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[57] ABSTRACT 
Novel concrete compositions comprise particles of ag-
gregate material embedded in a cement matrix, said 
cement matrix produced by contacting an oxide se-
lected from the group of Y2O3, La203, Nd203, Sm203, 
EU2O3 and Gd203 with an aqueous solution of a salt 
selected from the group of NH4NO3, NH4CI, YCI3 and 
Mg(N03>2 to form a fluid mixture; and allowing the 
fluid mixture to harden. 

13 Claims, No Drawings 



DETAILED DESCRIPTION 

4,152,028 
1 2 

aggregate material embedded in a cement matrix, said 
REFRACTORY CONCRETES cement matrix produced by contacting an oxide se-

This invention was made in the course of, or under, a lected from the group of Y2O3, La203, Nd203, Sm203, 
contract with the United States Energy Research and EU2O3 and G&2O1 with an aqueous solution of salt se-
Development Administration. 5 lected from the group of NH4NO3, NH4CI, YCI3, and 

RARK-RTPNTTNIN OF THF INVENTION Mg(N03)2 to form a fluid mixture, and allowing the BACKGROUND OF THE INVENTION fluid mixture tQ harden Useful aggregate materials 
It relates in general to the field of cements and con- include Y2O3, La203, Nd203, Sm203, EU2O3, Gd203, 

cretes and more specifically to cements and concretes AI2O3 and Zr02. When Zr02 is used as an aggregate 
based on yttrium and the lanthanides. Cements based 10 with Y2O3 as the oxide forming the cement matrix, a 
upon oxides are useful in a variety of applications be- very high temperature concrete results, 
cause of their refractory nature and resistance to high 
temperature interactions with metals, carbon and other 
refractories. Cements and concretes based on yttrium It has been found according to this invention that 
oxide are particularly useful in melting and casting op- 15 tough, castable and sinterable concretes having less 
erations because they do not contaminate or react with than 40% porosity and comprising aggregate particles 
molten reactive metals such as uranium. Concretes and embedded in a cement matrix can be provided by con-
cements based on europium oxide and gadolinium oxide tacting an oxide powder selected from the group of 
are useful as neutron absorbers for reactor applications. Y2O3, La203, Nd203, Sm203, EU2O3 and Gd203 (re-
Other lanthanide oxide cements are useful in general 20 ferred to herein as binder oxides) with an aqueous ni-
fabrication technology for making ceramic ware resis- trate or chloride salt solution. The salt in the aqueous 
tant to high temperatures. solution can be, for example, NH4NO3, NH4CI, YCI3, 

ART Mg(N03)2 or hydrated species such as YC13-6H20. 
When the oxide powder is maintained in contact with 

In the prior art, Y2O3 cements of the oxide-acid type 25 the salt solution for sufficient time, the mixture sponta-
have been reported. These cements are of the oxide/- neously hardens or sets up into a rigid concrete which 
phosphoric acid type and are more fully described by contains particles of aggregate material embedded in a 
W. D. Kingery in "II, Cold-Setting Properties," J. cement matrix. The cement matrix (or binder phase) is 
Amer. Ceram. Soc., 33[8] pp. 242-7 (1950); S. L. Golyn- produced by the reaction of the salt solution and the 
ko-Vol'Fson et al in "Some Principles of the Appear- 30 oxide powder. The concrete can contain non-reactive 
ance of Binding Properties in Phosphate Systems," J. compounds such as AI2O3 or CaO-stabilized Zr©2 as 
Applied Chem. (Russ.) 38[7] pp. 1441-5 (1965); and aggregates or can be prepared containing no non-reac-
chem. Abst.[63] 1905(F) (1965) and by N. F. Federov, tive material. The aggregate in the latter is unreacted 
in "Cements Based on Systems of the Metal Oxide-Acid particles of the binder oxide. Accordingly, the non-
Type," J. Appl. Chem. of the USSR (Russ.) 41 [12] 35 reactive compounds used as aggregates are defined as 
2591-2 (1966). Sorel cements based upon mixed oxy- or compounds which do not participate in the formation of 
hydroxy-salt binder phases in the Mg0-MgCl2-H20 the binder phase, but which actually react to some de-
system are well-known; see, for example, C. A. Sorrell gree with the binder phase at the particle surface to 
et al, "Reaction and Equilibria in Magnesium Oxychlo- provide an adhesive bond, thereby strengthening the 
ride Cements," J. Amer. Ceram. Soc. 59 [1-2] pp 51-4 40 concrete. When the aqueous salt solution is NH4NO3, 
(1976). Rare earth-based porous plasters are described YCI3, or NH4CI, the cement matrix is believed to have 
in commonly assigned copending U.S. patent applica- the nominal concentration of M2(0H)sN03-1H20 or 
tion Ser. No. 617,126, filed Sept. 26,1975, now U.S. Pat. M2(0H)5C1-1H20 where M is the metal of the binder 
No. 4,087,573. oxide powder; Y, La, Nd, Sm, Eu and Gd. These binder 
One limitation of rare earth-based plasters is their low 45 phases in the concrete appear to have the same compo-

