 0 12 x 0
LS o o 0ld Batch #2 0ld Batch #2 Batch #1 Batch #2

11
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Combustor
Diameter = 6 inch.
Bed height = 16 inch.
Freeboard diameter = 8 inch.
Freeboard height = 64 inch.

Distributor

Conical plate, open area 2,77 % , 64 x 1/8 inch.nozzles.

Feed system

Variable speed metering screw,

Control
3/4 inch., diameter pipe; overflow tube.
Ignition

Propane and air mixture to preheat to the desired temperature.

Particulate Handling Control

Cyclones followed by bag filter.



13

a % &
A13197 1.5 sqgaz iBuavavianiwigdladiuaauia 18 #ia weaw METC

Combustor
Diameter = 18 inch,
Bed height = 45 inch.
Freeboard diameter = 24 inch.,
Freeboard height =~ .27 inch.
Distributor

Conical distributor 95 x 3/16-inch. holes nozzles; 1/8-inch.
stainless steel 90 elboﬁs; open area 0.27 7 of distributor

plate area.

Feed System

Variable speed metering screw.

Boiler Design
Horizontals heat exchanger submerged in the bed, single-pass

heat exchanger around the periphery of the freeboard space.

Control

Overflow tube and lockhopper arrangement, drain pipe.

Ignition

Natural gas and air mixture to preheat to 1,400°F while

?

adding the bed material; then oil shale is fed into the bed.
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Bed Temperature °F 1,250° to 1,600°F
- Excess Air, 7% Vol Stoic. to 85
Sup. Velocity, ft/sec 2.0 to 4.0
Bed Height (Static) in 4 to 6
Fuel Size, Mesh -12 + 30 (No. 1), 12 x 0 (No. 2 - No. 6),
30 x 0 (No.7)
Experimental Results
Run No. * AAP1 AAP2 AAP3 AAP4 AAPS AAP6 AAP7
Fuel Israeli | Moroccan|Moroccan|Moroccan | Colorado|Colorado | Israeli
Comb., Efficiency, % 99.86 99.24 98.79 97.91 99.54 99,56 98.74
CaCOs Calcination,¥% 97.90 77.62 75.50 79.71 93.78 93.05 85.69
Heat Loss through
_ Calcination, % 11,05 343 3.52 4,81 2.83 318 9.67
Flue Gas Analysis:
COz, % Vol 14.00 12.50 14.50 14.00 17.60 14.00 9.60
€O, % Vol 0.02 0.05 0.93 0.14 0.07 0.61 0.98
02, % Vol 6.63 7.00 0.00 6.25 5450 8573 10.00
SOz, ppm : 100 100 100 100 100 300 300
NO/NOX, ppm 772 800 900 700 200 300 1,200
NOX, lb/lO6 Btu 1.00 1.09 0.92 1.00 0.16 0.53 2,13
THC, ppm 20 100 4,000 100 4,000 4,000 4,000
Bed Temperature of Fluidization 1,300 1,400 1,400 1,450 1,550 1,580 1,250
Velocity, fps 2.68 2.84 1.97 3.96 3.68 3.1 2.09
Bed Depth (Static) , inch 6 6 6 4 6 4 4
Excess Air, percent 44,20 47573 0.0 40,00 33.46 65.85 87.09

*Based on Solid analyses

71
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(Fischer analysis) :

J el 2 .lv ' J v,
A3 1.7 AasudRvoviuwhduuudsan Lurgi lylunianaseu

Designation of Sample

Color of sample

gray-brown

olive~brown

light-brown

light-brown

Moisture % by wt. 1.0 103 1.3 2.8
Gas liquor- 2.5 293 3.3 1.8
0il (tar) 23.8 21.7 1255 2.3
Residues 67.3 69.2 79.8 91.5
Gas and Loss . 5.4 P - % | 1.6
Bulk density of sample 1.70 1.78 2,03 2.49

(gm/ cm3)

Gl



16

flue gas
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compr. cyclone dis-
charge

Test V 249/.... 1 2
Date 1980 20./21. May 21, May
Time from-to 13.35-10.00 10.00-14.25
hours/ 20 4
Duration minutes 25 25
" Fluidizing air from Nm3/h 10 10
blower
Fluidizing air as
purge '
air into feeding pipe Nm3/h 1 1
Fluidizing air 3
observation hole Nm™ /h 1 i
O2 injection Nm3/h 1.3-1.4 0.7
Furnace temperatur t 2 e 815-830 790
Furnace temperatur t 3 - 830-865 810-820
Cyclone temperatur t & 760-825 s 145-770
A p furnace mbar 14-17 17-18
Feed rate P kg/h 6.8 6.1
Discharge : furnace ¢ kg/h & e 3:0
cyclone @ kg/h 0.3 023
Total discharge ? kg/h 3.8 325
Waste gas : O2 Vol. % 2.0 1:8
C-content : furnace YA 0.10-0.16 0.17
discharge
cyclone y A 0.23-0.37 0.54
discharge
Bulk density, losse/ kg/l 0.64/0.72 0.64-0,72
compr. furnace dis-
charge
Bulk density, loose/ kg/l 0.59/0.81 '0.54/0.74
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