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Comprehensive studies of the decomposition of (NdOH)CO, and Nd2(C0& . 8HZ0 have been carried 
out. The atomic level details of the decomposition as revealed by high-resolution electron microscopy 
are correlated with the results from thermogravimetric analysis and high-temperature X-ray diffraction 
analysis. The two sequences of decomposition are found to be 

(NdOH)CO, + (Nd0)2C03-I + (Nd0)#Z03-II + (Nd0)2COj-II + (Nd0)2C03-II + Nd203-A + 

Nd203-A + NdZ03-C + Nd203-A 

and 

Nd2(COJs . 8H20 + NdZ(CO& . Hz0 + NdZ(CO& + (NdO)zCOj-I + (NdO)zC09-I 

+ (Nd0)2C03-II -+ (NdO)$ZOJI + (NdO),COrI + Nd203-C + Nd203-A + Nd203-C. 
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Introduction 

Rare-earth oxides have received much 
attention in the past decade or two, partly 
because of new applications of these mate- 
rials both as matrices and dopants in cata- 
lyst support, electrical, optical, magnetic, 
nuclear, and superconducting technologies. 

The carbonates of the rare-earth metals, 
like their oxalates, are used in the prepara- 
tion of rare-earth-containing oxides. The 
thermal decomposition of rare-earth car- 
bonates has been the subject of numerous 
studies (I-6). A large spread of the re- 
ported decomposition conditions of the in- 
termediate compounds has been reported. 

The particular strength of electron micro- 
scopic techniques applied here in the study 

of the thermal decomposition lies in the ob- 
servation of the in situ dynamical process. 
An electron microscopic investigation 
of neodymium hydroxycarbonate (p- 
NdOHC03) has been carried out by H. 
Dexpert et al. using a JEOL IOOC electron 
microscope (7, 8). They reported that the 
transition was topotactic and they estab- 
lished the crystallographic orientations be- 
tween the hydroxycarbonate and the prod- 
uct dioxymonocarbonate: 

/3-NdOHC03 + 
(Nd0)$03-II + NdzOx-A. 

This sequence of reactions is realized in 
this series of layered hexagonal com- 
pounds. Dexpert et al. found two different 
epitaxial relationships with the initial hy- 
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droxycarbonate matrix. In one, the c-axes 
of the hexagonal structures are common, 
and the [l,l ,O] of NdOHC03 and the [O,l,O] 
of the dioxycarbonate are parallel, and in 
the other, the two c-axes are distinct but 
parallel. They could not determine the epi- 
taxial condition of the decomposition of the 
dioxycarbonate to the oxide. 

In the present study the thermal decom- 
position process of neodymium hydroxy- 
carbonate (a-NdOHCOJ and neodymium 
carbonate hydrate (Nd2(C0& . 8H20) 
through imermediate compounds to the 
sesquioxide (Nd203) were investigated. 
Thermogravimetric techniques, room-tem- 
perature powder X-ray diffraction methods 
and high-temperature X-ray diffraction 
methods were used to map out the macro- 
scopic feattires of the decomposition. High- 
resolution electron microscopy (HREM) 
was used to observe the atomic-level reac- 
tion process. 

Sample Preparation 

The neodymium carbonate hydrate 
(Nd2(C0& . 8H20) was prepared by dis- 
solving the oxide (Nd203, 99.999%) in an 
aqueous solution containing a slight excess 
of 25% trichloracetic acid with subsequent 
heating to decompose the trichloroacetate 
ion (2, 9): 

2Nd(C2Cl@2)3 + 3Hz0 + 
Nd2(C0& + 6CHC13 + 3C02. 

The starting solution was prepared by 
dissolving about 5 g of the oxide in 130 ml 
of the trichloracetic acid solution, heating 
until precipitation started, cooling, adding 
crystals of trichloracetic acid until the pre- 
cipitate just dissolved, and then diluting to 
150 ml. 

