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INTRODUCTION

This is the second paper of a series that
describes the Defence Rescarch Board of
Canada Project No. A18-47-05-01, initiated
in 1959, to study the problem of superheater
slagging when burning Caribbean source
high-vanadium fuel oil in naval boilers. The
project was undertaken by the Fuels and
Mining Practice Division. Mines Branch,
Department of Mines and Technical Sur-
veys on behalf of, and in cooperation with,
the Royal Canadian Navy.

The first paper was presented to the
1964 American Power Conference.! and it
described, (a) a laboratory combustion rig
development in which the furnace con-
ditions of a ship’s boiler were duplicated in
the laboratory, and (b) a fuel-oil additive
evaluation and development program in
which the clemical composition of an eflec-
tive fuel-oil additive was established. 1 his

additive contained 40 percent by weight of
finely divided oxides of magnesium and
aluminum, suspended in a light oil carrier,
and the first commercial formulation will
be referred to as the “Mark 1" additive.

The present paper describes further fucl-
oil additive evaluation tests, and further
development work aimed at reducing the
viscosity of the Mark 1 additive to improve
its handling and blending propertics. The
latest additive, designated Mark 4, has less
than one-thirtieth the viscosity of the Mark 1
additive. This paper also describes the be-
ginning of a study on the mechanism of
ash deposition, in which control of ash
deposition is being attempted by improving
the combustion process. The effect of burner
and superheater design on deposit formation
is also being investigated.

TEST FUEL OIL

The experiments reported in this and
the previous paper were all conducted with
a Venczuclan high-vanadium residual fuel
oil that meets Canadian Government Speci-
fication 3-GP-12C for naval boiler fuel. This
specification, together with a range of values
for the test fuel. is given in Table I.

LABORATORY COMBUSTION
RIG TESTS

Additive Evaluation

The side-wall-fired rig. described pre-
vioushv.! was used for five 100-hr combustion
tests il'\ an extension of the additive evalua-
tion program. Four additional additives
were thereby evaluated. including produc-
tion line samples of both the Mark 1 and
Mark 4 additives. Zable Il lists both the
elemental composition of cach additive and
the additive treatment of fuel oil for the
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TABLE |
TEST FUEL OIL
C. G. SPECIFICATION RANGE OF VALUES FOR
TESTS 3-GP-12C TEST FUEL OIL

Flash point (P.M.) ....... °F 150 minimum 198-210
Fire point (C.O.C)evvvvne °F 200 minimum 270-280
Thermal stability ......... No. 1 or better 1
Sulphur (bamb) ..ccccen. % 3.5 maximum 1.27-1.41
Explosiveness «ccccveasees % 50 maximum 6-8
Water by distillation ..... % 0.5 maximum Trace
Sediment by extraction ... % 0.12 maximum 0.00-0.01
Pour point «.cccvcvnecanen °F 15 maximum 5.10
Ash coiiiiiininnnnensen % 0.10 maximum 0.04
Viscosity at 122°F ....... cs 11.8-48.6 26.9-43.9
Specific gravity «..... 60°/60°F 0.99 maximum 0.94-0.96

.............. API 11.5 minimum 15.8-19.0
Compatability ..coevevens No. 2 or better 1
Vanadium ........ (ppm as V) 145-166
Sodium c.cceceanns (ppm as Na) 28-39

may be loosened by thermal or me-
chanical shock. '

5. By reducing the flame length within
the confines of the furnace, the ash
deposition rate on the superheater
was reduced.

DEPOSIT STRUCTURE

It was clear that the physical-chemical
factors described above had less influence on
the mechanism of ash deposition than the
thermo-physical properties of the fuel ash.
Therefore, a thin-section investigation of
deposit samples was resumed, to elucidate
the processes that may be responsible for
both the initiation and growth of deposits
on tube surfaces. Detailed examinations
were made of all deposits, but only the
results of two tests, one involving untreated
oil (Test No. 31) and one involving oil
trecated with the Mark 1 additive (Test
No. 30), will be described, because they are
typical of the two modes of buildup that
are of interest,

Deposit from Untreated Fuel Qil

After untreated oil had been burned,
the rig superheater tubes were encircled with
a thin, hard, black slag of uniform thickness,
as shown in Fig. 3(a). A thin-section ex-
amination of this deposit revealed a cream-
colored layer of minute granules adjacent
to the tube surface, over which a relatively
thick layer of interlocked black and amber
needle-like crystals had formed. These layers
are clearly shown in Fig. 3(b), while the
random crystal orientation and the void
size distribution in the outer layer are shown
in Fig. 3(c). .

