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SUMMARY 

Calcium orthos~licate and barium zirconate are being evaluated as the ~n
sulating layer of thermal barr~er coat~ngs for a~r-cooled gas turb~ne compo
nents. Surface temperatures of such coat~ngs m~ght reach 13000 -14000 C ~n 
hot spot locations. Thus chem~cal stab~lity of these compounds was stud~ed at 
11000 and 13000 C ~n the presence of some ox~des and sulfates for t~mes to 
400 and 200 hours respect~vely. The oxides and sulfates stud~ed represent some 
of the ox~dation products of ~mpur~t~es found ~n e~ther the combust~on a~r, or 
the fuels as well as the elements ~n the bond coat alloys. These compounds are 
listed below ~n four groups, accord~ng to the~r react~v~ty w~th calc~um ortho
s~licate (actual composition was 1.78 CaO·S~02) and bar~um zirconate. 

Compounds that reacted with 2 CaO· Si02 Na20, BaO, MgO, CoO, A1203, 

Cr203, Si02* , P20S and V20S' 

Compounds that did not react w~th 2CaO· S~02 Na2S04, K20 , 

K2 S04, BaS04, N~O , ZnO and Fe203' 

Compounds that reacted with BaZr03: A1203, Cr203, Fe203, 

Si0 2 , P20S and V20S' 

Compounds that d~d not react w~th BaZr03: Na20, Na2S04, KZO, 

K2 S04, MgO, CaO, CoO and ZnO. 

When compar~ng these results w~th data ava~lable for react~ons between s~m~
lar compounds and Zr02-8w/oYZ03 it can be noted that all three mater~als 
reacted with S~02' P20S and V20S' Also, zircon~a was suscept~ble to 
attack by alkal~ and alkaline earth metal ox~des. Calcium orthosilicate and 
barium zirconate were not suscept~ble to such attack but reacted read~ly w~th 
A1203 and CrZ03 wh~ch d~d not react with Zr02-8w/oY203' 

INTRODUCTION 

The yttria-stab~lized z~rconia thermal barr~er coat~ng (TBC) developed at 
the NASA Lewis Research Center (refs. 1 and 2) has shown signif~cant ~mprovement 
in adherence and spall resistance over earl~er efforts in th~s area (refs. 3 to 
6). However, it has been found that yttria-stabil~zed z~rcon~a is suscept~ble 
to attack by a number of compounds that m~ght ex~st as ~mpur~t~es ~n turb~ne 
combustion gases (ref. 7). This m~ght not be a problem in the case of a~rcraft 

*The reaction of Si0
2 

with ZeaO'SiO
Z 

was not studied in these experiments, 

but based on reference 11 a reaction would be expected to occur. 



gas turbines, s~nce they burn h~gh pur~ty kerosenes. However, even here one 
could expect some d~fficulties ~f such z~rcon~a thermal barr~ers were used ~n a 
salt a~r (marine) env~ronment. In non-a~rcraft gas turb~nes, burn~ng d~rt~er 
fuels such as crude or res~dual fuel o~ls and poss~bly future synthet~c fuels, 
the potent~al problems would be expected to be much worse. Indeed, very short 
lives were observed in burner r~g tests of Zr02-12w/oY203/NiCrAlY thermal 
barr~ers exposed to combust~on gases doped w~th 5 ppm Na and 2 ppm V (ref. 8). 
Analysis of these tests ~nd~cated that the worst cond~t~on occurred when the 
~mpur~ty condensed as a l~qu~d (ref. 9). In the search for alternate coatings 
w~th ~mproved res~stance to corros~on, calc~um orthos~l~cate and bar~um z~r
conate are being tested as potent~al materials for thermal barrier coatings. 
The former mater~al has already been shown to offer a s1gn~f~cant ~mprovement 
over z~rcon~a ~n res~stance to sodium and vanadium-doped combustion gases (ref. 
8). The present ~nvest~gat~on supports thIS quest for ~mproved coat~ngs. Its 
specific purpose was to use laboratory tests to prov~de ins~ght ~nto the chem~
cal stability of calc~um orthos~l~cate and bar~um z~rconate ~n the presence of 
potential fuel, a~r and bond coat der~ved Impur~ties. The exper~ments were per
formed in furnaces at 11000 and 13000 C for t~mes to 400 and 200 hours, re
spectively. The test temperatures reflect hot spot cond~t~ons for TBC coated 
components in current ~ndustr~al gas turb~nes and TBC surface temperatures ex
pected on larger areas ~n advanced gas turb~nes. As in the study of 
Zr02-8w/oY203 (Ref. 7), the phase compos~t~ons of the react~on products 
were determ~ned by X-ray diffract~on (XRD) analysis. 

