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This  project  was  designed  to  test  diamond,  diamond-like  and  related  materials  in 
environments that are expected in thermochemcial cycles. Our goals were to build a High 
Temperature  Corrosion Resistance  (HTCR) test  stand and begin  testing  the corrosive 
properties of various materials in a high temperature acidic environment in the first year. 
Overall, we planned to test 54 samples each of diamond and diamond-like films (of 1 cm 
x 1 cm area). In addition we use a corrosion acceleration method by treating the samples 
at  a  temperature  much  larger  than  the  expected  operating  temperature.  Half  of  the 
samples will be treated with boron using the FEDOA process.

Our goals are to do testing on a matrix of samples as shown in table 1.

Table 1. Test matrix for corrosion studies of diamond film (DF) and diamond-like film 
(DLC). There will be a total of 54 DF samples and 54 DLC samples.

B No B B No B B No B B No B B No B B No B
800 3 3 3 3 3 3 3 3 3 3 3 3

1000 3 3 3 3 3 3 3 3 3 3 3 3
1200 3 3 3 3 3 3 3 3 3 3 3 3

T (K)
H2SO4

DF DLC
HBr

DF DLC
HI

DF DLC

Note: B means boron and no B means no boron.

The project tasks and timelines are indicated below:

The project will consist of the following tasks:

Task 1: procurement of samples 4 months
Task 2: sample characterization 6 months
Task 3: design of HTCR test stand 3 months
Task 4: procurement of materials for HTCR 2 months
Task 5: construction of HTCR 6 months
Task 6: testing of HTCR 3 months
Task 7: DF w/o B at 800 K 3 months
Task 8: DLC w/o B at 800 K 3 months
Task 9: characterization of 7&8 1 month
Task 10: DF w B at 800 K 3 months
Task 11: DLC w B at 800 K 3 months
Task 12: characterization of 10&11 1 month
Task 13: DF w/o B at 1000 K 3 months
Task 14: DLC w/o B at 1000 K 3 months
Task 15: characterization of 13&14 1 month
Task 16: DF w B at 1000 K 3 months



Task 17: DLC w B at 1000 K 3 months
Task 18: characterization of 16&17 1 month
Task 19: DF w/o B at 1200 K 3 months
Task 20: DLC w/o B at 1200 K 3 months
Task 21: characterization of 19&20 1 month
Task 22: DF w B at 1200 K 3 months
Task 23: DLC w B at 1200 K 3 months
Task 24: characterization of 22&23 1 month
Task 25: Repeat 6-23 increase time 12 months

Time-line

Table 2. Tasks and time-line.
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1.  Summary of year one and two accomplishments

We have successfully designed, tested and run a sulfuric acid decomposer simulator. 

This decomposer simulator operates to temperatures of 1100 oC. We have accumulated 

over  500  hours  of  operation  with  the  simulator  thus  making  us  one  of  the  most 

experienced groups in the world in decomposer operation. We have demonstrated that a 



number of metal alloys have high corrosion rates (Alloy 800 H, UNS N08810 and Alloy 

418  stainless  steel).  We have  demonstrated  that  boron  doped  diamond  has  excellent 

properties, but that the boron must be doped uniformly, we have demonstrated that quartz 

has a low corrosion rate, but becomes brittle with age.

We plan to expand our work in year three by examining other materials such as silicon 

carbide,  aluminum nitride,  sapphire  (single  crystal  aluminum oxide),  aluminum oxide 

(polycrystalline form) and diamond doped with other materials.

2.  Project Objectives

The primary project objective is to investigate the suitability of boron treated 

diamond films to be used as a protective coating for sulfuric acid decomposer process 

equipment used in hydrogen thermochemical cycles.  An unique corrosive environment 

will be created inside these decomposers.  At the time this project was started, no suitable 

materials for industrial decomposers had been identified.  This investigation addresses a 

gap in material development identified by the DOE1 and others. The project objective 

will be addressed by three subtasks.  