mechanical strength and high porosity (50% or more). sition as those found in the rare earth plasters produced 
Though they are useful as insulators and neutron ab- from oxide-HCl or oxide-HNOj suspensions as de-
sorbers, their utility as structural materials and coating scribed in commonly assigned U.S. patent application 
compositions is limited. Attempts to prepare rare earth Ser. No. 617,126, now U.S. Pat. No. 4,087,573. 
oxide plasters having less than 50% porosity from ox- 50 The concretes of this invention are most easily 
ide-acid mixtures have been unsuccessful. formed by simply adding the binder oxide powder (plus 

oiumABvnrTUT! im^cMTinv non-reactive powder as aggregate, if desired) to an SUMMARY OF THE INVENTION aqueous solution of the selected salts. Of primary inter-
It is an object of this invention to provide castable est are those concretes which have a porosity of less 

yttrium or rare earth compositions which set up into 55 than 40%. While more porous concretes can be pre-
denser, stronger materials than rare earth plasters. pared by the general method herein described, such 
It is a further object to provide castable yttrium or materials have low mechanical strength and in many 

rare earth compositions which set up into a concrete cases are prepared more economically according to Ser. 
having less than 40% porosity. No. 617,126. The concentration of the salt solution must 
It is a further object to provide concrete composi- 60 be at least 0.4 molar in order for the resulting mixture to 

tions which are resistant to high temperatures and are spontaneously harden into concrete. The upper limit of 
inert to molten uranium. the salt concentration for the YCI3, Mg(N03)2, and 
It is a further object to provide concrete composi- NH4CI solutions appears to be the saturation point of 

tions which are useful in the fabrication of neutron the aqueous solution. For NH4NO3 solution, the upper 
absorbers containing europium or gadolinium. 65 limit is about 23.3 m (molal). Above 23.3 m NH4NO3, 
These and other objects are achieved according to the resulting concrete cannot be mixed because precipi-

tins invention in a concrete composition having less tating NH4NO3 crystals cause the liquid phase to be 
than 40% porosity, said composition comprising an quite viscous. Even if mixing is achieved, the excess 
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NH4NO3 crystals would impede or prevent the inter- needles, and largest dimensions for particles. The pri-
locking of the needles and/or plates which make up the mary shape of the particles is underlined. 

TABLE I 
SALT SOLUTIONS TESTED FOR CONCRETE FORMATION W I T H Y T T R I A 

Percent 
Concen- Approximate Effect Linear 
tration Time of Drying 
of Salt for Drying Shrinkage Scanning Electron 

Solution L / P Initial (at 50° C. for (for 2.25cm General Microscopy 
Salt (m) Ratio Set 24-48 hrs) samples) Comments Observations 

NH4N03 13.9 0.6 < 48 Hr 

NH4C1 6.9 0.75 ~ 4 Wk 

(NH4)2S04 5.5 0.6 < 48 Hr 
(NH4)2C03 5.5 0.75 ~ 4 Wk 

Mg(N0 3 ) 2 4.4 0.6 < 1 Wk 

MgCl2 2.7 0.75 No Set 

MgS0 4 3.5 0.8 < 2 Wk 
Y(N03)3 • TjHjO 1.4 0.8 < 1 Wk 

/based \ 
on 

) 
YCI3 . 7)H20 1.3 0.65 <48 Hr. 

/based \ 
I on 1 
U < ) 

Cracked 
No Cracks 

Few Cracks 
on Top 

Cracked 
Badly 
Cracked 

No Cracks 

~ 0 Very hard after 
drying. 

~ 5 Weakly set, but 
becomes hard on 
drying. 

~ 0 Weakly set; 
resembles chalk. 

~ 4 Very hard after 
drying. 
Not hard after 
drying. 

Cracked before 
drying after 
~ I wk. 

~ O Hardening begins 
at ~ 1 hr; very 
hard after drying 

0.75-1.75 fun plates and 
needles present as the 
bonding phase. 
0.25-1 fun plates and needles 
as the bonding phase. 