EXPERIMENTAL PROCEDURE 

MATERIALS 

The calc~um orthos~l~cate used ~n th~s ~nvest~gat~on was ~n the form of com
mercially available plasma spray powder (-200 +325 mesh). Wh~le the chem~cal 
analys~s indicated that the calc~um and s~l~con content ~n the mater~al corre
sponded to a 1.78 CaO'Si02 compos~t~on, the XRD pattern taken w~th Cu Ka ra
diation revealed that th~s s~l~cate was pr~mar~ly a monocl~n~c form, called lar
nite or e-Ca2Si04 (ref. 10). Some of the diffraction l~nes, due to the 
closeness of their spacings, were not resolved but recorded as one. For example 
the strong lines (200) and (022) or (013), (103) and (121) were observed as one 
d~ffraction line. Spectrograph~c analys~s revealed the presence of the follow
~ng ~mpurit~es ~n we~ght percent or PPM (parts per m~ll~on): 0.8% AI, 5 PPM 
Co, 60PPM Cr, 100 PPM Cu, 410 PPM Fe, 0.2% Mg, 20 PPM Mn, 40 PPM Mo, 90 PPM 
N~, 320 PPM T~ and 120 PPM Zr. Bar~um z~rconate (BaZr03) was prepared by m~x
ing high purity monoclinic Zr02 (part~cle s~ze 1-5 m~crons) WIth reagent grade 
BaC03 powder and reacting the m~xture for 100 hours at 13000C ~n a plat~num 
dish. These conditions were suff~c~ent to complete the synthesis of BaZr03. 
The completion of the react~on was ver~f~ed by XRD. All the diffract~on l~nes 
were accounted for as belong~ng to BaZr03 (perovsk~te structure) except one 
weak l~ne (d = 3.048A), wh~ch could not be identified. 

The following reagent grade compounds, represent~ng ~mpur~t~es ~n the fuels 
and in the combust~on air as well as the elements of the bond coat alloy were 
reacted with 2CaO.Sl02 and BaZr03: Na20, NaZS04, KZO, KZS04, 
CaO, BaO, BaS04, N~O, CoO, MgO, ZnO, Fe203, A1203, Cr203. S~02, 
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V20S and P20S. For practical reasons Na20, K20, CaO, BaO and CoO 
were introduced in the form of the1r carbonates. Also (NH4)2HP04 was sub
stituted for P20S to facilitate hand11ng. 

Preparation of the Specimens 

Binary powder mixtures of 2CaO·Si02 or BaZr03 w1th the above 11sted com
pounds were prepared by thoroughly mixing, in a mortar, 1 gram of 2CaO·S102 or 
BaZr03 with an "equ1valent" amount of the compound. The "equ1valent" amounts 
were calculated in the manner that for each atom of Ca or Ba there would be an 
atom of an element such as Na, Ni, Fe, etc. All m1xtures were packed in small 
cylindrical conta1ners made of 0.6 cm diameter platinum tub1ng w1th one end 
welded shut. After filling with the powder mixtures, the other end of each tube 
was p1nched tightly. 

Heat Treatment and XRD Analys1s 

One set of samples so prepared was heated at 11000 C for 200 hours, after 
which time a small amount of material was removed from each container for XRD 
analysis. The remainder of each sample in the set was heated at the same tem
perature for an addit10nal 200 hours. Thus, we obtained samples wh1ch were heat 
treated for 200 and for 400 hours. Sim11arly the second set of samples was 
heated at 13000 C for 100 and 200 hours. 

After each heat treatment, the samples were ground in a mortar and subjected 
to XRD analysis in a d1ffractometer equipped with a copper X-ray tube. During 
analysis of the data, attention was pa1d not only to the phases wh1ch were pres
ent, but also to the absence of certain phases. Mainly two publicat10ns were 
used as guides 1n the analys1s: Powder D1ffraction File Search Manual (ref. 10) 
and Phase D1agrams for Ceram1sts (ref. 11). 

