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不同掺杂量 EuxLu1.4–xGd0.6O3透明陶瓷的制备与性能 
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摘  要：为了满足高能射线成像对闪烁陶瓷的应用要求，并探究 Eu3+掺杂量对陶瓷微观结构和光学性能的影响，采用液相

共沉淀法合成了不同 Eu3+掺杂量的 EuxLu1.4–xGd0.6O3(x=0、0.02、0.06、0.10、0.14、0.18)粉体并通过真空预烧结合热等静

压烧结，制备出 EuxLu1.4–xGd0.6O3 透明陶瓷。随着 Eu3+掺杂量的增加，陶瓷直线透过率先升高后降低，在 x=0.10 时达到最

高(71.4%@611 nm)。EuxLu1.4–xGd0.6O3 陶瓷的光致激发光谱和光致发光光谱证明了 Eu3+掺杂量的增加能够提升陶瓷的吸收

峰和发射峰强度。陶瓷在 X 射线激发下的发光强度随着 Eu3+掺杂量的升高呈现先升高后降低的趋势，在 Eu3+掺杂量(摩尔

分数)为 3%时达到最高。EuxLu1.4–xGd0.6O3 陶瓷在可见光和 X 射线激发下都呈现强烈的红光发射，与硅光电二极管光谱响

应有着良好的耦合性。 
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闪烁体是一种能将高能射线或粒子转换为紫外

或可见光的功能材料。闪烁材料与光探测装置匹配

构成闪烁探测器，通过信号处理分析得到相关信息，

服务于人们的生活。闪烁材料广泛应用于医疗、空

间探测、安全检查、无损检测等领域[1–8]。在大型器

件无损检测方面，具有高能射线源的工业 CT 为了

能实现高分辨率成像，对闪烁体提出了光产额高、

衰减时间短、有效原子序数高和抗辐照能力强等要

求[9]，同时要求其具有高的 X 射线阻止能力和在发

射波长较好的透过率[10–13]。 
2002 年，Lempicki 等就提出了 Eu:Lu2O3 透明

陶瓷可以作为红光闪烁体的设想[14]。相较于 Ce3+、

Pr3+、Tb3+等发光离子，Eu3+能够在 Lu2O3 基体中发

出强烈的红色辐射发光，与硅光二极管光谱响应有

着良好的耦合性。Lu2O3基体为 c 型立方结构，Eu3+

掺入 Lu2O3基体会同时占据 Lu 离子所在的 C2格位

和 S6 格位[15]，如图 1 所示。其中，C2 格位 Eu3+的
5D0→7F2 能级跃迁是 Eu3+:Lu2O3 闪烁材料高强度的

红色发射光(450~750 nm)的主要来源。 

 

图 1  Ln2O3晶体结构中不同 Ln 离子位置示意图[15] 

Fig. 1  Schematic diagram of positions of different Ln3+ in 
Ln2O3 crystal structure[15] 

Seeley 等发现在 Eu:Lu2O3 陶瓷中 Eu3+会在

Lu2O3 晶界处偏析，影响陶瓷的光学质量，限制光

输出[16]。引入 Gd3+后，由于 Gd3+较大的离子半径

(0.938 Å)，掺入到 Lu2O3 基体中拉伸了晶格，减少

Eu3+从晶格内析出的可能性，从而避免第二相的生

成[16]，从而提高材料的光学质量；另一方面，Gd3+

在 Lu2O3 中的掺入能够促进晶格内的 Eu3+重新排

布，使得 Eu3+更倾向于占据 C2 格位，敏化了 Eu3+

的 4f–4f 发射，从而优化材料的发光性能[16]。Seeley 
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等制备了 Eu:Lu2–xGdxO3(x=0.5)和 Eu:Lu2O3 陶瓷，发

现 Eu:Lu2–xGdxO3 透明陶瓷的荧光和闪烁特性要明

显优于 Eu:Lu2O3 陶瓷。Cherepy 等采用火焰喷雾法

制备粉体，分别采用真空烧结–热等静压法和两步烧

结–热等静压法制备了高透明 Eu:Lu2–xGdxO3 陶瓷，

所制备的陶瓷光产额达到了 57 000 ph/MeV。Seeley
等制备了 EuxLu1.4–xGd0.6O3 (x=0、0.3、0.6、0.9、1.0、
1.1)陶瓷，研究发现 Eu0.1Gd0.6Lu1.3O3 透明陶瓷具有

