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§. Introduction

The mecharism of the corrosion of refractories by
& fuel oil combustion may be divided into two parts,
One of the reasons is caused by sulfur in the fuel
pil and another by the fuel oil ash; The latter will
take a long time to get practical® results as is caused
by its deposition on the surface of refractories but
V,0; in the fuel oil ash plays a role of a: catalyst to
oxidize 80 to 50, as
KirkpatrickV.

Anderson and Manlik® have shown that nickel,

described by Frazer and

{ 5

ic
the

magnitude of the effect increasing in the order given

tends
decrease the corrosion by the reductive effect,

sodium or vanadium present in fuel oil

and boiler deposits resulting from the presence of
iron in fuel oil tended to increase corrosion due to
but

nickel and vanadium showed a similar effect but to &

the formation of catalytically active surfaces,
less degree. Whittingham™® worked with gas flames
and showed that there was a parabiclic relatich bet-
ween the amount of SO, formed and the sulfur content
He also showed thet the amount of SO,

was reduced by

)

of the gas.

various smokes or a number of
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inhibitors which combined with atomic oxygen. Taylor
and Lewis® investigated the formation of 80, in a
small cil-fred furnace, the SO, the flue
gases being estimated from the dew point

content of

Many invesiigatiolns“ have becn econcerned with
the action of alkali vapors on alumina-silica refrac-
tories principally with the ohject of elucidating pec-
ularities that oecur inm Si0, retorts that carbonize coal
al 1000°C. The combined attack of

vanadium oxides on  alumina—silica refractories has

sodium and

recaived much less attention than the aitack by sada
alone and investigations appear to be confined to a
study by Mclaren and Richardson®' who conducted
cone—deformation tosts on  alkali-vanadium  composi-
tions with three types of brick of varying alwnina
conlents. Reaclions beiween soda and a variety of
alumino-silica compositions were investigated at tem-
peratures ranging From 800 Lo T700°C by Righy and
Rutton™.

Trojer® found that in the particular case of failure
of the magnesite chrome brick linings of a cement
rotary kiln, potassivm iroo sulfide KFeS, was formed
in cooler brick zones and deterioration by cracking
and

occurred when the sulfide oxidized to sulfate

raacted with the brick constifuents during a shul
down.

Theve are few papers published in the slagging effect
of vanadium-containing oil-~ash on glass melting tank
refractories. A review of the literature has shown

that V.0, may be one of the most coyrosive com-
ponents of fuel ofl ash with its high addiiion usvally
as much as 18-25%. Bush® [ound thar the effect an
and sillimanite

with and

the praperties of Si0y 43% ALQ,,
bricks containing up to 2% of V,Q; both
without addition of up to 5% of Na,0 was almost
negligible. Morsanyi'” has alsa proved that the wear
of silica refractories is not likely to be increased by
the presence of vanadium in the fuel oil

Schulte' observed that magnesia checker brick of
regenerators could be corraded by baric acd and Si0,
might be attacked by sulfates at 700° ta 1, 000°C, altho-
ugh it is resistant to alkali attack. Mortil!® has also
observed that basic bricks of regenerators is damaged

by S0, gas and 5O, gos from {uel o1l burning is

(8
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catalyzed at about 800°C by the A0, and V,0,
vapor to form S0O; which reacts with MgO. Thus for-
med MgSO, accompanies the espansion of its volume
that the

brick in an open hearth was corraded by V,Oy. The

to collapse. TLehmann'® has studied hasic

corrosion of mullite refractory by alksli vapor'!'®

polassium vapor'® has beer studied by Yamaguchi el
al. He has alse studied the corrasion of basic hiicks
hy alkaly vapor'™ and boic oxide vapor'®™.

the

reducing atmosphere on the properties of refractories

There are manv literatures on the effect of
bul sulfur dioxide atmosphere, Miyatake and Furumi!®
has noted thal by burning basic bricks at 1550%C tor
3 hours under veducing atmosphere, or axidizing con-
dition and In cyveles of both conditions, expansion
and loss 1n weight of the brick oceurred and with
cycling of the conditions, the decrease in compressive
strenglh accompanied. Davis and Richardson®” aoied
that the coirosion of clay bricks by potassium  salc
vapor under CO, 0., H, and M, atmosphere with
the calalyst of Fo compound was observed. A review
on the elfect of CO on clay  brick linings of a blast
furnace was described by Hayashi®®, He stated the
mechanism of carbon deposition and ils catalytic
action.

In this research work, reactions between siapging
agents consisted of the components of Bunker C oil
ash and 13 Lkinds of refractories used in power, glass
and cement plants under the sulfur dicxide atmosphere
have been investigated. The sulfur dioxide atmosp-
heres were contiolled by firing light oil which con-

tained 1. 2, 3, 3.5 and 1% of sulfur respectively.

