
Contract No: 

This document was prepared in conjunction with work accomplished under 
Contract No. DE-AC09-08SR22470 with the U.S. Department of Energy (DOE) 
Office of Environmental Management (EM). 

 

Disclaimer: 

This work was prepared under an agreement with and funded by the U.S. 
Government. Neither the U. S. Government or its employees, nor any of its 
contractors, subcontractors or their employees, makes any express or implied: 

1 )  warranty or assumes any legal liability for the accuracy, completeness, or 
for the use or results of such use of any information, product, or process 
disclosed; or  

2 )  representation that such use or results of such use would not infringe 
privately owned rights; or  

3) endorsement or recommendation of any specifically identified commercial 
product, process, or service.   

Any views and opinions of authors expressed in this work do not necessarily 
state or reflect those of the United States Government, or its contractors, or 
subcontractors. 



 

 

 

Examining Thermolytic Production of 
Hydrogen from Lubrication Oil 

S. C. Hunter 
June 2021 
SRNL-STI-2021-00024, Revision 0 

  



SRNL-STI-2021-00024 
Revision 0 

 ii 

 

DISCLAIMER 

This work was prepared under an agreement with and funded by the U.S. Government.  Neither the U.S. 
Government or its employees, nor any of its contractors, subcontractors or their employees, makes any 
express or implied: 

1. warranty or assumes any legal liability for the accuracy, completeness, or for the use or 
results of such use of any information, product, or process disclosed; or 

2. representation that such use or results of such use would not infringe privately owned rights; 
or 

3. endorsement or recommendation of any specifically identified commercial product, process, 
or service. 

Any views and opinions of authors expressed in this work do not necessarily state or reflect those of the 
United States Government, or its contractors, or subcontractors. 

 

 
Printed in the United States of America 

 
Prepared for 

U.S. Department of Energy 
 
 
  



SRNL-STI-2021-00024 
Revision 0 

 iii 

 
Keywords: Hydrogen, Thermolysis 
 
Retention: Permanent 

Examining Thermolytic Production of Hydrogen From 
Lubrication Oil 

S. C. Hunter 
 

 

June 2021  

  
 
 

 
 
 
 
Prepared for the U.S. Department of Energy under 
contract number DE-AC09-08SR22470. 

 



SRNL-STI-2021-00024 
Revision 0 

 iv 

REVIEWS AND APPROVALS 
 
 
AUTHORS: 
 
 
 
______________________________________________________________________________ 
S. C. Hunter, Chemical Flowsheet Development Date 
 
 
TECHNICAL REVIEW: 
 
 
 
______________________________________________________________________________ 
C. J. Martino, Chemical Flowsheet Development, Reviewed per E7 2.60 Date 
 
 
APPROVAL: 
 
 
 
______________________________________________________________________________ 
G. A. Morgan, Jr, Manager  Date 
Chemical Flowsheet Development  
 
 
 
______________________________________________________________________________ 
F. M. Pennebaker, Acting Director  Date 
Chemical Processing Sciences 
 
 
 
______________________________________________________________________________ 
T. H. Huff, Manager Date 
SRR DWPF/Saltstone Facility Engineering  
 
 
 
______________________________________________________________________________ 
J. E. Occhipinti, Manager Date 
SRR Tank Farm Facility Engineering 
 



SRNL-STI-2021-00024 
Revision 0 

 v 

PREFACE OR ACKNOWLEDGEMENTS 
 

The author wishes to acknowledge the efforts of all those involved in the planning, design, performance, 
analysis, and documentation of this research. Meagan Kinard expertly performed the experiments described 
herein. When Meagan was unavailable, Daniel Jones was able to step in and help with the testing. John 
Pareizs served invaluably as the process expert for the gas chromatography columns employed during these 
tests. Matt Williams supplied his valued help as the process expert for the infrared spectrometer. Holly Hall 
served as the facility coordinator, ensuring that the increasing demand for resources could always be 
fulfilled. Amy Blunt managed the samples and materials generated through the course of this research. 
Wesley Woodham graciously provided his valuable knowledge on the process, testing and analysis. 
 



SRNL-STI-2021-00024 
Revision 0 

 vi 

EXECUTIVE SUMMARY 
 

The Savannah River National Laboratory (SRNL) performed testing to investigate the thermolytic 
production of hydrogen gas from the addition of Mobil SHC 630 into caustic simulants. Currently, 35 
gallons of contaminated lubrication oil, Mobil SHC 630, is proposed for release into the recycle stream 
from the Defense Waste Processing Facility (DWPF) to Tank 22 and then to the 242-16H (2H) Evaporator 
system. The following conclusions were drawn below from the thermolytic Hydrogen Generation Rate 
(HGR) tests. 
 