2.5-10 fim chunky particles. 
0.5-2 jim needles as the bonding 
phase. 
4-13 ftm chunky particles. 

3-12 j im chunky particles. 

2.5-7.5 f im chunky particles 
1.25-3.4 j im plates and needles 
as the bonding phase 

0.25-0.75 f im plates and needles 
as the bonding phase. 

binder phase. Furthermore, the excess NH4NO3 volatil-
izes upon heating below 250° C., creating excess poros-
ity and weakening the structure, causing cracks to de-
velop. The liquid/powder ratio for forming the con-
cretes is at least 0.5. As used herein, the liquid/powder 35 
or L/P ratio is ml of liquid/g of powders. Below 0.5 
L/P, a stiff non-workable paste results. The preferred 
L/P ratio is about 0.6 to 0.8 with respect to binder oxide 
powder. If excess liquid is present, the concrete hardens 
beneath the excess liquid. 40 
The porosity of the concretes of this invention de-

pends upon three fabrication variables; the liquid/pow-
der ratio, the size of binder oxide and aggregate parti-
cles, and the concentration of the salt solution. Con-
cretes having lower porosities are prepared with 45 
smaller particles, lower liquid/powder ratios, and more 
concentrated salt solutions. The following tables dem-
onstrate the fabrication and properties of various con-
cretes prepared according to this invention. 
A variety of concretes were prepared from Y 2 O 3 50 

powder of two types. Type A had a mean crystallite 
diameter of 0.06 micron over a range of 0.05-0.14 mi-
cron and a 3.45 micron agglomerate diameter over a 
range of 1.59-7.26 microns. Type B had a mean crystal-
lite diameter of 7.56 microns over a range of 3.51-14.95 55 
with minimal agglomeration. The ranges do not include 
the upper or lower 10% of the particles or agglomer-
ates. 
Several salt solutions were tested for concrete form-

ing tendencies with Y2O3 powder, and results are de- 60 
picted in Table I. The salt solutions (representing the 
liquid in the L/P ratio) are reported as molality (moles 
of salt/1000 g water). Type A Y2O3 powder was used. 
After blending Y2O3 with the salt solution, the resulting 
mixture was allowed to stand at room temperature at a 65 
controlled 81.1% relative humidity (from a saturated 
(NH4)2SC>4 solution). For electron microscopy observa-
tions, the dimensions are diameter for plates, length for 

The samples prepared with sulfates and Y(NC>3-
)-*)H20 formed concretes but cracked badly on drying. 
The MgCh sample did not set up, and the (NH4)2CC>3 
sample set up weakly, resembling chalk after drying. 
The samples which hardened with minimal or no crack-
ing were formed from NH4NO3, Mg(NC>3)2, YC1-
3'i)H20, and NH4CI solutions, and were examined by 
x-ray step scanning techniques. The XRD pattern of 
concretes produced from NH4NO3 solution showed 
Y2O3 and the nominal Y2(0H)sNC>3-1H20 phase which 
is observed in plasters prepared according to Ser. No. 
617,126. The XRD pattern for the concretes produced 
from NH4CI and YC13-T)H20 showed Y2O3 and the 
nominaL Y2(0H)sCMH20 phase also observed in the 
Ser. No. 617,126 plasters. In each case, from relative 
peak height, the unreacted Y2O3 appeared to be the 
major phase, however, quantitative XRD showed only 
a minor amount of unreacted Y2O3 was present (typi-
cally about 13 wt.%). The XRD pattern of the concrete 
prepared from 4.4 M Mg(NC>3)2 solution and the Y2O3 
is shown in Table II and possibly represents a yttrium 
magnesium hydroxynitrate, since no free Mg(N03)2 
was detected. 

TABLE II 
X-Ray Diffraction Pattern Of Concrete Formed By The 
Addition Of Mg(NQ3)2 Solution (4.4 m) to Y2O3 Powder 

d-spacings I / I 1C0« I / I i o o ± 
10.33 18 100 
9.11 8 44 
8.75 4 22 
8.54 i 17 
8.34 4 22 
7.89 3 17 
4.34 + 10 
3.07 + 100 
2.66 + 24 
2.50 + 5 
2.38 + < 1 
2.27 + 6 
2.17 + < 1 
2.08 + 8 
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TABLE II-continued 

X-Ray Di f f ract ion Pattern O f Concrete Formed By The 
Addi t ion O f Mg(NQ3)2 Solution (4.4 m) to Y7.O3 Powder 

d-spacings I / I ioo« I / I |QQ± 

1.941 
1.879 
1.822 
1.724 
1.682 

+ 
+ 
+ 
+ 
+ 

3 
43 

2 5 1 

porosimeter. As seen, the porosity and surface area 
decrease and the density and specific gravity increase 
with increasing salt concentration. The smaller particles 
(A) which initially have a higher surface area give a 

5 denser, less porous material on setting. The minimum 
NH4NO3 concentration for preparing a Y203-based 
concrete having less than 40% porosity using type B 
particles and 0.7 L/P ratio is about 12.8 m. 