By X-ray diffraction technique, the io-
ner layer was identified as glassy or poorly
crystalline, while the black and amb“
crystals in the outer layer were identified
as sodium vanadyl vanadate type 1:1:5
(Na:0-V:0:+5V,0s), and nickel ortho-
vanadate (3NiO - V.Os), respectively.

Subsequently, chemical analyses ™
vealed that the inner layer contained 418
percent water-soluble material, compa
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NO.

30

K}
32
33

34
35

36

37
k]:

39
40

41
42

43
44

45

46
47

NAME FORM
Mark 1 Solids'in
suspension
Untrcated high-vanadium fuel oil

Untieated high-vanadium fuel oil

Mark | Solids in
suspension

Unticated high-vanadium fuel oil

Pioprietary Solids in
suspension
Pioptictary Liquid

Unticated high-vanadium fuel oil
Maik | Solids in

suspension
Unticated high-vanadium fuel oil

Solids in

suspension
Untreated high-vanadium fuel oil
Mark 1 Solids in

suspension
Unticated high-vanadium fuel oil

Mark 1

Mark 1 ‘Solids in
suspension

Mark Solids in
suspension

Unticated high-vanadium fuel oil
Mark 4 Solids in

suspension

ELEMENTS

Magnesium
Aluminum

Magnesium
Aluminum

Magnesium

Manganese
lron

Magnesium
Aluminum

Magnesium
Aluminum

Magnesium
Aluminum

Magnesium
Aluminum
Magnesium
Aluminum

Magnesium
Aluminum

TABLE I
FUEL-OIL ADDITIVES.AND TEST VARIABLES SELECTED FOR EVALUATION

DETAILS OF ADDITIVE
ACTIVE CONSTITUENTS

GALLONS
LB OF ELEMENT OF ADDITIVE
PER 100 LB IN 285 IG OF
OF ADDITIVE 3.GP-12C

10.7 0.
10.7
nil nil
nil nil
10.7 0.31
10.7
nil nil
28.9 0.19

0.05 0.14
nil nil
10.7 0.26
10.7
nil nil
10.7 0.26
nil nil
10.7 0.26
10.7
nil nil

10.7 0.26
10.7
10.7 0.26
10.7
nil ﬂi'
12.8 0.18
12.8

TEST VARIABLE

Standard reference teost

Standard reference tost
Intermittent fuel-rich conditions
Intermittent fuel-tich conditions

Flame quenching By water-cooled roof
Additive evaluation

Additive evaluation

In.line superheater
In.line superheater

No. 2 fuel-oil-fired continuously for
20 ht at end of standard test

No. 2 fuel-oil-fired continuously for
20 ht at end of standard test

Short flame opposed burners
Short flame opposed butners

Reduced gas velocity
Reduced gas velocity

Flame quenching by water-cooled roof
Standard reference test
Additive evaluation
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TABLE lil
PHYSICAL CHARACTERISTICS OF RIG SUPERHEATER DEPOSITS

WEIGHT OF -

ADDITIVE SUPER. ASH POSITION <

TEST 23%5{6&“&?% %!EE/S(T)ERT ABSOLUTE BULK  SOFTENING . RATE g
NO. LB LB GMSI gENSITY DENSITY TEMPER:A_ MG SQ CM =
M CC GM CC  TURE °F 100 HR TEST VARIABLE =

30 Mg — ALV =175 24.2 3.40 1.92 -—92800 48 Standard reference test ;
31 "fl 10.4 2.78 1.64 1300 2.1 Standard reference test ~
32 il 10.6 LN 1.72 1350 2.1 Intermittent fuel-rich conditions =
33 Mg~ AIV =1.751 24.4 3.27 2.25 —2800 48 Intermittent fuel-rich conditions 2
34 nil 11.4 3.33 1.64 1350 2.2 Flame quenching by water-cooledroof .
35 Mg V =175 1 20.8 3.46 2.15 2730 41 Additive evaluation A
36 Mn —FeV =? 10.6 317 1.72 1600 2.1 Additive evaluation X
37 il 13.2 3.47 1.69 1400 2.2 In-line superheater s
38 Mg — AIV =1.751 26.7 3.20 2.13 —2800 44 In-line superheater .
39 nil 10.3 3.24 1.59 1375 2.1 No. 2 fuel oil fired continuously for §
20 hr at end of standard test 3