RESULTS 

The results obtained in this invest1gat10n are shown below. The 2CaO·Si0 2 
and BaZr03 systems are discussed separately. 

There is a ternary equilibrium diagram for the Na20-CaO-S102 system 
(ref. 11), however the zone connect1ng Na20 and 2CaO·Si02 is uncharted. At 
11000C sodium oxide reacted w1th larn1te. The extent of react10n 1ncreased 
with time. The detected phases were 2CaO·Si02 and Na20·CaO·S102. After 
100 hours at 13000 C the observed phases were also 2CaO.Si02 and 
Na20·CaO·Si02. However, after 200 hours a new unknown phase appeared and 
the amount of Na20·CaO·Si02 decreased substant1ally. This ind1cates that 
NaZO·CaO·Si02 was unstable at this temperature. 
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The original m1xture conta1ned two compounds, namely 2CaO.S102 and 
Na2S04 (thenard1te). After heat treatment at 11000 and 13000 C, then-
ardite disappeared and the presence of a new phase was observed. Based on pre
vious results (ref. 7) this phase is some other form of sod1um sulfate. 

The existing equilibr1um phase d1agram 1n the K20-CaO-S102 system 1S 
incomplete and does not cover the area connecting K20-2CaO.Si02. XRD analy
sis of the sample after 200 hours at 11000 C revealed the presence of 
2CaO·S102 and of a few weak Ilnes, that c~uld not be accounted for. The d1f
fract10n lines produced by th1S sample are considerably weaker than those ob
tained from the unreacted sample. The same can be said about the sample, which 
was heat treated at 11000 C for 400 hours, except that XRD Ilnes due to 
2CaO·Si02 were much better def1ned. Sim1lar results were obta1ned at 
13000C. No CaO.K20.Si02 or KOH were detected. Either the K20 d1d not 
react with 2CaO·S102 and was lost by evaporation or a glassy phase formed, 
which could not be detected by XRD. 

The XRD data obta1ned indicated that, at 11000 C, K2S04 did not react 
with 2CaO·Si04. After heat treatment at 13000 C for 100 hours, the detected 
phases were 2CaO ·Si02 , K2S04 and an unknown compound. Cont1nued heat 
treatment reduced the amount of K2S04. Because the intensit1es of diffrac
tions Ilnes produced by 2CaO.Si02 were not affected by the heat treatments, 
one can conclude that there was no react10n between K2S04 and 2CaO .Si02. 
The observed unknown phase was probably some form of K2S04. 

BaO 

According to ~he eX1sting equ1librium phase d1agram for BaO-CaO-Si0 2 sys
tem (ref. 11), barium oxide should react with larnite by forming barium silicate 
and calcium oxide. At both temperatures (11000 and 13000 C), the react10n 
was complete as no larnite XRD lines were detected. The predominant phase was a 
compound, the lines of wh1ch could be indexed 1n a manner slmilar to (Bal.55 
CaO.45)·Si04. It is reasonable to assume that th1S compound represents com
pounds with the general formula 2(CaxBal-x)·Si02. The few unindexed Ilnes 
were weak and could not be related to 2BaO.Si02, CaO, etc. 

No reaction between 2CaO·Si02 and BaS04 was observed. 

According to the existing equilibr1um diagram for the CaO-MgO-S102 system, 
MgO should react with 2CaO·Si02 to form certain amounts of 3CaO·MgO.S102 
(merw1nite). The phases observed after heat treatment at 11000 C were MgO, 
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2CaO.Si0 2 and an unknown compound, isomorphic with {2CaO.S102)S.6 
(3CaO·MgO ·2Si02)4.4 (ref. 10). The heat treatment at 13000 caused dis
appearance of 2CaO·Si02; the remain1ng phases be1ng the unknown compound and 
MgO. 

NiO 

Nickel oxide did not react with larnite at 11000 nor at 13000 C. Thls 
observation is in agreement with the tentative CaO-NiO-Si02 equil1br1um dia
gram (ref. 11). 

