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Abstract Amorphous spherical Eu doped YBO3 was

synthesized by a mild one-step hydrothermal method.

X-ray diffraction (XRD) and scanning electron microscope

(SEM) were used to characterize the as-prepared products.

It was demonstrated that the use of urea as alkali source

plays the key function in the formation of amorphous

spherical YBO3:Eu3?. The crystallinity and the morphol-

ogies of the YBO3:Eu3? were sensitive to the urea content

and the hydrothermal time. Room temperature photolumi-

nescence (PL) spectra were detected. The sample in uni-

form diameter of 300–400 nm had the relative strong red

emissions (R) and R/O ratio of 1.3.

Introduction

YBO3:Eu3? has received much more attentions recently as

candidate for plasma display panels (PDP) and a possible

new material of Hg-free fluorescent lamps, due to its high

vacuum ultraviolet (VUV) transparency and exceptional

optical damage threshold [1–5]. The luminance property of

PDP phosphor materials is strongly affected by the particle

size and morphology [6]. Surface perfect and spherical-

shaped phosphor always has high packing density, good

slurry property, and smoother light intensity distribution. It

can enhance the luminescent intensity and optimize the

optical and geometrical structure of phosphor layers [7–9].

Moreover, the ultra-fine phosphor particles with very small

size can potentially lead to higher screen resolution, lower

screen loading, and a higher screen density.

The characteristic emission of YBO3:Eu3? is composed

of almost equal contributions of 5D0 ? 7F1 and 5D0 ? 7F2

transitions, which give rise to an orange–red emission

instead of red and thus hampers its application. The latter

transitions are hypersensitive to the symmetry of the local

crystal fields surrounding the Eu3? ions, and they are rel-

atively strong when the symmetry of the crystal field is

relatively low. It is of challenge in preparing spherical-

shaped YBO3:Eu3? with relative strong red emission.

Since the crystallization and structure of the material

may have significant influence on its spectroscopic prop-

erties, various methods have been employed to synthesize

the YBO3:Eu3? with different crystallinity, morphology

and size, such as co-precipitation method [10], solid-state

reaction method [11], sol–gel method [12, 13], sol–gel

pyrolysis process [14, 15], etc., obtaining single crystal or

powder materials with micron or nanometer size. But the

amorphous material was seldom researched on its mor-

phology and spectroscopic property. Hydrothermal syn-

thesis method here is advanced to be a simple, practical,

and cost-effective route which is reported before to be used

to obtain, (Y,Gd)BO3:Eu3? [16, 17], YBO3:Tb3? [18] and

so on. It is of the advantage in preparing ultra-fine particles

with uniform morphology and narrow size distribution.

Here in our paper, a mild hydrothermal method was

applied to synthesize YBO3:Eu3? composites with various

morphologies. It proved that amorphous spherical-shaped
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YBO3:Eu3? with relative strong red emission was obtained

by using urea as alkali source. The selected alkali source

and the reaction parameters played important roles in

crystallization and structure determination of the material.

Experiment

All the reagents were of analytical grade and used without

any further purification. Boric acid was first dissolved in

the distilled water to form 3 mmol/L solution. Then cer-

tain amount of the mixture of Y(NO3)3 and Eu(NO3)3 was

co-added into above solution under magnetic stirring

condition. The molar ratio of B/(Y ? Eu) was 1:1. Then,

certain amount of urea was introduced to the above

solution under stirring. The initial pH value was around

four when urea was introduced and no precipitate was

formed. The resulting solution was poured into a 100 mL

capacity teflon-lined stainless steel autoclave and sealed.

The autoclave was heated to the desired temperature for

certain time, and then cooled down naturally to room

temperature. The pH value of the solution before and after

the hydrothermal reaction was detected as listed in

Table 1. The product was then collected by centrifuga-

tion, washed with deoinized water for several times, and

air-dried at 60 �C for 24 h for characterization. NH4OH

and NaOH were chosen as the alkali sources, respectively,

for comparison research, and white precipitate appeared

immediately at the stage of the adding of NH4OH or

NaOH.

