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Tensile strength of directionally solidified chromia-doped sapphire
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Abstract

Tensile fracture properties of directionally solidified chromia-dopedc-axis sapphire fibers have been studied in a range of temperature (room
temperature up to 1400◦C) and dopant content (0, 300 ppm and 1% of Cr2O3). Delayed failure of the fibers was studied by measuring the
dependence of the tensile strength on the loading rate and by fractographic studies on the fracture surfaces of the fibers. In all the temperature
range, the fibers doped with 300 ppm of Cr2O3 are slightly stronger than the pure sapphire fibers. The least strong fibers are those containing
1% of Cr2O3. For this badge of material, the beneficial effect of solution hardening is counterweighted by increasing amount of defects caused
by a faster fabrication. Slow crack growth appears to be the process controlling delayed failure at higher temperature. Little contribution of
slow crack growth to delayed failure is found at the lower temperature.
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. Introduction

Directional solidification (DS) fabrication methods are
deal for the obtention of ceramics with special composi-
ions and microstructures. Ceramic single-crystal and eu-
ectic fibers is one of the significant examples.1–8 They
an be fabricated systematically, even commercially, by DS
ith controlled composition, allowing important fundamen-

al studies on the physical properties of materials.
Fibers are ideal for tensile fracture studies. With a rel-

tively simple configuration numerous fibers can be tested,
ddressing the intrinsic statistical behavior of fracture,9 and
wide range of temperature can be covered.
In recent years, a systematic effort has focused on the study

f the effect of dopants in fracture properties of sapphire (�-
l 2O3), using DS fibers.1–6,10 The addition of dopants to
apphire is known to change structural properties,11,12by the
icroscopic mechanisms of solution hardening.13 Studies by
ayir et al.3 showed that enhanced high temperature (HT)
trength is obtained in MgO-doped sapphire, while the most
fficient dopant at room temperature (RT) is Ti4+. Extending

a previous study by Heydt et al.,6 that measured a clear i
crease in tensile strength in 100–300 ppm Cr2O3-doped sap
phire at 1200 and 1400◦C, our work intends to comple
the understanding of the effect of the addition of Cr3+ to the
tensile fracture of�-Al2O3. The extension of the mention
research follows two lines. First larger amount of dopa
used in a new badge of fibers, specially fabricated for
study. Second, the range of temperature covers from R
1400◦C.

There exist several approaches to the study of fractu
is well known, for instance, that subcritical crack growt
a limitation to fracture strength in ceramics.9,14 The stable
growth of flaws under applied stresses less than that fo
fracture (slow crack growth, SCG) is experimentally stud
by considering the phenomenological equation:

v = AKN
I (1)

wherev is the crack velocity;KI , stress intensity factor; an
N is a constant. IfN is bigger, the less likely is the mater
to undergo SCG.14
∗ Corresponding author.

When SCG is active, both static and dynamic fatigue are
important in ceramics. Static fatigue causes delayed failure
and also makes the strength dependent on the rate of increase
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of the stress on the material. The fastest the stress is applied,
the higher the strength is. Using this phenomenon, it is possi-
ble to calculateN by means of experiments in which the av-
erage strength is measured under different stressing rates.9,14

The operant equation can be demonstrated to be:15

σN+1
f = B(N + 1)σN−2

i

(
dσ

dt

)
(2)

whereσf is the fracture stress for a given stressing rate;σ i ,
instantaneous fracture stress; andB depends on the fracture
toughness,KIc, and on geometrical aspects of the critical flaw.
Eq.(2) can be transformed to allow the determination ofN:

log(σf ) =
(

1

N + 1

)
log

(
dσ

dt

)
+ logD (3)

by plotting the failure stress versus the stressing rate.

2. Materials

All the materials for this study have been fabricated
using directional solidification techniques. Chromia-doped
sapphire (ruby) fibers were fabricated using a laser-heated
floating-zone technique (LHFZ), which has been described
elsewhere.6,15 Compositions of the starting powders were
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mally cycled samples was detailed studied by secondary-ion
mass-spectrometry (SIMS) and will be discussed below.

