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Abstract：Under reduction atmosphere，a blue sky rare earth silicate light storage and emission ma—

terial was prepared by high temperature solid phase synthesis．The best constituent ratio of this

material was determined through orthogonal experiment，an．a its excitation and emission spectra and

X-ray diffraction patterns were measured．And a comparative study w&s conducted on its applica—

tion properties．

Key words：rare earth；light storage and emission material；silicate

CLC nliillber：0612 4 Document code：A

1 IntrOduCt．on

In comparison with traditional zinc sulphide light storage and emission materials，rare-earth activated

light storage and emission materials are of advantages of higher luminance，longer afterglow time，safe
and

non-toxic and environmentally friendly．They have been widely applied in various transparent mediums，

dailv consumables，architecture decoration，transportation tools，military facilities and fire emergency sys—

tem as well as arts and crafts．

Rare earth aluminate light storage and emission material is Iimited to some application fields due to its

sole zlow color，poor heat and water resistance．While silicate system，as another new type 1ight storage

and emission material，has more stable chemical performance than that of aluminate system，and can com—

plement the aluminate system material in glow colors，moreover，in some industries like ceramics，it has

better application effects than those of aluminate light storage and emission material，and is a very promis—

ing new type light storage and emission material．

In this paper，the best constituent ratio of sky blue rare earth silicate light storage
and emission mate

rial was determined by high temperature solid phase synthesis using orthogonal experiment，the
silicate

light storage and emission material of above 10 hours'afterglow time was synthesized．And
its water resist

ante and heat stability during its application were compared，the results show that its water resistance and

heat stability are obviously superior to those of aluminate and zinc sulphide light storage and emission mate—

rials
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2 Experimental

2．1 Raw materiais for preparation of luminescent materials

The raw materials adopted for this experiment mainly include MgO，Si02，SrC03，E“2 03 and Dy2 03，

among which MgO is analytical reagent，the others are high pure one．

2．2 Preparation of luminescent materials

Weigh appropriate amounts of Si02，SrCOl，E“203 and Dy203 according to a certain mole ratio，place

them into a blending pot，finely grind and blend well，then place into an alumina crucible and burn in a high

temperature oven type furnace for 3 hours at 1300℃under reduction atmosphere，after that，cool and fine—

ly grind，sieve through 200 meshes，the sample is then produced．

2．3 Performance test of sample

Performing an analysis of crystalline structure using D／MAX—Ill X—Ray diffraction facility．

Measuring the excitation and emission spectra by MPF一4 spectrofluorophotometer(Hitachi，Japan)．

Determining the brightness of sample using an ST一86LA brightness meter．

Brightness test conditions are：environmental temperature(20±3)℃，relative humidity≤70％，D65

standard light source，illumination intensity 10004-10 Lux，excitation time 20 minutes．Placing the sample

111 a total darkness for over 24 hours prior to conducting the test，

3 Results and discussion

3．1 Determination of the best ratio of luminescent materials components

On the basis of single factor experiment．an experiment was carried Out using L(34)orthogonal de—

sign．The assignment of experimental factors and levels are as follows：

Table l k(34)orthogonM test and test results
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It can be seen from the ranges，the primary and secondary factors affecting luminance intensity among

all components of material：magnesium oxide>strontium carbonate>Eu。03／Dy203(mole ratio)>silicon

dioxide．It can be found from Table 1 that the designed optimum experimental conditions are strontium car

bonate 2．0 tool，magnesium oxide 1．02 mol，silicon dioxide 2．04 m01，Eu203／1)y203(mole ratio)l：10，bo—

ric aid 0．04 m01．

An optimized experiment was performed according to above conditions，the experimental results are

shown in TabIe 2．

TaMe 2 Test results

Table 2 shows that under the same process conditions with ratios of matrix compositions of

Sr2MgSi207 changed，1 rain luminance is 576．5 mcd·m，increased by 4．8蟛than the luminance in stoi

chiometric ratio formula．Thus it indicates that SiP2 used for preparing Srz MgSi2 07 luminescent materials

should be slightly overdosed，as it can make Sr”of Sr2 MgSi2 07 in a vacancy，a hole trap is thereby formed

intensifying the luminance．

3．2 Crystal structure of samples

The X-ray powder diffraction pattern is shown in Fig．1．After the comparison of as obtained diffrac—

tipn Deak value with standard JCPDS card(No，1 5 0016)，it is found that the main phase of sample is

Sr2MgSi207．
’

3．3 Excitation and emission spectra

The excitation and emission Spectra are shown in Fig．2．From the excitation spectrum of sample，it

can be seen that the primary excitation is a broad band in a wavelength range of 250 435 nm，within
the

range of ultraviolet and visible light，the main peak is located at 320 nm and 375 nm，and is the typical exci

tation spectrum of Eu“．Its emission spectrum is also a broad band spectrum，whose peak value is located

at 469 nm，and the glow is cauaed due to the 4f一4d transition of Eu”，while no characteristic peak(610

nm)of Eu”appears in the figure．

3．4 Heat stability test

Place rare earth aluminate(AI。一2)，ZnS and sky blue rare earth silicate(Ts 2)in a muffle furnace

set at 800。C for 30 minutes at the same time．then take them out and COOl down，at last sampling to test its

luminance．The test results are shown in Table 3．

From Table 3，it can be known that after 30 vain of temperature holding under 800"C，the 1 rain illumi

nance of AL一2 decreases by 49％，and 20 rain illuminance decreases by 80％；the 1 min illuminance of ZnS

decreases bv 47％，and 20 min by 62％；the 1 min illuminance of Ts一2 decreases by 8％，and 20 rain by

1l％．Thereby，it indicates that the heat stability of rare-earth activated silicate light emission materials
is

obviously superior to that of rare—earth activated aluminate light emission and ZnS materials．

 万方数据万方数据



602 JOURNAL oF GUANGDONG NON—FERROUS METALS 2 0 0 5

Table 3 Heat stability test ／(mcd-m一2)

Fig．1 X-ray diffraction pattern of sample

Wavelmth／rm

Fig．2 Excitation and emission spectra ol sample

mexcitation spectrum；b-emission spec

trum

3．5 Water reststanee test

Place AL一2，ZnS and Ts一210 grams each at the same time into cups 0f 50 ml，ion exchange Water for

the test．0bserve the test appearances shown in Table 4．From the table，we can know that rare earth aeti—

rated aluminate(AI，一2)is of most inferior stability in the water，and has been completely hydrolyzed after

48 hours；while the stability of rare earth activated silicate(Ts一2)and zinc sulphide is good，there are no

obvious changes after being put in the water for 90 days，their glow still can be clearly seen．Thereby，it

can be Seed that the stability of rare earth activated silicate(Ts一2)and zinc。sulphide when in the water iS

obviously superior to that of rare earth activated aluminate light storage material，but the reasoll for zinc

sulphide having better water resistance is just because a Iayer of compact organic matter encapsulated on its

surface．

Table 4 Water r幅括taut@test
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4 Conclusions

(1)The best ratio of sky blue rare earth light storage and emission material components has been de—

termined using orthogonal design of experiment，

(2)The excitation spectrum of sky blue rare earth light storage and emission material displays a broad—

band between 250 am and 435 nm within the range of uhfaviolet and visible light；the emission spectrum is

a broad—band one with an emission peak at 469 rim，exhibiting characteristic emission of Eu”．

(3)The sky blue rare earth light storage and emission material shows excellent water resistance and

heat stability，obviously superior to those of aluminate and zinc sulphide light storage and emission materi

als．
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