The decomposition of the trichloroace- 
tate solution was accomplished by bubbling 
CO2 through it at 80-90°C for about 20 min. 
The carbonate was filtered by suction and 

washed thoroughly with ethanol and then 
water until the washings were free from 
chloride as established by the Beilstein test 
(Ag + Cl + AgCl J, ), then again with etha- 
nol, and finally with ethyl ether in order to 
hasten drying. 

The neodymium hydroxycarbonate 
(NdOHC03) was prepared by using the fil- 
tered solution containing neodymium tri- 
chloroacetate described above. The filtrate 
was heated at 80-90°C for about 2 hr with- 
out bubbling C02. This precipitate was 
treated in the same way as the hydrate. 

The neodymium carbonate anhydrate 
(Nd2(CO&) was prepared from the octahy- 
drate by heating the latter at about 350°C 
for 70 hr. 

Experimental Procedures 

(1) The Thermogravimetric Study 

Thermal decomposition in air was ac- 
complished using a CAHN 1000 electrobal- 
ante. The weighed sample of about 40-90 
mg was suspended in a platinum bucket at 
the end of a Pt wire. During thermogravi- 
metric analysis, the sample temperature 
was continuously raised lS”C/hr from room 
temperature to 900°C. The temperature and 
weight were recorded simultaneously. 

In separate experiments specimens for 
room-temperature X-ray identification 
were prepared as follows. The furnace was 
heated at the desired temperature for about 
2-3 hr. After the temperature reached a 
constant value, the furnace was raised, and 
thereby the reaction was started. The 
weight change and the temperature of the 
sample were simultaneously recorded on a 
chart as a function of time. The furnace was 
lowered after the weight was judged to have 
attained a constant value. The furnace was 
then set to the next desired temperature, 
and the procedure repeated. These an- 
nealed specimens were considered to be 
near equilibrium. 
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TABLE I 

JCPDS CARDS USED FOR COMPOUND 

IDENTIFICATION 

a-NdOHCO1 27- 1296 Nd,(C0,),8HjO 31-877 
(Nd0)2C0,-I 25-567 NMCQMW 28-670 
(Nd0)2C03-IA 23-421 Nd203-A 6-408 
(NdO)&ZOj-II 37-806 Nd203-C 21-579 

(2) The Room-Temperature Powder X-ray 
Diffraction Study 

X-ray diffraction patterns of the samples 
cooled to room temperature were obtained 
with a diffractometer using monochroma- 
tized CL&~ radiation (Geigerflex D/max B, 
Rigaku Co.). 

(3) The High-Temperature X-ray 
Diffraction Study 

A high-temperature X-ray diffractometer 
attachment (D231 lB1, Rigaku Co.) was 
used for the observation of in situ decom- 
position of carbonate compounds. The 
Geigerflex Dlmax-RB X-ray diffractometer 
system (rotating anode type, RV-200B, Ri- 
gaku Co.) was adopted for the X-ray stud- 
ies. The powdered sample was ground in an 
agate mortar with propyl alcohol to a paste. 
It was then applied to the sample plate 
made of Pt and the surface made flat by 
pressing. The sample was heated at about 
S”C/min to the desired temperature, and the 
diffraction pattern was taken after waiting 
about 60-240 min. 

(4) The High-Resolution Electron 
Microscopic Study 

For the HREM studies, samples were 
crushed and suspended in alcohol to obtain 
a distribution of fine particles. A drop of 
this suspension was placed on a holey car- 
bon film supported on a copper grid. For 
microscopic analysis, JEOL 200CX and 
JEOL 4000EX microscopes equipped with 
top-entry double-tilt goniometers, operat- 

ing at 200 and 400 kV, respectively, were 
used. 

Optical diffraction measurements were 
made from the HREM micrographs using a 
monochromatic laser beam source mounted 
on an optical bench. 

Identification of the compounds formed 
was made by comparison of d-spacings 
with the JCPDS cards listed in Table I. 