3. Experimental procedure

3.1. Mechanical tests

Mechanical experiments covered a wide range of temper-
ature. Tensile rupture tests were performed at 25 (RT), 800,
1200, and 1400◦C. The experimental setups for 25◦C and
for 1200 and 1400◦C have been described previously.9,21,22

In the first case fibers length is 2.5 cm. In the second, 15 cm
fibers are need, but the hottest zone in the MoSi2 furnace is
only 2.5 cm long. For experiments at 800◦C a MoSi2 hori-
zontal furnace was built and calibrated for this study. This
setup uses 8 cm long fibers, and again the hottest furnace
zone is 2.5 cm. Effective material volume equivalent for ev-
ery condition. Experiments are only considered valid when
fracture occurred in the 2.5 cm of reference, meaning less that
50% of the approximately 300 fibers that were broken in this
study.

The fibers were tested under different loading rates with a
device specially built and calibrated for this study. This de-
vice works by adding water to a container with a constant
flow rate, ensuing a constant stressing rate. Available load-
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00 ppm and 10 wt.% Cr2O3–Al2O3 (sample designation
ASA-L and NASA-H). Cr2O3 presents complete solub

ty in Al 2O3,15 however, it is well-known that chromiu
olatilizes at temperatures over 1000◦C,16,17 an effect tha
as even been reported in certain conditions over 600◦C,18

o actual compositions after fabrication and after the he
ycle in the mechanical testing are to be determined.

Additionally, highly-pure sapphire fibers were bou
rom Saphikon Inc. (Milford, NH). Saphikon fibers are fa
icated by edge-defined, film fed growth technique (EFG19

n all cases,c-axis oriented crystals are used as seed
esulting fibers are well oriented in thec-axis.4–6 Typical di-
meters of the fibers range from 110 to 140�m (seeTable 1

or details).
Fibers with low chromium content (NASA-L) were t

ubject of a previous study by Heydt et al.6,20 Tensile rup
ure tests were run at both 1200 and 1400◦C, under constan
train rate. The composition of the as-fabricated and

able 1
iber morphological and compositional characteristicsa

Diameter
(�m)

Temperature
(◦C)

Composition (Cr at.%)

Interior Exterior

aphikon 140 25–1400 0 0

ASA-L 120 25–1400 100–300 ppm 100–300 p

ASA-H 110 25 0.8± 0.2 14.5± 6.0
800 0.8± 0.2 13.5± 8.5
1200 0.9± 0.1 6.0± 5.0
1400 1.1± 0.1 1.1± 0.1

a Data for NASA-L fibers are taken from Heydt.20
ng rates were 3.50× 10−3, 3.90× 10−2, 4.60× 10−1, and
2.60 N s−1. The flow of water stops when the fiber brea
nd then the water in the container is weighted. This me
llows the measurement of the tensile load of rupture
n error that can be assess to be about 1% for the sl
tressing rates and about 4.4% for the fastest, that was
sed at room temperature. Typical heating and testing

s about 100 min.

.2. Microprobe analysis and fractography

Electron microprobe analysis was conducted in a Ph
L30 scanning electron microscope equipped with
ndary (SE) and backscattered (BSE) electron detector
ith a Si(Li) energy-dispersive X-ray (EDX) detector w
n ultrathin window.

Semi-quantitative chemical analysis was conducted o
ASA-H samples, both as fabricated and subject to the

ng thermal cycle, by EDX spectra using EDAX analyti
oftware. Pure Al and pure Cr standards were used for q
ification. Both the exterior and the interior of the fibers w
nalyzed. For studying sample inside, the fibers were ep
ounted and polished flat down to 1�m using diamond past

n all cases carbon was evaporated on the surfaces to
he samples conductive, with negligible effect on the spe

Fracture surfaces were extensively studied to identify
ritical defect that originated the rupture, and also the c
cteristics of the crack growth. Fracture ends of the fi
ere identified and saved for these fractography analys

he experiments run with the 15 cm fibers (higher temp
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ture), elastic recoil after rupture was responsible for multiple
fracture of the upper part of the fiber, making it impossible
to identify the fracture surface. To avoid catastrophic recoil,
fibers upper end was beaded23 to hold the fiber to a syringe,
that was then gripped for testing.

4. Results

4.1. Microprobe analysis

Chromium content of the different fibers are listed in
Table 1. Composition of Saphikon fibers is the advertised
one. The composition of NASA-L fibers was measured by
Heydt et al.6,20 NASA-H fiber composition was measured in
this work.

