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Abstract

The reactivity of various refractory materials with Na and K contained in biomass wastes,

which are expected to be recycled for energy, was studied using a Tanmann furnace with the

temperature set to 1200C. An accelerated experiment was also performed at 1300C using actual

incineration fly ash as an example, and a guideline for the selection of refractory materials was

obtained.

1. ®8

WEOBEHFIZBWTIE, Na, K%L <
BATZBEREWC L A KE BGOSR 5 T
Do lok ZAE, WitiE, VA 7 VTR LF—L L
TONA F < ABEEY — 4 )V F — Z I % 7 B
BEMREANATHOI TN DD, INA F~ ABEFEWIZ
INa, KE L L EATHWL LDAHY) (Table 1),

Table 1 Example of incineration ash generated
from biomass waste

Incineration ash Incineration ash
generated only generated only
from residue of from Japanese
rape oil wood
Chemical Content Content
composition (mass%) (mass%)
SiO. 0.8 2.6~ 5.2
CaO 2.8 29.9~72.6
MgO 4.2 3.9~249
Na:0O 41.3 1.0~ 8.3
K20 3.9 9.8~33.2
P.0s 27.3 5.b~11.4
SOs 0.9 1.8~ 39

1. Introduction

In existing incinerators, waste materials
containing relatively large amounts of Na and K
cause significant damage. Various efforts have
been made recently to recycle waste materials
to produce biomass energy. However, some
biomass wastes containing large amounts of
Na and K as shown in Table 1 could cause
corrosion damage of the walls of high-
temperature furnaces. To obtain fundamental
technical knowledge and a guideline for the
selection of refractory materials used for
the walls of such high-temperature furnaces,
we studied the reaction of Na and K with
various refractory materials and compared the
products of Shinagawa Refractories Co. Ltd.
for alkali resistance. This report describes the
details of the study.

2. Test Method

2. 1 Alkaline reaction test
This alkaline reaction test duplicates the
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AR L (Fig 1).
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Na,CO; = 2Na” + CO#  JUbtEk

CO# —CO, + O

——> 2Na" + 0* = Na,O (Na:0,)

=0l 507 72 R L
——> NaO — 2Nat + 1/20,
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Fig. 1 Schematic diagram of Tammann furnace.
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process of melting incineration ash generated
from the combustion of biomass which contains
large amounts of alkaline components under
high temperature, and the resulting reaction
when melted ash contacts the inner refrac-
tory materials. It is known that Na,O and K.O
show gasification at high temperature even
under an oxidizing atmosphere, as given by
the equations below'’. To evaluate the effect
of alkaline steam under certain test conditions,
the Tanmann furnace method was used for the
reaction test:
(At melting point of 8517C)

Na,CO; — 2Na* + COs# Higher reactivity

COs —CO, + O

—> 2Na" + 0¥ = Na,O(Na,Oy)

Elevated Strong oxidizing agent
temperature

——> Na,O = 2Nat + 1/20,

1127C

Fig. 1 shows a schematic diagram of the
inside of the Tanmann furnace used for the
alkaline reaction test. The temperature of the
alkaline reaction test was determined as below
by assuming the actual operating conditions
of incineration furnaces. The amount of corro-
sion agent to be used for the test was set to
be sufficient to immerse test specimens to the
predetermined height.

Conditions of alkaline reaction test
Test temperature :
1200C (at the tip of test specimens)
Holding time at test temperature :
30 minutes
Rate of temperature increase :
10C /min

Corrosion agent :

Special grade reagents of Na;COs, KoCOs,
NaCl

Amount of corrosion agent :

55, 50 and 60g, respectively for reagents
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Table 2 Classification of refractory products

Classification Type Main che.m|ca|
composition
Acid Silica SiO.
refractor Fireclay(Roseki, Chamotte)| SiO2, Al:Os
Y| Zircon Zr0;, Si0;
Alumina, High-alumina Al.Os (Si0O,)
Neutral Spinel Al:0s, MgO
refractory | Chrome Cr:0s, Al20s,MgO
Alumina-carbon Al,:Os, C
Magnesia MgO
Basic Magnesia-chrome MgO,Cr20s
refractory | Dolomite MgO,Ca0
Magnesia-carbon MgO,C
Non-oxide | Silicon carbide SiC
refractory | Carbon C