Results and Discussion 

(I) Thermogravimetric Analysis and 
Room-Temperature Powder X-ray 
Diffraction Studies 

Figures 1 and 2 record the thermal 
decomposition of a-NdOHC03 and Ndz 
(CO,), . 8H20, respectively, during ther- 
mogravimetric runs (continuous curves) 
showing the sequential ranges of stability of 
the intermediates during reaction. The final 
products were identified as A-type Nd203 
by X-ray diffraction. Furthermore, some of 
the samples of equilibrated intermediate 
phases cooled from the preparation temper- 
atures were identified by powder X-ray dif- 
fraction. The preparative temperatures are 
shown and the structures identified in Fig. 1 
(symbols A, W, v, +) and in Fig. 2 (m, v, 
0, 0, A, Cl). Filled circles (0) indicate 
other equilibration runs. 

Samples from Run Numbers 4 and 8 were 
identified as monoclinic (Nd0)2C03-IA 
(type-IA), and Run Number 12 was identi- 
fied as tetragonal (Nd0)2C03-I (type-I). 
The transformation of I to IA was reported 
by J. 0. Sawyer et al. (IO) as was the trans- 
formation of (Nd0)&03-IA to the hexago- 
nal (Nd0)2C03-II (type-II). However, these 
transformations were not observed in these 
experiments. (Nd0)2C03 was observed to 
decompose directly to Nd203 and the re- 
ported intermediate phase Nd203 * 0.75C02 
(I) was not found. 

The decomposition temperatures listed in 
Table II were taken as the point at which 
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FIG. 1. Thermogravimetric observations on cu-NdOHC03. The solid line is from continuous heating 
at lS”C/hr. Symbols mark “equilibrium” points from which room-temperature powder diffraction 
patterns indicated the phases present as marked in the inset at bottom left. Dashed lines mark decom- 
position temperatures. The inset at the upper right shows in detail the basis of 636°C as the decomposi- 
tion temperature of (NdO)$ZO, . 

yl- 1 0 to 906 

2 . 

3 8 671 NdzOyA + NdZO$ 

4 T 492 (Nd0)2C03-IA 

5 l 390 NdOHCq 

TABLE II 

THE DECOMPOSITION TEMPERATURES OF NdOHCO, AND NdZ(CO& . 8Hz0, THEIR 
INTERMEDIATE PRODUCTS, AND THE RESULTS OF X-RAY ANALYSIS 

(NdOH)C03 + (NdOhCO, + NdzO3 Heating rate/ 
atmosphere 

Present study 410°C 636°C 
Akinc and Sordelet (2) 510 735 

Nda(C03h 8HrO + Ndr(CO,), + (NdO)&O, -+ NdZOS 

0.25”C/min/air 
20”C/min/air 

Present study 50,9oT 395°C 620°C 0.25”Clminlair 
Head and Holley (1) 58 406 620 0.6”C/min/ZO Torr Hz0 
Sastry et al. (3) 340 520 820 3-SC/mitt/air 
Wendlandt and George (4) 120 525 785 S”C/min/air 
Charles (5) 400 580 2”Ciminiargon 
Cheng and Yen (6) 140 370 550 S”C/min/air 
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FIG. 2. Thermogravimetric observations on Nd2(C03), 8H20. The solid line is from continuous 
heating at 15”Uhr. Symbols mark “equilibrium” points from which room-temperature powder diffrac- 
tion patterns indicted the phases present as marked in the inset at the upper right. Dashed lines mark 
decomposition temperatures. 

the continuous TGA curve deviates below a 
straight line in each intermediate phase re- 
gion. The decomposition temperatures of 
NdOHC03 and (Nd0)2C03 observed in this 
study were significantly lower than those 
observed by Akinc (2). The probable rea- 
son is that the specimen heating rates dif- 
fered by almost an order of magnitude. The 
decomposition temperatures of the present 
study of Nd2(C0& * 8H20 are similar to 
those of Head (I) but much lower than 
those of Sastry (3) or Wendlandt (4). The 
differences with the latter two could be due 
to a combination of much lower heating 
rates and the method of choosing the de- 
composition temperature. The start of de- 
hydration of the octahydrate would be the 

most sensitive to the differences of atmo- 
sphere and heating rates. The lower decom- 
position temperature of the (Nd0)2C03 in 
argon as observed by Charles (5) is possibly 
due to the atmosphere and the choice of the 
initiation temperature. Cheng’s results (6) 
are not easily rationalized. 