CoO 

The ternary CaO-CoO-Si02 equilibr1um diagram 1S not available. Very 
little reaction occurred at 11000 C and .only a trace of an unknown phase was 
detected by x-ray. The main phases were 2CaO'Si0 2 and CoO. At 13000 C the 
reaction advanced to the point where the predominant phases were CoO and an un
known compound. The strongest XRD-l1nes of larnite were only detected as a weak 
line. Thus, it can be stated that CoO reacted w1th 2CaO·S102. 

ZnO 

An equ1librium diagram for the ZnO-CaO-Si0 2 systems eX1sts (ref. 11). In 
agreement with the diagram, the experimental data indicated that ZnO did not 
react with larn1te at 11000 nor 13000 C. The· samples, heat treated at both 
temperatures, produced well defined XRD patterns of 2CaO oS102 and ZnO. 

At 11000 C no reaction was detected between larnite and Fe203 (hem
atite). After heat treatment at 13000 C, the detected phases were larnite, 
hematite and an unknown compound. According to the existing equ1libr1um dia
gram (ref. 11), no reaction should take place between these two compounds. 

At 11000 and 13000 C, alumina reacted completely with larnite. No free 
alumina was observed. The detected phases were 2CaOoA1203oSi02 and 
2CaO·Si02 which is in agreement with the existing equil1br1um phase d1agram 
(ref. 11). 

At 11000 C, Cr203 reacted wlth larnite to glve 3CaOoCr20303Si02 
(uvarovite). No Cr203 was detected. However, at 13000C no uvarovite was 
detected. Only the original compounds, 2CaO·Sl02 and Cr203 were ob-
served. Thls is consistent with the equilibrium diagram (ref. 11). If the ex
periment were performed at 13000 C only, one could draw a 10glcal conclusion 
that Cr203 did not react with larnite. However, the data obtained at 
11000 C suggest that during the heat-up period to 13000 C, Cr203 reacted 
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with 2CaO·S102 to form uvarovite which later decomposed at the higher temper
ature into the two or1g1nal compounds. 

~2QS 

According to the eX1st1ng equ111brium diagram (ref. 11) the react10n prod
ucts should have been 3CaO·P20S, CaO·S102 and 8102 (a-cristoba11te). 
However, after heat treatment at 11000 C, the d1ffract10n 11nes of one or two 
unknown compounds were detected. The react10n at 13000 C produced 
3CaO·P20S (calc1um orthophosphate) and an unknown compound w1th an XRD pat
tern d1fferent from the one observed at 11000 C. It was diff1cult to estab
lish the presence or absence of a-cristobalite because 1tS diffraction 11nes 
were c01nc1dent w1th the 11nes of the unknown compound or compounds. 

:{2QS 

Experiments at 11000 C revealed that V20S (vanad1um pentoxide) reacted 
with larnite to form an unknown compound. Some unreacted V205 was also 
found to be present. No larn1te was detected. Dur1ng exper1ments at 13000 C, 
the sample crept out of the platinum container and consequently no analys1s was 
performed. Thus, it is reasonable to assume that V205 reacted at 13000 C 
with 2CaO S102. 

Apparently there was no react10n between Na20 and BaZr03. XRD patterns 
obta1ned from the samples heat treated at 11000 and 13000 C revealed strong, 
well defined lines of BaZr03 and a few weak l1nes of an unknown phase. No 
Na20, NaOH or Na2Zr03 were detected. Apparently most of Na20 was lost 
by evaporation. 

At both temperatures, 11000 and 13000 C, no react10n was observed. The 
samples gave a very strong BaZr03 pattern and some weak 11nes wh1ch d1d not 
correspond to Na2S04 or any other known form of sod1um sulfate. However, 
based on previous results (ref. 7), these 11nes can be attributed to an un1ndex
ed form of sodium sulfate. 

K20 did not react with BaZr03 at 11000 or 13000 C. No K20 was 
detected. The XRD pattern of BaZr03 rema1ned unchanged. It is reasonable to 
assume that K20 was lost by evaporat10n. 

As w1th Na2S04, BaZr03 d1d not react with K2S04. After heat 
treatments at 11000 and 13000 C, the observed phases were BaZr03 and some 
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K2S04. It is of interest to p01nt out that un11ke Na2S04. K2S04 did 
not form any complex potassium sulfate. 

MgO did not react with BaZr03. 