• In an HGR test that mimics a 50-gallon Mobil SHC 630 addition to the recycle pump tank (RPT) 
at heel, the observed HGR in the Tank 22 simulant was indistinguishable from the Oil-Free HGR, 
suggesting that Mobil SHC 630 would not be expected to have a significant contribution to the 
overall flammability of the vapor space.  
 

• In thermolytic HGR tests with approximately 50 mg/L of Mobil SHC 630, in a Tank 38 simulant 
at 100 °C as well as tests in a high hydroxide simulant at 100 and 140 °C to mimic evaporator 
conditions, the thermolytic HGR attributable to Mobil SHC 630 appears to be bounded by the 
Global TOC model.  
 

• From all applicable tests, no volatile degradation products, including methane, were observed in 
the offgas.  
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1.0 Introduction 
Savannah River National Laboratory (SRNL) was requested by Savannah River Remediation (SRR) to 
conduct testing via Technical Task Request (TTR) to determine the thermolytic HGR of Mobil SHC™ 630, 
a lubrication oil.1 Currently, 35 gallons of contaminated Mobil SHC 630 is proposed for release into the  
recycle stream from the Defense Waste Processing Facility (DWPF) to Tank 22 and then to the 242-16H 
(2H) Evaporator system. Inhibited recycle waste in the Recycle Collection Tank (RCT) is transferred to 
Recycle Pump Tank (RPT) in the Low Point Pump Pit (LPPP) and then to the Concentration, Storage, and 
Transfer Facilities (CSTF) H-area. The lubrication oil would be added directly to the RPT, bypassing the 
RCT. The current DWPF waste compliance plan for liquid transfers from the RCT to the CSTF limits the 
concentration of Mobil SHC 630 to <1,100 ppm which is equal to <9.3 gallons of Mobil SHC 630 when 
considering a 7,500 gal RCT batch with an initial Mobil SHC 630 concentration of 42 mg/L.2,3  
 
Mobil SHC 630 is expected to be largely immiscible in the caustic aqueous waste stream. It is a blend of 
base oils including polyalphaolefin (PAO) base oil and additives such as triphenylphosphate and cresyl 
diphenyl phosphate at various concentrations (<0.25 wt%) (see Appendix A). While the base oils are 
expected to be largely unreactive in CSTF waste, the triarylphosphates additives would be expected to 
hydrolyze in the caustic waste, forming diarylphosphates and phenol. The tests described herein were 
governed by a single Run Plan and will determine thermolytic HGR from the caustic aqueous solution, as 
well as from any organic phases present.4  
 

2.0 Experimental Procedure 

2.1 Experimental Apparatus  
The work described herein was performed using the same custom-designed reaction apparatus used in 
previous testing.5 All testing was conducted at SRNL facilities within the Aiken County Technology 
Laboratory (ACTL). A schematic of the apparatus is shown in Figure 2-1. The apparatus consists of a 1.2L 
polytetrafluroethylene (PTFE) vessel and lid. Fitted to the center of the lid was a Parr® high-torque magnetic 
drive connected to a PTFE agitator impeller and shaft used to mix the simulant inside the vessel. The speed 
of the agitator was 200 rpm. Surrounding the magnetic drive were eight ports with stainless-steel fittings 
used for the following: temperature control within the vessel by two Incoloy® 800 heating rods, monitoring 
liquid temperature within the vessel with an Inconel® 600 thermocouple, providing purge gas to 
continuously sweep the vapor space of the vessel, connecting the headspace of the vessel to a glass 
condenser, providing a route for reflux from the condenser back to the reaction vessel, and for adding the 
lubrication oil. Upstream from the reaction vessel, two MKS® mass flow controllers were used to supply 
CO2-free compressed air or N2 cylinder gas containing 0.5 vol % Kr and 20 vol % O2. Downstream from 
the reaction vessel, a glass condenser was employed to remove condensable gases from the gas before 
proceeding to analysis. After passing through the condenser, the gas was sampled and quantified for 
hydrogen content by an Inficon Micro 3000 GC-TCD (gas chromatograph – thermal conductivity detector). 
An in-line, gas-phase FTIR was also employed as needed to monitor for potential volatile degradation 
products. 
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Figure 2-1. Schematic of HGR Measurement Apparatus 

 

2.2 Sample Preparation 
Reagent grade sodium nitrate, sodium nitrite, sodium carbonate, and a 50 wt% sodium hydroxide solution 
were purchased from Fisher Chemical and used as received. In the case where the targeted hydroxide 
concentration precludes the use of 50 wt% sodium hydroxide solution, solid reagent grade sodium 
hydroxide was used as the hydroxide feedstock. Reagent grade aluminum trinitrate nonahydrate was 
purchased from Sigma-Aldrich and used as received. Reagent grade sodium sulfate was purchased from 
Alfa Aesar and used as received. The reagents were added directly to the reaction vessel before sealing. 
The order of addition to the vessel was as follows: sodium hydroxide and half of the deionized (DI) water 
prior to the aluminum source, then the remaining species and remaining DI water. 
 