I[. Experimental method

Fuel oils conlain various materials which remain as
an ash after burning and it was natural lo consider
whether any of these subsiances could be causing
cnhanced atlack on relractoics. Most crude oils contain
a number of substances, which if cancentrated, could
cause altack on refractories: these include Na,O, Vs

Q,, Fe,0, and Cal. The analytical results of Bunker

C oil ash are shown m Tablz 1. Vanadium was
arialyzed by means of activation amalysis and others
by atomic absorption analygis. The ultimate
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analysis of Bunker C oil is shown in Tablc 2 Table 2. Ultimate analysis of Banker € nil(95)
Tahle 1. Quantitative apalysis of Bunker © oif o . Ny On 5 A Uh '
e {04 . ) - ‘ [
o 8157 141 0.%  0.65 312 ;
Nid  CuO Fe,0, WaC Pb(0, Zn0 V. Or | T/ ¥
4.20 0,196 .87 707 0.058 0. 4:" G 15.55 And the constituents of test specimens are shown

’ :Ur.Od SiOz— ‘ Cﬂ.d -T&'IEO SD‘ £§1_1%;771?m{ in Table 8 respeciively. The symbols of the talle

; — {’-—r-—md-\ instend of the 12fractory names will be used lLereaf-

\ 9,40 19.3 A.B 310 2020 6 50 onit [

. . . . o Ter
Table 3. Ceonsmiiuents of rofractoiies
E \\ Symbnis] A B C ) Shd S N AR M- r B&W  Zac Z
S~ ) . — —
¢ NameS| i a7 QR4q SKog0 SK-86 Sl Sihica Chrom- Mono. Mone. Flus B&EW1  Zec Zirmul !

Components l‘ manile Magnesia frax-M frax-T1 +80 ‘]
qIOZ . 24.69 54,28 64,26 44.458 31.41 9590 538 1.0% 0.12 63.50 5180 i5.0 10.2
AL, 7I.70 42,65 31.47 52.13 G159 0.95 2380 9%4.76 94.34 325 451 49.0 70.0 |
Na, 0 —_ — - — — 010 — 3.58 517 0.3 0.3 1.4 —

\ Cal 3.20 — — L2 ¢d 290 — 028 0.12 020 0.1 i —

I MgD 0. 23 — — i .48 tr 26.76 .15 0.06 012 @ ir —
Fe,(, 1.28 2,30 I1.50 1.30 1.79 (.50 — 05 0.07 .75 1.4 0.1 —
Ti0, ) — — — 23 1.59 Q.05 — .02 003 1.47 1.7 0.2 e

L 70, - = - - = = = = = = — 8.0 195
€0, i R — = 34 - = = = = =

. A hole, a 3/1 inch diameter and 2 1/2 inch deep,
was made on one face of each refracinry enbe hav-
ing a dimension of 2 inches a side to predeposit
essential constiiunals of fuel nil ash before

About

firing.
3.5 grams of Na,CO,, 5
grams of Na,50;, or 2.6 grams of a mixture conlain-
ing Vo0, NWa.CO, and Fe.0, with the of
16.55:12,1:7.07. This ration found out from the

chemical analysis of fuel oil ash was placed respect-

3.7 grams of V.0,

ratio

ivcly in cach tesl specimen. Each specimen was then
the ilemperature heing

adivsted at 660°C and maintained for 3

placed in an electric furnace,
{or
specimen  {m.p. of V.0 is
660°C) and at 880°C {or three hours for Na L0~
Na,S0, and the mixturc-containing (designated as“F*)

howurs

YOs-containing  iest

iest specimens. The whale uppor piclures of figure 2
to 4 show the resultant dilfused area by thesc fluxes.

This method, one of testing methods far slag action
of refractovies, gives advantage of geiting desired
lring eflect within 2 shart length of time, By prede-

position of cssenrial constituenis of fuel oil ash in

HEILGE 48 4 (1874} {

the refraclories, the present experiment was Intended

o observe their effects in different sulfm  dioxide
simospheres on refraclories.
Eiforts were made to predeposit cast Irom  instead

of pure iron as its m.p. (1275°C) is Jower than the
laster (1535°C), but as cast ivonp was directly oxid-
zed to Fe,0, williout melting al its m.p., such inte-
ution was given up, Cest hon-contalning vest specime
ens were direclly applicd ta the kiln only in the case
of firing using {ucl oil of 3. 5% sulfur content without
predeposition.

and 49 of salfur
were prepared respectively by adding appropriate
amount of OS, to light oil with 0.759 sulfur and 8.
G. oof 0.84.
of 2

tion to gel o & iemperoture of 14350°C,

Fuel oils contawning 1,2.8,3.5

A burmer has & combustion capacity
gallens per an hour. It took 8 homs of combus.
which was
then maintained for 24 hours. Only one sst of spe-
cimens was soaked for 35 Lours with fuel oil of 5.5

az

% sulfuy content in order lo observe the effest of

diiferent soaking time. The Orsal analysis of fius gos

7
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leaving the combustion chamber showed CO::9.8%
0,:8.0%, CO:0.2% and the percentage of excess
air was 60, These values were chosen and maintained
throughout the firing because 2 sufficient oxidizing
atmosphere is required to favor the axidation of sulfur.