Fig. 1shows representative EDX composition maps for Al,
Cr, and O, and an SE electron micrograph of the analyzed
area for an as-fabricated NASA-H sample. Aluminum and
oxygen are homogeneously distributed throughout the fiber
section. Chromium, however, presents a larger concentration
on the outside of the fiber, while the interior shows a lower
and homogeneous concentration of the dopant.

The surface concentration of Cr in the as-fabricated sam-
ples is∼14.5 at.%, with a large variation along the fiber. In-
t well
o

and present a small error bar. When the fibers are cycled up to
800◦C, no significant change is found in the internal and ex-
ternal composition. The situation changes at 1200◦C, in good
agreement with the expected volatilization of chromium over
1000◦C. On one hand the exterior of the fiber loses chromium
down to half the values for lower cycle temperature, and on
the other the interior gains some Cr, but the increase is still
within the error bar. When cycled at 1400◦C, the composition
of the interior and the exterior of the fibers balances at 1.1%.
Some of the Cr evaporates, but part of it may diffuse to the
inside. Again, the composition of the fiber interior appears to
be homogeneous.

Fig. 2shows additional Cr maps in sections cycled at dif-
ferent temperature. The corona of Cr concentration is lost at
1200◦C, as the composition of the surface an inside of the
fibers balances. The lost of Cr on the surface of the sample
is also evident in the optical microscopy observations, in-
cluded in the figure. As-fabricated fibers present a deep red
color (darker gray in the picture), that is lost as the Cr of
the surface volatilizes. All these features do not mean any
change in the fiber morphology or diameter, as seen in the
SE micrographs inFig. 2.

As a general result, the interior of the NASA-H fibers con-
tains∼1 at.% of chromium for all the temperature interval.
Effectively the range of fiber compositions then covers 0 Cr%
(Saphikon),∼300 Cr ppm (NASA-L), and∼1 Cr% (NASA-
H

F
N

erior Cr measurements correspond to spectral peaks
ver the reference minimum detectable quantity (∼0.1%),
ig. 1. Energy-dispersive X-ray maps, for aluminum, chromium and oxyge
ASA-H fiber. The accumulation of Cr on the exterior of the fiber is evident.
).
n, and corresponding secondary electron SEM micrograph of an as-fabricated
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Fig. 2. Optical microscopy, SEM, and EDS mapping micrographs of NASA-H fibers cycled up to 800, 1200, and 1400◦C. The morphology of the fiber is
unchanged, but the volatilization of Cr is evident for 1200- and 1400◦C-cycled fibers, both by the loose of deep-red color of the fibers (grey in the micrographs),
and the absence of the Cr corona in the exterior of the fibers as seen in the EDS maps.

4.2. Mechanical tests

In mechanical experiments rupture stress,σf , is measured
for different stressing rates,σ̇. Rupture stress versus stressing
rate plots from our study, for different temperature and type
of fibers are shown inFigs. 3–6, and the average values are
listed in Table 2, along with corresponding error bars. The
listed results for NASA-L fibers at 1200 and 1400◦C are
taken from the previous work by Heydt et al.,6,20 that tested
the fibers using a constant strain rate apparatus, and calculated
the stressing rate assuming elastic conditions.

Fracture is an statistical phenomenon, that is dominated
by the presence of critical defects,6 so it is typical to find large
scatter in the rupture stress. Even under this consideration,
several trends are evident. The tensile strength decreases sys-
tematically with temperature for every type of fiber. NASA-L

fibers are the strongest ones at every temperature, but re-
sults are within the experimental error when compared to the
Saphikon fibers. NASA-H fibers, with the largest Cr content,
are the weakest, with a lost of strength near to 50% when
compared to NASA-L fibers.

Additionally, an increase of the average tensile strength
with stressing rate is evident, at every temperature. This
means that a value ofN can be calculated according to Eq.
(3). When this value is large (>40), then the slope of theσf
versusσ̇ curve is very flat, so more experiments are need
for a better determination ofN, with a wider interval of
stressing rates, as seen in the table (10−1 to 103 MPa s−1,
in orders of magnitude). Such is the case for the room tem-
perature results (Fig. 3). At this temperature more experi-
ments are possible because the testing technique uses smaller
fibers.

ults for
Fig. 3. Room-temperature tensile rupture res
 : (a) Saphikon, (b) NASA-L, and (c) NASA-H fibers.



