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Foreword 

 

The purpose of this document is to unify the testing methods and nomenclature standards. All 

parties of the alliance agree with each other on the test results using this document. 

 

This document is drafted in accordance with the rules given in the GB/T 1.1—2020, Directives for 

standardization—Part 1, Structure and drafting of standards. 

 

The members of this working group: Li Jian-jun, Chen Shu-xiang, Ma Xiao, Li He-jun, Shan 

Guang-qi, Cheng You-fa，Wang Lv-yan, Zhou Xiao-xian, Bai Meng-ying, Dong Shou-guo, Wang  

Lu-yan, Ma Rui-qi, Han Ya-tong, Zhang Si-xue, Peng Yi-nuo, Ren Jia-kai, Yang Si-nuo, Zheng 

Wei-zhang. 

 

  



 

 

 

Sapphire - Testing and designation 

 

1 Scope 

 

This document specifies the terms and definitions, identification characteristics, identification 

method and designation of sapphire. 

This document is applicable to the identification of unset and set sapphires and the denoting of test 

results. 

 

2 Normative references 

 

The following documents are essential for the application of this document. For dated references, 

only the dated version applies to this document. For undated references, the latest version 

(including all amendments) is applicable to this document. 

GB/T 16552  Gems-Nomenclature 

GB/T 16553  Gems-Testing 

 

3 Terms and definitions 

 

GB/T 16552, GB/T 16553 defined and the following terms and definitions apply to this document. 

 

3.1 Corundum 

α-Al2O3。 

 

3.2 Sapphire 

Corundum of all colors except red. 

 

3.3 Natural sapphire 

Sapphire formed by geological process 

 

3.4 Synthetic sapphire 

Sapphire formed wholly or partially in an artificially constructed environment 

 

3.5 Composite sapphire 

The material is made of two or more natural sapphire by artificial composited, which gives 

people an overall impression. 

 

3.6 Modified sapphire 



 

 

 

Sapphire products formed by changing any property of sapphire by artificial process (except 

cutting and polishing). It includes painted sapphire, coated sapphire, filled sapphire, heat treated 

sapphire (including pressure heat treatment), diffusion sapphire, dyed sapphire, ion implantation 

sapphire, irradiation treated sapphire, composite process treated sapphire, etc. The modified 

sapphire does not change the arrangement of most lattice particles, so it does not change the 

genetic properties of sapphire. 

 

3.7 Diffusion sapphire 

A kind of heated sapphire, which causes the foreign substances to enter the crystal lattice. 

Iron and titanium diffusion (enhanced blue or star effect) and beryllium diffusion (mostly orange) 

are common in the market. 

 

3.8 Filling sapphire 

A kind of sapphire which is produced by artificial technology to make the substance outside 

the gem contour enter into the open cracks and cavities. 

 

3.9 Dyed sapphire 

Sapphire whose appearance color is changed by adding colored material to the surface of 

gemstone or opening cracks and cavities by artificial process. 

 

3.10 Heating sapphire 

A sapphire that changes the crystal state of internal inclusion or internal ion valence state by 

heating process, thus changing its color, transparency and other appearance. 

 

4 Identification characteristics 

 

4.1 material types 

  α-Al2O3， It belongs to trigonal system, including single crystal, twinned crystal or polycrystal 

aggregate. 

 

4.2 basic properties and standard gemological identification characteristics 

 

4.2.1 Material properties: 

 

 Chemical constituents: Al2O3, can contain Fe, Ti, Cr, V, Mn and other elements. 

 Crystallization state: Crystalline compound. 

 Crystal class: trigonal system.  

Crystal habit: hexagonal cylinder, bucket shaped, a few are plate-shaped or leaf-shaped. 

 

Color: blue, bluish green, green, yellow, orange, pink, purple, black, gray, colorless, etc. 



 

 

 

 

Luster: vitreous luster to sub-adamantine luster. 

 

Cleavage: None, Gems developed from twin crystal can show three groups of partings. 

 

Mohs hardness: 9. 

 

Density: 4.00 (+ 0.10, -0.05) g/cm3 

 

Optical characteristics: heterogeneous body, uniaxial crystal, optically negative.  

 

Pleochroism: Strong, Hue depending on color.  

Blue: blue, green-blue.  

Green: green, yellow green.  

Yellow: yellow, orange yellow.  

Orange: orange, orange red.  

Pink: pink, pink-red.  

Purple: purple, purple-red. 

 

Birefringence: 0.008～0.010. 

 

Fluorescence observation: Blue: long wave: inert to strong, orange-red; Short wave: inert to weak, 

orange-red. 

Pink: long wave: strong, orange-red; Short wave: weak, orange-red. 

Orange: usually none, strong under long wave, orange-red. 

Yellow: long wave: no to medium, orange-red, orange yellow; Short 

wave: weak red to orange yellow. 

Purple, color change: long wave: no to strong, red; Short wave: no to 

weak, red. 

Colorless: no to medium, red to orange. 

Black, green: none. 

Some heat-treated sapphires have weak blue or weak green-white 

fluorescence. 

 

Ultraviolet visible spectrum: Blue, green and yellow: 450nm absorption band or 450nm, 460nm, 

470nm absorption peaks; Pink, purple and color-change sapphires have 

absorption bands of ruby and blue sapphires. 

 

Magnification examination: Gas-liquid inclusion, fingerprint inclusion, mineral inclusion, color 

zoning, growth line, twinning wisp, negative crystal, filamentous 

inclusion, needlelike inclusion, foggy inclusion. 