An ail firing kiln was constructed of high alumina
bricks for side walls and Dasic bricks for the arch

,..

with a dimension of 27 inch long by 9 inch high by

& inch wide.

fi. Results

Predepositions of slagging agents in slag holes have
been taken place in electiic furnace at a lemperature
of each melting point for a period of 3 hours. As sh-
. 3and 4, the diffusibilities

of each slag agent are evidently shown. The degree

own in upper parts of Fig. 2

of diffusion can he sesn in Fig. 1 by stand spotios.
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Tig. 1. Degree of diffusion of V,0; Na,CO, and

the mixture of V.0;, Na,£0, and Fe, O on
various refractories at temperatures of their
melting points for 3 hours of soaking.
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For example, the degrec of diffusion of a specimen

A was determined by measuring 2 distance diffused
from the circle ol the slag hole.

ATV, A2V,
the value was taken asz a

As therc are 5 kinds of specimens,
AZV, A5V and A4V,
mean value o} live kinds. The values of diffusibilities
of V.0, aroup exist between 10 and 15mm which
are not so much differeni each other. 2.7 grams of
vanadinm pentoxide charged in the slag holes were
fired for 2 hours at 660°C of its melting point. Iis slag
action with refractories was not found except diffus-
ion. & grams of sodiwm carbonate charged in the slag

hole were fired for the same period of time at
The values of diffusion
and
be

dne to the decompositon of sodium carbonate. It was

851°C of its melting point.
of sodium carbonate group exist befween 5.5

16mm which is less than V.0, group. This may

found that the degree of diffusion increased with the
silica content
2,3

action had

alumina covtent decrcased and with
increased. As shown in the wpper part of Fig
ard 4, it was found that the slight slag
taken place.

Na.CO; and,
Fe.0, charged in the slag Lole were fired in the same
way at S80°C. The values of diffusibilities of the mix-

3.6 grams ol the wmizture of V0,

ture group exist between 5.1 and 10, 2mm  which is
lest than Na,CO, proup. Slag actions me also found
in the mixture oroup.

Concerning Fig. 2,3 and 4 the opper photographs

the

Na,CO, and their mistures at ench melting point for

show only resulis ol predepesitions of V.0,
3 liours ard the lower pliotos show the results which
fired the predepositions ct ihe temperature of 1450°C
for 24 hows The marh “-7

photos, which means the specimen bad gone through

is put in each Jower

with aftertreatmenl.
The resulis were reported ns to 158 kinds of test
2, 3,4, and in Table 4.
In Table 4, V designates V.0 N, Na.CO,; F,
mivtme of ¥,0;, Na,CO, snd' Fe;0, as
ahove; NS, Ng;50;: and Fe, Each

was designated and markefl using abbreviations, os

gpecimens shown in Fig.

mentioned
iron. specimen
shown in Fiz. 2,3, and 4. For example; A1V meand

igh-alumna refmct‘mj* which was fired with fuil pil

} 0 = 2 R
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Table 4 Corrosion of specimens fired with light oils containing 1, 2, 3, 3.5 and 4% sulfur,
LT - ' ] . T
Doy Tt L alsul B lc | 7| slewls| [M—M M-H ! Zac | Z
RN | _ i Rl |
1. v—sl [vv—gl ‘ v—sl | v—sl | v-sl | v-sl sl — vl — — — —
. a sl | vsl ¢ vsl sl | sl | v-sl none sl — — — —
¥ 3. sl | v—sl | v—sl | v-sl gl | v-sl r sl | v-sl sl | none h m | noné
3.5 sl | vsl | vegl | w-gl - sl — o sl | none m — —
1. sl | v-sl ~sl | v-si m sl sl | none sl — — ‘ — —_—
1. ! sl sl sl m sl f m } — 1 = vl — — e ‘ —
2 m m sl m sl m sl — sl — — — -
N RA m m sl m sl m — 1h st | none — | none —
3.5 m m sl m — ‘ L — — sl | none — — —
| 4. m m sl m | f h ‘ sl | v-h sl — — ! none —
i. sl sl sl ! st \ — sl — — sl o h — sl
2 sl sl sl sl — sl — — sl — sl!  — sl
F 3. sl sl sl al —_ s1! sl — sl - — — -—
3.5 sl sl sl sl — 3| — — sl - — — —
4. sl sl sl sl o= s b= J v-h sl — h — sl
! v-sl ’ v-gl l — ‘ \ v-h i — % sl l — i v-sl ‘ — \ S S — ‘ —
3 " vh | | _ | enl - _ 1 .
3 IVh‘ h! h’vh! IVII_I l‘ [ h\ [ m |
i [ I
%5abs. ‘12.3‘ 8-2[11.0!11.0[' 5.9'13.9’ B9 72[ 62‘ U.D’ #' 00‘ 4.6‘
Remarks: 1. Codes of Specimenr B
2, Sulfur content in the fuel oil (%)
a. Constituents of ash; Abbreviation of V means V.0,; N, NagCO;; F, mix. of V.N. and Fe,0;

NS, NuaS0,; Pe, irom:

of 1% sulfur content and predeposited with V,Ox.