J.J. Quispe-Cancapa et al. / Journal of the European Ceramic Society 25 (2005) 1259–1268 1263

Fig. 4. 800◦C tensile rupture results for: (a) Saphikon, (b) NASA-L, and (c) NASA-H fibers.

Fig. 5. 1200◦C tensile rupture results for: (a) Saphikon and (b) NASA-H fibers.

As a general scope,N is larger at room temperature and
800◦C than at 1200 and 1400◦C. TheN values are deter-
mined by linear regression when three data points are avail-
able. In all casesR2 > 0.90.

4.3. Fractography

Representative fracture surfaces of the fibers are shown
in the micrographs ofFigs. 7–10, for fibers broken at room
temperature, 800, 1200, and 1400◦C, under different stress-
ing rates. In all cases fracture origin is a fiber defect, either
internal or external. No difference on fracture surface features
has been found to be correlated to stressing rate.

The qualitative features of fracture surfaces are typical,
and are a result of changes in the crack growth velocity.9,24

Micrographs inFigs. 9 and 10, corresponding to the higher
temperature experiments, present all the significant charac-
teristics: the fracture source is easily identified, and it is sur-
rounded by a small region that is considered to be originated
by the slow crack growth.4,24,25Micrographs inFig. 11show
details of this type of feature generally found in NASA-H
fibers broken at 1200 and 1400◦C. Around it, a smooth mirror
region is clearly seen. When the crack front is large enough,
when high crack velocity has been reached, crack branching
is evident,24,25probably following sapphire crystallographic
planes.26

lts for:
Fig. 6. 1400◦C tensile rupture resu
 (a) Saphikon and (b) NASA-H fibers.



1264 J.J. Quispe-Cancapa et al. / Journal of the European Ceramic Society 25 (2005) 1259–1268

Ta
bl

e
2

C
om

pr
eh

en
si

ve
su

m
m

ar
y

of
m

ec
ha

ni
ca

lr
es

ul
ts

a

F
ib

er
s

25
◦ C

80
0◦

C
12

00
◦ C

14
00

◦ C

σ̇
(M

P
a

s−
1
)

σ
f

(M
P

a)
�

σ
f

(M
P

a)
N

σ̇
(M

P
a

s−
1
)

σ
f

(M
P

a)
�

σ
f

(M
P

a)
N

σ̇
(M

P
a

s−
1
)

σ
f

(M
P

a)
�

σ
f

(M
P

a)
N

σ̇
(M

P
a

s−
1
)

σ
f

(M
P

a)
�

σ
f

(M
P

a)
N

S
ap

hi
ko

n
0.3

8
25

72
63

0
44

0.3
98

7
11

9
24

0.3
65

9
58

19
0.3

7
48

7
51

13
35

28
84

62
4

1.8
10

50
79

1.8
75

2
70

5.0
58

2
95

0
30

61
73

5
29.

9
11

89
23

6
29.

9
83

6
60

41
.5

67
5

N
A

S
A

-L
0.

47
26

83
65

0
45

0.2
11

77
14

4
28

0.
37

81
5

38
0

11
0.3

7
73

6
44

4
14

48
29

66
78

8
35

14
06

12
9

39
11

90
39

5
39

96
9

33
2

12
74

31
89

63
0

42
36

17
35

49
0

42
36

14
00

21
3

N
A

S
A

-H
0.

52
16

7
19

8
54

0.3
1

73
0

22
1

50
0.2

8
44

7
95

16
0.5

39
7

67
19

44
17

31
24

8
33

80
0

15
2

45
60

4
86

5
.0

45
5

11
0

13
53

19
38

25
3

41
.5

51
5

10
3

a
R

es
ul

ts
fo

r
N

A
S

A
-L

fib
er

s
at

12
00

an
d

14
00◦ C

ar
e

ta
ke

n
fr

om
H

ey
dt

.
20

As the testing temperature decreases, the slow crack
growth region disappears and the mirror region is smaller.
This observation is clear in the micrographs inFigs. 6 and 7.
In Saphikon fibers broken at room temperature, the mirror
region is absent.