优异的发光性能，符合 MeV 量级 X 射线 CT 成像

要求[17]。 
Eu3+掺杂 Gd2O3–Lu2O3 固溶体陶瓷具有高密度

和高有效原子系数，能够提供高的 X 射线阻止能力

和抗辐照能力；有较高的光产额，有利于产生清晰

的图像；且 Eu3+发光在红光区，与硅光电二极管的

光谱灵敏度有良好的匹配 [18–25]。综上所述，

EuxLu1.4–xGd0.6O3 透明陶瓷在高能射线成像领域是

一类极具应用前景的闪烁体。目前 LLNL 已完成高

透明，高光产额 EuxLu1.4–xGd0.6O3透明陶瓷的商业化

生产。而国内的研究仍处于较低水平，陶瓷的光学

质量有待提高，无法满足实际应用需求[26–30]。同时，

也缺乏对组分设计的相关研究。尤其是不同 Eu3+掺

杂量对 EuxLu1.4–xGd0.6O3 陶瓷的结构和光谱性质的

影响仍不明确[31–37]。 
本文针对不同 Eu3+掺杂量进行组分设计，采用

共沉淀法合成出了不同 Eu3+掺杂量的 EuxLu1.4–x 

Gd0.6O3(x=0、0.02、0.06、0.10、0.14、0.18)粉体，

结合真空预烧和热等静压烧结制备出了 EuxLu1.4–x 

Gd0.6O3透明陶瓷，并对其微观结构和光学性能进行

了表征和分析。 

1  实验 
1.1  EuxLu1.4–xGd0.6O3粉体制备 

将适量的 Eu2O3[纯度为 99.995%(质量分数)]、
Lu2O3(纯度为 99.995%)、Gd2O3(纯度为 99.999%)分
别溶于稀硝酸中，得到 Eu(NO3)3、Lu(NO3)3、

Gd(NO3)3 溶液。按照相应的化学计量比配制 500 mL
浓度为 0.25 mol/L 的金属混合溶液，加入 125 mL 的

1 mol/L 的(NH4)2SO4 溶液，通过滴加稀硝酸调节混

合溶液初始 pH=1.3，充分搅拌后以 3 mL/min 的速

率将 600 mL 的 1 mol/L 的 NH4HCO3 溶液滴入金属

混合溶液，滴定结束后搅拌 10 min，陈化 3 h。获

得的沉淀用乙醇和水的混合液(无水乙醇:水=1:4)
洗涤 2 次，再用醇洗涤 2 次，离心后 70 ℃干燥    
18 h，将粉体进行 200 目筛网(筛孔尺寸为 75 μm)

过筛，1 100 ℃、空气气氛条件下保温 4 h 煅烧，最

后得到 EuxLu1.4–xGd0.6O3 (x=0、0.02、0.06、0.10、
0.14、0.18)的粉体。 
1.2  陶瓷制备 

将合成的纳米粉体在 φ18 mm的模具中以 40 MPa
的压力成型，再通过 250 MPa 冷等静压获得陶瓷素

坯。将素坯放入真空钨丝炉进行 1 600 ℃、真空条

件下保温 2 h 预烧，再通过 1 750 ℃、176 MPa 的 Ar
气氛条件下保温 2 h 的热等静压烧结(HIP)烧结和  
1 100 ℃、空气气氛条件下保温 20 h 退火获得不同

Eu3+掺杂量的 EuxLu1.4–xGd0.6O3透明陶瓷。 
1.3  样品表征 

采用场发射扫描电镜 SU9000 电子显微镜(日本

日立公司 )拍摄样品的显微形貌。XRD 谱由

D8/DISCOVER DAVINCIX射线衍射仪(德国布鲁克

公司)检测，测试条件：Cu 靶，工作电压为 40 kV，

电流为 30 mA，Cu kα=0.154 06 nm，测试角度 2θ 区

间为 10°~80°，扫描速率为 2(°)/min。陶瓷的光致激

发光谱(PLE)和光致发光光谱(PL)由 FLS-980 型荧

光光谱仪测试(英国爱丁堡仪器公司)。X 射线辐射

发光光谱(XEL)由自搭的 X 射线激发发射光谱仪对

闪烁陶瓷进行性能表征，使用 QE65000 型光谱仪(美
国海洋光学公司)对测试样品的发光信号收集分析，

测试条件为 X 射线光管电压 70 kV，电流为 1.5 mA。

透过率曲线使用 Cary-5000 紫外–可见–近红外分光

光度计 (美国 Varian 公司 )测试。样品密度根据

Archimedes 原理，其计算公式为: 
ρ=m0ρ0/(m0–m1)                        (1) 