2.3 Experimental Procedure 
After the addition of all chemicals, the vessel was sealed and checked for leaks by mass balance of air flow 
through the process headspace. Once leak-free conditions had been confirmed, stirring was initiated and a 
purge flow of dried air was applied to the process to sweep residual CO2 out of the vessel. The system 
controls were then set to apply heat via two electric heating rods such that the difference between the process 
(fluid) temperature and that of the heating rod interior could not exceed 30 °C. In experimental tests, the 
process fluid was brought to the desired temperature, at which point either the lubrication oil was added or 
not (blank tests). The purge gas was then switched to the typically lower-purge process gas stream 
(0.5 vol % Kr and 20 vol % O2 in N2). This point was designated as the start of the experiment. 
 
The experiment continued while monitoring for hydrogen concentration via GC. The experiment duration 
was planned such that at a minimum, the vessel headspace could undergo approximately three vapor space-



SRNL-STI-2021-00024 
Revision 0 

 3 

volume turn-overs (achieving 99.7% of pseudo steady-state, assuming continuously-stirred reactor 
dynamics; note that this time is volume- and purge rate-dependent). Once this time was reached and 
hydrogen measurements by GC stabilized or began to decrease, the heating rod power was turned off and 
the experiment was stopped. The higher-purge air was then reapplied to the vessel to sweep residual 
hydrogen from the system. The simulant mixture was then removed from the vessel and subsampled as 
needed for product analyses. Density of the simulant was checked by weighing a known volume of the 
simulant using an M&TE autopipette and an M&TE balance. 
 

2.4 Offgas Analyses 
An Inficon Micro 3000 GC was used to analyze offgas content for all experiments. The GC was equipped 
with two analysis channels: one using a Molsieve 5A column for H2, O2, N2, CH4, and Kr analysis, and a 
second using a PoraPLOT Q column for N2O and CO2 analysis. Each column employed a thermal 
conductivity detector which measured against the background of pure argon (also used as a carrier gas). 
The GC calibration was verified before each experiment using a calibration gas with a composition of 
50 ppmv H2, 100 ppmv CH4, 0.5 vol % Kr, 1 vol % N2O, 1 vol % CO2, and 20 vol % O2 in N2.  
 
In addition, FTIR was used to monitor for volatile degradation products. The FTIR was plumbed into the 
line after the GC. 
  
When presented, HGR is reported in units of standard cubic feet per hour per gallon of simulant mixture 
(ft3 hr-1 gal-1). The purge rates employed during this testing were supplied at standard conditions of 21.11 °C 
and 1 atm. The HGRs presented herein have been corrected to a standard temperature and pressure of 25 °C 
and 1 atm. 
 

2.5 Quality Assurance 
The customer-identified functional classification for these tasks is Safety Class.1, 6 Requirements for 
performing reviews of technical reports and the extent of review are established in manual E7 2.60.  SRNL 
documents the extent and type of review using the SRNL Technical Report Design Checklist contained in 
WSRC-IM-2002-00011, Rev. 2. Data was recorded in the electronic laboratory notebook system.7 The use 
of Measuring and Test Equipment or Measurement Systems and Equipment was recorded in these 
notebooks. Measurements, analysis, documentation, and technical review comply with the customer 
required quality assurance level to support Safety Class use of information contained in this report.6  
 
The Data Acquisition and Control (DAC) software employed in this testing was used to control mass flow 
controllers and electric heating rods as well as record data taken from thermocouples and GC-TCD stations. 
This software is classified as level D.8 The DAC software does not perform calculations that are used in 
this report. The logged data that contributes to HGR calculations are the purge gas flows and the reaction 
temperature. The purge gas flow instruments, thermocouples, and temperature scanner are in the 
Measurement and Test Equipment program. Each of these instruments has an alternative reading outside of 
the DAC software. Data is periodically recorded manually (e.g., every 30 minutes) to supplement the files 
generated by the software. 
 