The phase structure and phase purity of the as-synthe-

sized products were examined by a high-resolution Thermo

ARL X’TRA X-ray diffractometer at the step size of 0.02�
and scanning speed of 1� min-1 using Cu Ka radiation

(k = 0.15418 nm). The morphologies and the sizes of the

products were observed by a Hitachi S-4700 field-emission

scanning electron microscope. The photoluminescence

(PL) spectra were measured at room temperature on a

Hitachi F-4600 fluorescence-spectrophotometer equipped

with a 150 W xenon lamp as the excitation source. The

work voltage was 400 V.

Results and discussion

The XRD patterns of the constituent products using dif-

ferent alkali sources are shown in Fig. 1. Only the amor-

phous phase is accessible with the urea addition as shown

in Fig. 1a. With increasing the urea up to 1.2 g, and with

the prolonging of the hydrothermal time up to 10 h, some

degree of crystallinity takes place as shown in Fig. 1b, c. It

is found that the samples are well-crystallized by using

NH4OH or NaOH. The inset of Fig. 1 shows that the

constituent products are phase-pure vaterite-type YBO3

(JCPDS no. 16-0277, hexagonal phase, space group P63c).

The relative intensity of the peaks in these two patterns

varies with each other obviously. The broad peaks as

labeled by asterisks according to the XRD patterns suggest

the nano-size of the samples. Compared with the standard

diffraction pattern of YBO3, there are small shifts to the

lower 2-theta side. It can be attributed to the embedded

Eu3? ions into the host crystal lattice, which have greater

ionic radius than that of Y3? ions.

Table 1 The pH value of the

solution before and after the

hydrothermal reaction

Alkali source Alkali quantity

(g)

pH value Morphology

Before hydrothermal

reaction

After hydrothermal

reaction

Urea 0.6 4.34 8.66 Sphere

Urea 1.2 4.35 8.81 Sphere, flake

NH3�H2O – 9.30 8.61 Flake

NaOH – 9.00 4.66 Big sphere

NaOH – 9.30 6.14 Sheet

Fig. 1 XRD patterns of YBO3:Eu3? samples. The reaction param-

eters are (a) 0.6 g urea, 10 h; (b) 1.2 g urea, 8 h; (c) 1.2 g urea, 10 h.

The inset on the top right is the XRD patterns of comparison

YBO3:Eu3? samples using (d) NaOH and (e) NH4OH, 1 h
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Figure 2 shows the general morphologies of the

YBO3:Eu3? samples using various urea contents. Spheri-

cal-shaped sample with broad grain size-distribution is

obtained as the content was 0.6 g at the hydrothermal time

of 1 h. With the increase of the content and/or with the

prolonging of the hydrothermal reaction time, the sizes of

the balls turn to be homogeneous with narrower distribu-

tion. Well shaped sphericity in homogeneous size of

300–400 nm is obtained as the content was 1.2 g at the

hydrothermal time of 8 h as shown in Fig. 2d. Once the

phase of the sample is crystallized as proved by XRD,

flake-formed crystals appear as shown in Fig. 2f.

Morphologies of the comparison samples are also

observed by SEM as shown in Fig. 3 The samples obtained

by using NH4OH and NaOH have much larger size com-

pared with that in Fig. 2. Sheet-like crystals are obtained

when controlling the initial pH value of 9.30. The sheets

are in better dispersivity as NaOH is used, which are about

20 lm in diameter and several tens nanometer in thickness.

Interestingly, big spherical crystals are synthesized when

the initial pH is controlled at 9.0 using NaOH. The spheres

are about some tens micron in diameter and the sub-crys-

talline is fringy like.

