
陶瓷被广泛应用于各个领域。它们的生产过程由原材料、
中间产品和最终产品组成。生产商分析其材料和产品的化学成
分，对每个过程进行质量控制。这些材料的成分几乎都是无机
物，如矿物和氧化物，可以用化学或湿法分析，如重量法、
ICPAES、原子吸收光谱法。此外，还可以用能量色散 x射线荧
光分析（EDXRF）代替分析。

阿罗特，H.中村

■ EDXRF的特性  
1.要想在全球市场上竞争，陶瓷行业的原材料和成品质量

检测是必不可少的。
2.EDX-7000检测元素范围 :Na ~ U, 

   EDX-8100检测元素范围 :C ~ U

3.自动化的质量控制，不需要熟练的人力。
4.传统的化学分析方法费时，存在人为误差。
5.无标 FP方法可以分析原料，如二氧化硅、ZrO2、铝粉等。
6.用 FP荧光光谱法分析陶瓷粉末。
7.样品可以用压片形式分析。

■样品  
1. 陶瓷粉 :成品
2. 粘土
3.  石灰粉
4. Na2SO4粉
5. 氧化锆粉
6. 二氧化硅粉
7. 氧化锌粉末
8. 氯化钠粉
9. 氧化铝粉末
10. 二氧化钛粉末

■元素、氧化物  
1. 陶瓷粉 :成品
Na2O, MgO, Al2O3, SiO2, P2O5, SO3, K2O, CaO, TiO2，

MnO, Fe2O3, CuO, ZnO, SrO, ZrO2

2. 原材料、中间产品
Na – U

■ EDXRF 的样品分析流程
在陶瓷粉生产过程中，样品分析流程及定量结果如图 1所

示。

图 1 EDX-7000分析试样和结果

■样品制备和设置
1.压制法 :图 2 (a)

•硼酸粉用作粘合剂。
•待测样品加入硼酸粉，用压样机压制。
2.粉末法：图 2b

对不能压成片的粉末，直接放在用聚丙烯膜封底的样杯中进
行分析。

X射线荧光分析

陶瓷的 EDX分析 
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Ceramics are used in a wide range of fields. Their 
production process depends on raw materials, 
intermediate and final products. Manufacturer analyzes 
the chemical composition of their materials and 
products on each process for quality control. 
Component of these materials are almost inorganics, 
such as mineral and oxides, which can be analyzed by 
chemical or wet methods like gravimetric method, ICP-
AES, ICP-MS, and AAS. 
Also, these analyses can be substituted by EDXRF; 
Energy Dispersive X-ray fluorescence analysis. 
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 The Feature of EDXRF 
1. To compete in global market, it is essential to check 

quality of raw materials and final product in ceramic 
industries. 

2. Range of detected elements by EDX-7000: Na to U 
& EDX-8100: C to U 

3. Automation in quality control without skilled 
manpower. 

4. Conventional methods of chemical analysis are 
time consuming with Human error. 

5. Standardless method allows analysis of raw 
material such as SiO2, ZrO2, Al powder, etc. 

6. Analysis of ceramic powder with FP method. 
7. Samples are analyzed in pellet form. 
 

 Samples 
1. Ceramic Powder : Final Product 
2. Clay  
3. Lime Powder 
4. Na2SO4 Powder 
5. ZrO2 Powder 
6. SiO2 Powder 
7. ZnO Powder 
8. NaCl Powder 
9. Al2O3 Powder 
10. TiO2 Powder 
 

 Elements, Oxides 
1. Ceramic Powder : Final Product 

Na2O, MgO, Al2O3, SiO2, P2O5, SO3, K2O, CaO, TiO2, 
MnO, Fe2O3, CuO, ZnO, SrO, ZrO2 

2. Raw Materials, Intermediate products  
Na- U 

 

 Flow of Sample Analysis by EDXRF 
Following a production process of ceramic powder, the 
flow of sample analysis and its quantitative results are 
shown in Fig. 1. 
 