TABLE IV 
C O M P A R I S O N O F Y T T R I A C O N C R E T E S P R E P A R E D W I T H D I F F E R E N T A M M O N I U M 

N I T R A T E C O N C E N T R A T I O N S A N D P A R T I C L E SIZES 

Concentration 
of NH4NO3 

(m) 
Powder 

Type 

Bulk 
Density 
(g /cm 3 ) 

Apparent 
Specific 
Gravi ty 

Porosity 
(%) 

Surface 
Area 

(mfyg) 

Pore 
Diam. 
Oxm) 

Percentage 
of Pores 

Less Than 
lOfim 

Diameter 

3.1 B 1.41 3.19 55.7 18.7 0.9 98.8 
12.5 B 1.77 3.08 42.5 14.8 1.0 97.6 
13.9 [ - 8 . 5 M ] B 1.84 2.95 37.6 11.4 0.8 99.1 
23.3 B 1.95 2.71 27.9 5.0 0.2 99.8 
13.9 A 1.94 2.79 30.4 15.9 0.1 100.0 
23.3 A 1.97 2.81 29.7 7.5 1.1 97.7 

1.639 + 4 
1.615 + 28 
1.565 + 5 
1.534 + 4 
1.502 + 2 
1.472 + 1 
1.445 + 3 
1.419 + 1 
1.348 + 2 
1.327 + 4 
1.308 + 3 
1.295 + 1 
1.269 + 2 
1.252 + 1 
1.234 + 1 
1.218 + 6 

•Peak height intensities, diffractomcter, copper K a radiation 
± Excluding Y2O3 spacings 
+ = Y2O3 

Table III presents some physical properties of con-
cretes prepared from Y2O3 and the salt solution. The 40 
concretes were prepared with a L/P ratio of 0.6-0.75 
and cured at 81.1% humidity for 30 days, and dried. 
The concentration of solutions is given in molality, with 
approximate molarity in brackets. The properties were 
determined with a mercury intrusion porosimeter. The 45 
reported weight loss is based on thermogravimetric 
analysis. While the concrete prepared from YCb-ijIfcO 
had a porosity greater than 40%, it was prepared with a 
dilute salt solution. Porosity less than 40% can be ob-
tained from the same particle size and L/P ratio with 50 
about 2.3 m YCb-TjIfeO solution. 

TABLE 

Table V demonstrates the effect of sintering on 
NH4NO3-Y2O3 concrete. The concrete was prepared 
from 13.9 m NH4NO3 solution with L/P 0.6 using Type 
A powder. The concrete was cured for 30 days at 
81.1% relative humidity and dried at 50° C. for 24-48 
hours. The values, except linear shrinkage, were deter-
mined by a mercury intrusion porosimeter. The theoret-
ical (x-ray) density of Y2O3 is 5.03 g/cm3. The sintering 
was carried out in argon as follows: heated at 35° C./hr. 
to 600° C., 175° C./hr. from 600° to 1350° C., held for 15 
minutes at 1350° C., and cooled to room temperature in 
about 4 hours. It is shown that the density increases, the 
% porosity increases, and the apparent specific gravity 
increases to near theoretical density. The pore diameter 
increases substantially and the surface area decreases. 
Additional sintering time at above 1300° C. will cause 
further densification and the porosity will reduce to 
below its original value in the unsintered material. 

TABLE V 
C O M P A R I S O N B E T W E E N A S - F O R M E D A N D S I N T E R E D 

N H 4 N O 3 - P R O D U C E D Y T T R I A C O N C R E T E 
As-Formed Sintered 

Linear shrinkage (%) ~ 0 - 18 
Bulk Density (g /cm 3 ) 1.94 2.89 
Apparent specific gravity 2.79 4.96 
Porosity (%) 30.4 41.7 
Surface area (m 2 /g ) 15.9 1.85 
Average pore diameter (jxm) 0.1 0.5 
Percentage of pores less 99.98 99.34 
Than 10 f im diameter 

