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Past oxygen diffusion measurements were mostly conducted with commercial grade niobium. RRR measurement of  furnace treated niobium samples showed the 

oxygen diffusion rate in high purity niobium can be much different from past measurements. Samples were baked in furnace at various conditions and subsequently 

etched incrementally before RRR measurement. Compared to the oxygen concentration of  reference niobium sample, a new O diffusion constant can be obtained by 

the RRR method..

Conclusions:
Niobium RRR depends on various interstitial impurities. The set of impurity levels 

were referenced from modern day niobium material for SRF applications From the 

residual gas analyzer data, it is believed that the partial pressure of oxygen was 

the single variable affected by the titanium shield. During the sample baking 

process, Hydrogen and Oxygen would be the two elements that will change their 

concentration greatly in niobium. There is reason to believe the further deceasing 

of already low initial hydrogen concentration in niobium sample does not affect the 

overall RRR very much. It is safe to conclude the RRR degradation was 

dominantly due to the Oxygen diffusion in niobium. 

The matching of calculated RRR and measurement data suggested the oxygen 

diffusion constant for niobium at 650 C would be around 3.34x10-12 m2/s. which 

is in between the previous measured data. 

Future work will continue the progressive etching of the niobium sample and 

conduct the surface elemental analysis to improve the knowledge of the interstitial 
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Table 1: Table 1: RRR measured for samples baked 

without Titanium shield

Sample

Before 

bake

Baked 

650C 10 h

BCP 

removal 

of 80 µm

Sample P 400 165 183
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Figure 2: Partial pressure during the 600 C 10 

hour baking with open titanium tube.

Table 2: RRR measured for samples 

baked inside an open Ti tube

Sample Before bake Baked 650 C 

10 h

Sample 1 370 271

Sample 2 301 227

Table 3: RRR measured for samples baked with 

single cell Titanium shield

Sample
Before bake

Baked 650 C 

10 h

Sample D 401 387

Sample F 314* 313
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Figure 3: Partial pressure during the 600 C 10 

hour baking with large enclosed Titanium tube

Oxygen Partial pressure = 9x10-8 Torr 

Figure 1: Sample suspended into the Ti tube.

*Work supported by U.S. Department of Energy under contract # DE-AC02-07CH11359
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Figure 4: The polluted layer is 

around 100 µm with O 

concentration around 1300 

weight ppm.  4 ppm initial O 

concentration is assumed and 

sticking coefficient is at 0.5.
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Figure 5: Niobium RRR 

decreases with increased 

uniform O concentration 
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Figure 7: RRR degradation as function of O2

partial pressure (Torr).

Sample

Before 

bake

Baked 650 

C 10 h

O2 partial 

pressure 

[Torr]

Sample P 400 165 9.010-8

Sample 1 370 271 2.610-8

Sample D 401 387 ~1.110-8

Table 4: RRR after baking and their dependence 

on O2 partial pressure