CaO 

No reaction was observed between CaO and BaZr03. Obv10usly, bar1um Z1r
conate must be a more stable compound than calcium Z1rc~nate. 

Nio 

Nio did not react w1th BaZr03 at 11000 or at 13000 C. The XRD pat
terns were rather decept1ve because all N10 d1ffraction lines (except (311» 
coincided with those of BaZr03. 

CoO 

CoO did not react w1th BaZr03. 

ZnO 

No reaction was observed between ZnO and BaZr03. 

Analysis of the diffraction patterns of the samples reacted at 11000 and 
13000 C revealed that Fe203 reacted w1th BaZr03. The detected phases 
were BaZr03, BaO·6FeZ03 and monoc11nic Zr02 (small amount). In add1tion 
the samples became black and magnetic. The black color and the magnetic prop-
erty should be attributed to BaO·6Fe203 as BaZr03 and Zr02 have a 11ght 
color and are not magnetic. 

The obtained data indicated that A1203 readily reacted with BaZr03 at 
11000 and 13000 C to form BaO·A1203. In addition to the above compound, 
the heat treated sample contained BaZr03 and monoclinic zr02. No A1203 
was detected. (However, in the presence of compounds containing heavy elements 
like Ba or Zr, small amounts of A1203 would not be detected.) 

At 11000 and 13000 C, Cr203 reacted with BaZr03 to form BaCr04. 
In this reaction, chrom1um changed its valency from 3 to 6. In addition to 
BaCr04, monoclinic Zr02 was detected. No BaZr03 or Cr203 were ob-
served. 
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S102 reacted w1th BaZr03 at 11000 and 13000 C. In accordance w1th 
the existing BaO-ZrOZ-S10Z equ111br1um phase d1agram (ref. 11) the detected 
phases were ZBaO.ZZrOZ ·3SiOZ and BaZr03' It appears that the samples heat 
treated at 11000 C m1ght also conta1n a small amount of unreacted silica 
(a-cr1stobalite). 

At both temperatures, 11000 and 13000 C, PZOS reacted with BaZr03 
to form BaO·ZrOZ 'PZOS' No BaZr03 was detected. There were a few XRD 
11nes, some of them relatively strong, that could not be ident1fied. 

VZos reacted read11y w1th BaZr03 at 11000 and 13000 C. Even after 
only ZOO hours at 11000 C, all BaZr03 and VZOS were consumed. The ob
served phases were 3BaO,V20S, monoc11n1c ZrOZ and an unknown compound. 

DISCUSSION 

The results obtained 1n this invest1gat10~ are summar1zed 1n tables 1 and 
Z. These tables list all the chem1cal compounds used and the products of the1r 
reactions with calc1um s111cate and barium zirconate at 11000 and 13000 C. 
They also include columns marked with the letters "N" or "y" indicating that 
essentially no reaction took place (N) or that, yes, there was a part1al or com
plete reaction (y). The entry "unknown phase" was used when some lines of an 
XRD pattern could not be attr1buted to any compound 11sted 1n the Powder Dif
fraction File Search Manual (ref. 10). In general the heat treatments at 
11000 and 13000 C produced sim11ar results. When react10ns were observed, 
they were usually the same at both temperatures. If there was no react10n at 
11000 , there was generally none at 13000 C. It is noteworthy that no mono
valent or divalent oX1des and sulfates reacted with bar1um Z1rconate. S1m11ar
ly, calcium orthos111cate was not affected by sulfates, however, it was attacked 
by sodium, barium and cobalt oX1des. Vanad1um and phosphorous are impurit1es 
generally contained 1n industrial fuels and the1r pentox1des reacted read11y 
with both bar1um zirconate and calcium orthos11icate. 

AI Z03 and Crz03, wh1ch are oX1des of the component elements of the 
bond coat, reacted w1th both mater1als. This indicates that at very h1gh 
oX1de/bond coat 1nterface temperatures, calcium orthos111cate and bar1um zir
conate might not be compat1ble with MCrAIY type bond coat oxidat10n products. 