III 
P H Y S I C A L PROPERTIES O F S O M E Y T T R I A C O N C R E T E S P R E P A R E D W I T H S A L T S O L U T I O N S 

Percentage Total Percentage 
Average o f Pores Weight Loss on 

Concentration Bulk Apparent Surface Pore less than Heating to 1500° C. 
o f Salt Powder Density Specific Porosity Area Diam. 10 fim D ia. in A rgon 

Salt Solution (m) Type (g/cm*) Gravi ty (%) (m 2 /g ) Qxm) (%) (%) 

NH4CI 6.9 [ - 4 . 6 M ] A 1.89 3.03 37.7 23.6 0.3 99.3 29.5 
Mg ( N 0 3 ) 2 4.4 [ - 3 . 7 M ] A 2.48 3.19 22.1 0.5 3.1 95.2 27.5 
Mg ( N 0 3 ) 2 4.4 [ ~ 3 . 7 M ] B 2.19 3.36 34.9 0.5 2.2 99.0 — 
YCI3 . 7)H2Q[T;~6] 1.3 [ ~ 1.2M] A 1.62 3.16 48.7 45.0 0.2 99.7 23.5 

Table IV demonstrates the effects of ammonium ni-
trate concentrations and particle sizes on the properties 
of the concretes. The concretes were prepared with 65 
L/P of 0.7, cured 30 days, in 81.1% relative humidity, Table VI demonstrates the physical properties of 
and dried. The salt concentrations are in molality and concretes prepared from rare earth oxides. The con-
the properties were determined by a mercury intrusion cretes were prepared from 13.9 m NH4NO3 with L/P of 
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0.8 and cured 30 days at 81.1% relative humidity. The 
starting oxide powders were 99 wt.% pure and were 
nominally smaller than 500 mesh with an average parti-
cle size of 0.1-10 micron. The properties were deter-
mined by mercury intrusion porosimeter with samples 5 
dried at 50°-a° C. for 24-48 hours. The hardness was 
determined both before and after drying. Ranks 1-3 are 
quite hard and 4 and 5 are moderately hard. The La2C>3 
cement expanded during drying, breaking its glass con-
tainer after 5 days. Though these concretes had greater 10 
than 40% porosity, concretes having less than 40% 
porosity can be prepared using a L/P of 0.6 with the 
same salt concentrations and particle sizes. For a partic-
ular particle size and L/P ratio, the La2C>3-, Nd2C>3-, 
Sm2C>3-, EU2O3- and Gd2C>3-based concretes require a 15 
salt solution of about the same concentration as do the 
Y2C>3-based concretes to achieve a porosity less than 
40%. 

TABLE VI 

the degree of binder formation depends upon the differ-
ence between the initial concentration of salt in solution 
and the final equilibrium concentration of salt in solu-
tion. The greater the excess salt concentration, the 
greater the degree of binder phase formation, however, 
even saturated salt solutions will not provide 100% 
conversion of oxide to binder phase, as indicated by 
unreacted oxide in the XRD pattern. Supersaturated 
salt solutions are generally undesirable since additional 
excess salt may volatilize upon sintering, causing crack-
ing. The preferred salt concentration for NH4NO3 solu-
tions is about 13-14 m with optimum physical proper-
ties (for Y2O3 cements) obtained with 13.9 m salt con-
centration. For some applications, the oxide particles 
may be initially of different sizes so that the smaller ones 
would preferentially react with the salt to form binder 
with larger particles remaining as aggregate. 
An important property of the concretes of this inven-

PHYSICAL PROPERTIES O F L A N T H A N I D E CONCRETES 

La 2 0 3 N d 2 0 3 Sm 2 0 3 E u 2 0 3 G d 2 0 3 Comments 

Hardness Rank 5 1 4 2 3 No cracking was observed during 
Approximate time < 24 h < 48 h < 2 wk < 48 h < 48 h curing or after drying. Dry ing 

Bulk Density g/cm3 ) 
shrinkage was —0 for 2.25 cm 

Bulk Density g/cm3 ) 1.43 1.82 1.87 1.80 1.80 samples. Each oxide appeared 
Apparent specific 3.09 3.46 3.45 3.37 3.51 to begin reacting shortly after 

gravity mixing, since some ammonia 
Porosity (%) 53.8 47.4 45.8 46.6 48.7 evolved and heating occurred. 
Surface area 3.6 !1.0 5.6 11.3 12.6 

(m2 /g) 
Average pore 1.9 0.3 1.4 0.4 0.7 
diameter (f im) 