其中：m0 为干燥试样在空气中的质量；m1 为试样经

充分吸水后完全浸没在水中的质量；ρ0 为蒸馏水的

密度 1 g/cm3，样品的相对密度为 ρ1=(ρ/ρth)×100%；

ρth 为样品的理论密度。 

2  结果与讨论 
2.1  EuxLu1.4–xGd0.6O3粉体的形貌与结构 

图 2 是 EuxLu1.4–xGd0.6O3粉体 SEM 微观形貌照

片。由图 2 可见，随着 Eu3+掺杂量的提升，粉体形

貌差异不明显，所合成的粉体均为纳米级颗粒且存

在一定程度团聚。这是因为粉体颗粒尺寸小，表面

能较大，颗粒之间发生吸附导致团聚。 
图 3 是 EuxLu1.4–xGd0.6O3 粉体的 XRD 谱。从

图 3a 可以看出，所制备的粉体都为立方晶系

(Lu2O3 PDF 12-0728)，且随着 Eu3+掺杂量的提升，

衍射峰位向低角度移动，这是由于 Eu3+的离子半
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径 (0.950 Å) 和 Gd3+ 的 离 子 半 径 (0.938 Å) 比
Lu3+(0.848 Å)的要大，随着 Eu3+的掺入，晶格参数

变大。根据 Scherrer 公式计算得到随着 Eu3+掺杂量

增加，粉体的平均晶粒尺寸逐步降低，由 63.7 nm
降低到 55.0 nm，材料的理论密度由 8.83 g/cm3 降

低到 8.64 g/cm3。 

 
(a) x=0                                    (b) x=0.02                                   (c) x=0.06 

 
(d) x=0.10                                     (e) x=0.14                                  (f) x=0.18 

图 2  EuxLu1.4–xGd0.6O3粉体的 SEM 照片 
Fig. 2  SEM images of EuxLu1.4–xGd0.6O3 powders 

 
(a) XRD patterns (10°–80°)      (b) XRD patterns (28.7°–29.9°)              (c) Average grain sizes and cell parameters 

图 3  EuxLu1.4–xGd0.6O3粉体的 XRD 谱、晶胞参数和平均晶粒尺寸 
Fig. 3  XRD patterns, average grain sizes and cell parameters of EuxLu1.4–xGd0.6O3 powders 

2.2  EuxLu1.4–xGd0.6O3透明陶瓷的微观结构 
图 4 是 EuxLu1.4–xGd0.6O3 素坯经过 1 600 ℃、

真空条件下保温 2 h 烧结的预烧体相对密度。由图

4 可见，所有陶瓷的相对密度均在 95%以上，且

随着 Eu3+掺杂量的增加，陶瓷的相对密度有增大

的趋势。 
图 5 是 EuxLu1.4–xGd0.6O3预烧陶瓷的 SEM 微观

形貌图。由图 5 可见，所制备的陶瓷预烧体晶粒尺

寸均匀，观察不到明显的气孔，且没有第二相。 
图 6 是对应陶瓷通过截线法测得陶瓷平均晶粒

尺寸。由图 6 可见，随着 Eu3+掺杂量增加，晶粒尺

寸从 1.0 μm 减小到 0.9 μm。这是由于 Eu3+的掺杂使

得晶格发生了畸变，从而抑制了陶瓷晶粒在烧结过

程中的长大。 
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图 4  真空烧结 EuxLu1.4–xGd0.6O3陶瓷的相对密度 

Fig. 4  Relative densities of vacuum sintered EuxLu1.4–xGd0.6O3 
ceramics 

图 7 是 EuxLu1.4–xGd0.6O3 陶瓷经过 HIP 处理后

的 SEM 照片，图 8 是对应陶瓷的平均晶粒尺寸。由

图 7~图 8 可见，相较预烧体，HIP 后陶瓷的晶粒发

生了明显的长大。随着 Eu3+掺杂量从 0 增加到 9%，

HIP 后陶瓷通过截线法测得的陶瓷平均晶粒尺寸从

76.5 μm 降低到 30.1 μm，逐渐减小。这是由于 Eu3+

的掺杂使得晶格发生了畸变，从而抑制了陶瓷晶粒

在 HIP 过程中的长大。 
2.3  EuxLu1.4–xGd0.6O3透明陶瓷的光学性能 

图 9 是真空烧结结合 HIP 后处理制备的

EuxLu1.4–xGd0.6O3陶瓷(厚度为 1.4 mm)的直线透过率

曲线和实物照片。从图 9a 可以看出，陶瓷的直线透

过率随着 Eu3+掺杂量的增加而呈现先上升后下降的 

 
(a) x=0                                    (b) x=0.02                                    (c) x=0.06 

