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铀在某些磷酸盐中的发光光谱

梓字 班钮

〈核工业北京化工冶金研究院〉

摘要

研究了铀在某些磷酸盐体系中的固体荧光光谱特性并探讨了它

们的发光机理.对各种培烧条件下 NaHzPO t =V 的晶体结构和发光

现象进行研究，发现当培烧温度在 200......600·C 时该体系形成 NaP03

=V 结晶，并发出很强的绿色荧光 s 当培烧温度高于 650"(; 时，晶体变

成无定形，荧光强度衰弱.铀浓度的变化也会影响晶体结构，当 VI

NaHzPOt 的质量比大于 10- z 时 ， NaP03 的晶体结构畸变，这时会出

现荧光强度饱和现象。



LUMINESCENCE OF URANIUM IN SOME PHOSPHATES

Lin Yu Zhang R山

(BElliNG RESEARCH INSTITUTE OF CHEMICAL

ENGINEERING AND METALLURGY)

ABSTRACT

The solid fluor，臼cence spectral properti臼 of uranium in phωphates systems

have been observed. The NaHzP{λ: Us归tern has been found to be an efficient

green ph臼phor.τ'he luminescence mechanism of the ph回ph~r has been discu部ed.

The crystal structure of NaHzP(λ: U system under different conditions was also

stutied. Over a wide range of igniti佣 temperatures (200 - 600·C) , the system

with mass ratio of U/NaHzP<>. below 10-3 transforms in to NaP03 $ U crystal ,
which emits strong fluorescence. The system is non-crystalline with decreasing flu­

orescence intensity when the ignition temperature is higher than 650·C. The

NaP<>3 crystal lattice has distorted as the mass ratio of U/NaHzPO. of the system

greater than lO-z.
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INTRODUCTION

The green lumin四ence of uranium in many minerals and other substances has

been known恼 a long time. A lot of work are dedicated to spectr四呻ic studies of

crystals activated by hexavalent uranium. In most of ca帽. the green lumin即回回

of uranium in the oxide crystals is caused by UO:-<1-1]. but in some咀ses the lumi­

nesc四ce is attributed to uranyl ions U(Y,+<Z]. Lw回n臼cence pr饵lerti，四 of uranium

in alkali halide crystalsl)-IZ] and in alkaline earth fluorides[U-l叼 havebe四 al国

studied in more detail. Jobstone and Wright[ll] used se)回ive excitation of indivi巾，

al uranium (回) sits in a calcium fluoride matrix for the determination of uranium

with a nitr，哩en laser pumped tunable dye laser at 13 k. They also studied[l7] the

dependence of fluorescence intensity in CaFZ I UH system on ignition teDlpera­

tures.

The luminescence properties of uranium in phosphates , especially in Nal-lzF~).

is described in this paper. The NaHzPO. I U system w揭 fo田ul to be a good phos­
phor which has high efficiency of lumine配ence. The dependence of fluorescence in­

tensity on crystal structure under different conditions has been studied t，∞，

1 EXPERIMENTAL SECTION

1 g of phosphate (Analytically Pure) was added to a 25 mL porcelain crucible

with 1 mL of U30. in appropriate nitric acid solution. After being dried on a elec­

tric heater. the samples of ph回phates I U systems were ignited in a muffle fur­

nace at 300'C , but NaHzPO. I U at different temperature (from 200'C to 750 "C)

for 1 hωr and then c∞，led to r，∞m temperature in air. The 姐mples were ground in

a mortar into homogen四us powder and then pressed into several pellets (1 2 X 6

mm , 1. 5 mm thick , 130 mg sample each pellet).

All measurements were performed 佣 a Spex Spectrofluorometer (FLUO­
ROLα:;-2 Mode1112) at r∞mtem阳ature. A 450 W xenon arc lamp was used as

a excitation s∞rce. The excitation and fluorescence spectra of 割mples were ob­
tained by the respective scaning excitation mon侃hromator and emission moo胆hro-

mator.

NaH2PO. I U system with different ignition temperatures «200-750 "C)

and differt:nt uranium concentration (0-10-1 mass ratios of U/NaHzPO.) was 缸"

amined by X-ray diffraction analysis on a diffractometer (Rotatory anode. Cobalt
3



target. type RU-200. Rigaku. Ja阳n).

2 RESULTS AND DI~到CUSSION

Z. 1 EKdfatloa .Dd F1ωrae帽α 句Jed..

The excitation 吨陪etra of NaHzPO. I U and Na.Pz~: U are shown in Fig.

1. Two principal excitation peaks of NaHzPO. I U and Na‘Pz~ I U ar曹 located

in the ultraviolet r咱on i. e. 330. 422 om and 322.42:> nm re等院tively.ηle opti­

mal excitation wavelength for NaHzP{λI U and Na.PZ0 7 I U are 330 and 322

nm~..:伽ely. In same way. we have selected the 叩，timal excitation wavelength

for other phωphat园 IUS归tems (Table 1).

hz-ak--E- k"'-Bztz

<

376
Wilvt"lt"nglh (nm)

482

330

270

(oj N.H.I'O.. U (b> Na,P20,IU

Fi.. 1 Ellcilal阳'‘回tra of NaH,PO.' U and Na.P,o" U

The f1uore配ence emission spectra of these syst四15 are shown in Fig. 2 (the

mass ratio of U/phωphate is 10-3). The data of their emission lines are listed 10

Table 1.