Percentage of pores less 98.3 99.5 99.0 99.5 99.1 
than 10 Jim diameter 

The formation of the concretes of this invention is a 
distinctly different process from plaster formation in 
oxide-acid systems. The plasters generally set up in 5-60 
minutes while the concretes generally require more 
than 24 hours for setting. Furthermore, the setting time 
for concretes is related to the relative humidity. At 
room temperature and 50% relative humidity about 10 
days is required for setting. At 81.1% relative humidity 
only 1-2 days is required and at 100% relative humidity 
setting occurs in less than 24 hours. Additionally, 
La2C>3 does not react with acids such as HNO3 to form 
plasters but does form a concrete when contacted with 
NH4NO3 according to this invention. Generally, the 
concretes of this invention have about the same pore 
diameter and apparent specific gravity as the corre-
sponding Ser. No. 617,126 oxide-acid plasters. The con-
cretes are unexpectedly less porous, however, having 
generally 25-65% lower porosity and 15-65% greater 
bulk density than the plasters. It is believed that the use 
of salt solutions rather than acids slows down the for-
mation of binder phase crystals (needles or plates) in 
such a fashion that much greater packing occurs, giving 
rise to low porosity hard concretes. 
As mentioned above, the concretes prepared from 

only binder oxides contain unreacted binder oxide as 
aggregate. This is accomplished because the oxide pow-
der in both plaster and concrete formation is never 
completely converted to hydroxy salt binder. For ex-
ample, in concretes prepared from Y2O3 and NH4NO3 
solution with an L/P of 0.7, a theoretical salt concentra-
tion of 6.4 M would give complete conversion to binder 
phase composition of Y2(0H)sN03-H20. However, an 
approximately 8.5 M solution of NH4NO3 yielded only 
85% conversion to the binder phase. It is suspected that 

tion is that they are sinterable. The binder phases de-
compose at about 600° C., so upon sintering generally 
above 1300° C. for at least about \ hours, the concrete 
is both densified and the binder phase is decomposed, 

' forming the oxide initially used to form the cement. If a 
non-reactive aggregate such as AI2O3 is present in the 
concrete, the sintered product is a mixture of the aggre-
gate and the yttrium or lanthanide oxide. Accordingly, 
the concretes are useful in fabricating articles compris-
ing Y2O3, La203, Nd203, Sm203, EU2O3 and Gd203. 
The fluid mixture of oxide and salt solution is cast or 
otherwise formed into the desired shape and sintered by 
heating to above 1300° C., whereupon the cement ma-
trix decomposes to form the original oxide which densi-
ties and bonds to the aggregate particles to form tough 
ceramic material. 
The sintering conditions for the concretes of this 

invention depend upon whether a nitrate or chloride 
salt was used to produce the binder phase. Thermal 
analyses have indicated that the Y203-based nitrate 
concretes can be sintered if sufficiently slow heating 
rates (e.g. 100° C./hr.) are used below 600° C. Upon 
heating above about 600° C., the nitrate binder phase 
decomposes leaving pure Y2O3 plus any non-reactive 
aggregate present. Chloride concretes can be heated at 
conventional heating rates (e.g. 400° C./hr.) and should 
be sintered in air or O2 because of replacement of chlo-
rine with oxygen at about 600° C. Sintering of chloride 
concretes in argon or vacuum would be hampered by 
YOC1 evolution above 1400° C. The Y203-based 
Mg(N03)2 concrete results in a Mg0-Y203 mixture 
upon heating above 600° C. and can be sintered at tem-
peratures above 1300° C. This is advantageous in that 
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the concrete can be used as a coating composition, and 
the MgO-Y2C>3 ratio could be tailored to provide a 
particular thermal expansion coefficient intermediate 
that of MgO or Y2O3. 
An important advantage to the concretes prepared 5 

with Y2O3 is that they do not rehydrate upon exposure 
to moisture as do calcium aluminate concretes. Rehy-
dration of calcium aluminate causes cracking problems 
upon reheating as well as on storage in normal room air 
relative humidity. 10 
The use of non-reactive aggregates can reduce the 

cost of the concrete and permits the formation of con-
cretes having only a thin layer of binder phase between 
aggregate particles, thereby enhancing the resistance to 
cracking upon sintering. 15 
For concretes with aggregates other than the binder 