The apparent difference in the decompo- 
sition temperatures of (Nd0)2C03 and the 
shape of the TGA curves, depending on 
whether the dioxymonocarbonate source is 
the hydroxycarbonate or the carbonate, is 
due to the polymorphism of the (Nd0)&03 
(type-1 or -11) as is clearly shown in the next 
section. It must be emphasized that the cri- 
teria for assessing the onset of decomposi- 
tion is different and somewhat subjective in 
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each method, hence, all things considered, 
a wide variation should be expected. 

(2) The High-Temperature X-ray 
Diffraction Studies 

The in situ observation of the decom- 
position processes and phase reactions 
of neodymium hydroxycarbonate ((u- 
NdOHC03), the carbonate hydrate 
(NdQN3 * 8H20), and the carbonate 
(Nd2(C03),) were made using high-tempera- 
ture X-ray diffraction. Figure 3 shows typi- 
cal results of the successive changes ob- 
served for (a) NdOHC03 and (b) Nd2 
(CO,), . 8H20. These results are inter- 
preted and summarized in Table III. The 
carbonate octahydrate and the carbonate 
anhydrate gave the same results. 

Contrary to the results obtained in the 
powder X-ray diffraction of cooled speci- 
mens, no evidence for the monoclinic 
(Nd0)2C03-IA was found in the high-tem- 
perature X-ray studies. This is in agreement 
with Turcotte et al. (II) who did not ob- 
serve the type-IA in their high-temperature 
X-ray studies. Type-IA may be a low-tem- 
perature form which is not involved in the 
thermal decomposition process itself. 

(a) From the high-temperature X-ray 
studies an apparent decomposition route of 
NdOHC03 is as follows: 

NdOHC03 + (Nd0)2CO3-I 
+ (Nd0)2C03-II + (Nd0)2C03-II + 

(Nd0)2COj-II + Nd203-A * Nd203-A 
+ Nd203-C + Nd203-A. 

TABLE III 
THE RESULTS FROM HIGH-TEMPERATURE X-RAY OBSERVATIONS OF THE 

DECOMPOSITION OF NdOHCOj 

(1) NdOHCO, NdOHCO, 
430°C (NdO),CO,(-I) + (NdO),CO,(-II) 
600 (Nd0)2CO,-II 
700 (Nd0)2C0,-II + Nd20,-A 
750 Nd03-A + NdZ03-C 
900 Nd*O,-A 

(‘3 NW%), . 8&O 
Nd#ZO,), . 8H20 

90 “C Nd2(C0,), . 8H20 + Nd2(C0,),HZ0 
150 Nd,(CO&HzO 
300 W(CW, 
413 Nd&O& + (Nd0)2C03-I 
430 (NdO)jCOj-I 
500-530 (NdO)zCO,-I + (Nd0)2COj-II 
650 (Nd0)2C03-II + (Nd0)2COj-I + Nd20j-C 

at 650 (Nd0)2COj-II + (NdO)#JO,-I + Nd203-C 
at 650 3 hr Nd203-C + Nd201-A 

700 Nd20x-A + Nd203-C 
(3) Ndz(CO,)x 

Ndz(COA 
413°C NdZ(C0J2 + (Nd0)&03-I 
424 (NdO)&O,-I 
529 (Nd0)2COJ-I + (Nd0)2C03-II 
600-650 (Nd0)2COS-II + (NdO)>C03-I + Nd201-C 
700 (Nd0)2C0,-II + NdZ03-C + Nd20,-A 
750 Nd201-C + Nd203-A 
850 Nd20j-A + Nd20,-C 
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FIG. 3. Sequential high-temperature X-ray diffraction patterns of (a) NdOHC03 and 
(b) Nd2(C09), . 8H20. Temperatures are shown on the left and the decomposition products are identi- 
fied by the diffraction maxima. 
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FIG. 3-Continued 