Fig. L7 VA ) REBRICH W27 < VRO
BERE %2 7R 7V ) UG aRER OSBRI EE 1 X
BEHF OBESMTEZHE L TFRED L ) IZED,

REFOMFHEIZDOWT

(&, B AHTE DR S

FCREINSL L) ICHELS

(7 VA ) RS aERSe )

A BRI 1200C  (BUEHEmHBimEL)
IREEPRRERFT 3045

S 10C /43

12 EH Na.COs, K:COs NaCl 4fkat e
REFEH= 55 50, 60g

AHEHEIR 17 x 17 x 180mm

CFHbfER AL E )

2. 2 7IhhYRICEER R DB

TV I BUSHER TR OFMER B X UMD & A
L7208, AV IR R OB BRI A L TR A
WREDDP DI OT, GIWTE TR AR % H
L7z i E TRAER b0, HEREREOBZEL
HBOPWE L7ze T/, WRERImEEOT V) LD
BOS A i) % 8y R Xk & - Tl 7z,o

2. 3 BRI AR
Table 212783 KA KW DS BAELEH THMH S
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Dimensions of test specimen :
17 x 17 X 180mm
(After finishing by surface grinding)

2. 2 Observation after alkaline reaction test

The appearance and cutting surface were
observed after the alkaline reaction test.
However, the state of corrosion was not vis-
ible from the external appearance because of
the adhesion of corrosion agent after melting.
Therefore, the state of corrosion was observed
on the cutting surface. The permanent linear
change after the test was also measured for
specimens that were in good condition to the
tip. In addition, mineral products by reaction
with alkali at the tip of the corrosion portion
were observed by powder X-ray diffraction.
2. 3 Refractory materials used for the test

Various refractory products as shown in
Table 2 are currently used for kilns and fur-
naces. The alkaline reaction test was conducted
by selecting typical refractory brick products
and monolithic refractory products which can
be used in an oxidizing atmosphere from these
wide ranges of products. Tables 3 and 4 show
refractory products used for the alkaline reac-
tion test. Monolithic refractory products used
in the test had already been heated at 1000TC.

3. Reaction Test Results with Na.O and

Discussion

Figs. 2 and 3 show the results of the reaction
test with Na.O including state of corrosion, 1
permanent linear change and mineral products
by reaction at the tip of test specimens.

3. 1 Refractory brick products

Magnesia-chrome bricks after the test
showed little change of structure compared to
those of original bricks. Alumina, zirconia and
spinel refractories tended to swell at the tip of
test specimens. Dense chamotte bricks showed
slight wear and tended to swell slight at the
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Table 3 Refractory brick products used for alkaline reaction test
Alumina Alumina-mullite Chamotte Zircon Zirconia

Brand name DRL-100F ALT-85 BFD ZBK-L ZCN
Main chemical
composition (mass%)

Al:Os 99 84 41

SiO. 10 56 33

Z2r0; 65 95
Apparent porosity(%) 15.b 23.0 14.0 17.5 15.0

. . . . Silicon
Spinel Magnesia-chrome Silicon carbide carbide-chamotte

Brand name SP-10P DIRCO-7C SCX-S90 SCX-S40
Main chemical
composition (mass%)

Al:Os 70

SiO, 5 34

MgO 29 70

Cr0s 15

SiC 87 42
Apparent porosity(%) 13.0 15.5 11.0 11.0

Table 4 Monolithic refractory products used for alkaline reaction test

Low cement castable Ordinary castable Dense gunning mix

Brand name CST-A81 | CST-AB2 | CST-Nb1 | CN-150 CS-145 | SNG-AB01 | SNG-S8561
Main chemical
composition (mass%)

Al:Os 98 58 40 39 4 58 3

SiO; 39 53 47 5.0 39 8

CaO 1.3 1.5 1.5 8.5 85

SiC 85
Apparent porosity(%) 13.3 13.8 16.2 20.8 21.6 17.0 16.2

NTW5B, ZNHDIRCHEIPHA S FRILIE A T
HTE2REMZITKNADE X ORELI Y
BEATT VA BR%ERi L 72, Table 3, 412
BRI AL L 72 kRt 2 R, 72721, AT
KA FHZ1000C INEAALER oy 2 fEFH L 720

