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MgAl 2O4 (MA) spinel brick 

Technology shifts in the glass industry are placing 
new demands on refractory materials:

Horn –Hybrid Furnace - www.hornglass.com/melting -conditioning/furnaces

The Challenge in Modern Glass Furnace Technology

Hybrid furnaces
Lowe r  crown te mp e rature s
Hig he r  risk of silica corrosion. 

Oxy-fuel and hydrogen firing
Hig he r humid ity and  alkali activity
Hig he r  che mical load

Result: faste r d e g rad ation of the  crown and  sup e rstructure .

High alkali concentrations
Acce le rate  the  wear of stand ard  silica 
and  fuse d -cast AZS re fractorie s. 

H2

.                           
Mg -Al spinel offers a solution to overcome the limitations of traditional refractory materials.

CROWN 
Variab le  and  lowe r te mp e rature s and  hig he r 
alkali conce ntration increase  silica corrosion 
risk

SUPERSTRUCTURE
Hig he r humid ity and  alkali 
activity  inte nsify AZS 
corrosion and  exud ation



MgAl 2O4 (MA) spinel brick 
Sp ine l is a  crysta lline  mate ria l with a  typ ica l form AB2O 4 
whe re  A and  B are  me ta l cations and  O  is oxyg e n. 
O xyg e n ions form a  nearly cub ic close -p acke d  frame work

Imp ortant feature s of the  sp ine l crysta ls:

 A cations occupy tetrahedral sites, 
coordinated by 4 oxygen ions.

 B cations occupy octahedral sites, 
coordinated by 6 oxygen ions. 

The product we will discuss today is an equimolar magnesium aluminate 
spinel, MgAl ₂O ₄, whe re  Mg ²⁺ usually occup ie s te trahe d ral site s and  Al³⁺
occup ie s octahe d ral site s. 

The  me ta l ions occup y two typ e s of inte rstitia l site s:

Hig h 
d e comp osition 
te mp e rature

Che mical 
stab ility

Me chanica l 
stre ng th

SPINEL CRYSTAL STRUCTURE (Mg Al2O 3)

Mg 2+

Te trahe d ra l site  (4  O 2-)

Al3+

O ctahe d ra l site  (6  O 2-)

Atomic re p re se ntation

Oxyg e n (O)

Mag ne sium (Mg )

Aluminum (Al)



DURITAL SP70

Oxide % weight

Na2O 0.03

MgO 28.1

Al2O3 70.9

SiO2 0.27

CaO 0.35

TiO2 0.04

MnO 0.02

Fe2O3 0.23
ZrO2 0.08
Loss of 
ig nition 0 .26

CHEMICAL COMPOSITION * 

Property Unit Value

Density g r/cm 3 2.96

Open porosity Vol % 17%

CCS MPa 85
RULT0.5 °C >1800
TSR Cycle s >2

PHYSICAL PROPERTIES *

Physical and Chemical Properties

✓ Eq uimolar comp osition

Fine s comp osition is sp ine l slig htly 
rich in Mg O

No fre e  corund um, no  ϐ-a lumina

Low imp uritie s conte nt

✓

✓

✓

MICROSTRUCTURE

The  micro  texture  of DURITAL SP 70  is we ll d e ve lop e d , 
with a  homog e ne ous d istrib ution of comp one nts*Typ ica l va lue s 



DURITAL SP70

1

2

1

2

Microstructure
The  coarse  and  me d ium g rains 
are  mostly we ll e mb e d d e d , with 
clear sinte ring  

No imp uritie s or comp one nts 
fore ig n to  the  formulation can 
b e  found .

sinte r b rid g e s with thickne sse s 
of up  to  20  µm are  g e ne ra lly 
p re se nt

LEGEND

1. Sp ine l crysta l
2 . Sinte r b rid g e

Hig h cre e p  re sistance  



✓ Durita l SP70 shows sup e rior cre e p  re sistance  at 1650°C maintaining lower 
d e formation ove r exte nd e d  hold ing  time  

