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NICKEL SULPHIDE INDUCED SPONTANEOUS BREAKAGE IN 
FULLY TEMPERED GLASS 

17.1.1 OVERVIEW 
In various situations fully tempered glass may break for no reason. Many factors might cause such spon-
taneous breakages, but the most common are nickel sulphide inclusions. Nickel sulphide inclusion, also 
known as NiS, occurs during the manufacturing process for float glass. In the glass batch, nickel-rich 
contaminants such as stainless steel might be present, and then combine with sulphur to form nickel 
sulphide inclusions. Although, glass manufacturers take extraordinary steps to minimize the potential for 
nickel sulphide inclusions, considering the fact that a large furnace may produce up to 600 tons of glass 
per day, total elimination of contaminants is extremely difficult. 
 
The nickel sulphide problem, i.e. the spontaneous cracking of thermally toughened safety glass sheets, 
was first reported in the 1960s and still remains a very actual problem in view of the increasing number 
of all glass facades of many modern buildings. 
 
Nickel sulphide is an interesting compound that exists in different phases at different temperatures. Two 
specific phases of NiS exist, known as the alpha-phase and the beta-phase. At temperatures below 380 
°C (715 F), nickel sulphide is stable in the beta-phase. Above this temperature, it is stable in the alpha-
phase. Therefore, when glass is produced in the furnace, it is overwhelmingly likely that any NiS inclu-
sions will be in the alpha-phase. In typical annealed glass, the slow cooling process provided by the an-
nealing lehr allows the NiS ample time to transform to its beta-phase as the glass cools. However, in the 
fast cooling process used in both heat-strengthened and tempered glass, there is insufficient time to 
complete the phase transition (which is a relatively slow process). The inclusions therefore are “trapped” 
in the glass in their high-temperature alpha-phase. 
 
However, once the glass cools past the phase change temperature, the NiS inclusion seeks to reenter its 
lower energy beta-phase. For “trapped” inclusions, this process takes anywhere from months to years. 
When NiS changes from alpha-phase to beta-phase, it increases in volume by 2 to 4%. This expansion 
creates localized tensile stresses that are estimated to be as much as 125,000 psi (860 MPa) at the 
glass-NiS Interaction surface. The magnitude of this stress drops off sharply away from the face of the 
inclusion, but is sufficient at the face to cause micro-cracking, as can be seen in the figure. 
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Figure 17.1.1: Micro-cracking around NiS Inclusion, as seen under an electron microscope In compres-
sion zones, even this large a stress is not a concern due to its extreme localization. However, in the core 
tension zone of the glass, these micro-cracks are propagated by stress concentrations at the tip of the 
crack until the structure of the glass is undermined completely and the tempered glass undergoes its 
characteristic shattering, which causes the seemingly spontaneous failure. It is important to understand 
that since there is no data available worldwide on the amount of NiS inclusions that could occur, break-
age due to NiS suicide is a property, and not a defect in tempered glasses. 

17.1.2 HOW TO IDENTIFY BREAKAGE DUE TO NIS INCLUSION? 
The break departure point of a tempered glass sheet destroyed by NiS appears typically in the middle of 
a “butterfly” whose wings are formed by two outstanding pentagonal or hexagonal glass pieces. 
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Figure 17.1.2: “Butterfly” at the departure point of break caused by NiS 

17.1.3 WHAT IS THE PROBABILITY OF BREAKAGE DUE TO NIS? 
Estimating how many nickel sulphide inclusions occur in a typical batch is extremely difficult. However, 
most estimates are within the same range of frequency. A rate of 1 inclusion in 500 panes of average 
size is perhaps the easiest rate to conceptually comprehend. Another measurement uses weight to re-
late the frequency, citing approximately 5 ug of NiS in 1.1 tons of glass. A final measurement mixes the 
two approaches by claiming the typical rate of occurrence is 1 inclusion in 880 tons of glass. Buildings 
that have seen multiple instances of NiS failures often have huge expanses of glass, which automatically 
increases the odds of such a failure occurring. It is also possible for a particularly bad batch of tempered 
glass to be produced, which would have a higher failure rate if no preventive measures were taken to 
mediate the concern. 
 
Another aspect of nickel sulphide failure is the fact that these failures rarely occur upon installation or 
even within the first few months following installation. Even so, the overwhelming trend is that most 
panels break in the first 2 to 7 years, after which the number of breakages tapers off with what is com-
monly considered a logarithmic decay, which is illustrated in the following graph. 
 
No record is found of any breakage occurring more than 30 years after installation. Factors which may 
influence the time from installation to fracture include the purity of the inclusion, the location of the inclu-
sion within the glass, the magnitude of tempering stress, the size of the initial micro-cracking around the 
inclusion, the environmental conditions the glass is subjected to, and the size of the panel of glass in 
which the inclusion is located. Due to the high number of influencing factors and the lack of control 
which we are able to impose on any of the factors, it is not possible to predict failures with any real level 
of accuracy. 
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17.1.4 HEAT-SOAK TEST 
The heat soak process was developed to overcome the problem of spontaneous breakage. It is a de-
stroying test, eliminating glasses bearing critical NiS inclusions, by a 2 to 3 hour heat treatment at (290 ± 
10°C). GLASSHIELD (HST) is GLASSHIELD that has undergone the heat-soak process. is completely 
compatible with all the requirements and procedures laid by the European Standard pr EN14179-1.  
 
GLASSHIELD (HST) is practically free of spontaneous breakage but the risk is not zero. For a building 
with 10,000m2 the remaining breakage risk depends on the thickness of the glass – the thicker the glass 
the greater the mass and therefore the more probable a breakage. If we use an average glass thickness 
of 8mm and heat-soaked tempered glass in a curtain wall, the annual remaining breakage risk is 1%. 
This means that from 100 Buildings each with 10,000 m2 of heat-soaked tempered glass only one single 
spontaneous breakage will occur in the year. 
 
On a building with only 100 m2, the remaining spontaneous breakage risk is therefore extremely small. 
That should, however, not lead to omission of the Glasshield (HST) for small facade projects. Untested 
glass has nearly one hundred times the risk of breakage compared to tested glass. 

17.1.5 IS HEAT-SOAKING NEEDED FOR HEAT-STRENGTHENED GLASS? 
No. In case of heat-strengthened glasses the stress formation is considerably lesser than those of fully-
tempered glasses. Correspondingly the expansion of NiS inclusions does not take place at the same rate 
and heat-soaking is not needed. 
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