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Introduction. Glass of basaltic composition, derived from impact melting or pyroclastic 
volcanism, is a ubiquitous phase in the lunar regolith. Reduction of the ferrous iron and other oxides 
in this glass by hydrogen at elevated temperatures is being investigated as a method of liberating 
oxygen to support a lunar base. McKay et a1 (1) reported the reduction of iron oxide in lunar 
simulant glass by hydrogen at 1000 and 1200 OC. This work was extended by Allen et a/. (2), who 
showed that the greatest degree of reduction occurs at 11 00° C and demonstrated the effects of 
gas flow rate and devitrification on the process. Our current work examines the mechanism and 
kinetics of hydrogen reduction and the dependence of oxygen release on glass composition. 

Experimental. Glass samples of approximately lunar soil composition (Glass #1 below) were 
reduced by reaction with hydrogen at 1000 - 11 00 OC. The starting samples were homogeneous 
with no evidence of devitrification. The glass was ground in freon and sieved to ~ 7 4  micrometers. 

The current experiments were conducted in a Cahn 1000 microbalance furnace with a 1.5 inch (ID) 
vertical tube. Loose samples of powdered glass were placed in a platinum basket which was 
suspended in the furnace by a platinum wire. After a sample was inserted into the furnace hot zone, 
oxygen was removed by evacuation and purging with argon and helium over 15 - 20 minutes. 
Hydrogen was then allowed to flow upward past the sample and the weight change was monitored. 
After each test the furnace was purged with helium and the temperature was reduced to 200 OC 
prior to removing the sample. Textures and compositions of the solid products were analyzed by 
SEM. The distribution of iron among various phases were determined by Mossbauer spectroscopy. 

Textures. Powdered glass remained unconsolidated during the 1000 - 1050 OC experiments. 
Samples heated to 1100 OC were invariably sintered into consolidated masses. These sintered 
samples displayed significant open porosity, however, allowing gas flow throughout. 

The glass in all of our experiments underwent rapid devitrification, initially producing submicrometer 
crystals of plagioclase, pyroxene and ilmenite. Mossbauer spectra for 1000 OC experiments showed 
that all of the iron was incorporated into crystalline phases in as little as 2 hours. Indeed, half of the 
glass grains in a 15 minute run at 1000 OC were partially devitrified. 

In the course of reaction with hydrogen much of the ferrous and ferric iron in the samples was 
reduced to metal. This metal collected as 1 micrometer blebs both within and on the surfaces of the 
reacted grains. Mossbauer and electron microscope data indicate that iron in the ilmenite was 
rapidly and completely reduced. However, only a portion of the iron in the pyroxene was reduced. 

Weight Loss. Previous studies of lunar simulant glass have demonstrated that iron was 
reduced to the metallic state by interaction with hydrogen at elevated temperatures (1) and that 
reduction was accompanied by a weight loss attributed to release of oxygen from the glass (2). A 
1000 OC experiment in argon, not hydrogen, showed no weight loss. Thus, the losses measured 
in subsequent tests are attributable to the effects of hydrogen reduction. 

The maximum weight losses for Glass #1 were achieved at 11 00 OC with hydrogen flow rates of 22 - 
122 cm3/min (Figure 1; 13% FeO equivalent). The sample weights decreased by approximately 
1.5% in the first 15 minutes, and the loss reached 3.7% after three hours. 

Devitriflcation. Initially glassy material was partially or totally devitrified early in the hydrogen 
reduction period. The kinetics of "glass" reduction, therefore, were actually dominated by the 
reduction of ilmenite and pyroxene. Separate experiments were run using powdered samples of 
these two minerals at 1100 OC. The rapid initial weight loss shown in Fig. 1 is matched by that due to 
loss of oxygen associated with iron in ilmenite, while the subsequent slower loss is attributable to 
partial reduction of pyroxene. A combination of ilmenite and pyroxene weight loss curves, adjusted 
to the starting glass composition, matches the glass weight loss curve. 
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Reduction. Most previous investigators of lunar glass reduction have assumed that oxygen is 
only released from ferrous iron, due to its low bond strength relative to other oxides. However, the 
weight losses for several of our experiments exceeded those which would occur if only oxygen 
associated with iron were released. Moreover, Mossbauer spectra from several runs indicate 
significantly less iron reduction than the weight loss data would suggest. 

A series of tests was run to assess the ability of flowing hydrogen to reduce oxides other than iron. 
At 11 00 OC, with a flow rate of 22 crn3/min, 7.3 wt. O/O was lost from Ti02, 2.3 wt.% from Si02 and 1.3 
wt. O/O from MgO in three hours. Weighting these figures to match the composition of our glass 
indicates that reduction of these oxides could account for over 40% of the total weight loss, while 
iron oxide reduction accounts for the remainder. 

Glass Composition. Initial experiments have recently been conducted using a glass with 
higher FeO and MgO, compensated by lower A1203 and CaO (Glass #2 below). The curves from 
these experiments (Figure 1; 20% FeO equivalent) indicate increased weight loss, ie greater 
reduction, for this high-iron glass. The weight loss after 3 hours at 1100 OC, with a hydrogen flow 
rate of 122 cm3/min, was 4.5 %. These results support the prediction that oxygen release is 
dependent on iron oxide content in the starting glass. However, increasing the iron content by 
50% only increased the weight loss by around 20%. This is a further indication that oxygen 
associated with components other than iron is also released. 

lmplicatlons for Lunar Oxygen Production. Lunar glass is a viable source of oxygen 
when heated in flowing hydrogen. Yields approaching 5 W% from material such as the Apollo 17 
orange glass (22 wt. % FeO) should be realizable in 3 hours at 1100 OC. 

Devitrification to ilmenite and pyroxene (plus plagioclase) is rapid for the glass compositions tested. 
Oxygen yield is determined by the reduction kinetics of these minerals, rather than the kinetics of 
glass reduction. 

Reduction of the FeO component of the feedstock accounts for approximately 60% of the oxygen 
release, while the remainder is derived from other oxides in the glass. 
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Fig. 1 Weight loss curves for Glass # 1 (1 3 % FeO) 
Total 99.46 100.28 and # 2 (20% FeO) reduced at 11 00 OC with a 

hydrogen flow rate of 122 cm3/min. 

XRF analyses; Fe20gFeO by titration; *LO1 (loss on ignition) by heating at 900 OC for 1 hour 
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