40 Mg - Al YV =1.751 17.7 3.08 2.27 —2800 3.5 No. 2 fuel oil fired continuously for S
20 hr at end of standard test s

41 il 11.3 3.25 1.60 1400 2.2 Short flame opposed burners 3
42 Mg~ AlV =175 1 20.1 3.07 2.25 —2800 40  Short flame opposed burners a
43 nil 21.7 3.33 1.74 1400 2.1 Reduced gas velocity \f;
44 Mg - Al V =175 1 438 3.42 198 -2800 43 Reduced gas velocity 3
45 Mg —- Al V =175 1 243 3.33 1.98 -2800 48 Flame quenching by water-cooledroof =
46 nil 11.4 2.70 1.78 145C 2.2 Standard reference test S
47 Mg — Al V =167 1 18.8 3.30 1.92 -2800 3.7 Additive evaluation X

*ASTM Standard Method but with 5T oxygen in furnace atmosphere.
NOTE: All tests included salt water injection into the combustion air and soot blowing of superheater tubes.




TEST

TABLE IV

ANALYSES OF FUEL-OIL ASH DEPOSITS

CHEMICAL COMPOSITION (%)

NO. V;O: Na,O SO,

30 269 486 292.7
31 530 758 13.7
32 5492 678 116
33 291 420 21.0
34 444 330 11.8
35 285 420 159
36 560 509 13.7
37 510 668 13.3
38 288 5924 18.9
19 450 6.46 192.7
40 268 572 225
41 502 8.66 149
42 265 463 116
43 523 6.62 13.7
44 362 426 118
45 310 370 13.2
46 433 116 13.4
47 280 7.00 20.3

Fe:O,
2.86
2.29
3.43

1.00
1.1

3.00
3.43
3.72
2,52
2.86

2,72

1,76
4,44
1.79
0.71
1.46

2.60
0.77

NiO MgO AI;0,

4,72
2.86
3.40

3.38
4.32

4.34
6.92
7.52
5.02
6.96

5.13

1.76
4.60
3.70
1.36
4.32

4,53
2.25

14.3

9.70

314

15.3

13.0

15.0

22.0
25.5

17.9

16.6

15.8

13,6

20.6

18.1

16.8
16.8

18.3

X-RAY DIFFRACTION ANALYSES OF
MA JOR CONSTITUENTS

MgAlec + NOQO . Vz04 . SV:O. + MgO
Na,O.V,O. .5V3:O, + NiO .V,O.
NG:O . VzOc . SVQOi + NiO . VIOD

MgAl:O, + Na;0.V,0,. 5V:0, + MgO
Na:O . VQO‘ . SVzO(, <+ Nlo . VSO$
MgO + Spinel + Na;O.V,0,.5V,0,

Ndzo ' V104 . SVzOs + Nlo . VgO.
NG:O . VzO4 . SVQOL + NIO . VgO,,

MgO + MgAI,O, + 5Na:0.V,0,.11V,0,

NagO . V,O. . SVzO:, + NIO . V:O;
MgAlec + MgO + Nd:O . Vg04 . SV.O.

Na;0.V,0, 5V,0; + NiO.V,0,
MgAl:O, + MgO + Na;O.V,0, 5V,0,
Na;O V,0. 5V.0O, + NiO V.0,
MgAl;:O 4+ MgO + Na,0O V.0, 5V,0,
MgAl,.O. + MgO + Na.O V,0, 5V,0,

'Na:O V0. 5V,0. + NiO V,O.