Intensive lests have heen made far such refractories.
For instance, M-M and Zuc refractories were examined
only in cases of V.0, and Na,COQ, deposition as they
usuelly are used in contact with molten glass. Refra-
ctories are manufactured so as to meet their praclical
applications and their gualities have been all the time
being improved.

Refractorfes used in the present experiment can
be divided into several groups according te their
main components: alumina brick group, M-M and M-
H: basic brick, M;

brick group, Zac and Z; alumina-silica brick group of

ZrO,-containing high alumina

refrac-

36 and

ihe others. Alomina conient of high alumina
tories are decreasing in the order of A, SM,
B&W. The content of Si0;
order of B, C, F and S as shown in Table 3.

of the experiment was arranged in such orders.

in the

Results

is increasing

1l A4 BE(107) {9

v-gl means very slight; m. medivm: h, heavy; v-h, very heavy.

To begin with, the effect of V.0, on refractories
was examined. The M-M, which is the highest in
slumina content, showed no sign of corrosion on
refractories after firing, Dot only changing‘ their
colors to black, turned ocut to be stahle in most of
the atmospheres,

Test

secondly higher

A, which is the
changed its

specimens designated as
in alumina content,
original color (light brown) te a slight deeper one
after firing,: but as they were still light brown, they
clearly showed the ring in which V,0, was diffused.
In the specimen, A3 5V such ring appeared greenish
grey and in specimen, A4V the ring colar became
thinner. This cshows the evident infuence by sulfur

when the content of sulfur in the fuel »il exceeds

3.5%. As shown in Fig 2-1, the diffused ring in the
specimen after firing was widened compared with

those before firing but no sign of reaction was obse-

)
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Fiz, 3-1 Fip. 2-2
High alimina serie

L

Fig. &4 Fiz. o3
SK-22 serics Silica gerics

Fig. 26
Flux series

Fig. 2-10

Chrom-magnesia series

Upper photos show the degree of diffusion of
V.0, at its melting point {ov 3hrs of soaking,
lower pholos showing ils slagging elfect on
eoch series of refiaclories afler fired al 1,45
(°C for Z4brs.

(10)

A2V and

color of the diffused ring became thinner om Hring,

rved. In the spesimen, thereafter, the

showing some cracks and slight corrosion.
are 10%

conient,

The SM test specimens, which lawrer

than the specimen A in olumina changed
their colors of swiaces to deeper and darker ones,
showing no sign of corrosion due to V.0, and ne
cracking. Although the traces of V,0:-diffused ring
atill 1emained alier firing al the elevated temperiure

as shown in Fig. 2-2, ibe greenish-grey colors in

the specimens were very hnrd fo find as ibe colors
ol specimens changed davker upon fiing.

In the specimen B&W conteining 45% of ALO,
which Is lower than the specimen SM, their colors
becume lighter with increasing sulfur content in
fuel oil and a certain ring of them already showed

slight corrosion

where V.0. was predeposiied
ed
BEWIV and specimen B&WIV
showed Twownish-grey, the

with

hefore fiting, Brown color of V.05 still rem

in the specimen,

calars of which became

{hinner incereasing  sulfur

conlent in fuel
oil. Butl they showed severe diffusion cven Lo ihe
sides of the test specimens possibly duc to iheir
oorosity. The specimen. 36 having similar composition
as in the specimen B&W was more stabie ageinst
V,0., showing no sign of reaciion but only slight
traces.

With a docrease in the conlent of alumina, which
corresponds 1o an increase in the contenmt of silica,
test specimens B and C showed 2 tendency to become
whiter upon firing end the [ewric oxide-spots iz them
appeared more clearly, These bleaching actions secm
to be due io SO, gases. Ferilc eoxides are belicved
10 react with 50, to form a eerlain type of ferric
sulfole accompanying expansion and if thesc were
maintained at high tcmperatures for a lonz time,
they would be decomposed. The colors of {races of
V,0; diffusion becoming thinner wpon fiving appeared
pale black as a whole. Though the specimen F is
similar to the specimen C in composition, they show-
ed different phenomena each other. This may he

caused by the dilfsrent manufacturing processes. The

latler

former was fused cast in vacwo, whereas the

was formed in ar ordinary way.
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Test specimens diffused with V.0, showed their
traces more clearly upon firing at the high tempera-
ture. For instance, the specimen, F1V showed a
dark orange ring around the slag hole beside which
¢ black The specimen F2V  showed

no orange color but black ring around the slag hole

the color becar

and’ this portion was a little bloated. The spzcimen,
F3V showed no bloating bul only the Hlack ring,
whereas in the spzeimen FAY about one third of the
orange color was still rergained. Oa firing with fuel
oils containing more than 2% of sulfur, test specimens
showed & little cracking, the specimen, F4V  heing
rather severe. No corrosion due to the combustion
was found out in each case, as shown in Figz. 2-6.