Durita l SP70 d e live rs the  b e st the rmo-me chanica l p e rformance , with the  lowe st 
d e formation and  the  hig he st re liab ility at hig h te mp e rature

✓

DURITAL SP70
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CREEP @1650°C of d iffe re nt mate ria ls

RUL – DURITAL SP 70

DURITAL 
SP 70

NO LIME 
SILICA

COMPETITION 

Z5-25 Lin%: -0,024 -0,0207 -0,345

Z25 -50 Lin%: -0,040 -0,0124 -0,215

Z50 -100 Lin%: -0,071 -0,187 -0,05

Thermo -mechanical properties

Cre e p  re sistance  is the  most critica l p rop e rty for sp ine l b ricks 
e sp e cia lly for me lte r crown constructions; exce lle nt p rod uction 
p arame te rs are  e sse ntia l to  e nsure  the  crown’s me chanical 
stab ility at hig h te mp e rature s, p re ve nting  the  risk of sag g ing



Durital SP70
Chemical Stability

SiO 2 + 2  NaO H → Na 2SiO 3 + H2O  

In case Hydrogen is used as a fuel, the alkali  
concentration is even higher

Corrosion products : Na -Silicates 
• Viscosity depending on temperature
• Kinetic of reaction is depending on crown temperature

In Hybrid and Oxy -fuel furnaces the alkali vapor 
concentration is enhanced

H2

Corrosion reaction of Silica in presence of Alkalies :

SO DIUM 
SILICATE
(Liq uid )

Corrosion reaction of Spinel in presence of Alkalies :

Mg O ◦Al2O 3 + NaO H → Mg O + Na2O◦xAl2O 3 + H2O  

Corrosion p rod ucts : Mg O and  alkaline  aluminate s

ALKALI-RICH ATMOSPHERESilica  (SiO 2) corrosion 
(sod ium silicate  is 
forme d  as liq uid  and  it 
continue s to  me lt the  
mate ria l)

Sp ine l (Mg OAl2O 3)attacke d  ; 
Mg O  re mains more  stab le  
while  a luminate s are  forme d

MA Spinel is attacked only when the NaOH levels  are 
much higher. NaOH transforms the alumino
components , while MgO remains more stable. This is 
why MA spinel is thermodynamically and 
microstructurally much more resistant



Durital SP70
Alkali Vapor test

Te st Cond itions 

T= 1500°C

Hold ing  time  : 170h  (7  d ays) 

Samp le s :  
MA sp ine l b rick
Stand ard  Silica  
No Lime  Silica

Charg ing  mix: white  g lass *including 20%  
Na2O

The different samples reflect the traditional materials used for  glass furnace crowns

Oxide % weight

Na2O 11.0

MgO 0.46

Al2O3 2.08

SiO2 74.1

CaO 11.0

K2O 1.35

Fe2O3 0.10
Loss of 
ig nition 0 .19

* WHITE GLASS CHEMICAL CO MPO SITIO N 

Te st e q uip me nt se t up  



Durital SP70
Alkali Vapor test –Results 

1 DURITAL SP70

No mass loss
The sample remained dimensionally 
stable after alkali vapor exposure

2 STANDARD SILICA

~5.9% mass loss
Visible discoloration and measurable 
degradation of the cut section

3 NO LIME SILICA

~3.7% mass loss
Lower mass loss than standard silica, but still 
affected by exposure

Cut se ctions of the  samp le s
1 2 3

DURITAL SP 70  shows the  strong e st re sistance  in the  a lkali vap or te st with no  measure d  mass loss 

Fing e r te st samp le s

1 2 3



Durital SP70
Alkali Vapor test –Infiltration 

1 Durita l SP70                            2  Stand ard  Silica                            3  No lime  silica  

1 2 3 1 2 3 1 2 3

1 2 1 2 3 1 2

Ele me nta l map p ing /  Na up -take

✓ No significant infiltration was detected in any 
of the tested samples. 