MgA|1O4 +: Nazo VaO. 5V1Os + MgO

TEST VARIABLE
Standard reference test
Sfandard reference test
Intermittent fuel-rich con-
ditions
Intermittent fuel-rich con-
ditions
Flame quenching by water.
cooled roof
Additive evaluation
Additive evaluation
In-line superheater
In-line superheater

No. 2 fuel oil-fired continu-
ously for 20 hr at end of
standard test

No. 2 fuel oil-fired continu-
ously for 20 hr at end of
standard test

Short flame opposed burners

. Short flame opposed burners

Reduced gas velocity
Reduced gas velocity

Flame quenching by water-
cooled roof

Standard reference test
Additive evaluation
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TABLE Vil

PROPERTIES OF MAGNESIA-ALUMINA FUEL-OIL ADDITIVES

ARK ADD'T'V'EMAR

PROPERTY “MARK 4" ‘ K1
Chemical composition MgO + Al O MgO + AIOQ
Solids content, o by wt 50 50
Magnesium-aluminum ratio 1:1 1:1
Particle size consist, microns 1-7 1-7
Specific gravity  70°F 1.45 1.35
Pour point, °F —10
Fire point (COQ), °F 220 240
Flash point (PM), °F 162 150
20 780 (calc.)

Apparent Viscosity,* SSF at 80°F

*Both additives are thixotropic suspensions.

stream,? the higher MgSO, content
of both the inner layer and the inter.
mediate upstream layer may be at-
tributed to an inward but differential
diffusion of SO; through the deposit
pore structure. Apparently, high SO,
concentrations accumulate in the
cooler regions of the deposit, where
reaction readily occurs with MgO

X-rayv diffraction analyses revealed
MgO - Al:O;, MgSO, and MgO, in all four
lavers. Moreover,- MgO -Al:O; was uni-
formly distributed throughout all layers, but
the proportion of MgSO,toMgO increased
progressively toward the tube surface. Fur-
ther X-ray diffraction work revealed that
most of the vanadium was concentrated in
the intermediate upstream and the outer
downstream lavers. The outer part of each
layer contained a band of 1:1:5 sodium
vanadyl vanadate, while the inner part con-
tained a band of magnesium orthovanadate
combined with some 1:1:5 sodium vanadyl

in situ.
The location of the band of 1:1:3

(93]

in Fig. 4(c), suggests that vanadium
and sodium diffuse in the vapor state

vanadate.
These data. together with the results of

through the deposit voids, and that
condensation subsequently occurs.

the water-solubility tests given in Table |, 4. The reason for magnesium ortho-

are evidence that the following physical and vanadate forming in a band closer

chemical processes may occur: to the tube surface is not clear, but

1. MgO - Al;:O; forms by solid-state re- its location and quantity imply 2

action in the gas stream prior to solid-state reaction that progresses at
deposition. This observation is borne a relatively slow rate.

out by the MgO - Al.O,-MgO phase 5. When using the magnt:sia-alumilla

(4

diagram, which shows that solid-state
reactions are unlikely to occur below
2560 F.2

Due to the instability of MgSO,
above 2050 F, and the fact that SO,
and MgO do not react in the gas

additive, metal surfaces can be main-
tained at 1100 F without being cor
roded by oil ash constituents, becaus
the Na:SO.-MgSO, eutectic 00cU?
at 1220 F. However, low excess &
combustion with localized chem

i
|
!
sodium vanadyl vanadate, as shown




Formation of Ox!

reducing conditions may cause cata.
strophic intergranular corrosion due
to conversion of sulfates in the inner
laver to sulfides.

This study of deposits from fuel oil
ueated with the Mark 1 additive substant.
ates the findings of others. *$ who concluded
that reactions between additive and oil ash
constituents occur mainly on tube surfaces.

OIL NOZZLE ABRASION TEST

Concurrent with the combustion rig
tests, an investigation was carried out to
determine  whether the additve recom-
mended for the shipboard trial was likely
to cause abrasion of burmer nozzles. The
laboratory test equipment consisted of a
30-gal tank of Navy fuel oil treated with
0.14 percent by weight of the “Mark 17
additve (Dosage rate equivalent to: Mg +
Al:V::1.75:1). a high-pressure pump. an
oil preheater. and a mechanical atomizing
nozzle with an orifice diameter of 45 mi-
crons.

The treated fuel oil, which had been
thoroughly blended before the test, was
continuously recirculated to the nozzle at
300 psig and 120 F for 10,000 hr. Following
this, a microscopic examination of the nozzle
showed no measurable changes in orifice
shape or diameter. It was then concluded
that the larger diameter burner tips used
on board ship will not be eroded by the
recommended additive.

