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€0, Humates Aerobic Peat

Anaerobic

Composition

Lignite
% wt (DAF Basis)

Increasing

Increasing
Pressure c H O | Aromatization
Temperature - - -
Time Wood 49 7 44
Peat 60 6 34 | Loss of Oxygen
Lignite 70 5 25 ) .
Wood Subbituminous 75 5 20 Subbituminous
Bituminous 85 5 10
Anthracite 94 3 3

Bituminous

Anthracite
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ULTIMATE ANALYSIS OF COAL

Component Carrective Action

Ultimate Analysis Protess Parameter Effect Comsequences Process. Equipment
Suifur Sulfur retention An Increase ia wifur  Higher sulfur emis-  Increase sorbent Upgrade sorbent

'would increase sul- sions. fead rase. In- feed system. Up-

fur emissions. crease recycie grade Hmestone

(Dubbiing bed) feed system

Coal Ash Analysis
MoO Sulfur retention A decrease in Higher sutfur emis- lIncrease sorbent Upgrade sorbent
Cca0 either MgO con- sions. feed feed system

tent andior Ca0

content would in-

crease sulfur emis-

sions.
Na,0 Ash fusion temper- A tower Nay0 con- Lower heat transher Require repeated

atre tent could be indi- to freeboard outages 10 remave

cator of lower ash walerwalt and slag

fusion tempera- lower boier eff-

tore, If freedoard clency. Decreased

temperature ex- load

ceeds ash fusion

temperature, then

slagging could oc-

cur on freeboard

waterwall

An increase in 50~ Lower in-bed heat Requires repeated

dium content absorption. In- outages to remove

could Cause ash ability to fluidize ash agglomer-

agglomeration in bed compartment. aion.

bed
Na,0 Fly ash resistivity An increase in Na,0  Higher solids emis- Decrease backend Upgrade ESP de-
K,0 and K,0 could in- sions temperature if pos- sign. Instail am-

crease fy ash re- sidle monia Injection,

sistivity and de- ‘water injection

crease ESP system for ESP

etficiency
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PROXIMATE ANALYSIS FOR COAL

A " c ’ Corrective Action
Anatysis Process Parameter Effect Consequences Process Equipment
Moisture Underbed feed lines Excessive surface Extra malntenance Feed lower moisture  Install coal dryer
moisture (>6%) 10 alleviate line coal with flexibility to
could cause pluggage dry wetter coal
pluggage
Bed temperature Excessive moisture Higher SO, emis- {ncrease firing rate; Fans. [n-bed tube
could cause a sions drop bed fevel bundie design
drop below opti- {bubbling bed)
mum tempera- Lower combustion
ture range for pro- efficiency
cess performance
Coal feed equipment  Higher coal feed Load reduction Upgrade feed equip-
rates required ment size
Volatile matter and In-bed/freeboard Change In either Change in combus-~ Adjust firing rate; Adjust in-bed heat
fixed carbon combustion split fixed carbon or tion efficlency, adjust bed level. transfer surface.
volatile matter S0, NO,, and CO Additional tests Instail Yarger
could cause sub- emissions, and . transport fans
stantiaily differ- heat transfer
ent bed temper-
ature
Adjust recycie (bub-
bling bed)
Adjust solids loading
(circulating bed)
Furnace tempera- Vary particle size Install crusher with
ture profile distribution wider range
Ash Ash removal systems  Higher ash content Load reduction Upgrade ash
could exceed capa- removal system
bilities of removal
systems
Recycle At a given recycle Lower combustion Adjust recycle Install ash
ratio, higher ash efficiency and classifier
content implies higher SO, emis-
lower combusti- sions
bie and sorbent re-
circulation
Multiclone/ Inert ash could di- Combustion effi- Install with higher
Cyclone lute recycle ma- clency reduction. capacity: ESP,
terial Baghouse or ESP baghouse, recy-
overioad cle, and/or
multiclone
Ash coolers Higher ash content Load reduction Upgrade ash coolers

could exceed ash
cooler capabiiities
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Table 3
Classification of Coals by Ranka (ASTM D 388)

