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Fig. 6. Thin section showing random orientation of needle-
like crystals in deposit from untreated fuel oil. Magni-
fication, X 150.

and the weight of both inner and outer deposit layers
were relatively uniform. These findings are further
confirmation that molecular diffusion is the dominant
mechanism controlling deposition of oil ash on boiler
tubes. It follows that slagging of heat transfer sur-
faces in operational boilers cannot be overcome by
simple design modifications.

FUEL-OIL ADDITIVE EVALUATION

In order to assess the effectiveness of various fuel-oil
additive compositions, 24 proprietary and experimental
materials were used in a series of 100-hr. combustion
rig tests. At the end of each test deposits flom the rig
superheater were evaluated by

a. Chemical and X-ray diffraction analyses

b. Ash fusion, absolute density and specific density

determinations

c. Petrographic examinations

These data, which are reported in detail elsewhere
[1, 2], permitted an accurate quantitative assessment
of any changes in deposit structure due to additive
treatment of the fuel oil.

In general, most of the proprietary additives tested,
produced deposits similar to those from untreated oil
and were ineffective in changing the thermal-physical
properties of the oil ash. For this reason, several ex-
perimental additives containing known compositions
were blended in the laboratory from materials that
were specially synthesized for miscibility with fuel
oil. One of these, a suspension of magnesia and
a]umina particles in a light oil carrier, was particular-
ly effective in producing a porous, friable, powdery
deposit that can easily be removed by normal soot-
blowing. As shown in Fig. 7, the deposit from the
magnesia-alumina additive was loosely bonded to the
tubes and weakly agglomerated.

THE ROLE OF MAGNESIA AND ALUMINA IN
PREVENTING SLAG FORMATION

The deposits from the magnesia-alumina additive were
subjected to an intensive thin-section investigation to
clarify the role of additive properties, such as mineral
composition and physical state, in preventing slag for-

mation. Microscopic examinations of deposit thin sec-
tions showed a thin, dense, unsintered layer of sub-
micron particles next to the tube surface, Subsequent
deposits, illustrated in Fig. 8, formed an intermediate
upstream layer of friable, moderately porous material,
an outer upstream layer having a thick, porous, wedge-
shaped structure and an outer downstream layer of
powdery, moderately porous, lightly sintered crystals.

By optical and X-ray diffraction methods, it was
determined that a magnesia-alumina reaction product,
known as spinel, was uniformly distributed through-
out all four layers and that the proportion of magne-
sium sulphate to magnesium oxide increased pregress-
ively toward the tube surface. The work also revealed
that most of the vanadium was concentrated in the
intermediate upstream and the outer downstream
layers as bands of sodium vanadyl vanadate and ma-
gnesium orthovanadate. The magnesia, therefore,
prevents slagging of low-melting sodium and vanadium
compounds by both mechanical dilution and chemical
reaction.

On the other hand, alumina, which does not react
chemically with any ash constituent, plays two im-
portant roles in modifying the slag structure. First,
alumina, by reacting selectively with magnesia in the
flame to form spinel, reduces the magnesia available
for later reaction with sulphur oxides on the tube
surface. The formation of magnesium sulphate, which
is molten and sticky at 2,050 deg. F. should be minim-
ized, particularly when gas temperatures at the fur-

Fig. 7. Build-up on upstream surface of rig superheater
after usmg suspended-solid magnesia-alumina additive
developed in the laboratory.
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Fig. 8. Sectional illustration of deposit build-up after
using suspended-solid magnesia-alumina additive.