✓ No  significant Na -up-take for any test 
specimen.

✓ The observed mass loss in silica-based 
samples is mainly linked to surface 
reaction/material degradation rather than 
deep Na penetration.

✓ The higher mass loss in standard silica is 
expected, and it is related to the presence of 
CaO in the binder. CaO contributes with NaOH 
to the formation of the silicates melt .

Main findings 

DURITAL SP 70 remains stable under the selected test conditions 



Durital SP70
Alkali and Boron Vapor test

Te st Cond itions 

T= 1600°C

Hold ing  time  : 24h

Samp le s :  
Fuse d  Mullite  
MA sp ine l b rick
Fuse d  Alp ha- Be ta  a lumina
Stand ard  Silica  

Charg ing  mix: 12 ,5  g r including 30% B 2O3 + 
70% Na2CO3

The different samples reflect the traditional materials used for  glass furnace crowns

Sample 

Charging mix

Crucible (Al 2O3)



Durital SP70
Alkali and Boron Vapor test - Results

li

BEST
PERFO RMANCE

LID SURFACE

DURITAL SP 70

✓

✓ Lid  surface  : no visible 
wear; discoloration 
outside the exposure area 

Cut Section: no visible wear; 

FUSED ALPHA BETA ALUMINA

LID SURFACE CUT SECTION
✓

✓ Lid surface : minor build -
up of charging material at 
interface between lid 
surface and crucible; slight 
discoloration

Cut Section: no visible wear; 

CUT SECTION

FUSED MULLITE

CUT SECTIONLID SURFACE

Lid surface : Slight wear at 
interface between lid 
surface and crucible; 
discoloration outside the 
exposure area

Cut Section: apparent 
reaction zone up to ~3mm 
from lid surface

STANDARD SILICA

CUT SECTIONLID SURFACE

Lid surface : sticking 
crucible; significant 
discoloration

Cut Section: apparent 
deformation of exp. Surface 
with wear at interface 
between lid surface and 
crucible

1
2

3



Durital SP70
New criteria for furnace crown design

Prop e rty Unit DURITAL  SP70 No lime silica Standard  Silica
De nsity gr/cm 3 2.96 1.9 1.82
Thermal Expansion (1000 °C) % 0.9   (1 .5  at 1600°C) 1.5 1.35

Cold Crushing Stre ng h (CCS) MPa 85 40 40
CuL(typ ical) Z5h-25h 1650°C 0.025 0.021 0.001 (1550°C)

• ~ 30% hig he r we ig ht
• Strong e r ste e l to  hold  the  

we ig ht includ ing  b uckstays, 
ste e l ske w , p re ssure  b olts

• It is no t critical since  the  ste e l 
structure  can b e  easily 
d ime nsione d  with structural 
calculations

• Similar ste e l structure s are  
alread y ad op te d  and  in 
op e ration for me lting  crowns 
in alp ha-b e ta alumina 
mate rials

• The rmal exp ansion is similar to  
trad itional crown mate rials, so  the  
jo ints d ime nsion will b e  similar.

• Silica TE reache s a stab ility ab ove  
600°C, so  the  crown exp ansion is 
no t se nsitive  to  chang e s at hig h 
te mp e rature s (i.e . p ull chang e s, 
b oosting  increase , e tc.). 