3. Na,OLDRISHBERELUEE

Na:0 & O JUSaERRE R AR, S,
v o UG AERSEY) % Fig. 2, 3128 T,
3.1 MknAb

<77 UENANIRITE A EENADHRIZ T
NHRRZEALDS D v, TVIFHE, YVIZTH,

A EAIVEIIEE OSEmE AR 2 W A3/ S

tip of the specimen which was immersed in
corrosion agent. Alkali penetrated into the
back side of the worn portion with 2 to 3 mm in
thickness, and dense structures were formed.
Zirconia bricks showed large wear when the
temperature was 1150C or higher. Silicone
carbide bricks and silicone carbide chamotte
bricks showed some wear at 1150C or higher,
and especially severe wear was observed for
the silicone carbide bricks.
3. 2 Monolithic refractory products
Alumina low cement -castables showed
swelling starting from a temperature of
around 1000C, and the swelling gradually
increased when they were exposed to higher
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Cross section and permanent linear change after test Chemical formula
Alumina P AR B Sy Y B-Al:0s
(Brand name: . Y NaAlO2
DRL-100F) | —4 - Lo |\ 1700C<)
1200 1200 1100 1000 900 800 700 600
Permanent linear change of +0.4% Temperature('C
NaAlISiO4
(BFD) Naz Sol 2
(MP 870°C)
Permanent linear change of +O.6% NaAlO:
) Naz20+Zr02+SiO2
(ZBK-L) 2Naz0+2Zr0:+3Si0z
L 1 i | 4 o . Na20+Zr02
(ZCN) | Na20+ZrO:
g - e
Spinel T : NaAlO:
(SP-10P) gAY 1 | Ly | MeO
Permanent linear change of +1.2%
chrome ?C\:/Irg-gr))inel)
(DIRCO-7C) aE e
Permanent linear change of +0.4%
Silicon SiO:
carbide Na20+2SiO
(SCX-S90) g (MP 870°C)
L 1 1 1 | 1 | [l !
Silicon NaAlSiO4
carbide- (MP 1526°C)
chamotte Na20+2SiO:
(SCX-S40) L 1 1 1 1 | il | (MP 870°C)

Fig. 2 Bricks after chemical reaction test with Na,O agents.
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Cross section and permanent linear change after test

Chemical formula

Alumina B -Al0s
low cement - NaAlO:
castable o e e (MP 1700°C <)
(Brand Name: 1200 1200 1100 1000 900 800700600 | NaAlSiO:
CST-A81) ' Temperature(C) (MP 1526°C)
Permanent linear change of +3.9%
Chamotte
low cement Na20+Al203+6SiO2
castable (MP 1100°C)
(CST-Nb1)
Permanent linear change of —0.6%
Chamotte NaAISiO4°
(MP 1526°C)
castable .
(CN-150) NazO-2§|Oz
(MP 870°C)
Silicon NaAISiOs
Cari)'db? Na20+2Si02
castable o
(CS-145) { i i i i i | I (MP 870°C)
Permanent linear change of -0.5%
High
alumina NaAISIO
D a 104
qunning NaAlO;
mix B -Al20s
(SNG-AB01)
Silicon
carbide
dense Na20-SiO2
gunning (MP 1080°C)
mix L 1
(SNG-S8561)

Fig. 3 Monolithic refractories after chemical reaction test with Na.O agents.
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3. 3 HBAHEORICHE
(1) 7VIFENAIETTT V5L (a-ALO,),
TNVIFHEO—E A NIXF XY AT TNVIETT
¥ &5 (a-ALOs) FEMAETAHEDCa0- ALO;
Mo Y, TNSDOHWIET V) Na,ODYR
AT B ERKIIRT L) BRUSEEL 2%,

a -Ales—ﬁ ,B -ALO; —PNQ.AIOZ
Na.O Na:O

a -ALOs7 5 GBI D K &\ f-ALOs 124 1L
5 &, MR OMBRIIE R LBRFAD
RIL%DHbDEEZHND,
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temperatures. This swelling tendency was
larger than that of alumina bricks. Although
transverse cracks occurred within the struc-
ture, the structure itself was relatively solid
and tight. Chamotte low cement castables
showed a little wear at 1150C or higher,
whereas chamotte ordinary castables showed
large wear. High alumina-dense gunning mix
showed a little wear at around 1200C, but
the wear was less than that of chamotte low
cement castables or ordinary castables. Silicone
carbide castables and silicone carbide-dense
gunning mix showed some wear at 1150C or
higher, with especially large wear for the case
of silicone carbide-dense gunning mix.
3. 3 Reactivity of individual refractory
material
1) Alumina bricks are comprised of corun-
dum, a-AlLOs; and alumina-low cement
castables are comprised of mainly corun-
dum, a-AlQO; and a small amount of CaO -
AlOs. These minerals show the following
reaction when alkaline Na,O penetrates®’.