oxide (such as Al2C>3-CaO- or Y2C>3-stabilized ZrC>2, 
etc.) a sintering temperature is required that wUl cause 
bonding between the thin layer of reactive oxide (from 
binder phase) and the aggregate. Sintering temperatures 20 
should be higher than use temperatures to prevent fur-
ther shrinkage when the ceramic is used. It is a matter of 
routine testing to determine appropriate sintering condi-
tions for a particular concrete composition of this inven-
tion. For example, concretes having a Y2C>3-based 25 
binder and an AI2O3 aggregate (usually more than 75 
vol. %) can be sintered for 1-2 hours at 1650° C. Eutec-
tics form in the Y2O3-AI2O3 systems which melt at 
about 1800° C. and sintering should be at least about 
150° C. below the melting point of the eutectics to pre- 30 
vent sagging. With a stabilized ZrC>2 aggregate, the 
sintering and use temperature can be substantially 
higher since the lowest melting composition in the 
Y2O3-Z1O2 system melts at 2380° C. These sintering and 
use temperatures can be above 1900° C. with at least 1-2 35 
hours at sintering temperature required for densifica-
tion. Several non-reactive aggregates were tested to 
determine whether additional strength was provided. 
Of concretes prepared from 20 wt.% Y2O3, 80 wt.% — 
14 + 325 mesh, respectively of AI2O3, SiC, MgO, and 40 
CaO-stabilized Zr02 (CaO= ~5 wt.%, Zr02 = -95 
wt.%) and 13.9 m NH4NO3 solution with L/P §0.2 
(liquid to total powder), generally the Zr02 allowed the 
formation of very hard tough concrete, setting in 24-72 
hours. This concrete appeared to become harder on 45 
drying at 50° C. for 24 hours, however, after about two 
days of re-exposure to room temperature air (50% rela-
tive humidity), the strength deteriorated due to micro-
cracking. This concrete can be sintered soon after for-
mation at about 2000° C. to result in a very hard, high 50 
temperature resistant material. The concrete after sin-
tering has a use temperature of up to 2000° C., which is 
over 400° C. higher than conventional concretes. The 
AI2O3 containing concrete was weak, but its strength is 
significantly improved when prepared from a 55 
75%-25% weight mixture of AI2O3 and Y2O3. 
To illustrate a suitable sintering schedule, a cylindri-

cal crucible about 5" high, 5" diameter, and J" thick 
was prepared with NH4NO3 solution and 20 wt.% 
Y2O3 - 80 wt.% CaO-stabilized Zr02 was cured at room 60 
temperature and 100% relative humidity for 36 hours, 
then dried at 50° C. for 15 hours. The crucible was 
heated at 100° C./hr. to 600° C„ 400° C./hr. to 1950° C., 
1 hr. hold at 1950° C., and 300° C./hr. cooldown to 500° 
C. The sintering took place in a vacuum, less than 10-4 65 
torr. A well-sintered crucible resulted. A similar 5" X 
5" X i" crucible was prepared from NH4NO3 solution 
and a 75 wt.% AI2O3 - 25 wt.% Y2O3 mixture, and 

cured for 48 hours at room temperature and 100% rela-
tive humidity, and dried for 15 hours at 50° C. The dried 
crucible was heated at 100° C./hr. to 600° C., 250° 
C./hr. to 1600° C., 2 hr. hold at 1600° C., and 250° 
C./hr. cooldown to 500° C. The sintering took place at 
less than 10-4torr. Of course, the sintering time for any 
concrete composition will depend upon the degree of 
densification desired and it is well within the skill of the 
art to work out appropriate sintering schedules for a 
particular sized object of a particular composition. 
When concretes of this invention are to be sintered, 

the concentration of the initial salt solution should be as 
low as possible for achieving the desired physical prop-
erties in the unsintered article. In this manner the 
amount of excess salt in the unsintered article will be 
minimized, thereby reducing the amount of material 
volatilized during sintering. 
Some oxide aggregates behave differently from Zr02 

and AI2O3. For example, MgO aggregates with Y2O3 
do not set up from NH4NO3 solutions, however, some 
strength develops upon drying. SiC aggregates with 
Y2O3 form weak concretes when SiC makes up more 
than 80% of the aggregate-oxide mixture. Other suit-
able aggregate materials can be undoubtedly found by 
routine testing, and such materials are considered equiv-
alents of those aggregates disclosed herein. 
The following examples demonstrate the fabrication 

and physical properties of concretes prepared accord-
ing to this invention and containing aggregate materials 
other than binder oxides. 