The room temperature PL spectra are measured as

shown in Fig. 4. Strong emissions from the 5D0 ? 7FJ

(J = 0–2) transition of Eu3? activators are identified in all

samples. The red emissions (R) (5D0 ? 7F2) range from

610 to 630 nm, and the orange emissions (O) (5D0 ? 7F1)

are centered at about 598 nm. The amorphous spherical

YBO3:Eu3? samples have dominative red emission (R)

which is advantage for its application as three basic colors

phosphor (TBCP). The intensity ratio of the R/O reaches to

1.3 after 8 h of hydrothermal reaction. With the recombi-

nation of the atoms from disorder to regularity as detected

by XRD, the red emission (R) decreases instead with the

crystallized sample as shown in Fig. 4a. As it has been

reported mostly that large crystals with well crystallinity

have stronger luminescence behavior, so this is a challenge

for nano-sized phosphors. Here in this paper, the amor-

phous spherical YBO3:Eu3? samples have relative strong

Fig. 2 SEM images of

YBO3:Eu3? samples. The

reaction parameters are a 0.6 g

urea, 1 h; b 1.2 g urea, 1 h;

c 0.6 g urea, 8 h; d 1.2 g urea,

8 h; e 0.6 g urea, 10 h; f 1.2 g

urea, 10 h
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red emission (R), which is quite similar with that for the

comparison samples. Although the larger samples obtained

using NH4OH and NaOH have relative strong PL intensity,

it is accompanied with unexpected high O/R ratio. Similar

phenomenon was also reported by Zhang et al. [19] that the

effect of crystal disorder increased the R/O.

It is confirmed by our experiments that the alkali source

is absolutely necessary for the formation of the borate salt.

As for the roles of the alkali in the reaction, it is suggested

as follows.

During the hydrothermal synthesis process, the raw

material boric acid is first dissolved in the water to perform

a Lewis acid by combining with the H2O molecule. It is

considered that the borate radical should be released after

some neutralization reactions. The OH- concentration is

then important to determine the rate of the hydrothermal

reaction. In our experiments, different alkalis are selected.

NaOH is a strong base, ionizes completely. While NH4OH

is a weak alkali and will only ionize partially depending

on the ionization equilibrium. Urea releases OH- only

after heating where the decomposition equilibrium is

temperature dependent. Thus, the OH- feeding rate during

the hydrothermal process is conferred to be VNaOH [
VNH4OH [ Vurea. The slowest reaction rate using urea

causes the uniform spherical shape of the product in nano-

size and its uncompleted crystallization in amorphous state.

As a result, the red emission from electric dipole
5D0 ? 7F2 transition is relatively strong, which is allowed

in the inner electronic configuration and is hardly influ-

enced by the environment of the Eu3? activators [20, 21].

Once the sample crystallized under the certain condition,

such as more addition of urea or prolonging the hydro-

thermal time, the orange emission from magnetic dipole
5D0 ? 7F1 increases. It proves by most of the literatures

that the transition probabilities of 5D0 ? 7F1 magnetic

dipole increase when the Eu3? located at an inversion

symmetry center of S6 symmetry [1, 3], which is the site of

the Y3? in YBO3 crystal.

Conclusion

YBO3:Eu3? with various morphologies and crystallinity

was synthesized by a mild hydrothermal method. It proved

by XRD and SEM measurements that the structure of the

samples was hypersensitive with the used alkali sources.

Amorphous YBO3:Eu3? with spherical shape in uniform

size of 300–400 nm was obtained by using urea. Flake-

shaped particle was formed when the particle got crystal-

lization. Much larger crystals were obtained by using

NaOH and NH4OH. It was considered that the OH-

feeding rate during the hydrothermal process influenced

the crystallization process and resulted in the final mor-

phologies. Room temperature PL spectra showed that

the amorphous spherical-shaped YBO3:Eu3? sample had

strong emission intensity with the intensity ratio of R/O

reached to 1.3. It is an ideal candidate for phosphor

application.

Fig. 3 SEM images of comparison YBO3:Eu3? samples under the

reaction parameters of a NH4OH, initial pH = 9.30; b NaOH, initial

pH = 9.30; c NaOH, initial pH = 9.0. Inset shows the high-

magnification SEM image of the sample
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