a -A1203_|_> B -AlLOs; _|_>NaA102
NaZO NazO

Itis considered that when a-Al:O; changes
to f-AlO; which has larger crystal struc-
tures, the structure of refractory materials
swells and easily cracks.

ii) Chamotte bricks and castables are com-
prised of mullite (3ALO; - 2Si0y), cristobalite
(Si0y), quartz (SiO,), etc. It is considered
that these minerals show the following
reaction when Na:O penetrates®.

XSIOZ + XNaZO
— Sodium Silicate(glass) (Na:O-2Si0O. : MP
870C, Na,0-SiO.: MP 1080C)
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(2)

VX EY NEADONANE XX XY TV OHW
ML, 294 b (BAL0O5-2Si0.), 7 V) A h N
74 b (Si0,), fA%E (Si0,) #HTH Y, Na,O
DB L > TRADIED K 5 LEZ 5
ns,

xSi0: + xNa.0 — Sodium Silicate (glass)
(Na,0-2Si0, : MP 870TC,

NaO-SiO. : MP 10807C)

3A120328102 + Na.O

—2NaAlSiOs (MP 1526TC) + 2ALO;

3ALO; 2510, + 4Si0, + Na.O

— Na»O- ALO;-6Si0; (MP ].].OOOC) + 2AL0;

AlLO; + Na.O — 2NaAlO.

(3)

Ty Ey MEAIIE, —RICAEFERESIO,
BLUALO:OEHFEOHEIZL - T, LFLD
WENAD BT Z D) 3\, i Kb
Na,OlZ & B i, Wt KA EHE R 25Sodium
Silicate, Na.O-ALO;-6Si0. (731 b)) B
L UNaAlSiO, (1= F A b)) FEDOT IV
LEMOEKIZ L - C, BHEINIGER
R LRHBHEG SN AP AN 5,

V3 L ERIHRO SR Y L 3
¥ (Zr0,-Si0,) TH Y, KAD X9 IZNa,0D
RAIZ & o THRMIZNa.O- Zr0,- 2Si0, & ZrO,
SRS K (2), (3), (4) ROREH
2% 2% 25N, B AHEHILRA I L C
WL DEER BN,

2 (ZI‘OleOz) + Na.O

— Na,O:Zr0Q,-2Si0, + ZrQ,--- (1)

3 (N320Zr0228102) + ZrO; + Na.O

— 2 (2Na;0-2Zr0O.- 3Si0,)
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3A1203 : 28102 + NazO

— 2NaAlSiOMP 1526TC) + 2ALO;

3A120328102 + 45102 + NazO

1ii)

— Na;O- ALO;*6SiO(MP 1100C) + 2AL0;

AlLOs + Na,O — 2NaAlO,

Chamotte refractory materials tend to show
either of the above reactions depending
generally on differences in the chemical
proportions of SiO. and Al:Os. In the cor-
rosion of refractory materials by Na.O,
the structure of refractory materials
sometimes becomes worn, or becomes
swollen or peeled off, and damaged due
to the formation of alkali compounds such
as sodium silicate, Na.O - ALO; + 6SiO;
(Albite) and NaAlISiO4Carnegieite).

Zirconia refractory materials are mainly
comprised of zircone (ZrO, - SiO,). It is
considered that this mineral first decom-
poses to Na.O + ZrO, - 2Si0; and ZrO. then
the reactions of Eq. (2), (3) and (4) occur
sequentially when Na,O penetrates®’, and
finally the structure of the refractory

materials disintegrates.