IMPROVEMENT OF
ADDITIVE VISCOSITY

Since June 1965, a second United States
chemical manufacturing company has been
collaborating in a program to improve the
Mark 1 additive blending and handling
Properties. This has resulted in the produc-
Hon of 2 new Mark 4 formulation. with the
Wentical chemical composition of the Mark 1
additive, but having less than one-thirtieth
I8 viscosity. The properties of the new
Mark 4 additive are given in Zable 111

Ash Deposits on Boiler Swurfaces and Control by an Additive 625

ADDITIVE TRIALS IN
OPERATIONAL BOILERS

Shipboard Evaluation

The RCXN shipboard additive evalua-
tion, delayed in 1964 because of ficet op-
erational commitments, was resumed early
in 1965, using a bulk additive blending
system. Inspection of the boilers after 1000
hr steaming with additive-treated oil showed
that deposits on waterwalls, the economizer
and the top of the water drum were notice-
ably reduced and less adherent. However.
deposits on the superheater tubes were rich
in MgSO., which cemented when exposed
to water. Thus it was recommended that
the Scllers water washing procedure be
replaced with high-pressure air lancing. It
was further recommended that additive
dosage rate be accurately controlled bv a
metering pump on the oil burner supply
line. Such a metering system. using com-
mercially available hardware, is now being
tested and calibrated at the RCN Naval
Engineering Establishment, and will be in-
stalled in a ship in the near future.

Utility Boiler Evaluation

For obvious reasons. it is difficult to get
operational data from power utilitv boilers.
but in one trial an unexpected benefit was
obtained. In addition to producing a friable
deposit on superheater tubes. the additive
treatment was credited with raising the
superheat temperature to design conditions
that had not been possible previously. In
another boiler with 900 F steam tempera-
ture the fuel-oil additive was credited with
drving up a gummy, corrosive cold-end
deposit.

CONCLUSIONS

The dominant mechanism controlling
buildup of slag in naval boilers is apparently
one of vapor phase ditffusion. This being
the case, superheater slagging in the present
design of naval boilers can be reduced by

—

S —————
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using an ashless fuel or a residual fuel treated
with an additive, so long as it will positively
improve the thermal-physical properties of
the oil ash. However, the authors are of the
opinion that the slagging problem may be
overcome by development of unconven-
tional boiler and burner design concepts.
Another solution may lie in the use of low
excess combustion air, but this technique
seems to be too risky for marine boilers at
the present stage of burner development.
and emphasizes that new design concepts
are needed.
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PREPARED DISCUSSIONS

WILLIAM T. REID
Senior Fellow
Battelle Memorial Institute

Columbus, Ohio

Many arguments have been presented
over the past few years on the chemical
aspects of deposits connected with corrosion,
compared with the physical ones—of the

composition of deposits as related 10 the
conditions that lay them down on jeopard-
ized surfaces. The Authors here have shown
clearly, within the limits of their cxccllctfl
test equipment, that phyxical factors in ther
apparatus, involving such parameters as gas
velocity, gas flow distribution. and Co“f‘
bustion pattern, have little cffect on depost

.. - con-
structure or composition. Rather. they 0!




Prepared Discussions

gder the problem of deposition as being
one of molecular diffusion, where factors
ach as vapor pressure and gas-phase re-
actions predominate, rather than physical
ones such as particle size and gas velocity:.
It is a litde difficult to reconcile this hy-
pothcsis with the Authors’ statements, later,
regarding tests with their Mark 1 additive.
where deposition by inertial impaction def-
initely caused buildup of deposits. Some
further explanation by them, to identify
when molecular diffusion is important and
when inertial impaction takes over. would
be helpful.

This mechanism of deposition is import-
ant because it suggests that there is little
the furnace designer can do to minimize
corrosion and deposits by changes in furnace
geometry or in the arrangement of heat-
receiving surfaces. Rather, he must be even
more considerate than in the past of the
quality of the inorganic matter in the fuel
he is toburn. Knowledge of such parameters
as the amounts of alkalies and their form,
of the sulfur level, and of metals such as
vanadium and nickel in fuel oil will be
even more necessary in the future in select-
ing fuels. .