 
(d) x=0.10                                  (e) x=0.14                                    (f) x=0.18 

图 5  真空烧结 EuxLu1.4–xGd0.6O3陶瓷的 SEM 照片 
Fig. 5  SEM images of vacuum sintered EuxLu1.4–xGd0.6O3 ceramics 

 
图 6  EuxLu1.4–xGd0.6O3陶瓷预烧体的平均晶粒尺寸 

Fig. 6  Average grain sizes of pre-sintered ceramics 
EuxLu1.4–xGd0.6O3 ceramics 

趋势，当 x=0.1 时，陶瓷的直线透过率在 611 nm
处最高达到了 71.4%。当 Eu3+掺杂量较高时，由

于 Eu3+的离子半径(0.950 Å)与 Lu3+的离子半径

(0.848 Å)有一定差距，此时随着 Eu3+掺杂量的增

加，陶瓷内部晶格畸变加剧，导致陶瓷的直线透

过率下降。此外陶瓷透过率曲线还包含 Gd3+和 Eu3+

的特征吸收峰，分别是位于 308 nm 处和 314 nm 处

Gd3+的特征吸收峰，对应 Gd3+的 8S7/2→6PJ 跃迁；

323、363、382、394、414、468、533、580 nm 处

的吸收峰为 Eu3+的特征吸收峰，分别对应 Eu3+基

态 7F0 能级到 5L8、
5D4、

5L7、
5L6、

5D3、
5D2、

5D1、
5D0 能级的跃迁。 
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(a) x=0                                     (b) x=0.02                                  (c) x=0.06 

 
(d) x=0.10                                  (e) x=0.14                                    (f) x=0.18 

图 7  HIP 后处理 EuxLu1.4–xGd0.6O3陶瓷的 SEM 照片 
Fig. 7  SEM images of HIP post-treated EuxLu1.4–xGd0.6O3 ceramics 

 
图 8  EuxLu1.4–xGd0.6O3陶瓷 HIP 后的平均晶粒尺寸 

Fig. 8  Average grain sizes of HIP post-treated 
EuxLu1.4–xGd0.6O3 ceramics 

图 10 是 EuxLu1.4–xGd0.6O3 陶瓷的光致激发光谱

(PLE)和光致发光光谱(PL)。由图 10a 可以看出，陶

瓷的激发峰分别对应 Eu3+的能级跃迁吸收峰，其中，

323 nm 对应 7F0→5L8；394 nm 处对应 7F0→5L6；468 nm
处对应 7F0→5D2；533 nm 处对应 7F0→5D1。由光致

发光光谱可以看出，陶瓷的主发射峰位于 611 nm
处，对应于 Eu3+的 5D0→7F2 能级跃迁吸收峰。陶瓷

的大部分激发峰和全部发射峰强度都随着 Eu3+掺杂

量的增加而呈现上升的趋势，对应陶瓷内部发光中

心的逐渐增多。在图 10a 中，323 nm 的吸收峰对应

Eu3+的 7F0→5L8的能级跃迁，而位于308 nm和314 nm 

 
(a) In-line transmittance curves 

 
(b) Photographs of EuxLu1.4–xGd0.6O3 ceramics 

图 9  真空烧结结合 HIP 后处理制备的 EuxLu1.4–xGd0.6O3 陶

瓷的直线透过率曲线和实物照片 
Fig. 9  In-line transmittance curves and photographs of Eux 

Lu1.4–xGd0.6O3 ceramics prepared by vacuum sintering 
combined with hot isostatic pressing(HIP) post-treatment 
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(a) PLE curves                                                 (b) PL curves 

图 10  EuxLu1.4–xGd0.6O3陶瓷陶瓷的光致激发光谱和光致发光光谱 
Fig. 10  Hotoluminescence excited spectra (PLE) curves and photoluminescence (PL) curves of EuxLu1.4–xGd0.6O3 ceramics 