The color change from light vellow 1o pale cream
in test specimens S which is the highest in silica
cour;ent szams to be due to bleaching effect of 50,

Ag shown in Fig 2-5, the trace of V;0; diffusion
of the speeiman S1V was almost  disappeaved. Each
test spacimen except S1V showed cracking, becoming
Leavier as was in the tpzcimens S3.5V and S4V.
Thera szams no reastion belween V.0, and S50, in
these cazes, The influence of 50, on test specimens
was havdly appreeiabls.

Test spreimens Z containing Zr0, showed no react-
ion with V,0. but the specimen Zac reacted with
V.0; resulting in corrosion, vitrifving thefr surfaces,
changing their color to yellow.

As shown in Table 4 and in Tig 2-10, test specimens
M changad their color from light grey to black upon
firing and the surfaces of which excepl the specimen
M1V were viirified showing a slight sign ol reaction
Logelher wilh cracking, which became heavier with
increasing sclfur econlent in fuel oil,  Especially
the vinification of specimen M2V seems to he due
to sodium vapors circnlating above Lhese lesl spe-
are then

cimens during the combustion which

deposited upon its surface while colling. Because
the spocimens M were placed on both sides of damper
in the kiln located at the end of the combustion
chambar, sodium vapor could easily depomt on their
surfaces, The fact that the specimen M1V  remained
unreacted upon firing while M2V  was vitrified, as

shown in Fig. 2-10 seems to be rclated with sulfur

BILE 449501974}

content in the fuel

Results were abtained by the zpplication of sodium

carbonaie as a slag of fuel qil ash o refiaclories
as are shown in -Fig 3 as fal]cf“fs. -

Tést specimen A showed E:orrs'suzﬂa‘."}to the inside;
specimens SM, B ahd C _sho\&%éd clq;rosi'qn accomp-
anying bloating by the: rea(':tmx‘;_ with alkali; specimen
S showed the moderatc to sévere shagging  effect
on the surface, changing s Brig'ir‘i)al-crke'am eolor
to light blue
Specimens FIN and F2N showed melted
Na,CQ; in the hole without slagging, while F3N

with a slagglng,fcoarse surface.

glass of

and FAN showed neither bloaling nor glass hut chang-
ing its grey color to vitrified dark brown together
with slight corrosion. In corirast, " P&W  showed
coarse surface with slight corrosion. These lest spec
imens had experienced corrosic;n during preliminary
trearment with Na,CO, and traces of i”tsr diffusion
were pbserved though they were not clearly appeared
in the figure. . ’

Corrosion secms to be mos: severe with the spee-
imen, 36 among these specimens. The fact thal
specimens M-M ond Zac showed no corrosion by
firing with light oils coniaining 3 amé 3.5 or 4% of
sulfur respectively, indicated their stability against
alkalies. This is the reason why they are used for
cons}::ructing bottoms and walls of glass tank furnaces
in contact with alkalies, )

Basic refractory M used either as checker bricks
in contact with alkali wapor or as refractories for
rotary kiln in contact with hmestone, showed 2 1ing
in the portion where alkali vapor had contacted, but
shawed no corrosion during the preliminary treatment.
During the afiertreatment, the combustions with fuel
oil of different contents of sulfur, =pecimen 1\/\111\7
ashowed no corrosion while specimen M2 N and
others showed slight corrosion being viwilied by alkali
vapor, changing thewr color from brownish grey to
black without exception, accompanying severe crack-
ng.

Na,50,; was also prediposited in the slag holes of
the test specimens 1n the same way as that of Na-
C0O;,, only in case of finng with fuel ail cuntaining

3% of suliur. After firing. the specimen A3NS showed

(11)
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Fig. 3-1 Fig. 3-2 Fig, 3-6 Fig, 3-10
High alumina series Sillimanite series Flux series Chrom-magnesia series

Fig. 311
SK~26 series

© Fig. 3. Upper photos show the degree of diffusion of
Na,C0Q, at 880°C {or 3brs., middle photos,
showing its slugging effect; the lower the
slagging effect of Na,50, on each series of
refractories after fired el 1450°C for 24 hrs.

complete diffusion withont any trace and without cor-
rosion. The specimen SM3NS showed vitrified surfaco
changing its brown color to dark btown. The surface

of the specimen B&W3NS was comptetely bleached ta

white without corrosion. Only the specimen F3INS
Fig. 34 Fig. 3-5 showed appreciable corrosion while the specimen M3-

SK-32 series Silica series NS-showed no corrosion, but their cross-section ap-

(129 FEEEE
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Fig. 4-1 IMig. 4-2

High alumina series Silhmanite series

Fig. 4-4 Fig. 4-6
SK-32 series Silica series

#1s 3P 4 95 (1974)