• DURITAL SP 70 has a linear TE 
coe fficie nt, and  it is more  
se nsitive  to  te mp e rature  chang e s

• Cre e p  is a critical 
p arame te r for a me lting  
crown (risk of sag g ing )

• DU SP70 maintains a low 
cre e p  at ve ry hig h 
te mp e rature s, assuring  
an op timal 
the rmome chanical 
stab ility

36% Hig he r d e nsity Joints d e sig n Sup e rior cre e p  
re sistance



Durital SP70

Temperature (°C) DURITAL  SP70 No lime silica Standard  Silica
25 10 .26 1.02 1.32
200 6 .8 0.86 1.24
400 5 .36 1.02 1.52
600 4 .61 1.12 1.62
800 4 .04 1.21 1.72
1000 3 .74 1.39 1.92
1200 3 .54 1.58 2.08

New design criteria for crown insulation
The rmal Cond uctivity W/mK (via  Lase r flash analysis)

40°C

Silica  crown conce p t Mg -Al sp ine l crown conce p t 

Concept Layer Description Heat Loss
W/m 2

Cold 
Face 

Temp °C

RHI Mag ne sita 
Brick Conce p t

450 mm no lime  silica
64mm lig ht we ig ht ins. SI155/085
3x64mm lig ht we ig ht ins. SI150/065

30mm hot Si mix

1998 142

RHI Mag ne sita 
Brick Conce p t 

with se aling  
laye r

450mm no lime  silica
50 mm sol b ond e d  se aling  Si mix
64mm lig ht we ig ht ins. SI155/085
3x64mm lig ht we ig ht ins. SI150/065

30mm hot silica mix

1874 137

Mg -Al Sp ine l 
RHIM conce p t

450  mm DURITAL SP 70  b rick
64  mm lig htwe ig ht ins. F.clay 150/090
64  mm lig htwe ig ht ins. F.clay 140/080

64  mm lig htwe ig ht ins.  F.clay  125 /060
30  mm hot mix fire clay b ase d

1865 137

Sp e cific Mg -Al sp ine l mortar re q uire d ; soon availab le !

Hig he r the rmal cond uctivity, more  insulation is ne e d e d !

No ne e d  of sea ling  laye r  ( no  ratholing !)

No ne e d  to  ap p ly silica  insulating  b ricks

Lig htwe ig ht  fire clay insulation p ackag e   can achie ve  the  same  
p e rformance  with re d uce d  numb e r of laye rs (le ss exp e nsive !)

1600°C

Cristobalite

1350°C

40°C

unmodified tridymite

Re sista l SI99GNL

Sol b ond ed silica mix

Lig ht we ig ht 
insula ting
Si150/065

Hot silica mix
Hot silica mix

1586°C

1058°C

884°C

657°C

328°C
142°C

1184°C

1588°C

1213°C
1145°C
1022°C

852°C

630°C

312°C
137°C

1600°C

DURITAL SP 70

Lig ht we ig ht fire clay ins. 
125/060

Hot mix fire clay b ase d 137°C
377°C

834°C

1115°C

1350°C

1588°C

Lig ht we ig ht 
insula ting
Si150/065

Lig ht we ig ht insulating
Si155/085 Lig ht we ig ht insulating

Si155/085

Lig ht we ig ht fire clay ins. 
140/080
Lig ht we ig ht fire clay ins. 
150/090



Durital SP70
Reduced maintenance

li

Silica  corrosion me chanism

✓

Tig htne ss of the  jo int is crucia l; the  ap p lication of a  monolithic laye r is re comme nd e d  to  
sea l the  jo ints

Alkalis e vap orate  from the  g lass b ath, infiltrate  throug h the  op e n jo ints, cond e nsate  whe n 
the y reach a  T<1350°C and  corrod e  the  b ricks. Gas re circulation increase s the  corrod e d  
area

Hig h p urity silica  ramming  mix, So l b ond e d  silica  ramming   mix o r Zircon silica te  
ramming  mix

The  corrod e d  b ricks may cove r la rg e  areas re q uiring  the  ap p lication of hang ing  
b ricks for the  re p air 

✓

✓

Result: the  silica  crown re q uire s more  mainte nance .

.                           
Mg -Al spinel is much less sensitive to alkali attack, reducing the frequency of the repairs

Fused silica for hot repairs



Durital SP70
Crown Heat up

Silica  
re q uire s sp e cia l care  d uring  the  heat-up .