的吸收峰对应 Gd3+的 8S7/2→6PJ 跃迁，这部分能量吸

收主要源于 Gd3+，激发峰强度并未随 Eu3+变化呈现

出明显的变化规律。 
图 11 是 EuxLu1.4–xGd0.6O3陶瓷的 XEL 谱。从图

11 可以看出，EuxLu1.4–xGd0.6O3 陶瓷的发光光谱是由

Eu3+特征发射峰组成，主发射峰位于 611 nm 处，是
5D0→7F2 跃迁发射出的强烈红光，当 Eu3+掺杂量较

低时，随着发光中心数量的增加，陶瓷的发光强度

逐渐升高；当 Eu3+掺杂量超过 3%时，发光中心的

间距减小，同时由于激发源的能量较高，Eu3+之间

的能量传递增多，同时 Eu3+和缺陷等之间的跃迁几

率增加，从而导致闪烁发光强度下降，而光致发光

强度不下降。陶瓷整体呈现出强烈的红光发射，此

波段适配于对红光敏感的硅光二极管。 

 

图 11  EuxLu1.4–xGd0.6O3陶瓷的 XEL 谱 
Fig. 11  XEL patterns of EuxLu1.4–xGd0.6O3 ceramics 

3  结论 
通过液相共沉淀法合成了具备优良烧结活性的

纯立方相 EuxLu1.4–xGd0.6O3 纳米粉体，并采用真空预

烧结合热等静压烧结后处理制备出了 EuxLu1.4–x 

Gd0.6O3透明陶瓷。在 Eu3+掺杂量为 5%时陶瓷的直

线透过率最高，在主发射峰 611 nm 处达 71.4%。

EuxLu1.4–xGd0.6O3 陶瓷的光致激发光谱和光致发光

光谱证明了 Eu3+掺杂量的增加能够提升陶瓷的吸收

峰和发射峰强度。在 Eu3+掺杂量为 3%时，陶瓷在 X
射线激发下红光发射最强，发射主峰位于 611 nm，

对应 Eu3+的 5D0→7F2 跃迁。高透过率和高红光发射

强度对实现高分辨率 X 射线成像具有重大意义。 
 

参考文献: 
[1] ZHOU D, SHI Y, XIE J J, et al. Fabrication and luminescent properties 

of Nd3+-doped Lu2O3 Transparent ceramics by pressureless sintering[J]. 
J Am Ceram Soc, 2009, 92(10): 2182–2187. 

[2] RAUKAS M, BASUN S, DENNIS W M, et al. Optical properties of 
Ce3+ doped Lu2O3 and Y2O3 single crystals[J]. J Soc Inf Disp, 1996, 
4(3): 189–192. 

[3] LIU J Q, ZHAO X D, XU Y S, et al. All-inorganic glass scintillators: 
scintillation mechanism, materials, and applications[J]. Laser 
Photonics Rev, 2023, 17(7): 1–23. 

[4] NIKL M, YOSHIKAWA A. Recent R&D trends in inorganic 
single-crystal scintillator materials for radiation detection[J]. Adv Opt 
Mater, 2015, 3(4): 463–481. 

[5] MAO R H, ZHANG L Y, ZHU R Y. Optical and scintillation 
properties of inorganic scintillators in high energy physics[J]. IEEE 
Trans Nucl Sci, 2008, 55(4): 2425–2431. 

[6] NEITZEL U. Status and prospects of digital detector technology for 
CR and DR[J]. Radiat Prot Dosimetry, 2005, 114(1/3): 32–38. 

[7] LUPEI V, LUPEI A, PAVEL N A, et al. Comparison of Nd: YAG single 
crystals and transparent ceramics as laser materials[C] //Seventh 
Conference on Optics, Constanta，Romania, 2004, 5581: 212–219. 

[8] KAMINSKII A A, SH AKCHURIN M, BECKER P, et al. Mechanical 
and optical properties of Lu2O3 host-ceramics for Ln3+ lasants[J]. Laser 
Phys Lett, 2008, 5(4): 300–303. 



· 834 · 《硅酸盐学报》    J Chin Ceram Soc, 2024, 52(3): 828–835 2024 年 

[9] NIKL M, LAGUTA V V, VEDDA A. Energy transfer and charge 
carrier capture processes in wide-band-gap scintillators[J]. Phys Stat 
Sol (a), 2007, 204(3): 683–689. 

[10] LOUIS C, LEBBOU K, FLORES-GONZALEZ M A, et al. Correlation 
of the structure and the luminescence properties of Eu3+-doped Gd2O3 
oxide between fiber single crystal and the nano-size powders[J]. J 
Cryst Growth, 2004, 265(3/4): 459–465. 

[11] ZORENKO Y, GORBENKO V, KONSTANKEVYCH I, et al. 
Scintillation properties of Lu3Al5O12: Ce single-crystalline films[J]. 
Nucl Instrum Meth Phys Res Sect A Accel Spectrometers Detect 
Assoc Equip, 2002, 486(1/2): 309–314. 