In order to compare the chem1cal stabi11ty of calc1um orthosi11cate and bar-
1um Z1rconate with yttria-stabilized zirconia under the same cond1t10ns, table 3 
was prepared. It shows how the three thermal barr1er mater1als behaved in the 
presence of the same 1mpurit1es when exposed at 13000 C for ZOO hours. Be
cause some of the react10n experiments were not performed, the informat10n nec
essary to complete this table was obta1ned from reference 11. It can be seen 
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that 10 out of 17 1mpur1t1es reacted or would have reacted with calcium ortho
silicate and Zr02-8w/oY203 and 7 out of 17 reacted or would have reacted 
with barium zirconate. The impurities that reacted with all three materials 
were BaO, Si02, P20S and V20S, whereas alkali metal sulfates did not 
react with any of them. The information obtained from this investigation should 
be of interest in the analys1s and solution of problems encountered dur1ng the 
development and testing of thermal barrier coatings. 

SUMMARY OF RESULTS 

The chemical stability of calcium orthosilicate and barium zirconate were 
studied at 11000 and 13000 C in the presence of some oxides and sulfates for 
times to 400 and 200 hours, respectively. These oxides and sulfates represent 
some of the potential impur1ties that may be found 1n gas turbine combustion 
gases or that may be formed as oX1dation products of the elements of bond coat 
alloys. 

The impurities that reacted with 2CaO·Si02 are Na20, BaO, MgO, CoO, 
A1203, Cr203, P20S and V20S. 

The impurit1es that did not react with 2CaO·Si02 are Na2S04, K20, 
K2S04, BaS04, NiO, ZnO and Fe203. 

The impurities that reacted wlth BaZr03 are A1203, Fe203, 
Cr203, S102, P20S and V20S. 

The impurities that did not react with BaZr03 are Na20, Na2S04, 
K20, K2S04, MgO, CaO, CoO and ZnO. 

As a result of th1s study and a previous study of reactions of potential 
impurities w1th Zr02 8w/oY203 (7) it was noted that BaO, Si02, P20S 
and V20S react with all three materials after 200 hours at 13000 C and 
that alkali metal sulfates do not react. 
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Temperature 

Tlme 

Na20 

Na2S04 

K20 

K2 S04 

BaO 

BaS04 

MgO 

NIO 

CoO 

znO 

Fe203 

A1203 

Cr203 

P205 

V205 

TABLE 1. - SUMMARY OF REACTIONS BETWEEN CALCIUM ORTHOSILICATE AND 
OXIDES AND SULFATES OF VARIOUS ELEMENTS 

(y - REACTION WAS DETECTED; N - NO REACTION WAS OBSERVED) 

11000 C 13000 C 

200 hr 400 hr 100 hr 200 hr 

2CaOoS102 Y 2CaOoS102 Y 2CaO oS102 Y 2CaO 'SlO 2 
Na20°CaOoS102 Na~oCaOoSl02 Na~ °CaO oSl02 Unknown phase 

Na~oCaOoS102 

(trace) 

2CaO°S102 N 2CaOoS102 N 2CaO oS102 N 2CaO oS102 
Unknown phase Unknown phase Unknown phase Unknown phase 

2CaOoS102 N 2CaO°S102 N 2CaOoSi02 N 2CaO oS102 

2CaO oS102 N 2CaO oS102 N 2CaO oS102 N 2CaO O S102 
K2 S04 K2S04 K2S04 unknown phase 

Unknown phase K2S04 (trace) 

Y 

N 

N 

N 

2( CaxBal-x) S 104 Y 2(CaxBal_x )Sl02 Y 2(CaxBal_x)oSl02 Y 2(CaxBal_x) oS102 Y 
CaO? CaO? CaO? CaO? 

2CaO° S 102 N 2CaOoS102 N 2CaO° Sl02 N 2CaO oS12 N 
BaS04 BaS04 BaS04 BaS04 

MgO Y MgO Y MgO Y MgO Y 
2CaOoS102 2CaO oS102 Unknown phase Unknown pha se 

2CaO° S102 N 2CaO° S 102 N 2CaOoS102 N 2CaO O S102 N 
NIO NI0 NI0 NIO 

CoO Y CoO Y CoO Y CoO Y 
2CaOoS102 2CaO oS102 Unknown phase Unknown phase 
Unknown phase Unknown phase 2CaO° Sl02 2CaOoS102 
(trace) (trace) ( trace) ( trace) 