Z(ZI'OleOz) + Na:O

— Na;0-Zr0,-2Si0; + ZrOy -+ (1)
3(Na:0-Zr0,-25i0,) + ZrO. + Na,O

— 2(2Na;0-2Zr0, 3510,  =weveevee (2)
2Na;0-2Zr0,- 3510, + ZrO, + Na,O

— 3(NayOZrO,-Si0y) +eveereerreneees (3)
7Zr0, + Na,O — Na,Q:-ZrQ, «--oeemeeeneess (4)

It is estimated that zirconia refractory
alkali
according to the reaction described in

materials produce compounds
Eq. (4), then crack in the structure due to
the dislocation of crystals, and are finally

peeled off.
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2Na;0-2Zr0.-3Si0; + ZrO. + Na.O

— 3 (Na:0-ZrO," Si0y)

710+ NasO = NasQ - ZrQyeeeveereeenvesneenees (4)

(4)

Tova =T ik EHE, (4) o SIS
Lo TTVAVALEWZAL, KOS
WX D HRRICRREELCHEET 2 b0 L
EINDo

A OVET KF RO TSR HLK L A E ARV
(MgO-ALOy) TH ), Na,O2EAT % & Kk
DEIZAERNDGFIHESNT VI VRV —
FACE & R L, i KRR AT K L
B - FECLVEEShL b0 LEZ BN
%o

MgO'Ales + Na,O — 2NaAlO, + MgO

(5)

RALESREMT K #HE, Na,COs, Na.07% 70
L CHET BN RERENSICERILL, &K
KOS ECTHEEPERT T EEZ 6N
%o

SiC + 40* (20, — SiO, + CO:;
Si0; + Na;O — Sodium Silicate (glass)

(6)

HRFLVER KA RO C— R IC BT~ 7 % v
TN YA a0 LA LT B
MEHZ, 7V DALEAER S L, T
VA) OBEICR LTV, LaL, 74
VAT Z A+ (2MgO-Si0.) REVF LT A
I (CaO-MgO-Si0.) ST 5 L, kA
DL BT NAVEWEERL, HECM
W DRI L 2 REERG I L LT VW EE
255 B, WAV KL —R B
REPKE L, BAR—) Y 7PRELRT

Vi

1v)
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Spinel refractory materials are comprised
of spinel MgO - ALO;). It is considered
that when Na;O penetrates, this spinel
first decomposes as following reaction and
sodium aluminate compounds are pro-
duced, and then the refractory materials
become swollen and damaged by cracks
and peeling.

MgO-AlO; + Na,O — 2NaAlO. +MgO

v ) In silicone carbide refractory materials, it

is considered that SiC is oxidized by active
oxygen produced by the decomposition
of Na,CO; and NaO, then the following
reactions occur and wear progresses.

SiC + 40%(20,) — SiO, + CO.
Si0; + Na:O — Sodium Silicate(glass)

Vi)

In basic refractory materials, those refrac-
tory materials using high purity magnesia
clinker or chromium ore hardly produce
alkali compounds in general, and show
strong resistance to alkaline corrosion.
However, when forsterite (2MgO - SiO,)
or monticellite (CaO - MgO - SiO,) exists,
alkaline compounds shown in the equation
below can be produced and cause wear
or peeling damage by the swelling of the
structure®’. Basic refractory materials
have large thermal expansion coefficients
in general, and easily cause thermal spall-
ing.

3(2MgO-Si0,) + 2Na.,0

— 2Na,0-2MgO - 3SiO«MP 975-990C)
+ 4MgO

2MgO-Si0; + Na,0O — Na,0-MgO-SiO,

+ MgO
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3(2MgO-Si0,) +2Na,0
— 2Na,0-2MgO- 3Si0: (MP 975-990C)
+ 4MgO
2MgO-SiO; + Na,O
— Na,O-MgO-SiO; + MgO

3. 4 BWAMEENa,OLDRISHIZDNNTD
&0
RER 2T K EHZ D W TT IV Y Na.O & D
PSR 2 F2hte L 7258, LT o 2 E AT L 72,
(1) Na,COs, Na:OlZkf L TIESi0uh 55 DS\ e
RLSICH TG K &
(2) SEIEMEM IR B X OEEET VI FERA
PIIHEEIEMTHY, HEEY vEY ME
b RS 3 722 o
(3) BRI AD DI 7V 7 )
DIRCO-7C > DRL-100F > ZCN > BFD
> SP-10P > ZBK-L
(4) BAAEIM K O 7 )V 711) 1
SNG-A601 > CST-N51 > CST-A81 = CN-150
= (CS-145 > SNG-S851

4. Na0O, KO, NaCl&DRIGEE

INA F 7 ABEFEWIZOWTIENa, Kx £ HA
TWLLDONH LD, FIEFICEREES 2 BEEY O
CIRETIAF Y I ED L IClE L HEATY
550 LFHEIN, BBEPICNa, KERIBLTT
VI ) BEONaCIRKCUZ 7 A HEME S & B o FERS
DBEHIFIZB W TNaCIE & L CREFE S Az 2 &
bdHb, #2T, NaO, K0, NaCloJig &t % i
B B720, "MTIUVIFTHEHBIUTYYEY M
DIAD, Fx AZ TN T UG RER % FE i
L7z,

4.1 BEKR
Na:0, K.O0, NaCl& o eitlgss % Fig. 4,
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3. 4 Summary of the reactivity of
individual refractory material with
Na.O
From a reaction test of typical refractory
materials with alkaline Na.O, the following
results were obtained.