[12] RAUKAS M, BASUN S, DENNIS W M, et al. Optical properties of 
Ce3+-doped Lu2O3 and Y2O3 single crystals[J]. J Soc Inf Display, 1996, 
4(3): 189. 

[13] RÉTOT H, BESSIÈRE A, VIANA B, et al. 5d–4f and 4f–4f emissions 
in Ln-doped sesquioxide ceramics[J]. Opt Mater, 2011, 33(7): 
1008–1011. 

[14] LEMPICKI A, BRECHER C, SZUPRYCZYNSKI P, et al. A new 
lutetia-based ceramic scintillator for X-ray imaging[J]. Nucl Instrum 
Methods Phys Res A, 2002, 488(3): 579–590. 

[15] RÉTOT H, BLAHUTA S, BESSIÈRE A, et al. Improved scintillation 
time response in (Lu0.5Gd0.5)2O3 :  Eu3+ compared with Lu2O3 :  Eu3+ 
transparent ceramics[J]. J Phys D: Appl Phys, 2011, 44(23): 235101. 

[16] SEELEY Z M, DAI Z R, KUNTZ J D, et al. Phase stabilization in 
transparent Lu2O3: Eu ceramics by lattice expansion[J]. Opt Mater, 
2012, 35(1): 74–78. 

[17] SEELEY Z, CHEREPY N, PAYNE S. Two-step sintering of 
Gd03Lu16Eu01O3 transparent ceramic scintillator[J]. Opt Mater Express, 
2013, 3(7): 908. 

[18] MAHLIK S, KUKLIŃSKI B, GRINBERG M, et al. Luminescence and 
luminescence kinetics of Gd3Ga5O12 Polycrystals doped with Cr3+ and 
Pr3+[J]. Acta Phys Pol A, 2010, 117(1): 117–121. 

[19] POPIELARSKI P, ZELER J, BOLEK P, et al. Radio-, thermo- and 
photoluminescence properties of Lu2O3: Eu and Lu2O3: Tb 
nanopowder and film scintillators[J]. Crystals, 2019, 9(3): 148. 

[20] LI Y Y, XU S Q. Ionic liquid-based hydrothermal synthesis of Lu2O3 
and Lu2O3: Eu3+ microcrysals[J]. Solid State Sci, 2016, 59: 32–38. 

[21] THOŘ T, RUBEŠOVÁ K, JAKEŠ V, et al. Lanthanide-doped Lu2O3 
phosphors and scintillators with green-to-red emission[J]. J Lumin, 
2019, 215: 116647. 

[22] TANG G W, ZHANG D, ZHANG F T, et al. Structure and 
luminescence properties of Tm3+ doped Barium gallo-germanate glass 
tailored by Lu2O3[J]. J Lumin, 2023, 257: 119771. 

[23] POKORNÝ P, NOVOTNÝ M, FITL P, et al. Thermally stimulated 
exo-electron emission and desorption from Lu2O3: Eu3+ surfaces[J]. 
Opt Mater, 2023, 137: 113556. 

[24] LIU Z Y, FENG Y G, CHEN H H, et al. Microstructure and properties 
characterization of Yb: Lu2O3 transparent ceramics from 
co-precipitated nano-powders[J]. Int J Appl Ceram Technol, 2023, 77: 
1–11. 

[25] CHENG Z Q, WANG Y B, LIU X, et al. Component regulation and 
performance optimization of Al2O3–YAG:Ce composite ceramic 
phosphors for high-power laser lighting[J]. J Inorg Mater, 2022, 37(12): 
1358–1364. 

[26] DU W B, LU B Q, LI Q L, et al. Effects of preparation atmosphere and 
doping concentration on scintillation and photoluminescence properties 
of Lu2O3: Eu scintillation single crystals[J]. Crystals, 2023, 13(4): 680. 

[27] SÉVIN L, AUDOUARD L, RAZAFINDRAMANANA V, et al. Phase 
stabilisation, thermal expansion and ionic conductivity of high content 
rare earth oxide (Lu2O3, Y2O3 and Gd2O3) stabilised cubic hafnia[J]. J 
Eur Ceram Soc, 2023, 43(9): 4153–4166. 

[28] GARCÍA RAMÍREZ V M, GARCÍA MURILLO A, DE J CARRILLO 
ROMO F, et al. Luminescent aerogels of Gd2O3: Eu3+ and Gd2O3: 
(Eu3+, Tb3+)[J]. Bull Mater Sci, 2023, 46(2): 1–10. 