2CaO° SlD2 N 2CaO° SlD2 N 2CaOoSl02 N 2CaO oS102 N 
ZnO ZnO znO znO 

2CaO oS102 N 2CaO oS102 N 2CaOoSl02 N 2CaO oS102 N 
Fe203 Fe 20 3 Fet3 Fe2D3 

Un nown phase Unknown phase 

2CaOoA1203oS102 Y 2CaOoA12°3"Sl02 Y 2CaOoAl2D3"Sl02 Y 2CaO oAl £P 3oS1~ Y 
2CaOoS102 2CaO oS102 2CaO oSl.°2 2CaO oS102 

3CaOoCr2°3"Sl02 Y 3CaOoCrz03"S102 Y 2Cao oSl02 Y 2CaO oS102 Y 
2CaOoS102 2CaOoS102 Cr203 Cr<P3 

One or two Y One or two Y 3CaOoP~5 y 3CaO oP£P5 Y 
unknown unknown unknown phase unknown phase 
phases phases S10? SlO? 

Unknown phase Y Unknown phase Y Sample Y Sample Y 
some V205 trace of V~5 lost lost 



Temperature 

T1me 

Na20 

Na2S04 

K20 

K2 S04 

HgO 

CaO 

N10 

CoO 

ZnO 

F~03 

A120S 

C~03 

S10 

PZOS 

V20s 

TABLE 2_ - SUMMARY OF REACTIONS BETWEEN BARIUM ZIRCONATE 
AND OXIDES AND SULFATE OF VARIOUS ELEMENTS 

(y - REACTION WAS DETECTED; N - NO REACTION WAS OBSERVED) 

11000 C 13000 C 

200 hr 400 hr 100 hr 200 hr 

BaZr03 N BaZr03 N BaZr03 N BaZr03 
unknown phase unknown phase unknown phase unknown phase 

BaZr03 N BaZr03 N BaZr03 N BaZr03 
unknown phase unknown phase unknown phase unknown phase 

BaZr03 N BaZr03 N BaZr03 N BaZr03 

BaZr03 N BaZr03 N BaZr03 N BaZr03 
K2 S04 K2S04 K2 S04 K2S04 
(trace) (trace) (trace) (trace) 

BaZr03 N BaZr03 N BaZr03 N BaZr03 
HgO HgO HgO HgO 

BaZr03 N BaZr03 N BaZr03 N BaZr03 
CaD CaD CaO CaD 

BaZr03 N BaZr03 N BaZr03 N BaZr03 
N10 N10 N10 N10 

BaZr03 N BaZr03 N BaZr03 N BaZr03 
COO CoO CoO CoO 

BaZr03 N BaZr03 N BaZr03 N BaZr03 
znO znO znO znO 

BaZr03 Y BaZr03 Y BaZr03 Y BaZr03 
BaO- 6Fe203 BaO- 6Fe203 y BaO - 6Fe2D3 Y BaO -6Fe2D3 
zr02 (mon) zr02 (mon) zr02 (mon) zr02 (mon) 

BaZr03 Y BaZr03 Y BaZr03 Y BaZr03 
BaO-A1203 BaO- A1203 BaO-A1 203 BaO -Al2D3 
Z~ (mon) zr02 (mon) zr02 (mon) zr02 (mon) 

BaCr04 Y BaCr04 Y BaCr04 Y BaCr 04 
Zr02 (mon) Zr02 (lIDn) Zr02 (mon) Zr02 (mon) 
Cr 203? Cr203? Cr203? Cr2D3? 

2BaO- 2Zr02- 3S102 Y 2BaO-2Zr02-3S102 Y 2BaD - 2Zr02-3S102 Y 2BaO -2Zr02-3S102 
BaZr03 BaZr03 BaZr03 BaZrO 3 
Sl02 (trace)? S102 (trace)? 