Analytical measurements of the gas stream were made using GC and FTIR. The GC and FTIR are in the 
Measurement Systems and Equipment program and their software is controlled under the requirements of 
the program. 
 



SRNL-STI-2021-00024 
Revision 0 

 4 

3.0 Results and Discussion 
The conditions used to evaluate HGRs from Mobil SHC 630 are given in Table 3-1. The simulant used in 
test LOil-1 is based on a Tank 22 supernate sample used in previous HGR testing.9 This test was performed 
at 60 °C with a targeted lube oil concentration of 17,000 mg/L. This concentration corresponds to a 50-
gallon Mobil SHC 630 addition to an RPT heel of 2,500 gallons. For tests LOil-2-4, a Mobil SHC 630 
concentration of 50 mg/L was targeted. This concentration is a reasonably conservative estimate of the 
overall concentration of the lubrication oil in Tank 38. A Tank 38 simulant at 100 °C, a previously used 
HGR test condition for comparing common organics found in the tank farm, was used in test LOil-2.5  A 
high hydroxide simulant used in previous HGR testing was used for tests LOil-3 and LOil-4 to mimic 
evaporator conditions.10 

Table 3-1. HGR Test Conditions 

Run Name LOil-1 LOil-2 LOil-3 LOil-4 
Simulant Tank 22 Tank 38 High Hydroxide High Hydroxide 

Temp (°C) 60 100 100 140 
Lube Oil (mg/L) 16.34E+03 54.53 62.39 58.41 

[Al] (M) 5.10E-04 8.22E-02 3.84E-01 3.89E-01 
[NO2] (M) 2.41E-01 2.51E+00 1.89E+00 1.92E+00 
[SO4] (M) 6.20E-03 7.05E-02 - - 
[CO3] (M) 4.62E-02 7.39E-01 - - 
[NO3] (M) 6.25E-02 1.22E+00 1.60E+00 1.62E+00 
[OH] (M) 1.85E-01 2.82E+00 1.96E+01 1.99E+01 

 
 
The results of the HGR testing are given in Table 3-2. In addition to GC, FTIR was used to monitor for 
volatile degradation products in the offgas in all tests except LOil-2. The Oil-free HGR is the “blank” test 
without added Mobil SHC 630. The Observed HGR is the HGR measurement with added Mobil SHC 630. 
These HGRs were calculated using measurement data (10 data points) within the final hour of testing and 
their percent relative standard deviation (RSD) is given in Table 3-2. The HGR attributable to Mobil SHC 
630 is the difference between the “blank” oil-free HGR measurement and the Observed HGR measurement. 
The model predicted HGR is the predicted HGR at the conditions tested using the Global Total Organic 
Carbon (TOC) HGR model5 shown below in Equation [1] 
 
𝐻𝐻𝐻𝐻𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇 = 2.45 × 106[𝑂𝑂𝐻𝐻]0.925[𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇]𝑒𝑒−

82,900
𝑅𝑅𝑅𝑅        [1] 

 
where 
 𝐻𝐻𝐻𝐻𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇 is the hydrogen production rate from the thermolysis of other organics in ft3 h-1 gal-1, 
 [𝑂𝑂𝐻𝐻] is the concentration of hydroxide in mol L-1, 

[𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇] is the concentration of organic carbon not attributable to formate, oxalate, or glycolate in 
mol L-1, 

 𝑅𝑅 is the ideal gas constant, 8.314 J mol-1 K-1, and 
 𝑇𝑇 is the temperature in K. 
 
It should be noted that the Global TOC model was derived by assessing the difference in apparent reactivity 
of “fresh organics” and those found in the Tank Farm. In comparison to “fresh” organic material, one can 
expect that the most reactive organic species have degraded in the Tank Farm after years of exposure to 
caustic environments and radiation fields.  
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Table 3-2. Results of Testing 

Run 
Name Simulant Temp 

(°C) 
“Blank” Oil-
Free HGR 
(ft3 h-1 gal-1) 

Observed 
HGR 

(ft3 h-1 gal-1) 

HGR Attributed 
to Lube Oil 

(Observed - Blank) 
(ft3 h-1 gal-1) 

Model 
Predicted 

HGR 
(ft3 h-1 gal-1) 

LOil-1 Tank 22 60 9.92E-08  
(10% RSD) 

9.55E-08 
(11% RSD) - - 

LOil-2 Tank 38 100 3.40E-07 
(6% RSD) 