NdOHC03 decomposed to (NdO)zC03-I higher than that observed in TGA. This is 
and (NdO):C03-II at about 430°C. This de- considered to indicate some inaccuracy in 
composition temperature is somewhat the temperature measurement of HTXRD 
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because of a variable packing of the sample 
powder. A single phase region of type-1 was 
not observed. Type-I (Nd0)&03 trans- 
formed to type-11 at about 600°C. The phase 
transformation from tetragonal type-1 to 
hexagonal type-II was reported by Turcotte 
et al. (II). The type-II was present up to 
700°C. This temperature is higher than the 
starting decomposition temperature of 
(Nd0)2C03 determined by TGA (636°C). 

The type-II decomposed to Nd203 (type- 
A) first at about 700°C. Above this tempera- 
ture Nd203 (type-A) and Nd203 (type-C) are 
recorded. The existence of the mixture of 
type-A and type-C is consistent with the 
powder X-ray diffraction pattern of the 
TGA sample. Finally only the type-A ses- 
quioxide remained. 

(b) The hydrate decomposed in the fol- 
lowing sequence: 

Nd2(C0& . 8H20 -+ 
NdZ(CO& . Hz0 + Ndz(CO& + 

(Nd0)&03-I + (NdO)zCOj-I 
+ (Nd0)$Z03-II + (Nd0)&03-11 

+ (Nd0)2C03-I + Nd203-C + 
Nd203-A + Nd203-C. 

The anhydrous Nd2(C0& decomposed to 
type-1 first at about 413°C. Type-I was sta- 
ble up to about 500°C and then started to 
transform to type-II. The type-C sesquiox- 
ide appeared at about 600°C while some 
type-1 still remained. At about 700°C all the 
dioxymonocarbonate had decomposed to 
the sesquioxide. The decomposition tem- 
peratures are in agreement with those of the 
TGA method. In one run, a mixture of type- 
I, type-II, and type-C was present at 650°C 
for 3 hr, type I and type-II decomposed to 
type-C and type-A oxides. This result fur- 
ther supports the idea that type-II trans- 
forms to type-A. As already described in 
the TGA section, the decomposition tem- 
perature from (Nd0)2C03 to Nd203 from 
NdOHC03 is somewhat higher than that 
from Ndz(CO& * 8H20. The high-tempera- 
ture X-ray study of NdOHC03 shows the 

hexagonal (Nd0)2C03 decomposing to the 
oxide Nd203, and in the decomposition of 
Ndz(CO& the tetragonal (Nd0)&03 de- 
composes to the oxide Nd203 before the 
transformation to hexagonal (Nd0)$03 is 
complete. The discrepancy seems to lie in 
the differences in the stability of tetragonal 
type-I and hexagonal type-II. Type-II is 
stable to higher temperatures than type-I. 
This is also suggested by the work of Tur- 
cotte et al. (II). 

Type-A sesquioxide is the decomposition 
product from NdOHC03. This decomposi- 
tion process was reported by Shiffmacher 
et al. (8). Type-A transforms to type-C but 
the final oxide is type-A, suggesting some 
equilibrium between type-A and type-C. 
Both the type-II (NdO)2C03 and type-A 
(Nd203) are structures in which layers of 
hexagonal (NdO) are separated either by 
C03*- or O*- insertions, so it seems to be 
easier to decompose from type-II to type-A 
than from the tetragonal type-1 to hexago- 
nal type-A or hexagonal type-II to cubic 
type-C. In the case of Nd2(C0&, the first 
oxide is cubic type-C in coexistence with 
type-1 and type-II. This result indicates that 
the (Nd0)2C03-I decomposes to Nd203-C, 
and that explains why the (Nd0)2C03 pro- 
duced from Nd2(C0& during TGA decom- 
poses at lower temperatures than that from 
NdOHC03. 