The sole important factor over which
the furnace designer will have control. other
than by selection of fuel based on its im-
purities, is excess air. well proven now in
Europe and in the United States, as the
most effective single method of all in mini-
mizing deposition problems with residual
fuel. The Authors’ sole reference to low
excess air is that poor mixing of fuel and
minimum excess air might lead to localized
reducing conditions. with the formation of
sulfides. a genuinely catastrophic situation.
Such conditions can indeed occur. But here
is where the designer’s skill and the opera-
tor’s knowledge come into play. They must
assure either that precisely measured pro-
portions of fuel and air enter each burner.
or that furnace turbulence is great enough
o insure thorough mixing of all fuel and

627

ail:, so that near stoichiometric proportions
exist throughout the entire furnace cavity.,
That these goals can be reached is shown
by. the many oil-fired boiler furnaces now
being fired successfully with less than 5 per-
cent excess air, and, in some casss, with
less than 1 percent excess air.

_ Some of the Authors’ comments regard-
Ing reactions of additives with SO: in the
furnace should be scrutinized carefully, so
that they are not misinterpreted. For ex-
ample. one of the results of Battelle's re-
search for the Corrosion and Deposits Com-
mittee of ASME shows definitely that MgO
reacts rapidly with SO: to form MgSO. at
1100 F to 1200 F. whether the MgO is in
a fixed bed or deposited on a surface. Al-
though there may be little reaction between
MgO and SO; at higher temperatures, there
is no question but that MgO is an effective
scavenger of SO as the temperature drops.
Hence. thin lavers of MgO accumulating
on an exposed superheater tube essentially
at tube-metal temperature would be rapidly
converted to MgSO. at the expense of SOs
in the flue gases. Likewise. MgO suspended
in a gas stream would react with SO, as
the temperature drops. Hence the Authors’
statement that **SO1 and MgO do not react
in the gas stream” should be qualified by
including *“‘at temperatures well above
1200 F. The important point here 1is
that it is not necessary for high SO: con-
centrations to develop by diffusion through
a deposit for ultimate reaction with MgO.
The reaction can occur readily with low
levels of SO, just so the temperature is not
appreciably higher than 1200 F.

In regard to the Authors’ Mark 1 and
Mark 4 additives, it is interesting to specu-
late why MgO -Al:Os should be more effec-
tive than MgO alone. It is quite unlikely
that ALO; would react in any way with
SO,. hence its action must be in modifying
the physical characteristics of the MgO to
which it is added. The phase diagram for
the system MgO-Al:Os shows a eutectic at
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55 percent Al:Os; melting at 3690 F. which,
although low compared with the melting
point of 5070 F for MgO. is still high
compared even with maximum tempera-
tures in boiler furnaces. The spinel MgO-
Al:O; melts at 3880 F. also too high to be
significant. Hence, although the additon
of Al:O; lowers the melting point of MgO
appreciably, it is doubtful if this has any
importance. If a lower melting point were
helpful in modifying the phuysical or chemi-
cal characteristics of MgO, then adding
SiO. rather than Al.O; would be better,
for the lowest eutectic in the MgO-SiO:
svstem occurs at 2810 F with 65 percent
SiO.. In Europe. a widely used proprietary
additive does indeed consist of a mixture of
MgO and SiO..

It would be interesting to hear the
Authors’ opinions regarding why AlLO;
adds to the effectiveness of MgO as an
additive. Are the actions chemical or physi-
cal> Is the improvement great enough to
warrant the extra cost of preparing a mix-
ture, rather than using a single-component
additive? And, finally, how about dirt-cheap
dolomite? Does the performance of the
Mark 4 additive surpass dolomite sufficiently
to justify its costs? These questions are
pertinent because, in the long run, economic
factors are certain to control the use of
additives. The Authors should be in an
excellent position to give factual answers.

CLIFFORD P. TALLMAN
Vice-President, Industrial Division
Chemical Specialties Sales Corporation
Fairfield, Connecticut

This second report describing the con-
tinuation of the fuel-oil additive evaluation
by the Canadian Department of Mines and
Technical Surveys indicates the fine progress
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being made to combat slagging ang

sion due to the presence of vanadiyp,
sulfur in heavy oil. Also, it apparenyy
promise as a possible avenue for the reduc
tion of SO; and acid stack emission. ]

As a supplement to this paper, we o
like to provide information on two New
England electric utility companies who have
placed in use a solid-in-suspcnsionadd;ﬁ‘t
formulation. manufactured in collaborar:
with the Canadian research programﬂum

. - that
incorporates a 10 to 1 ratio of magnesiyy
to aluminum oxides. At each location,
boiler involved is capable of 360.00j |,
steam per hr at 900 psig and 900 F, One of
the units is equipped with a regenerariye.
tvpe airheater with air recirculation
maintain higher than normal cold ey
metal temperatures. The other, with a wty.
lar-type airheater, uses steam to raise air-
heater metal temperatures.