5. Discussion

Some studies on strength of pure are doped sapphire are
now classical.11,12,27The tensile strength results of sapphire-
based fibers, with different dopants and compositions, are
presented inFig. 12. The results of this study, plotted for
comparison in this graph, correspond to the fracture stress
in the experiments using the slowest stressing rates, that are
the lowest at each temperature, as presented inTable 2. The
results from other studies3–5correspond to different stressing
rate conditions, not always specified. It is to be beard in mind,
however, that even large changes in the stressing rates only
cause small changes in average tensile strength, so qualitative
comparison is possible.

The general trend of our results is parallel to that of other
works, in terms of the reduction of strength with temperature.
Results on Saphikon fibers is similar in the different studies
at RT and at the highest temperature, but not in the interme-
d ◦ r,4

r yir,
a own
b r
d nt
s

per
m Mg
a ped
w
t nism
o a-
t ons
m e a
l sing
s lt is:
σ T.

con-
c -
p

σ

w then
r n.
F th is
r sed
t

ion
s ser-
iate range. At 800C, for instance, Newcomb and Tressle
eport a tensile strength higher than that reported by Sa5

nd twice the value measured in this study. It will be sh
elow, that it is also in the range RT to 800◦C where large
ifferences in the exponentN are found between differe
tudies.

For similar dopant content of a few hundred parts
illion, it is apparent that Cr is less effective than
nd Ti as additive for improving strength. Sapphire do
ith cations with ionic radius larger than Al3+ is expected

o be stronger than pure sapphire due to the mecha
f solution hardening.13,28 Larger ions cause a deform

ion of the network, and make the sliding of dislocati
ore difficult. An increasing size of the cations produc

arger deformation of the network, and eventually increa
trengths. Considering Mg, Ti and Cr, the expected resu
Mg

2+ >σTi
4+ >σCr

3+ 11 which is the measured result at H
The classical model of solution hardening by a small

entration of discrete obstacles28 establishes that the im
roved yield strength,σ, is:

∝ f 3/2c1/2 (4)

heref is related to the energy barrier of each obstacle,
elated to the cation size, andc is the dopant concentratio
or small additions of dopant, the main effect on streng
elated to the energy barrier to dislocation sliding impo
he solute.

Considering Eq.(4), increasing dopant concentrat
hould result in bigger yield stress. This is not our ob
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Fig. 7. SEM micrographs of fracture surfaces of: (a) Saphikon, (b) NASA-L, and (c) NASA-H fibers fractured at room-temperature.

Fig. 8. SEM micrographs of fracture surfaces of: (a) Saphikon, (b) NASA-L, and (c) NASA-H fibers fractured at 800◦C.

Fig. 9. SEM micrographs of fracture surfaces of: (a) Saphikon and (b) NASA-H fibers fractured at 1200◦C.

vation, however. The addition of larger amounts of Cr, up to
1 at.%, reduces strength in all the temperature range. Most
likely explanation is the possibility of being the NASA-H
fibers more imperfect than other formulations. To achieve

larger Cr contents in the fibers, a more rapid laser-heating
cycle is needed, which probably results in more internal cav-
ities. This type of defects are always the origin of fracture
in NASA-H fibers in the whole range of temperature. In

Fig. 10. SEM micrographs of fracture surfaces of: (a) Saphikon and (b) NASA-H fibers fractured at 1400◦C.
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Fig. 11. SEM micrographs showing details of crack growth around the critical defects in NASA-H fibers fractured at: (a) 1200◦C and (b) 1400◦C.

Saphikon and NASA-L fibers both internal and external de-
fects are detected to be fracture origin.

Previous studies21,22reported that RT Weibull modulus is
about 4 for Saphikon and NASA-L and about 8 for NASA-H
fibers, which would support the suggestion of a larger defect
population in the NASA-H fibers. The evolution of Weibull
modulus with temperature (800–1400◦C range) in Saphikon
fibers was studied by Sayir. He found an increase in the mod-
ulus from about 5 to about 18, with increasing temperature,
and correlated the effect with a growing activity of SCG with
temperature.5

In the plots ofFig. 13, the results listed inTable 2are
compared with literature results. When these literature results
are from constant strain rate experiments, the transformation
to constant stressing rate is made assuming a elastic behav-
ior, with a representativeE[0 0 0 1] = 335 GPa. The dependence
of this value with temperature is weak.9 The results on the
NASA-L fibers at 1200 and 1400◦C are taken from the work
of Heydt et al.6 Previous assertions on strength, now under
different stressing rates, hold. A dependence of strength on
stressing rate has been measured at every temperature, sug-

F slow-
e yir
e

gesting that static fatigue may be active. Such result, however,
is indisputable only as temperature increases.