From the TGA and HTXRD studies the 
transformation and decomposition reaction 
process of (Nd0)$03 to Nd203 is thought 
to be as follows: 

(Nd0)2COj-I + Nd203-C 
4 L 

(Nd0)2C0j-II + Nd203-A 

(Note that this still leaves unexplained the 
appearance of C-type Nd20s at 851” from 
NdOHC03 .) 

(3) High-Resolution Electron Microscopy 

(a) Neodymium hydroxycarbonate (Q- 
NdOHCOj). The decomposition of the (Y- 
hydroxycarbonate was investigated utiliz- 
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FIG. 4. Electron diffraction-patterns of the original 
sample of (a) u-NdOHCO, , [ 1101 and (b) and (c) where 
the specimen is transforming to (NdO)&03-I. 

ing JEOL 200CX and 4000EX microscopes. 
This compound decomposed rapidly in the 
200CX first to an amorphous product out of 
which the dioxymonocarbonate crystal- 
lized. No further decomposition of this 
specimen was observed. 

The sequence of diffraction patterns re- 
produced in Fig. 4a-c show this sequence 
clearly. The ordered hydroxycarbonate 
which yielded the sharp diffraction spots of 
Fig. 4a changed almost immediately to 
yield the broad diffuse ring pattern shown 
in Fig. 4b, characteristic of a very finely 
divided, poorly crystalline product. Figure 
4c records a diffraction pattern of 
(Nd0)2C03-I. The image at the beginning 
showed evidence of thin edge nucleation 
and growth that results in segmented 
fringes roughly parallel to tangents to the 
crystal edge. In this sample, consistent with 
the HTXRD results, a small area of type-II 
was also observed. The region in which 
type-1 and type-II coexisted was viewed 
along [020]. In contrast with P-NdOHC03, 
a-NdOHC03 is orthorhombic and has no 
hexagonal layers of (NdOH),2”+ (12, 13). 
The (NdOH),*“+ layers are rearranged to 
give both type-1 and type-II dioxymonocar- 
bonate. 

In the 4000EX the hydroxide decom- 
posed completely into the oxide. The hy- 
droxycarbonate rapidly formed a poorly 
crystalline product. The [020] diffraction 
pattern of a-NdOHC03 (Fig. 5a) immedi- 
ately changed to a diffuse ring pattern that 
was identified as a mixture of type-1 and 
type-II (Fig. 5b). 

Figure 6a shows a region of the coexis- 
tence of type-II, type-C, and type-A. Fig- 
ures 6b to e show the optical diffraction pat- 
terns corresponding to the areas l-4 in Fig. 
6a. Figure 6b corresponds to the type-II 
(0001) spacing, and Fig. 6c is type-C (222). 
And also Fig. 6 shows the type-A (002) 
spacing. The direction of (002) type-II and 
(222) type-C is the same. The type-C oxide 
has a cubic structure and the [ill] cubic 
direction corresponds to 100011 hexagonal. 
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FIG. 5. Electron diffraction patterns of (a) (Y- 
NdOHC03 [020] and (b) types I and II (NdO)KO3 de- 
composition products. 

So the epitaxial relationship among type-II, 
type-C, and type-A is [002]11//[ 11 l]C// 
[002]A. These directions are perpendicular 
to the (NdO),“+ layers. 

Comparing areas 2, 3, and 4, as men- 
tioned above, an epitaxial relationship be- 
tween type-A and type-C exists as [002]A// 
[222]C. The images show that type-C 
transforms to type-A or that type-A goes to 
type-C. We could not observe directly a 

clear indication of this transformation in a 
specific area. Furthermore, there is no di- 
rect information about the transformation 
between type-1 and type-C. However, con- 
sidering the results of HTXRD and the de- 
composition of Nd2(C0&, we believe that 
type-C transforms to type-A and that the 
epitaxial relationship is [002lA//[222lC. 

Figure 7a shows an image of another area 
with some marked areas of optical diffrac- 
tion. Figures 7b-f show optical diffraction 
patterns of areas l-5, respectively, in Fig. 
7a. In the area of Fig. 7c, [4-401 of type-C 
and [020] of type-A coexist, so the same 
epitaxial relationship is observed as in Fig. 
6. 