Neither boiler is operated at low exces
air, nor does either have ash recirculation
svstems. One is a peaking-type unit. while
the other is base loaded.

Original conditions, as well as results
achieved, are practically the same. In each
unit, superheater and airheater problems
had become a matter of major boiler main-
tenance and repair costs. due to frequent
outages for cleaning, followed by rapidly
falling boiler operating efficiencies. Further.
in the boiler incorporating the tubular-
type airheater, a number of additives had
been tried during a four year period, with
little success.

The additive referred to herein was
originally applied at a ratio of 1000 gl
fuel oil per gal additive for a short orienta-
tion period. It was then changed 10 1500
to 1. The net result at the end of four weeks
of operations is as follows: .

1. Discontinuance of air recirculaoo®

and steam flow in each airheater; \\'ﬂh
complete absence of usual c0aus
and moisture.

2. Formation of a light powdery, friable.
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deposit on furnace walls, resulting in
continued maintenance of 900 F sy.
perheated steam temperatures.

. Replacement of the hard bonded
deposit of slag on the superheater
tubes (plus bridging in the convection
pass of the generating bank) with a
soft friable, powdery deposit, easily
removed by sootblowers. '

4. Elimination of rising draft loss con-

ditions.

5. Establishment of a clean dry condi-

tion at the cold ends of the airheaters.

6. Maintenance of boiler efficiency close
to anticipated performance data.

. Elimination of all special boiler out-
ages for fireside cleaning.

As a result of many studies conducted
throughout the world in the past fifteen
vears, the effectiveness of aluminum and
magnesium oxides for control of vanadium
and sulfur in residual fuel oil has been well
established. However, only since the devel-
opment of manufacturing techniques which
now permit delivery, storage, pumping and
proportioning as a solids-in-oil suspension,
has the power industry begun to widely test
the effectiveness of alumina-magnesia ad-
ditives.

We can now report a number of con-
sistent aspects of an alumina-magnesia,
solid-in-suspension additive for control of
vanadium and sulfur in modern high-tem-
perature boilers, as follows:

1. Aluminum oxide, when combined
with magnesium oxide, increases fri-
ability and fusion temperature of ash.

2. Aluminum oxide raises ash fusion
temperatures more than 100 F higher
than magnesium oxide alone.

3. Magnesium oxide is reactive with
sulfur compounds, with consequent
reduction in SO; present.

4. Particle sizes of alumina and mag-
nesia should be a maximum of 10
microns, with an average of 2-3, in
order to impart maximum friability

(9% )

~J
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to the ash. Submicron sizes should be

reduced to a minimum. in order to

prevent a high density deposit and
high deposition rates (with attendant
high stack loss), due to agglomeration

of superfine particles. .

5. Ratio of magnesium oxide to alum-
inum oxide should be varied to suit
boiler design, operating conditions
and fuel oil analysis.

6. Viscosity of additive should be as
low as possible to permit satisfactory
storage, pumping and proportioning
at low winter temperatures.

7. Flash point should be high enough
to comply with all local and marine
requirements.

Last but not least:

8. The cost should be low enough to
Jjustify use of the additive.

R. J. ZOSCHAK
Head, Heat and Fluid Dynamics Department
Research Division
Foster Wheeler Corporation
Carteret, New Jersey

The Authors have presented an interest-
ing and informative account of a careful
and thorough investigation. We agree with
their conclusion that vapor phase diffusion
is apparently the dominant mechanism in
slag buildup, and their implied conclusion
that additives are of somewhat limited help
in controlling deposit formation.

The Authors are of the opinion that low
excess air combustion may be a solution
to the slagging problem. However, they
feel that this technique seems too risky for
marine boilers at the present stage of burner
development, and that new design concepts
are needed.

. The interest of steamship operators in
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low excess air combustion is apparently
very strong. and initial steps are already
being taken toward eventual operation at
very low excess air rates. As a consequence.
we have recently sold a number of marine
boilers guaranteed to operate at not over
5 percent excess air. One burner manu-
facturer has proved. by test. that 3 percent
is attainable.