Fig. 4-10

Chrom-magnesia series

Fig. 4. Upper photos show the deurec of &iffusion
of the mixture of V,0,, Na,CO, and Fe,0,
at 880°C for 3 hrs., the middle. showing its
slagging effect; the lower, the slagging eff.
ect of iron on each serics of refractoris
alter fired at 1450°C for 24hys.

peared to be black. This seems forric oxide was
reduced to magnetite or wucstite compound inside
the bricks during firing. They had almost same
degrees of corrosion, as a whole,

Test specimens B and C showed slight eorrosion
with their brown surfaces and their black eross-sec-
tions were similar to test specimens SM. their degreey
of corrosion were almost equal to the specimens SA.
Judging from the fact that these degrees of corrosion
are inversely proportiopal to alumina content, in
other words, degrees of corrosion decreases in the
order of A, SM, B and C, it is evident that silica
is resistant to both irons and alkalies, This fact was

1also found in the preliminary treatment that test
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specimens 5 showed little corrosion compared with
other mlicates. And their diffused portions were Tight
brown.

Specirucas $2F and S3T revealed a trace of yellow-
ish ring iraces around the slag heles by the aftertr-
atment, whereas specimens S3.5F and S4F revealed
brown arcund the slag holes by the preliminary
treatment. These colors might be due to ¥Fe,0, This
means that hoth V.0, and Na,CO, were vaporized
away remaining only Fe,O..

Specimens M-H were also subjoct to the mederate
vorrosion, remaining iron slag in the botiom of the
hales which hardly reacted with :le':.Cll_S and raduced
to magnetite or wustite compound This lact may be
evident thot ihe specimen M3 5Fe revealed pure iron
in the hottam of the slaz hole by afteriveaiment
oven if corrpsion was slight. The degree of corro-

sion of sthea-aluming bricks on the soda increases
with increasing silica content.

As shown in Fig 4-5, test specimens corroded by
slag mixlure designated as T app(.earcd black at the
inner side of the ring, light’ brown in the middle
and dark blue in the outer shell. Traces ol preliminary
treatmems ere  hardly  appreciable in the spesimen
Z2F Lut clearly

color of the specimen Z1F bacame thinnct compared

appeared in the specimen Z4F, The
avith others, The phenomena of color changs in
the innertost ring of black and middle of brown
«<can he explained 1n the same way as above-menlioned
and the dark-blue of
waf V0.

The specimer Zac was corroded by V04 but resis-

outer shell will be the color

tant to alkalies. The specimen Zac 3.5Pe showed a
vellowish surface vitrified and 2 ceriain molten metal
which iz believed ic be ircn, was observed at the
hottom of the hales of the rtesl specimens. Slight
corrosion was alsa ohserved. I

As is shown percent absorpiion and ouher dala in
Table 4 corresion of refiactories was increased with

the increase in porosily of each refractory.
. General Consideration

The results obtained 1n this work are confusing al

{ist plance, but on carelul study of ihe [undamentals
of 1he preblem, some cidor is brought ints them.
Appronuaie evidences were obtained for the effecls of
firing semperature and {inng atmosphere on the cor-
rosion tendeney. ‘

Relating sulfur contant in the {ue] oil. the sulfur
is oxidized to give o mixiure of SO, and 80, dudng
normal combustion in ihe presence of escess air, A
small {ravtion of gas converts to SO, which in tmn
combines with the waler vapor always present in com-
bustion gases to {orm sulfuric acid. Iis amount n the
flue gase is generally small (20—50ppm. }

In many respects the conditions oxisting in the boiler
are sumir 1o those employed in the manufacture of
sulfuric aead. In this process SOy pas is passed  over
a catalyst wsually an oxide of jron, wvanadium and
of &00—1150°F. The
contact time varies hetween 2 and 4 seconds and 55
to 98% of 20; is converted to SO,

Less than 5% of sulfur in fuel oil is converled to

platinum, al a temperatwie

S5O, which represents a conceniraiion of B0, in the
{flue gas of not more than (.005% by volume or &O
ppm. The amouni of 50; formed varies [rom wmit and
is influenced mainly by the [uel fired and the ash char-
arsrieriziics, The 1eacton of the trioxzide wilh certain
constiluents of the residual fueloil ash (notably sodium})
is an important comtiibutmy lactor in the formation
of the ash deposits, which are problems common to
all types of powcrl plant which burn these residual
fuel oils, Calalvtic smfaces consisting of iron oxide
of the tubes, vanadium and iron-beaing ash deposits
are present to accelerale the reaction. Decausc of
gelective deposition of nsh  constituents and longer
residence time on the part of the slag deposits, mar-
ked diflerences 1n  physical characterisiles and
chemical properties esist between slag and fly ash.
Since the oxides of S contact [ly ash and deposiis
throughout the combustion chamber it is natural to
cxpect that these materials may affest the reactions

leading to corrosions

a) EFect of V,0,

Bushy ? found that ithe use of [uel cils containing
quantities of V,0; of the order of 0.04% was unli-

kely to cauze any serious slagging of the superstruct-
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that V,0,

did not form any crstalline compounds wilh Si0, or

ura fire cley briok. Mclaren® [ound also
ALO,. It may however acl as o mineralizer. The
mechanism of the action of the catalyst was explained

by Trazer® as [ollows:

V40,4 K 8y0, 250, =2KV (S0,),
PV (SO, -1 2810, =K,8,0y -+ V, 81,0, 4250,
V81,0 +0s = V,0, 2510,

These phenomena were found all over the alumine—
silicate refracioties, The diffusion of V,0, Iato the
bricks caused at its melting noint 2 vanadinm  1ring
without slagging.