1) Refractory materials with a larger amount
of SiO; component or SiC materials suffer
greater damage by Na.CO; and Na.O.

i) Basic refractory materials and dense
alumina bricks suffer slight damage, and
dense chamotte refractory materials also
suffer relatively minor damage.

iii) The alkaline resistance of refractory brick
products of Shinagawa Refractories Co.,
Ltd. is given by:

DIRCO-7C > DRL-100F > ZCN > BFD >
SP-10P > ZBK-L

iv) The alkaline resistance of monolithic refrac-
tory products of Shinagawa Refractories
Co., Ltd. is given by:

SNG-A601 > CST-N51 > CST-A81
= CN-150 = CS-145 > SNG-S851

4. Reaction Test with Na:0, K:O and NaCl

Biomass wastes sometimes contain large
amounts of Na and K, and waste materials
which are combusted together might also
contain waste plastics which have a larger
Cl component. Therefore, alkaline salts such
as NaCl or KCI can be produced through the
reaction with Na or K during the combustion
processes. Indeed, NaCl and other substances
have been confirmed in an actual incineration
plant. In order to confirm the corrosiveness
of Na;O, K;O and NaCl, reaction tests were
performed on high alumina and chamotte brick
materials and castable materials.

4. 1 State of corrosion

Figs. 4 and 5 show the results of the reaction

test with Na,O, K-O and NaCL
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Fig. 512"
4.2 F£&ob
NATNVIFEBLOY vE Y NEOM K H

&7V H ) HiNa,COs, K.COs, NaCle & Kt ikl

®ENE L 7AER, DT 2 EASHBHL 72,

(1) Na,O (or K:0) — ALO; — SiOR Ut L& o 4
WSS Tz BRI K EHERT S 22 7 v
AR E R L TIRE & AR L, S

(2) NaCl& a3 A #r#E & o SOt b &Y i3580
SME, HAMEHIZNaClE L TiRBEL TV
L2 THoT,

(3) 7 v ) BEAMEEIT KA R 5 2 % I £k
T Thot

NaCl << Na,CO; < K:CO;
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4. 2 Summary
The reaction test of high alumina and cha-
motte refractory materials with alkaline salt,

Na,CO;, K:CO; and NaCl, revealed the follow-

ing results.

1) Reaction compounds of Na.O (or K:O) -
AlLOs - SiO, were produced. Refractory
materials used for the test produced
substances with low melting temperature
through the apparent reaction with alka-
line salt and were damaged.

i) No reaction compounds of NaCl with
reaction materials used for the test
were confirmed, and only the NaCl that
penetrated into the refractory materials
was observed.

i) The corrosiveness of alkaline salt against
refractory materials used for the test was
as follows:

NaCl << Na,COs < KzCO;s

Na20

K20

Alumina-

1 | 1

mullite -

LTS | i) 1 e e el T

(Brand name:

ALT-85) 1200 1200

Bricks

1100 1000 900 800 600
Temperature(°C)

Chamotte
(BFD)

Low cement
castable
(CST-A62)

Monolithic

Low cement
castable
(CST-Nb1)

Fig. 4 Bricks and monolithic refractories after chemical reaction test with Na,O or K,O agents.
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Fig. 5 Bricks and monolithic refractories after chemical reaction test with NaCl agents.
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L 72 BEHK O ALF 1055 % Table 512777
BRI L 72T KL A SO i 'E % Table 61271
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D% AR L CRRBRE AT o 720 ISR U % 1

Table 5 Chemical composition of incineration fly

ash
Fly ash A Fly ash B

Chemical Content (mass%) | Content(mass%)
composition
Sio: 0.7 27.8
ALO: 0.4 12.8
Ca0 10.8 23.6
MgO 0.2 2.8
Na.0 16.7 2.1
K:0 15.8 0.6
SO 10.0 24
Cl 46.5 1.4
lg.Loss 68 201

5. Reaction Test with Actual Incineration
Fly Ash of Wastes

The reaction test described above confirmed
the state of corrosion caused only by alkaline salt.
Therefore, a test was conducted using actually
processed incineration fly ash of wastes, and
the state of corrosion was compared between
refractory products with relatively low or high
amounts of alkaline components.