At room temperature. the fluorescence spectra of these phosphors consist of

three to five lines. the s阳etra are distinguished from those of U (回) in a UO:- or

Uo:- group[Z· I5)(as in CaFz I U (明) or NaF I U (VI ) etc. ). but are the same

as tho民 of it in the phosphate or sulphate solutions that have been reported[U). ex­

cept the line 482 nm was quenched. According to 盹me authors results<18,1'). these

emission lines correspond with the vibration frequency of 0=U =0. The facts in­

dicate that U (VI) in these solid ph伺phates is present in the form of uranyl. The

luminescence center is the uranyl group [O=U=OJ2+. a linear molecular group

U<Yz+ ions as activators incqrporate into solid phosphates to form the phosphors.

The distinguishable fluoresCence bands are originated in the electron transitions

4
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from the lowest vibrationallevel of the first l'xcited election state to the different vi
brational levels of ground state.
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Fig.2 Flu回回回1C1!C回国ion 略剧ra of uranium in PMaphale8

The experimental results (Fig. 2) also show that different ph臼phat臼 affect

slightly the 阳sition of luminescence lines. but make significant differences in flu。

rescence intensity. NaHzP04 I U gives the highest fluorescence efficieflcy among
these ph佣phates.
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The fluorescence emission levels of 町'anyl ion in NaHzPO. are shown in Fig.

3. the data are from Table 1.
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Uranyl ion as im阳rity must be ignited at certain temperature and d何时lD

matrix to form the luminescence center. Our experimt>ntaI r酬It shows that when
the ignition temperature below 200 C. the fluore常ence intensity of NaHzPO.: U
is weak and unstable.

The relationship between fluor四ence intensity of NaHzPO.: U (the mass

ratio of U/NaHzPO. is 10-5
) and ignition tem阳ature 臼 shown in Fig. 4.

The result shows that the resulting fluorescence intensity of NaHzPO. I U is
strong and stable over a wide range of ignition temperature (200- 600"C). Over
600·C. the resulting fluorescence deerea黯·
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It is obvious that the formation of luminescence center in NaHzPO. I U is in-
:terrela时 with its hωt latti盹Seve叫 NaHzPO. I U samples (the rna踊 ratio of
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U/~也H2PO. is 10-5
) subjected to different ignition temperature were checked with

X-ray diffraction analysis. The samples ignited at 350 "C and 550"C町曹 crystaUine

orthorhombic sodum meta内由phate (NaPO川 (Fig. 5). The crystal lattice con­

stants are a=7. 928A , /1= 13. 220A and c=7. 703A [回]. The samples ignited at

650'C and 75C "C become n∞-crystalline (FI屯的. A dried sample (below 200 -C)
cann't be transformed into NaP03 (Fig. 7).
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Basing on above experimental results we may lead to the following conclusions:

a. Luminescence of uranyl ion in phωphates depends on the crystal structure

of matrix. As the ignition temperature is in the range of 200'C to 600·C. for

NaHaPO. matrix. uranyl ions doped into orthorhombic sodium metaphωphate cry昏

时. and thus brings about strong :f1uorescence. The fiuore缸ence intensity is stable

at this temperature range.

b. When ignition tempt>ratur~ is higher than 650'C , the sample becomes non­

crystalline. There are almost not the characteristic host lattices for me黯t uranyl ions

, 8



to form luminescence center. and hence the nωnscence intensity is 也ere画ing.

c. If the sample is not ignited 叩 to 2∞'C • the NaHzPO. I U 句罩在em can not
transfonn into NaPOJ: U system. and uranyl ioos can DC览 diffuse into their h帽t

lattices. the resulting "'以nsc町lee intensity is unstable.

2.3 ER'ectelU.......e-c回IntilMa帽c..，.... SIrUCt8f曹

X-ray diffratioo 阳忧ems of NaHzPO.
: U with differ四tur回归mαmωntratiωm

are shown in Fig 8.
As the w回gilt ratio of U/NaHzPO. hi•

low 10-3 • the crystal strue恤Ie are n创

changed. 队且t wb四 the ratio ir回国se to

lO-z• thl回 new diffraction peaks a阴阳red.

sxw' i.e. tll =5.28A. tlz =4.12A and tlJ =
4. 06A. As the ratio increases. the intensi­
tyofd回enew peaks i配r四ses but the char­
aeteristic diffraction peaks 5. 11. 5. 02.

3.95 and 3.8SA bl回den and their intensi­
t阳缸rease. It shows that the host lattice
in sodium metaplx黯phate has distorted

when the mass ratio of U /NaHzPO. is
greater than 10-z• It may be due to the 0-

饵55 uranium which can not integrate into
the host lattic饵，副UI then cau键s the ap­
pearanee of fluor，臼cenee satura俑侃. 1'he in­
troduetion of new lines with exc阳 UQi+

addition could indicate intentitial incorpora­
tion of the 配tivator.
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