EXAMPLE I 
20 g. of type B Y2O3 powder was dry blended with 80 

g. of CaO-stabilized Zr02 smaller than 2400 microns 
(—8 mesh). 12 cc of 13.9 m aqueous NH4NQ3 solution 
(liquid to binder oxide ratio of 0.6) was added and the 
mixture was stirred in a glass beaker. The beaker was 
mechanically vibrated for about 10 seconds to remove 
bubbles and was cured for 24 hrs. at room temperature 
and 81.1% relative humidity. The resulting hardened 
material was removed by breaking the beaker and dried 
in flowing air at 50° C. for 24 hrs. Density was measured 
by ethyl alcohol absorption. The material had an appar-
ent specific gravity of 4.1 ± 0.1, a bulk density of 3.75 
± 0.5 g/cc and an apparent porosity of 10.7 ± 0.1%. 

EXAMPLE II 
12.5 g. of type B Y2O3 powder was dry blended with 

37.5 g. of AI2O3 smaller than 2400 microns (—8 mesh). 
8 cc of 13.9 molal aqueous NH4NO3 solution (liquid to 
binder oxide ratio of 0.64) was added and the mixture 
was stirred in a glass beaker and mechanically vibrated 
for 10 seconds to remove bubbles. The mixture was 
cured and dried as in Example I and the density was 
measured by ethyl alcohol absorption. The material had 
an apparent specific gravity of 3.32 ± 0.01, a bulk den-
sity of 2.88 ± 0.1 g/cc and an apparent porosity of 13.5 
± 0.05%. 
Another application of the concrete of this invention 

is in coating technology. Y2O3 coatings are used in the 
art for protecting graphite crucibles, etc. See, for exam-
ple, the coating composition described in U.S. Pat. No. 
4,002,784, which comprises an aqueous suspension of 
Y2O3 containing sodium carboxymethylcellulose. It was 
found that by applying such a coating composition to a 
surface such as graphite and spraying the coated surface 
with a dilute NH4NO3 solution, or by adding NH4NO3 
to the 3% CMC solution followed by normal stirring, 
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that very hard coatings result. The preferred NH4NO3 2. The concrete of claim 1 wherein said aggregate 
concentration is 0.4-0.7 m since the concentration in- material is selected from the group of Y2O3, La2C>3, 
creases on drying. After application, the coatings must Nd2C>3, Sm2C>3, EU2O3, Gd2C>3, AI2O3 and ZrC>2. 
be cured about 7-10 days in normal room air (50% 3- T h e concrete of claim 1 wherein said aggregate is 
relative humidity), As with all of the concretes of this 5 „ , 
invention, the curing time is reduced to 24-48 hours in * The concrete of claim 1 wherein said aggregate is 
81.1% or greater relative humidity. Zr02 and said oxide is Y2O3. ™ . B . - t , J . ,, T „ 5. The concrete of claim 1 wherein said aggregate is The formation of cement phases from Y2O3, La2U3, AI2O3 
Nd203,Sm203,Eu203 and Gd203 and salt solutions was 10 6 x h e concrete of claim 1 wherein said salt is unexpected and surprising based on experience with Mg(NOj)2 
plasters. In order to form plasters, acid concentrations 7. The concrete of claim 6 wherein said oxide is Y2O3. 
greater than about 0.5 M were required to form a spon- 8. The concrete of claim 1 wherein said salt is selected 
taneously hardening plaster. Based upon the experience from the group of NH4CI and YCI3. 
with plasters and the present concretes, it is likely that 15 9. A castable composition produced by contacting an 
concretes can be prepared from other chloride and oxide selected from the group of Y2O3, La203, Nd2C>3, 
nitrate salts, as well as other halogenide salts, and such Sm203, EU2O3, and Gd203 with an aqueous solution of 
concretes are contemplated as equivalents of those de- a salt selected from the group of NH4NO3, NH4CI, 
scribed herein YC13 and Mg(N03)2 to form a fluid mixture which spon-
What is claimed is: 20 ^ ^ hardens. 
1. A concrete composition having less than 40% ,10' T h e castable composition of claim 9 further com-

porosity, said composition comprising particles of ag- ^ o ^ / l f o 8 ^ m gr°UP 

gregate material embedded in a cement matrix, said c composition of claim 9 in which said 
cement matrix produced by: „ Qxide is Y2o3 and further comprising ZrC>2 as aggregate a. contacting an oxide selected from the group of material. 

Y2O3, La203, Nd203, Sm203, Eu203 and Gd203 12. The castable composition of claim 11 in which 
with an aqueous solution of a salt selected from the said salt is NH4NO3. 
group of NH4CI, YCI3 and Mg(N03)2 to form a 13. The castable composition of claim 9 wherein said 
fluid mixture; and 30 salt is selected from the group of NH4CI and YCI3. 

b. allowing the fluid mixture to harden. * * * * * 
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