Silica  exp ansion starts at lowe r te mp e rature  and  is fast  The  
te mp e rature  increase  should  b e  ve ry slow, a lso  to  p e rmit the  corre ct 
manag e me nt of the  ste e lworks , to  avoid  jo int op e ning s and  
uncontro lle d  crown exp ansion

Durita l SP70 

exp and s slowly and  the  volume  increase  is linear
The  heat up  can b e  faste r in the  rang e  of te mp e rature s 20-950°C



Durital SP70
Conclusions

1 Mod e rn furnace  atmosp he re s are  more  d e mand ing

Hybrid, oxy -fuel and hydrogen firing can increase humidity and 
alkali activity in crown and superstructure areas

2 Durital SP70 shows high thermo -mechanical stability
Durital SP70 exhibits very low creep at high temperatures over 
extended periods, effectively addressing the requirement for 
thermo -mechanical stability especially for melter crowns 
applications

3 Durital SP70 shows high chemical stability
In alkali vapor test, Durital SP 70 showed no mass loss and 
no significant sodium up -take; in alkali –boron vapor test, 
Durital SP 70 showed no visible chemical attack and a 
behavior like fused alpha -beta alumina

4 New criteria for the furnace crown design
DU SP70 features require a different approach for the furnace
crown design, operation, maintenance and heat up, providing 
that the joints design do not need modifications, the same 
insulation can be achieved and less maintenance is required

5 High purity MA spinel is a credible solution

The combination of chemical stability, creep resistance and 
stable microstructure makes Durital SP70 suitable for selected 
high duty furnace areas.

6 Other applications 
✓ Float furnace s (cooling  zone s );
✓ Glass fib e r furnace s (sup e rstructure  and  crown of “C” g lass)
✓ Sp e cial g lasse s

DURITAL SP 70  is a  long -lasting  lining  so lution in a lkali and  a lkali- b oron rich g lass furnace  e nvironme nts 



Thank you
for your

attention
Ge t in Touch
RHI Magnesita –Process Industries / Glass
Klingholzstrasse 7 
65189 Wiesbaden, Germany
T +49 611 7335 -0 | E glass@rhimagnesita.com

rhimagnesita.com

Important notice :
These mate rials d o not constitu te or form p art, or all, o f any offe r of invita tion to se ll or issue , or any solicita tion of any offe r to p urchase or sub scrib e for,
any securitie s in any jurisd iction in which such solicita tion, offe r or sale would b e unlawful, nor shall p art, or all, of the se mate rials form the b asis of, or b e
re lied on in connection with , any contract or investme nt d e cision in re la tion to any securitie s. The se mate rials contain forward -looking stateme nts b ase d
on the currently he ld b e lie fs and assump tions o f the manag ement of RHI Mag ne sita N.V. or its affiliate d comp anie s, which are exp re sse d in g ood faith
and , in the ir op inion, reasonab le . The se s sta teme nts may b e id e ntifie d b y word s such as “e xp e cta tion” or “targ e t” and similar exp re ssions, or b y the ir
context. Forward -looking sta tements involve known and unknown risks, unce rtaintie s and o the r factors, which may cause the actual re sults, financial
cond ition, p e rformance , or achie vements o f RHI Mag ne sita N.V. or its affiliate d comp anie s to d iffe r mate rially from the re sults, financial cond ition,
p e rformance or achieveme nts e xp re ss or imp lie d b y such forward -looking stateme nts. Give n the se risks, unce rtaintie s and o the r factors, re cip ie nts of this
d ocument are cautione d not to p lace und ue re liance on the se forward -looking stateme nts. RHI Mag nesita N.V. or its affiliate d comp anie s d isclaims any
ob lig ation to up d ate the se forward -looking state me nts to re fle ct future e ve nts or d e ve lop me nts.
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