5. 1 Test method

Table 5 shows the chemical composition of
the incineration fly ash used for the test, and
Table 6 shows the quality of the refractory
brick products used. These brick products
were selected from those used for actual ash
melting furnaces. Test specimens were heated
at 1300C and held for 2 hours to accelerate the
reaction. However, other conditions of the test
were determined according to the previous
alkaline reaction test.

5. 2 Results

Fig. 6 shows the results of the reaction test.
The amount of corrosion of test specimens
was larger in the case of incineration fly
ash with larger alkaline component. Among
these largely corroded materials, the amount
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Table 6 Sample bricks

_.Alumina—. Middle alumina High alumina Alumina-Chrome
Silicon carbide
Brand name SCX-A40 MLM-b5F DRL-90S DRL-100FCZ
Chemical composition
(mass%)

Al:Os 55.2 91.0 78.7

SiO. 1.4 7.9 5.4

SiC 35.6

Cr0s 16.9

Z2r0; 3.9
Apparent porosity(%) 11.0 16.0 15.5

T B 7260, 1300 T 2 BRI 5 4Tk
L7275, ZOMUEHIED 7V 7 1) SIS EER T2
#e D CHEME L 7,

5. 2 #ER

Fig. 612 RUBAEBRAER AR T 7T H ) K50
% \BERNIK & 720578, MR O B o fLE
MR KRE P o720 TOHT, TIVIF -
EERENADRRH T IV FENADBDEENR
RHVZ o572, LA L, FEREOBRAIKIZIET VA
DHOBGT %L &EENTHWEDT, TIVAYD
HERHWIHBRI ) SWEOREII NS VWEER
bibd,

6. #&

Jll

DA 7 VTRV F— & LTINS F < ABEEY)
OFERDPFESINE D, N A+~ RBEEYIZIE
Na, KEZ < GATWLLDNHLH, TDNa, K
A SEE & LT S A MK RN AT
BORERFM L7z ZOMER, HEEED ST
W) 2 i KA HL % BRI 2 3Rst 2 s b 7z,

LorL, WA A< ABEFEY AL F—2HHT
B MRS DT, A V) 2 T AR R % 3 4R
T 5HI20E, TRLOMFIEE b FEhid 5 LEDNH 5.
(1) A 7~ ZBEFEW S D EREOIRBEIK DA &

i KRR & D UG OBET

of corrosion of alumina-silicone carbide brick
products and middle alumina brick products
was particularly high. However, in actual incin-
eration plants, the amount of corrosion could
be smaller than this test result which used
only alkaline substances, since the incineration
fly ash used in actual incineration plants also
contain other non-alkaline components in large
amounts.

6. Conclusions

Biomass wastes are expected to be effectively
recycled to produce energy. However, biomass
wastes sometimes contain large amounts of
Na and K. The effect of corrosion by Na and
K on refractory materials which are used for
high-temperature furnaces was studied, and a
valuable guideline was obtained for selecting
optimum refractory materials in terms of cor-
rosion resistance.

However, in order to select optimum
refractory materials for combustion furnaces
assuming that biomass wastes are recycled to
produce energy, the following issues must also
be studied:

1) Actual incineration fly ash of biomass
wastes, and its reactivity with refractory
materials,

1) The structure and operating conditions of
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(2)

(3)

(4)

Brand name Ash A Ash B

SCX-A40

MLM-b6F

DRL-90S

DRL-100FCZ

Fig. 6 Cross section of samples after chemical reaction test under the condition of 1300°C-2h
with fly ash generated in actual furnace.

FHL &9 &3 2FOME L BESENSD the furnace in which refractory materials
TRETo are used,
I A - HEE AHE— L s P i) Possible types of damage such as melting,

B swelling and peeling and spalling, corre-
SIS U7 SRR O, & ane pecing pating

MLJ5EE, 3 A b OET.

sponding to actual usage conditions, and
iv) Method and cost of installing refractory
materials.
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