Fixed Carbon Volatile Matter Calorific Value

Limits, % Limits, % Limits, Btu/lb
(Dry, Mineral- (Dry, Mineral- {Moist,b
Matter-Free  Matter-Free Mineral-Matter-
Basis) Basis) Free Basis)
Equal or Equal Equalor
Greater Less Greater or Less Greater Less Agglomerating
Class Group Than Than Than Than Than Than Character
1. Meta-anthracite 98 - - 2 - —
1. Anthracitic 2. Anthracite 92 98 2 8 - — } Nonagglomerating
3. Semianthracitec 86 92 8 14 - -
1. Low volatile bituminous coal 78 86 14 22 — —
2. Medium volatile bit coal 69 8 22 31 — -
11. Bituminous 3. High volatile A bituminous coal ~ — 69 31 —  14,000¢ — Commonly
4. High volatile B bituminous coal ~ — = - —  13,000¢ 14,000 | agglomerating-
5. High volatile C bituminous coal - —_ - — { 11,500 13.000
10,500< 11,500 Agglomerating
1. Subbituminous A coal - - - — 10,500 11,500
II1. Subbituminous 2. Subbituminous B coal - — — - 9,500 10,500
3. Subbituminous C coal — - - - 8,300 9,500 } Nonagglomerating
C 1. Lignite A — —_ — - 6,300 8,300
IV. Lignitic 2. Lignite B - - - - — 6300

*This classification does not include a few coals, principally
nonbanded varieties, which have unusual physical and chemi-
cal properties and which come within the limits of fixed car-
bon or calorific value of the high volatile bituminous and
subbituminous ranks. All of these coals either contain less
than 48% dry, mineral-matter-free Btu/lb.

bMoist refers to coal containing its natural inherent moisture
but not including visible water on the surface of the coal.

<If agglomerating, classify in low volatile group of the bitumi-
nous class.

d4Coals having 69% or more fixed carbon on the dry, mineral-
matter-free basis shall be classified according to fixed carbon,
regardless of calorific value.

eIt is recognized that there may be nonagglomerating vari-
eties in these groups of the bituminous class, and there are
notable exceptions in high volatile C bituminous group.
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Effects of coal properties on steam generator design and

performance
Affected
Coal property Component(s) Probable effect on
variable

1.Coal heating value

» Silo storage

* Feeders

» Pulverizers

e Bumners

e Emission control
equipment

* Coal handling
system

e Coal flow rate

¢ Equipment capacity

e Number of
components in
service

e Turndown ratio

2.Coal moisture
content

e Silo storage

* Feeders

¢ Pulverizers

* Primary air system

e ID fans

* Coal handling
system

» Coal flow rate

» Equipment capacity

* Coal flow ability

» Pulverizer outlet

temperature

e Primary air/
Tempering air flow
quantities

» Turndown ratio

3.Volatile content

* Burners

e Furnace

« Required fineness
burner design

« Flame stability
/Ignition




» Pulverizers
» Ignitors

» Unburned carbon
loss
 Furnace geometry
» Firing methods
« Pulverizer inerting
needs

4.Grindability index

e Pulverizers

» Capacity

» Fineness
» Power requirements

5.Coal abrasiveness
index

* Coal handling
system

e Pulverizer
components

* Coal piping

* Burner nozzles

» Convection passes

* Air heater heating
elements and seals

» Equiment outages
maintenance

» Design velocity
requirements

» Material selection

» Tube wear and life
reliability

« Air heater

performance

6.Nitrogen content

e Burners
e Furnace
o Air distribution

¢ Burner design

* Furnace geometry

e Air and flue gas
system

e NO, emission

» Required burner
zone

e Stoichiomerty

7.Sulfur content

e Scrubber

e Corrosion rate




* Precipitators
» Air preheaters
* Steam coils

* Equiment sizing
requirements

e Stack gas
temperature
requirements

¢ Emission control
equipment

8.Reactivity index

e Burners

e Pulverizers

e Inerting system

e [gnitors

e Combustion

e Explosion potential

e Unburned loss
¢ Turndown ratio

9.Ash content

¢ Ash handling

e Pulverizer

* Soot blowers

e Precipitators

e Convection passes

e Capacity

 Performance

» Design velocity
requirement

» Tube wear and life
reliability

» Soot blowing
requirements

10.Ash fusibility

e Furnace

» Soot blower

» Water lancing

« Slagging/FEGT/
Steam temperature

» Fouling/Steam
temperature

» NO, emission

» Soot blower and
water lancing
operation




11.Coal ash analysis
« Steam generator » Slagging/FEGT/
Steam temperature
¢ Emission control
equipment e Fouling/Steam
¢ Soot blowers temperature
¢ Ash handling * Precipitator
systems efficiency
 Design tube
spacing
requirement
e Excess air
requirement
e NO, emission
¢ Ash split
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1. Slagging
2. Fouling
3. Combustion Characteristics