For a-NdOHC03, using the results of 
high-temperature X-ray observation and 
those of HREM, the decomposition pro- 
cess is summarized as follows: 

a-NdOHC03 + 
(Nd0)2COj-I --, Nd203-C - Nd203-A 

(NdO)&&-II H 

(b) Neodymium Carbonate Anhydrate 
(Nd2(CO&). Nd2(C0& was introduced into 
the JEOL 4000EX electron microscope as a 
poorly crystalline sample. The initial elec- 
tron diffraction pattern is shown in Fig. 8. 
In the decomposition of the anhydrous car- 
bonate it was possible to record on film and 
on videotape the violent processes of the 
decomposition with the loss of CO2 gas and 
recrystallization. For example, in Fig. 9 the 
tetragonal, type-1 dioxymonocarbonate 
(identified from the electron diffraction pat- 
tern and optical diffraction pattern of the 
image) is observed to nucleate and grow 
crystalline structures from the thin edge in- 
ward (a similar process was observed in the 
decomposition of Nd2(C0& * 8H20 and 
NdOHC03, beam current = 9 A/cm’ with 
a time interval between exposures of I 
min). The first decomposition of the car- 
bonate is type-l alone. This result agrees 
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FIG. 6. (a) A fringe image of the decomposition products from wNdOHC03 . (b)-(e) Optical diffrac- 
tion patterns and their analyses of the regions marked l-4 in image (a). 



FIG. 7. (a) An image of the decomposition products from wNdOHC03. (b)-(f) Optical diffraction 
patterns and their analyses of regions marked 1-5 in image (a). 

II4 
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FIG. 8. An electron diffraction pattern of the 
Nd2(CO& immediately after it was introduced into the 
microscope. 

well with that of the high-temperature X- 
ray method. 

The reaction in which type-II decom- 
poses to Nd203-A was accompanied by vio- 
lent upheavals followed by faceting and re- 
crystallization as suggested in Fig. 10. The 
time interval between (a) and (b) is 16 min 
(2 min of beam current at 30 A/cm2 and the 
rest of the time at 9 A/cm2). Figure 10a is an 
image of a highly faulted (Nd0)2COj-II. In 
Fig. lob, the formation of Nd203-A is 
clearly shown in the thin edge as the speci- 
men reconstructs during the loss of C02. 
As the reaction subsided it was possible to 
record on videotape the late stages of CO2 
loss from the edge as the oxide formed. The 
videorecording emphasizes the explosive 
vigor of the process even in the last stages. 
This sequence of images reveals that the 
dioxymonocarbonate type-II decomposes 
to the sesquioxide type-A. Figure 11 shows 
the final product, A-type Nd203, that has 
grown into a quite large domain. 

In the microscopic observation of the de- 
composition of the hydroxycarbonate, only 
the transformation of type-II to type-A was 
observed. No evidence of transformation of 

type-1 to type-II or type-1 to type-C was 
found. 

(c) Neodymium Carbonate Octahydrate 
(Ndz(CO& . 8H20). Ndl(CO& * 8H2O de- 
composed rapidly in the electron beam of 
the JEOL 4000EX. Apparently the short 
diffusion path of CO2 in the thinnest edge 
allows the first nucleation of type-1 dioxy- 

(a) 

Cd) 

FIG. 9. Fringe images of (NdO),COj-I produced 
from Nd2(CO&. The sequential images were taken at 
after l- and 3-min intervals. Note the development of 
order from the edge inward. 
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(a) 

FIG. 10. A profile image of (NdO)rCO,-II. (a) During decomposition to A-type NdzOx and (b) as CO2 
is eliminated. 

FIG. 11. A structure image of A-type NdzO, [OOl] which is the final product of the decomposition of 
Nd,(CO,), . 8Hz0. 

monocarbonate followed by impingement 
of the growing domains. The domains crys- 
tallize tangentially at the curved edge 
producing segmented patterns with mis- 
matched interfaces. No further decomposi- 
tion of this specimen was observed. 
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