All the plots in Fig. 13 used the same scale in the axis,
so the slopes are directly comparable. These slopes are more
flat at RT than at 1200 or 1400◦C, meaning a decrease in
the value ofNwith temperature. InFig. 14, theN values cal-
culated in this study are plot versus temperature, including
some literature results.4,5Two regions are clearly distinguish-
able. From RT up to 1000◦C,N is larger than 20. Results by
different authors present a significant scatter, butN as high
as 54 has been calculated in our study for NASA-H at RT.
From 1100 up to 1500◦C, the interval forN is in the range
10–20.

When combine with the fractographic observations, it is
possible to suggest that SCG plays a role in the HT tensile
strength of Cr-doped sapphire fibers, then explaining the ob-
served dependence of the strength on the stressing rate. At
lower temperature,Nvalues are high, meaning a weak depen-
dence of the strength on the stressing rate, and fracture sur-
faces do not present evidence of SCG. Static fatigue by SCG
is then basically a HT phenomenon is DS sapphire-based
fibers, confirming observations by several authors.3–6,12

Several microscopic mechanisms have been claimed re-
sponsible for the SCG process, from which we consider four:
stress corrosion,29 diffusive cavitation,30 dislocation assisted
crack growth31 and thermally activated bond rupture.32 Mi-
c y of
t sible
f e, so
s .
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m
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D Given
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ig. 12. Tensile strength results vs. temperature from this study for the
st stressing rate (0.2–0.5 MPa s−1), compared to literature results from Sa
t al.,3 Newcomb and Tressler4 and Sayir.5
rostructural observations that may support the activit
hese mechanisms are quite difficult, when not impos
or the characteristics of the samples, fibers in this cas
peculation may only rule out a mechanisms tentatively

In the range of temperature for which SCG is active,
T range, fracture origin is typically an internal defect, w
ome exceptions in some experiments on Saphikon fib
400◦C, so stress corrosion is unlikely to be the SCG m
nism. Pore diffusive-growth in crack-like manner is a
uite unlikely in sapphire, given the shortness of the ex
ent, and the slow diffusivities of atomic species in Al2O3.
ore detailed arguments can be found in the literatu4

islocation-assisted mechanisms can be also ruled out.
he orientation of the fibers, and the experimental condit
f plastic deformation was important at the crack tips twinn
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Fig. 13. Tensile strength results vs. stressing rate for different temperatures (a) 25◦C, RT, (b) 800◦C, (c) 1200◦C, and (d) 1400◦C. Some literature results
from Heydt et al.,6 Newcomb and Tressler4 and Sayir5 are also included for comparison.

Fig. 14. Values of the exponentN for different temperature. Results from
Newcomb and Tressler4 and Sayir5 are also included for comparison.

should be observed.33 Mirror surfaces are flat and smooth and
no striations are observed in the exterior of the fibers.

The most plausible SCG mechanism is thermally activated
bond rupture. Newcomb and Tressler4 suggest the mecha-
nisms of lattice trapping32 for HT-SCG in Saphikon fibers,
and provide several qualitative supporting features, both me-
chanical and microstructural. Among the last, the topography
of the fracture surfaces is of most importance. The particular
shape of the branching along crystallographic planes, which
is dominated by the differences in crack propagation veloc-
ity through those planes, is predicted by the lattice trapping
mechanisms.

6. Conclusions

Directionally solidified pure sapphire and chromia-doped
sapphirec-axis fibers, have been studied in tension from room
temperature to high temperature under a range of stressing
rates. NASA-L fibers are stronger than Saphikon fibers, and
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both stronger than NASA-H fibers. Solution hardening is sug-
gested to be responsible for the increase of tensile strength in
the fibers with low dopant content, and internal defects are
considered responsible of the reduction of tensile strength in
the fibers with high dopant content. High-temperature static
fatigue is found in all the fibers. Slow crack growth is the dom-
inant process to explain the dependence of the tensile strength
on the stressing rate. Thermally activated bond rupture is sug-
gested to be the microscopic mechanism controlling HT-SCG
in these sapphire-based fibers.
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