The specimens of aftertrearinents were nol corroded
by V.Q; or SO, atmosphere, bul thr decoloration of
the ring was shown. These are listed in Table 4 in
AV
This cracking
sudden V0,

yaporisation cr Lhe direci contact of the {lame. When

the form of very slight, specimens cracked
except ATV were shown as slighi,
might be cansed by mullite [ormation,
the resction beiween silica and alumina oceured
substantially in the solid siate, mullire formation was
accompanied by 2 slight volume expansion,

Wher V.Q; is pregent in o {aitly high proporiion.
it may be a cause of zrelractory corvosion. Another
properly of V,0, which has {ocused atiention on this
constituent of the fuel ash is ils ability to cause color
changes both in glasses and rofractories. Quite small
quantities ol V;O. has dilfused into rvefractories and
show o distinet grev-green coloration as appeared on
the surface of specimen A3. 5V both under pretrea-
ment and afiertreatnent. As ithe sulfur conient incre-
ases the coloration became woeaker as in the case of
A4V. This discoloration may be caused by the bleach.
ing effect of 80,. This kind of eflecct may also be
[ound in all over the aluminosilicats bricks such as
specimens B and C. On the contrary the coloralion ol
gpecimens A and SM became darker, This may be
deperdent on the iron comlent, specially on ils
fineness.

The colors of vanadium oxides are listed in the
Handboale of Chem’stry. Color changes shown on the
aluminostlicate rafractorics ave also dependent on the
Liln atmosphere and specially on the position set in

the kiln. The color of vanadium pentoxide shows

Bl 5145801974

red-waliow; telra oxide, Dblagk: and dioxide, grey
depending on the degree of the reduction Silica brick

did net rezct with V,0; 10 show ie desp or light

red-yellow celor depending oo the Lile aumosphere.
The hrownlsh grev spacimen, chrom-magnesia brick

the oltelcatment.

(W) wnned hlack

This shows that specimen M 1eacted wilh V.0, slightly

and Titrified by

Specimen fac reacted with V.0, alone maderately,
iorning the color of ibe smface yellonw with  some
vitrificotion, But the Zirmul (%) is rot afecled by
W.0,. This may be caused by the content of ZrQ,.

by The effeet of alizali

Many investigalions have been cencerned with the
aeiion af alltali vapor on alurmno silicate velralories® ™7
principally with the ohject of elucidating peculiqriucs
that ceeur in silica retorte thal carbonize coal.

The Na,3,-Al0 50, ternavy dlagram pives three
sodium gilicaie, 2Na,J - 850, MNMaO - SiQ and MNa,O

<85i0,;  twe Wa,O - Alzosaﬁd

MNaaD - 11ALG,: #nd thiee ternary compounds, albite

codivrm  aluminates,

(Na,© - ALY, 6510;), vepheline and its hizgh temper-
(N, 0-51,0, -25:0.).

mulflite.

oture modification cornegieiie

Specimeny A and Sk consizt lergsiy of
Tae sada fhst aplacked the excess alum'na grains in
the specimen, {orming sodivm aluminawe befove decom-
oesing the mullive lo form nepheline and more sodi111;1
aluminate, accumpanyiﬁg volume expansion.

Whereas, when the zsada  dillused imio them al
830°C.  they did show very litile volume expﬂnsioﬁ
sccompanving slight switace attack, When they were
Iied at a tempeorature of 1.450°C, the Imgest expans-
ion occurred with mixtuzes that resulied ia the
formetion of sodium aluminate. Righy and Hutton®
reporled that the mixture with a silica/alumina ratia
of B0 : 40 showed o volume expanrion of 19% after
heating to B00°C and successive heatings beiween
1,000 and 1, 300°C showed further slight expansive
effecis uniil appreciable meliing oceurred at 1,400°C.
These phenomene werz shown by spacimens SM, B,
and C. in Fig, 3-2, 3-1

The 959% silica brick showed that the soda was
comhined with the mlica to {mm sodiomsilicates that

8007 C.

alumina/silics ratio of 20 : §0. corvesponding roughly

melted near Specimens € and T o with a

to the compesition of o superduty fire olay  brick,

(15)
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showed medium shrinkage at 800°C. The soda might

first he combined with eristobalite to form sodium
silicate and then began to decompose the mullite (o
form nepheline and liberate corundum according fo

the reaction,
3ALO, - 28i0, -~ Na,0=Na,O - 2510, 3ALQ,

They concluded that when aluminesilicate refractories
were attacked by soda, il the silica/alumine 1alio is
1.5 or higher, the brick would generally show shrin-
kage at the hot face. The higher this ratio becomes,
the higher the shrinkage will be and the lower the
temperature of melt formation will be.