   ZrO2 Powder    
   Analyte  Result%    
Na2SO4 Powder ZrO2 59.29   SiO2 Powder   
Analyte  Result%  SiO2 34.46   Analyte  Result% 
Na2SO4 94.31   K2O 0.24   SiO2 96.13  
SiO2 3.42   CaO 0.20   Al2O3 1.98  
Al2O3 1.59   TiO2 0.44   CaO 1.20  
MgO 0.33   V2O5 0.056  SO3 0.35  
CaO 0.20   Al2O3 3.86   TiO2 0.13  
K2O 0.12   Fe2O3 0.14   K2O 0.086 
        
Lime Powder  Final Product ZnO Powder 
Analyte  Result%  Ceramic Powder Analyte  Result% 
CaO 55.91   Analyte  Result%  ZnO 97.10  
SO3 0.24   Na2O 6.18   SiO2 1.58  
SiO2 0.21   K2O 1.60   Al2O3 0.45  
Al2O3 0.060  SiO2 73.98   P2O5 0.24  
NiO 0.020  CaO 1.70   TiO2 0.20  
SrO 0.019  Al2O3 15.30     
Fe2O3 0.017  MgO 0.11     
LOI 43.51   TiO2 0.059  NaCl Powder 
   MnO 0.008  Analyte  Result% 
   Fe2O3 0.33   NaCl 96.29  

Clay  CuO 0.004  Al 0.45  
Analyte  Result%  ZnO 0.005  Si 1.21  
SiO2 67.00   SrO 0.013  Ca 1.03  
Al2O3 19.00   ZrO2 0.008  Mg 0.51  
Na2O 10.62   SO3 0.12   S 0.40  
CaO 1.66   P2O5 0.091  K 0.067 
Fe2O3 0.86        
K2O 0.33   TiO2 Powder  Al2O3 Powder 
SO3 0.22   Analyte  Result%  Analyte  Result% 
MgO 0.16   TiO2 90.19   Al2O3 99.71 
TiO2 0.11   SnO2 2.28   SiO2 0.13 
   Fe2O3 1.78   SO3 0.042 
   SiO2 1.57   CaO 0.028 
   NbO 1.03  Fe2O3 0.021 
   Al2O3 1.17  K2O 0.005 

 

Fig. 1  Flow and results of sample analysis by EDX-7000 

 

 Sample Preparation and Setting 
1. Briquette Press method : Fig. 2 (a) 

• Boric acid powder is used as a binder. 
• Sample to be measured has been spiked with 

boric acid powder and pressed by Briquette Press 
Machine. 

2. Powder method : Fig. 2 (b) 
Samples that cannot be bonded in pellet form were 
measured in powder form in a sample cell with  
polypropylene film. 
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Fig. 2  Sample Preparation 

 

 Quantitative Analysis 
Ceramic powder as a final product was analyzed by 
Quantitative FP mode adequated for QC of the 
composition by specified components.

The spectra for quantitation are shown in Fig. 3. 
The raw materials and intermediate products were 
analyzed by Qualitative-Quantitative mode, which is 
useful for the unknown sample or detecting unexpected 
elements. The qualitative profiles of clay and lime 
powder are shown in Fig. 4. 
The quantitative results calculated by FP method were 
summarized in Fig. 1. 
The measurement conditions, except for vacuum, are 
basically initial settings, for example 50/15 kV-auto, no 
filters, 10 mmφ, 100 sec. This takes only 3 minutes to get 
the output. 
In conclusion, EDXRF is useful for ceramic analysis as 
feature shown in this report. 

 

 
Fig. 3  Spectra for Quantitation 

 
 

  
Fig. 4  Na-U Qualitative Results of Clay (Left) and Lime Powder (Right) 

   
Top view Bottom view Sample cell 

(a) Briquette press (b) Powder 

Boric acid Sample 

Na Mg Al Si P 

S K Ca Ti Mn 

Fe Cu Zn Sr Zr 

以陶瓷粉末为最终产品，采用定量 FP模式对其进行分析，
并对其组成按规定成分进行质量控制。 定量光谱如图 3所示。
采用定性 - 定量相结合的方法对原料和中间产品进行分析，
可用于未知样品或检测未知元素。粘土和石灰粉的定性如图 4

所示。 FP法计算的定量结果如图 1所示。测量条件 ,除了真
空 , 基本上是初始设置 , 例如 50/15 kV-auto, 没有过滤器 ,10 

mmφ,100 秒 , 整个分析只需要 3 分钟。综上所述，EDXRF 对
陶瓷分析是有用的，如本报告所示。
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图 3  定量分析谱图

 图四  Na-U定性结果 粘土（左） 石灰（右）


