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INTRODUCTTION

Ash deposition in boilers has been studied by numerous
investigators from virtually all areas of physical sclence.
ceveral bocks (1) (2), and publications too numerous to reference
have bean published on this subject. Unfortunately the
information flow between boiler ocperators and researchers has

not always been ideal. In the absence of a workable
classification syatem, valuable information concerning the nature
and conditions of formation of boller deposits may be leost. Field
abservations can greatly enhance information derived from )
laboratory study, and can lead to a more meaningful interpretation
of the causes and, ultimataly, to thk solution of bailer deposits.
As such, the system proposed here provides basic steps in the
docunentation of field obzervations tegether with a simple
megascopic and microscopic classification scheme.

Whareas this system was designed to describe deposits from
cpal-fired steam generators, it may be applied to other
environments or equipment Wwith similar high-temperature mineral
transformationa. This system only addresses cooled deposits, as
opposed to those that exist at the nigher temperatures of boiler

operatian.
DEPOSITS IN BOILERS: FIELD OBSERVATIONS

Boiler Description

The type of boiler influences the properties and significance of
the deposits (3). A simple description of the boiler and
operating conditions provides information on processes and
environments to which the coal and ash may have been exposed.
This description should include, at a minimum, firing method
{stoker, PC, cyclone), unit size including steam flow, heat input
and plan area, and, if known, gas temperatures and velecities
through out the system. All of these varilables can influence
deposit formation (4). Huch of this intormation, in addition to
the proximate, ultinate and heating values for the design fuel, is
provided on the boiler manufactures' perfomance sheet.

Fuel Description

variations inm ash content and composition of the feed coal can

lead te a variety of boiler problems as discussed by Hatt (S). A
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Location of Deposits
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HEGASCOFIC CLASSIFICATION

Boller deposits can be classifi
ed as either molten de
Mw“ﬂﬂmwvwnnwmwuﬂwnwﬂu”:amn:uq sulfate salts (fouling MMWw”Mnu_nuu
A% characteristice that can be
MwumM“””ﬂmsm material and ean provide elues nunnw ﬂrmnM““anmn:n
cn. Figure 2 shows an cutline of the megascopic sy=tem

Slags or Molten Depasits

5lags or molten deposits can be classified into four basie types

Metallic - Thesa Elags have a metallic luster and
usually associated with the combustion “wm
PYrite-rich coals under reducing cenditions
The high specific gravity of the metal ]
Jenerally allows it to separate from the sla
and to remain isolated from any subseguent m_
oxidizing atmospheres (Figure la).

Amorphous - aAmorphous slags are dark, salid glassy, and
mmnwﬂnHHw show a concholdal uﬂ#Mﬂ:ﬂi. '
s orphous =slags are usually found in the higher
enparature regions of the beller (Figure 1b).

Vesicular - Glassy slags with trapped bubbles (a sSpange=-
“M”w nwﬂmuanznn_ can be classified as
lcular. These are usually associated
higher temperature regions in the ua_umﬂ-wuﬂ:
Trapped gas bubbles may be distorted due te
viscous flow (Figure le).

Sintered - Deposits that are composed of partially fused

particles may be classified A5 sin
. tered. Th
are gritty in texture, are typically found m”mm
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the uwpper furnace and convection passes, and
nay be asscoclated with vesicular slags

(Flgure 3d}.

sdditional useful information could include physical
*haracteristics such as tube imprints, gas flew direction, ceolor,

and size.

Fauling Deposits

Fouling deposits are differentiated from slags according to the
type of bonding that occurs between particles. In slags,

bonding is produced by melting or fusion of the ash particles;

in fouling deposits, the ash particles are bound together by
sulfate salts (1)}). Gas temperaturez in furnace regions where
fouling occure are generally lower than those associated

with slagging; there is, however, some overlap where both bonding
mechanisms can cccur. Fouling deposits are generally dull in
luster, have a gritty or brick-like texture, and lack the glassy
and vesicular textures observed in slags. Distinguishing features
include color, shape, size, internal structures such as
laminationg, and strength. The location and crlentation of the
deposit with respect to the tubes and gas flow can provide
additional informaticon. Strength is ond of the moat important
characteristics of foullng deposits, and may be categorlized using

the following relative index:
Deposits are hard, and may be broken enly with

Very Strang -
the aid of a hammer, chisel or other tool.

Strong - Deposlts can be broken by hand but do not
crumble easily.

HWeak - Deposits crumble when handled.

Deposits are not bonded and result from
accumulations of material which settle out of

the flus gas.

Unconsolidated

Although gqualitative in nature, thls strength rating provides an
indication of the degree of bonding in the depozit, and can he
used ta determine the level of difficulty that removal of a

deposit could present.
MICROSCOPIC CLASSIFICATION

Micrescopic examination of ash depesits indicates the degree

and nature of bonding. This microscopic classification syatem

is designed to be used with both pelarized-light and scanning
cloctron microscopy. It is analogous to the megasceplc system in
that it differentiates between slagging and feuling depoaits based
on the presence or absence of sulfate salts. In many cases
several phases may be discernible under the microscope, i.e. both
amorphous and wesicular, or sintered with sulfate salts. This can
make the categorization of some deposits problematic, and in these
cases all of the appropriate descriptions should be noted. Figure
4 ia an outline of the microscopic system.
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Sulfate Salt Bonding
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partial Ponding and Surface Crystals

partial sulfate salt bonding and surface crystals can be ohserved
in some deposits, with the degree of bonding increasing towards
totally bonded types of deposits. The presance of this partial
bonding can add strength to a sintered type slag. ([Figures 6&c 1]

6d)

CONCTUSTONS

The classification system presented here represents an {nitial
attempt in the description of boiler deposita. The use of such a
system should aid in communication about the nature of deposits
encountered, allowing the engineer or operator to more precisely
communicate his problem with the researcher.
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FIGURE 1. SIMPLE SKETCH OF BOILER
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FIGURE 2. MEGASCOPIC CLASSIFICATION SYSTEM
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FIGURE 4. OUTLINE OF MICROSCOPIC SYSTEM
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gure 1, Examples of different types of
Amorphous; e, Vesicular; 4, Sintered.
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Hicroscopic view

Dendritic crystals

of Fouling Deposits: a, Total sulfate

Microscople view of slags: ;
i i ion) !
1as lain polarized light, thin sect ;
g Hn“wm in vesiculr slag (plain polarized light, ﬁaﬁs

(Plain polarized light
sulfate bonding (cross polar
sintered deposit

Mullite cry

» crushed sample in oil): b, Total
thin section); ¢, Partial sulfate

(SEM, plain mount): d, Surface crystals
plain mount).

Sintered alag with gquartz crystal
plain mount).

on sintered deposit (SEM

tered slag (SEM

139