[29] JEGADEESAN P, SEN S, PADMAPRABU C, et al. Morphological 
and optical investigations on Gd2O3 nanostructures[J]. Inorg Chem 
Commun, 2023, 150: 110493. 

[30] VENKATA PRASAD C, LABED M, ALAM SHAMIM SHAIKH M T, 
et al. Ga2O3-based X-ray detector and scintillators: A review[J]. Mater 
Today Phys, 2023, 35: 101095. 

[31] MOHAMED H E A, HKIRI K, KHENFOUCH M, et al. Optical 
properties of biosynthesized nanoscaled Eu2O3 for red luminescence 
applications[J]. J Opt Soc Am A Opt Image Sci Vis, 2020, 37(11): 
C73–C79. 

[32] KRSMANOVIĆ WHIFFEN R M, ANTIĆ Ž, SPEGHINI A, et al. 
Structural and spectroscopic studies of Eu3+ doped Lu2O3–Gd2O3 solid 
solutions[J]. Opt Mater, 2014, 36(6): 1083–1091. 

[33] ZHU D Y, NIKL M, CHEWPRADITKUL W, et al. Development and 
prospects of garnet ceramic scintillators: A review[J]. J Adv Ceram, 
2022, 11(12): 1825–1848. 

[34] LIU S P, FENG X Q, NIKL M, et al. Fabrication and scintillation 
performance of nonstoichiometric LuAG: Ce ceramics[J]. J Am Ceram 
Soc, 2015, 98(2): 510–514. 

[35] LIU Q, WANG W L, DAI Z F, et al. Fabrication and long persistent 
luminescence of Ce3+–Cr3+ co-doped yttrium aluminum gallium garnet 
transparent ceramics[J]. J Rare Earths, 2022, 40(11): 1699–1705. 

[36] ZHU D Y, CHEN X P, BEITLEROVA A, et al. Influence of calcium 
doping concentration on the performance of Ce, Ca: LuAG scintillation 
ceramics[J]. J Eur Ceram Soc, 2022, 42(13): 6075–6084. 

[37] SONG J, BAO B Y, WANG S, et al. The improved scintillation 
performances and X-ray imaging of Lu2O3: Pr3+ nanoparticles induced 
by Sm3+ doping[J]. J Lumin, 2023, 263: 119970. 

 

 

Preparation and Performance of EuxLu1.4–xGd0.6O3 Transparent Ceramics 
 

CHEN Yuyang1,2, BI Yuan1,3, ZHU Danyang1,2, HE Nington1,4, HU Chen1, WANG Yanbin1,4, ZHANG Fang3, LI Jiang1,2 
(1. Transparent Ceramic Research Center of Chinese Academy of Sciences Shanghai Silicate Institute, Shanghai 201899, China;  

2. Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences, Beijing 100049, China;  
3. School of Materials Science and Engineering, Wuhan University of Technology, Wuhan 430205, China;  

4. School of Materials Science and Engineering, Jiangsu University, Zhenjiang 212013, Jiangsu, China) 
 

Extended Abstract 
Introduction  In non-destructive testing of large devices, industrial computed tomography (CT) with high-energy radiation sources 
requires scintillators with a high performance of light yield, short decay time, high effective atomic number, and strong radiation 
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resistance to achieve high-resolution imaging. Eu3+ doped Gd2O3–Lu2O3 solid solution ceramics have a high density and an effective 
atomic number, having high X-ray stopping power and radiation resistance. The ceramics have a high light yield that is beneficial to 
improving imaging quality. Moreover, Eu3+ emits a light in the red region, which matches well with the spectral sensitivity of silicon 
photodiodes. EuxLu1.4—xGd0.6O3 transparent ceramics are one of scintillators with great application prospects in the field of X-ray 
imaging. A recentl study managed to prepare commercial products of EuxLu1.4—xGd0.6O3 transparent ceramics with a high 
transparency and a high light output. However, such a research is still at the initial stage, and the optical quality of ceramics needs to 
be improved to meet practical application needs. There is also a lack of research on component design. Especially, the effect of Eu3+ 

concentration on the structure and spectral properties of EuxLu1.4–xGd0.6O3 ceramics is still unclear. In this paper, EuxLu1.4–xGd0.6O3 
(x=0, 0.02, 0.06, 0.10, 0.14, 0.18) ceramics with different Eu3+concentrations were prepared via coprecipitation and subsequent 
vacuum sintering/hot isostatic pressing (HIP), and their microstructure and optical properties were analyzed. 