These levels can be attained without
modifying present burners. To this end, we
are using larger windboxes, individual air
ducts and dampers to each burner, greater
clearance between burners, fewer burners
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per boiler and higher windbox Pressure.
This is currently being done on New inszaucs'
tions at only a very insignificant increase :n
cost.

We believe that u may be Possibje
eventually, to permit operation 3¢ bclo“t
2 percent excess air by making relativel,
minor modifications to boiler and burne,
design, with particular attention given ¢
windbox and ducting arrangement, by,
layout and furnace configuration. Howeve;
this will be admittedly difficult 1o accom:
plish within the tight space limitations i,
posed on marine boilers.

AUTHORS'

The authors wish to thank Messrs. Reid,
Tallman and Zoschak for their valuabie
contributions to this paper. These discus- .
sions have raised a number of points which
the authors wish to clarify.

In reply to Mr. Reid’s question on the
mechanism of oil-ash deposition, the authors
would like to emphasize that deposition of
indigenous ash constituents on boiler sur-
faces occurs primarily by molecular diffu-
sion, regardless of whether untreated oil
or oil treated with the Mark 1 additive is
burned. The use of the Mark 1 suspended
solid additive, in addition to controlling the
physical structure of the deposit, modifies
the dominant effect of molecular diffusion
in the deposition mechanism to the extent
of increasing inertial impaction of particles
and particle migration.

Whether or not MgO reacts with SO,
in low temperature gas streams is still con-
troversial. However, recent research in Eng-

land indicates that MgO and SO; do not

CLOSURE

react in the gas stream even at temperatures
below the acid dewpoint. This research,
although specific to a particular expen-
mental furnace, showed that treating a
residual fuel with 0.14 percent by weight
of the Mark 1 additive had no effect on
either the SO; level or the acid dewpoint
of the combustion gases. In contrast, low-
temperature corrosion (as measured with
a BCURA corrosion probe) was reduced
by 35 percent,indicating that neutralization
of SO; by MgO occurred on the prob
surface and not in the gas stream.

The possibility that either MgO alont
or a MgO-SiO, mixture might be equall
effective as the Mark 1 additive was i
vestigated during the additive evaluatio?
program. When the fuel was treated with
MgO alone, the resulting superheatef de-
posit was fairly cohesive and contained 3
large amount of MgSO.. The net effect &
the MgSO,, which has a melting pom_"d
2050 F, was to decrease both the friabili®®
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and the ash fusion temperature of the de-

it. Rig tests with MgO-Si(); mixtures
originally showed considerable promise in
Aleviating superheater slagging; however,
when synthetic seia water was injected into
the combustion air to simulate conditions at
sca. the MgO-Si0): additive formed a dense,
hard, fused deposit, having an ash fusion
emperature of 2000 F. Petrographic ex-
aminations revealed that Si0s reacted with
wodium in the sea water to formn a low
melting point compound.

‘The authors agree with Mr. Reid's sug-
gestion that more cconomic additive blends
can be used, partcularly in power utility
boilers, where furnace conditions are Jess
severe than on board ship. During the past
vear, a number of power utilities have
;ucccxsfully used additive forinulations with
Mg:Al ratios ranging from 10:1 w0 3:1.
Further details of these trials are given in
AMr. Tallman's discussion. "J'o answer Mr,
Reid's final question, dolomite was not
scriously considered in the additive evalua-
tion program because it was known (o
cause crosion in oil pumps and burner
nozzles, .
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It was indeed gratifying to learn of Mr.
Tallman’s success in combating deposition
problems in stationary boilers while using
additive formulations that were evolved in
the authors' research program. His ficld
investigations confirm that additive blends
containing Mg:Al ratios of up to 10:1 can
be used cconomically and effectively, to
suppress both superheater slagging and low-
temperature corrosion in power utility boil-
crs. It should be noted that additive dosage
rates are determined by the impurities in
the fuel, while Mg:Al ratios are determined
by the temperature and velocity conditions
at the furnace exit.

I is difficult to answer Mr. Zoschak's
reinarks without an explanation of the nor-
mal boiler operating conditions. The au-
thors timidity about low excess combustion
air is confined to naval baoilers, where rapid
load swings can be expected. Under these
conditions i1 is diflicult to expect conven-
tional hardware to provide a realistic factor
of safety. However, it is encouraging to
know that
hardware are proving successful in many,

modifications to conventional

less rigorous operations.