It was found that specimens 36-3N and —4IN were
attacked by the soda mast severely as these were ex-
posed directly to the flame,

Specimens I-N were slightly reacted with the soda
among aluminosilicate refractories as they were fused
cast to have the lowest % absorption. Specimens M-
M and Zac which are vilrified were not alsa reacted
with the soda.
resistive to alkali attack.

It iz clear that these two are mosi

It may also be expecied that the SO, reacts with
clay minerals to form aluminum, calcium sodium and
magnesiut sulfates (Al (SO,), - 18H,0, GaSQy, - 2H,0,
Na, 5O, - MgS0, - 7H,0), and (Na, K) Al (80,), -
12H,0 may be pieseni which are effloresced in varying
degrees on the specimens fired in sulfur]dioxide atm-
ospheres.

As Morsanyi'® noted that’ whilst V,0, promoted
the trapsformation of guartziand fused silica into
1, 450°C,

sodium sulfate showed far greater activity in promot-

critsohalite at sodium carbonate and

ing the transformation of fused silica, quartz and
even cristobalite into tridymite, Lut all the specimens
were cracked more or less even in the process of
pretreatment.

Specimen M-M is a pure fused cast corundum lrick
without any clay bond. The soda formed sodipm alu-
minate after heating to 8010°C and this reaction was
accompanied by a slight expansion which became very
larger after heating to 900°C. A further appreciable
expansion oceurred after heating to 1200°C even after

heating to 1600°C, but the specimen had not shrunk

to the original size. At 1300°C only beta—alumina

was present along  with sodium aluminate. But as

specimen M-M was fused cast molded, il was nat
attacked hy the sada at all.

c) Effect of the mixtore of V.0, Naz:0 ané Fe,Oy

The Na,0-V, 0 binary .diagram shows that three
sodium vanadates exist and the compound Na.O - V,0p
formed a melt at 650°C. Mullile appeared to be
resistant to the action of V.0 up 1o 1700°C. Vanadi-
um compounds act as a mineralizer s0 that sodium
aluminosilicetes are forned after healing o 800°C
in the presence of vandium oxide whereas they do not
appear below 900°C when soda alone waa the slegging
agent,

The effect of the presence of vandium oxide was
twofeld: First, it combined with (he soda te foim
sodium vanadate, which resulted in less sada heing
available to foum nepheline or sodium sluminate witls
the silica-alumina specimens, on the other hand,

sodium vanadate acted as a flux and increased

the 1otal amounl of melt at any given femperature.

Y. Conclusion

Reaclions belween slegging agents which consisc
of .components of Bunker C oil ash and a veriety of
refraciories under the sullur dioxide atmaspheres have
heen investigated. Slagging agents such as vandium
pentoxide, sodium carbonate, sodium sulfate, Fe.O,
Fe and some of their mixiure were predeposited in
the slag hole in order to get the results earlier, Afler
they were fired in a kiln at a temperature of 1450°C
with 24 and 36 hours of soaking time and with light
oil containing 1 to 49 sulfur, the results prescated
in this paper brought cut the {cllowing facts.

1} From the data of test peices, A-V, M-V, SM-

N, M-N and F-V series, [uel oils containing less

than 2% of sulfur caused very little corrosion on

refractories as a whale.

2) Silica-alumina series and silica refractories were

subject to alkali attack.

3) Most of the refractories were subject fo severe

corrosion by iron when fired with [uel oil contain-

ing more than 3.5% of sulfur.

1) SK-34, SK~32, B&W, Zirmul, (36) and silica
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bricks revealed a tendency 1o become lghter in
color whereas high alumina and sillimanite bricks
were deepened their colores,

5) Iron existing on the surfaces of each refractory
has already boen oxidized to FeD,, but was lizhle
io be changed to the sulfate under the suifur
dioxide atmosphere to be effloresced,

6] Sodium sulfate attacked most of the refractories
[ar less Lhan sodium carbonate in spite of the same
soda salts,

7) Carrosion of refractories was increased with the
increased fing time,

8) Corrosion of refractories was increased with the
increase in porosity of each refractory.
by V.0,

refractory exists between 10 Lo 15mm at the melt

9) The degree of corrosion te each
ing point of V,0,.

10} The degree of corrosion by sodium carhanate
to each refraclory exists between 5.5 and 15mm af
the melting point of sodium carbonate. The degree
of diffusion

crease and silica coniont increase,

increases as the alumina content de-

11} The degree of corvosion of the mixutre of Na,
CQy, V.0, and Fe,0, in each refractory exisls bet-

ween 5.1 and 10, 2mm at §8¢°C.,
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