Methods  In the synthesis of nano-powder, the obtained precursor was calcined in air at 1 100 ℃ for 4 h to obtain EuxLu1.4–xGd0.6O3 
(x=0, 0.02, 0.06, 0.10, 0.14, 0.18) powders. The synthesized powders were molded in a 18 mm mold at 40 MPa, and then the ceramic 
green bodies were obtained by cold isostatic pressing at 250 MPa, pre-sintered in vacuum at 1 600 ℃ for 2 h and then sintered in argon 
atmosphere under 176 MPa at 1 750 ℃ for 2 h. The fabricated EuxLu1.4–xGd0.6O3 ceramics were annealed in air at 1 100 ℃ for 20 h to 
remove oxygen vacancies introduced by sintering in a reducing atmosphere. 

The microstructure of the sample was characterized by a model SU9000 field emission scanning electron microscope (Hitachi 
Co., Japan). The XRD pattern was detected by a model D8/DISCOVER DAVINCIX X-ray diffractometer (Brooke Co., Germany). 
The photoluminescence spectra (PL) and photoluminescence excited spectra (PLE) of ceramics were tested by a model FLS-980 
fluorescence spectrometer (Edinburgh Instruments Ltd., UK). The performance of scintillating ceramics was characterized by an 
X-ray excitation emission spectrometer. The emission signals of the test samples were analyzed by a model QE65000 spectrometer 
(Ocean Optics Co., USA) excited by an X-ray tube operating at a voltage of 70 kV and a current of 1.5 mA. The transmittance curve 
was tested by a model Cary-5000 ultraviolet visible near-infrared spectrophotometer (Varian Co., USA). 

Results and discussion  The EuxLu1.4–xGd0.6O3 (x=0, 0.02, 0.06, 0.10, 0.14, 0.18) powders are all cubic crystalline, and the 
diffraction peak position shifts towards a lower angle as Eu3+ doping concentration increases because the ion radius of Eu3+(i.e., 0.950 Å) or 
Gd3+(i.e., 0.938 Å) is larger than that of Lu3+(i.e., 0.848 Å). According to Scherrer’s formula, the average grain size of the powders 
gradually decreases from 63.7 nm to 55.0 nm as the concentration of Eu3+increases. The EuxLu1.4–xGd0.6O3 ceramics have uniform 
grain sizes, no obvious pores occur, and there is no second phase. The grain size measured by a linear intercept method decreases 
from 1.0 μm to 0.9 μm as the Eu3+doping concentration increases. This is because the lattice distortion caused by Eu3+doping 
suppresses the growth of ceramic grains in sintering. Compared to the prepared ceramics, the grain sizes of the ceramics after HIP 
increase. The average grain size of the ceramics after HIP decreases from 76.5 μm to 30.1 μm as the Eu3+doping concentration 
increases from 0 to 9%. 

The in-line transmittance of ceramics firstly increases and then decreases with the increase of Eu3+concentration. When x=0.1, 
the in-line transmittance of ceramics reaches a maximum of 71.4% at 611 nm. When the concentration of Eu3+is high, the lattice 
distortion inside the ceramic intensifies, leading to a decrease in the in-line transmittance. In the XEL patterns of EuxLu1.4–xGd0.6O3 
ceramics, the emission spectrum is composed of Eu3+characteristic emission peaks. The main emission peak is located at 611 nm, 
which is an intense red light emitted from the 5D0→7F2 transition. When the Eu3+concentration is low, the emission intensity of the 
ceramic gradually increases with the increase of the number of emission centers. When the concentration of Eu3+exceeds 3%, the 
distance between the emission centers decreases. Also, the energy transfer between Eu3+ increases and the transition probability 
between Eu3+and defects increases due to the high energy of the excitation source, resulting in a decrease in scintillation luminescence 
intensity. The ceramic exhibits an intense red light emission matching well with silicon photodiodes. 

Conclusions  The maximum in-line transmittance of the ceramic could be obtained at the Eu3+doping concentration of 5%, reaching 
71.4% at 611 nm. The photoluminescence and photoluminescence excited spectra of EuxLu1.4–xGd0.6O3 ceramics demonstrated that 
increasing the concentration of Eu3+ could enhance the absorption and emission peak intensities of the ceramics. At the concentration 
of Eu3+ of 3%, the ceramic exhibited the most intense red light emission under X-ray excitation with the main emission peak located 
at 611 nm, corresponding to the 5D0→F2 transition of Eu3+. High transmittance and high red light emission intensity were of great 
significance for achieving a high-resolution X-ray imaging. 
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