BaO- Zr02- P20S Y BaO- Zr02- P20S Y BaO- Zr0 2- P;oOS Y BaO -zr02-P£pS 
unknown phase unknown phase unknown phase unknown phase 

3BaO-V20S y 3BaO-V20S Y 3BaO -V;oOS Y 3BaO -V£pS 
Z~ (mon) zr02 (lOOn) zr02 (mon) zr02 (mon) 
unknown phase unknown phase unknown phase unknown phase 

N 

N 

N 

N 

N 

N 

N 

N 

N 

Y 
Y 

Y 

Y 

Y 

y 

Y 



Na20 

Na2S04 

K20 

K2 S04 

BaO 

BaS04 

MgO 

CaO 

N10 

coo 

ZnO 

F~D.3 

A12 D.3 

Crz D.3 

Sl02 

Pz05 

V205 

TABLE 3. - COMPARISON OF CHEMICAL REACTIONS BETWEEN 
Zr02 8w/o Y203, 2CaO.S102, BaZr03 AND OXIDES AND 

SULFATES OF VARIOUS ELEMENTS AFTER 200 hr AT 13000 C 
(y - REACTION WAS DETECTED, N - NO REACTION WAS OBSERVED) 

Zr02-8w/o YZ0 3 2CaO. S10 2 BaZr03 

zr02 CUb1C Y 2CaO·S102 Y BaZr03 
Na2Zr03 unknown phase unknown phase 

Na20·CaO·S102 
(trac e) 

Zr02 CUb1C N 2CaO· S102 N BaZr03 
Z~ monoclln1c unknown phase unknown phase 
unknown phase 

zr02 CUb1J- Y 2CaO. S102 N BaZr03 
Z~ monDe Ilnlc 

Zr02 CUb1C N 2CaO· SlO2 N BaZr03 
Zr02 mOnOC lln1c unknown phase K2S04 (trace) 
unknown phase K2S04 (trace) 

BaZr03 Y 2(CaxBal_x ) SlO2 Y Not teste~ 
CaO 

Not tested 3 Y 2CaO· SlO2 N Not tested 
BaS04 

Zr02 CUb1C 4 N MgO Y BaZr03 
zr02 mon unknown phase MgO 
MgO 

CaZr03 Y Not tested 5 Y BaZr03 
CaO 

Z~ CUb1C N 2CaO SlO2 N BaZr03 
ZrD2 mon N10 N10 
N10 

Not tested 6 Y CoO Y BaZr03 
unknown phase COO 
2CaO· SlD2 
( trace) 

ZrD2 CUb1C Y 2CaO. S102 N BaZr03 
unknown phase znO znO 

ZrD2 CUb1C N 2CaO SlO2 N BaZr03 
ZrD2 mon Fe203 BaO· 6Fe203 
F~D.3 unknown phase Zr02 (mon) 

Zr02 CUb1C N 2CaO· A1203· SlD2 Y BaZr03 
ZrD2 mon 2CaO SlOz BaO. A1203 
A12 D.3 ZrO mon 

ZrD2 CUb1C N 2CaO. SlD2 7 Y BaCr04 
Zr02 mon Crz03 ZrD2 mon 
CrzD.3 Cr2D2 

ZrD2 CUb1C Y Not tested 8 Y 2BaO ·2Zr023S102 
zr02 mon BaZr03 
SlO2 
ZrS104 

Zr02 mon Y 3CaO P2J5 Y BaO·Zr0 2 P2J5 
Zr02 CUb1C unknown phase unknown phase 
ZrP z03 SlO2 
(ZrO) 2P2J7 

Zr02 mon Y Sample lost 9 Y 3BaO·V2J5 
V2J5 zr02 (mon) 
unknown phase unknown phase 

lSee reference 7. 
2Accord1ng to reference 11 a react10n should occur to form 2BaO.Zr02. 
3Reference 7 1nd1cates that BaS04 reacted eas11y at 14000 C. Therefore, 1t 

N 

N 

N 

N 

Y 

N 

N 

N 

N 

N 

N 

Y 

Y 

Y 

Y 

1S reasonable to assume that some react10n would also take place at 13000 C. 
4See reference 7. 
SAccord1ng to reference 11 a react10n should occur to form CaO Sl02. 
6Accord1ng to reference 7, react10n occurred at 14000 C. It 1S reasonable to 

assume that react10n would take place at 13000 C, also. 
7React10n occurred at 11000 C. It suggests that dur1ng the heat up per10d, 

Cr203 reacted to form uvarov1te (3CaO.Cr203·S102) Wh1Ch later de
composed at a h1gher temperature. 

8Accord1ng to reference 11, a react10n should occur to form CaO·S102. 
9React10n occurred at 11000 C. It 1S reasonable to assume that react10n take 

place also at 13000 C. 
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