FEATELEE AT - ABATHBAT > HLEAALL

iBA% B X Ex(standard test) » A TR AR THMH - B E RSB 2
FHRTF

(1) ~ Proximate analysis

(2) ~ Ultimate analysis

(3) ~ Ash fusibility (Soften temperature - Initial deformation

temperature ~ Maximum hemisphere temperature)
(4) ~ Hardgrove grindability index (HGI)
(5) ~ Ash mineral analysis

6) - Combustion characteristics
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COMPARISON OF FINENESS RECOMMENDATIONS
(% PASSING 200 MESH)

Babcock and Wilcox, U.S.A. (7)

ASTM CLASSIFICATION OF COALS BY RANK
TYPE OF Fixed Carbon (%) Fixed Carbon Below 69% |
FURNACE 97.9-86 85.9- | 77.9- | Btu/1b| Btu/1b |Btu/1b
(Petroleum | 78 69 above {12,900-| below
coke) 13,000 | 11,000 | 11,000
Marine Boiler ——- 85 80 80 75 -
Water-Cooled 80 75 70 70 65 60
Cement Kiln 90 85 80 80 80 -

Riley Stoker, U.S.A. (9)

RANK FINENESS
High Volatile Subbituminous 65
Medium Volatile Bituminous 70
Low Volatile Anthracite 90

Elsam, U.K. {(10)

VOLATILES, DRY,

ASH-FREE (%) FINENESS
<10 85
10 - 20 80
20 - 25 75
> 25 70
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SLAGGING INDICES

SLAGGING TENDENCY

PARAMETER - Low Medium High Severe
{ggtgﬂn‘;“;‘e;;m coals) >2375 2550-2100 | 2275-2050 | <2200

RgA in Ash i -
(Western Coals) <0.5 0.5-1.0 1.0-1.75

Sulfur Slagging Index
32)

?E’;sieiﬁ tutfuss Ory Coal) <0.6 0.6-2.0 | 2.0-2.8 >2.6
Fe203/Cal in Ash <0.3 ~
(Western Coals) >3.0 0.3 to 3.0 x1.0

Fusion Slagging Index
(33)

R.. = {Max HT) + 4(Min 10T)
FS

2450-225Q 2250-2100 | <2100

Viscosity Slagging Index
(33

. T250(0%) - Tyq gog (RED) 0.5-0.99 1.6-1.99 | >2.00
VS 975 F

S
(Bituminous and Lignite Coals) J

Note: Rgy = Base-to-Acid Ratio

Note: Max HT = highest reducing or oxidizing hemispherical temperature (°F)
Min IDT = lowest reducing or oxidizing initial deformation temperature (°F)

T250 (0X) = temperature at 250 poise slag viscosity in an oxidizing
atmosphere (°F)

TTO 000 (RED) = temperature at 10,000 paise slag viscosity in a reducing
’ atmosphere (°F)

Fs = slagging factor

Temperature ©°n 1900200032100 )2200|230032400]2500}260C) 2700 2800[2900

FS 1.0§1.25{ 1.6{ 2.0y 2.6{3.25} 4.1{ 5.2{6.55 B.BILI.O
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FOULING TENDENCY OF COALS

FOULING TENDENCY

Low Medium High Severe

% Nap0 in Ash <1 i-2 2-3 >3
(Western Sub-bituminous
Coals)

Modifier* >25 15-25 <15
% Ca0 in Ash (Lower) (Medium) (Higher)

% Ash in Dry Coal
(Western Sub-bituminous
: Coals)

When Ash contains:
a. <1% Nag0 <15 12-20 >20
b. 1 - 3% Naj0 <10 8-15 >15
c. >3% Na20 <7 6-10 > 9

r—“ﬁfﬁ X (% Naz0 in Ash) <0.2 0.2-0.5 0.5-1.0 | >1.0

(Eastern Coals)

Nay0 + Kgo in Dry Coal
Expressed in Equivalent <0.3 0.3-0.4 0.4-0.5 | >0.5
% NaZO

(Eastern Coals)

% Chlorine in Dry Coal
(Eastern Coal) <0.3 0.3 - 0.5 >5.0

*The modifier is used for borderline cases, For example, if Nag0 = 1.0
and Ca0 = 27, the fouling tendency would be considered Tow.
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