3.50E-07 
(13% RSD) 1.0E-08 6.24E-08 

LOil-3 High 
Hydroxide 100 4.52E-07 

(8% RSD) 
5.29E-07 
(10% RSD) 7.7E-08 4.30E-07 

LOil-4 High 
Hydroxide 140 5.03E-07 

(8% RSD) 
1.04E-06 
(7% RSD) 5.39E-07 5.42E-06 

 
The LOil-1 test yielded a relatively small HGR value of 9.55 x 10-8 ft3 h-1 gal-1, which is smaller than the 
Oil-Free HGR of 9.92 x 10-8 ft3 h-1 gal-1 for the Tank 22 simulant, making any HGR attributable to the lube 
oil indistinguishable from the baseline HGR of the simulant itself. Mobil SHC 630 is largely immiscible in 
the Tank 22 simulant while hydrogen-generating organic thermolysis described by the Global TOC model 
is expected to primarily occur within the aqueous phase.5 In an attempt to compare the observed thermolytic 
HGR in LOil-1 to the Global TOC model, the aqueous phase was sampled after the addition of Mobil SHC 
630 and subsequent mixing of the two layers. The [TOC] concentration obtained from the sample, 58 mg/L 
(RSD = 10%), gives the model predicted HGR of 2.43 x 10-10 ft3 h-1 gal-1. This predicted HGR is well below 
the HGR limit of detection for the test of approximately 5 x 10-8 ft3 h-1 gal-1.  
 
The small concentration, approximately 50 mg/L, of Mobil SHC 630 used in the Tank 38 and high 
hydroxide simulant tests appeared to be fully dispersed in the simulant by visual inspection, and 
comparisons can be made between the HGR from Mobil SHC 630 and the predicted HGR from the Global 
TOC thermolytic HGR expression at the corresponding test conditions. For LOil-2, the Blank and Observed 
HGR are statistically indistinguishable from each other; the small difference of 1.0 x 10-8 ft3 h-1 gal-1 
between the two measurements is below the model predicted HGR. In the high hydroxide tests, LOil-3 and 
LOil-4, the HGR attributed to Mobil SHC 630, 7.7 x 10-8 ft3 h-1 gal-1 and 5.39 x 10-7 ft3 h-1 gal-1 respectively, 
are less than the model predicted HGR. This suggests that Mobil SHC 630 is bounded by the Global TOC 
thermolytic HGR model.  
 
No methane attributable to Mobil SHC 630 was seen in the offgas by either GC or FTIR in all tests.  
Additionally, no other volatile degradation products were observed in the offgas monitored by FTIR. Mobil 
SHC 630 is a PAO base oil with a flash point >210 °C and a vapor pressure of <0.1 mmHg at 20 °C (see 
Appendix A) and thus is not expected to be a significant contributor to the overall flammability of the vapor 
space in HLW tanks and evaporators.   

4.0 Conclusions 
Mobil SHC 630 is proposed for release into the recycle stream from DWPF to CSTF. Thermolytic HGR 
testing was undertaken to determine the thermolytic HGR attributable to the lubrication oil.  
 
The Tank 22 simulant test used to mimic a 50-gallon Mobil SHC 630 addition to the RPT at heel, had an 
observed HGR indistinguishable from the Oil-Free HGR, suggesting that Mobil SHC 630 would not be 
expected to have a significant contribution to the overall flammability of the vapor space.  
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From applicable tests, the thermolytic HGR contributable to Mobil SHC 630 appears to be bounded by the 
Global TOC model.  
 
No volatile degradation products including methane were observed in the offgas. This finding is consistent 
with the observation that the base oil blend, including PAO, is not expected to be very reactive in HLW 
tanks. Furthermore, Mobil SHC 630 itself is not expected to be a significant contributor to the overall 
flammability of the vapor space due to its relatively large flash point >210 °C and small vapor pressure 
<0.1 mmHg at 20 °C. 
 

5.0 Recommendations 
The one-time addition of Mobil SHC 630 above current concentration limits to the DWPF recycle stream 
routed to CSTF of 35-gallons of contaminated Mobil SHC 630 should not be prohibited due to thermolytic 
HGR concerns. However, the potential influence of the oil and its additives on other site processing facilities 
should be investigated.  
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Appendix A.   
Safety Data Sheet for Mobil SHC 630 

Accessed Online on 18-January-2021 at 
 https://www.mobil.com/en/lubricants/for-businesses/industrial/lubricants/products/products/mobil-shc-

630  
 
 

https://www.mobil.com/en/lubricants/for-businesses/industrial/lubricants/products/products/mobil-shc-630
https://www.mobil.com/en/lubricants/for-businesses/industrial/lubricants/products/products/mobil-shc-630
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