 

Infrared spectrum: The mid-infrared region has the characteristic infrared absorption band caused 

by Al-O vibration in corundum. 



 

 

 

 

Special optical phenomena: Color change effect, asterism (common six-beam starlight). 

 

4.2.2 Product modification characteristics: 

 

Heat treatment: Magnification examination shows that the surface is partially melted. Flaky and 

annular stress cracks appear around the internal solid inclusions, the 

periphery of negative crystals is in the form of erosion or round, the 

filamentous and needlelike inclusions are in the form of intermittent 

filamentous or tiny dots, and some heat-treated sapphires show weak 

blue-green fluorescence under short wave. 

                      Under the prescribed conditions, sapphire can be divided into five 

categories according to the presence or absence of heat treatment and 

the amount of heat treatment residues: unheated treated (N), heat 

treated without residual (H), a small amount of residual in heat 

treatment (H1), the amount of residualin heat treatment (H2) and a large 

amount of residual in heat treatment (H3). The types and representation 

of heat treatment are shown in Table 1. 

 

Table 1.  The types and representation of heat treatment  

The types of heat treatment Identification characteristics 

No indication of heating N No sign of heat treatment 

Heated no residue   H There are signs of heat treatment, but no residue exists. 

Minor residue in fissures H1 
There is a small amount of residue in the internal crack of the 

gem. The surface characteristics are not obvious. 

Moderate residue in fissures H2 
There are many residues in the internal cracks of gemstones, 

and there are more obvious residues in the surface cracks. 

Significant residue in fissures or cavities H3 
There are many, many residues in the internal cracks of gemd, 

there are obvious residues in surface cracks or pits. 

 

Dyeing treatment: It can be seen that the color distribution is not uniform through magnification 

examination, and it is mainly concentrated in cracks or surface 

depressions; Under long-wave and short-wave ultraviolet rays, the dye 

can cause special fluorescence; there is no obvious polychromism; the 

absorption spectrum can be seen as abnormal; it can be discolored by 

wiping with acetone or anhydrous ethanol and other solvents. 

 

Filling: Magnification examination shows that the surface luster of the filling part is different from 

that of the main gem, bubbles can be seen at the filling part, and 

sometimes "flash effect" can be seen along the crack filling part; 

Infrared spectrum and Raman spectrum are used to test the 

characteristic infrared absorption band of fillings. Luminous image 

analysis (e.g. ultraviolet fluorescence observation instrument, etc.) can 

observe the distribution state of fillings; Component analysis 

instruments (such as XRF, etc.) can detect abnormal content of foreign 

elements (such as lead, bismuth, etc.). 



 

 

 

 

Diffusion treatment: a) Color enrichment can be seen in cracks, pits and other places through 

magnification examination. After diffusion treatment, the star line of 

star sapphire is thin and straight, and the floccules composed of white 

dots can be seen on the surface. Beryllium diffused sapphire shows 

micro-crystallization on the surface and zircon inclusions have 

recrystallization phenomenon. Light blue spots can be seen on the 

surface of cobalt diffused sapphire. 

b) Oil immersion or scattered light amplification observation shows that the 

color is enriched in the edges, waistlines or cracks and distributed in a 

net shape. Beryllium diffusion sapphire is not obvious. 

c) Some diffusion-treated blue sapphires probably have blue-white or 

blue-green fluorescence under short-wave ultraviolet light. 

d) Some diffusion-treated blue sapphires have no characteristic absorption 

bands of iron, while cobalt diffusion sapphires have characteristic 

absorption bands of cobalt. 

e) Tested by component analysis instruments (e.g. LA-ICP-MS, etc.), the 

content of elements (e.g. beryllium, etc.) diffused on the surface of 

gemstone is abnormal, and the concentration decreases from the 

surface to the inside. 

 

Irradiation treatment: Colorless, light yellow and some light blue sapphires can produce dark 

yellow or orange yellow after irradiation, which is unstable and 

difficult to detect. 

 

5 identification method 

Refer to GB / T 16553. 

 

6 Designation 

 

6.1 "Sapphire" is used to express untreated natural sapphire. 

 

6.2 For sapphire with non-natural origin, the origin of sapphire shall be indicated, such as 

"synthetic sapphire", "composite sapphire ", "reconstituted sapphire", etc.; when such sapphire is 

accompanied with heat treatment, dyeing, filling, irradiation and other treatment processes, no 

marking is required. 

 

6.3 Natural sapphire without heat treatment or after mild heat treatment，can be directly named 

"sapphire" 

 

6.4 The natural sapphire after heat treatment can be named as sapphire, and the foreign residual 

material brought by heat treatment is not obvious. H2 or H3 in Table 1 can be annotated or its 

corresponding text description can be given. 

 



 

 

 

6.5 Natural sapphire should be named "filled sapphire" or "sapphire (treated)" when its filling 

characteristics are obvious or lead and / or bismuth are detected by component analysis instrument 

 

6.6 When natural sapphire is dyed, diffused or irradiated, it should be named "dyed sapphire", 

"diffused sapphire", "irradiated sapphire" or "sapphire (treated)" respectively. 

 

6.7 When a natural sapphire has been treated in multiple processes, it should be named as 

sapphire (treated) with notes describing the various treatment process or indicating that it has 

undergone multiple treatments. 

 

6.8 When it is not possible to determine whether or not a natural sapphire has been treated, or 

when it is believed that it may have undergone a certain treatment but there is no conclusive 

evidence, it may be named as a sapphire, provided that the note indicates that it is not possible to 

determine whether or not a sapphire has been treated, or may have undergone a certain artificial 

treatment. 

 

_________________________________ 

 