Design, Construction and Testing of a Decomposer Simulator

Both the hybrid sulfur and sulfur iodine thermochemical processes cycles have 

the common step of high-temperature dissociation of sulfuric acid into sulfur dioxide, 

water, and oxygen.  Thermochemical decomposers are expected to operate at 

temperatures between 800°C to 1,000°C.  A corrosion test stand will be designed to 



simulate the environmental conditions expected in future discomposure process 

equipment.  The simulator will be designed to accommodate sample coupons of 

candidate material and expose these samples for up 24 hour durations. Following design, 

the simulator will be constructed and tested.  Testing acceptance will be based on the 

capability of the simulator to meet experimental objectives as defined in the remaining 

two subtasks.

Corrosion Testing of Boron Treated Diamond Films

The corrosion rate of boron treated diamonds or exposed to sulfuric acid 

decomposer environmental conditions will be evaluated after.   The diamonds will first be 

treated with a boron dopant. These treated samples will be cleaned in boiling nitric acid 

to remove any residual dopant and acetone to remove any organic contaminates.  After 

cleaning, the mass of each sample will be measured within + 0.0005 grams.  Surface 

examinations will be performed by scanning electron and optical microscopes.  A Raman 

spectroscopy examination of each sample will be preformed to identify any pre-test 

graphitization at the diamond surface.

The sample coupons will be placed in the simulator and exposed to the 

decomposer chemical environment for 24 hour periods at a constant temperature.  An 

additional sample from the same lot will be placed in boiling sulfuric acid.  Post 

diamonds corrosion will be determined by mass balance.  If no appreciable mass 

reduction is observed, then corrosion rates will be estimated based on surface etching as 



determined by post exposure scanning electron and optical microscopic imaging. 

Samples without any applicable corrosion will be reused to maximize the exposure time.

Corrosion Testing of Other Materials

 

Other materials will also be exposed to the sulfuric acid decomposer environment 

based on available sample holder space.  Candidate material for testing includes silicon 

carbide, Inconel, quartz, aluminum nitride, natural diamond, and diamonds treated with a 

titanium dopant.  Sample coupons will be prepared and post exposure corrosion evaluated 

similar to the boron treated diamonds. Sample coupons without any applicable corrosion 

will be reused to maximize the exposure time.



3.  Design and Construction of the Sulfuric Acid Decomposer Simulator

The simulator will be designed to recreate the physical and chemical 

environments anticipated for thermochemical sulfuric acid decomposer process 

equipment.  The simulator design will accommodate greater than five test coupons.  The 

simulator will be capable exposing the samples to decomposer process environments for 

a minimum of twenty-four hours.  Following exposure, the simulator design will allow 

for removal of the test coupons for post exposure examination without damage.  The 

design will use a closed loop to better simulate the proposed industrial process.  The 

closed loop design will also minimize the need for additional sulfuric acid during 

operation.  The simulator will be instrumented to monitor sample temperature and 

pressure.  

Temperature Design Requirements

The simulator must be capable of reproducing the temperatures expected for 

thermochemical process equipment.  Schwartz and et el reported the decomposition 

products are produced over a 600°C to 926 °C temperature range2.   Figure 3-1 shows the 

kinetics for one mole of sulfuric acid decomposing to sulfur trioxide and sulfur dioxide as 

a function of temperature, without a catalyze present3.  As indicated in Figure 3-1, a 

minimum of 800°C is needed to produce eighty mole percent mole of sulfur dioxide 

product.  General Atomics completed a study of a hypothetical hydrogen plant using the 

sulfur iodine cycle4.  From this study, General Atomics concluded a minimum process 

temperature of 950°C, supplied by an advance nuclear reactor, was necessary to support 



the industrialization of the cycle.  Based on process fluid heat transfer losses and 

secondary heat exchanger efficiently, an upper design temperature of 926°C for simulator 

operations was chosen.   Based on sulfuric acid kinetics study by Schwartz a and 

conceptual process flow sheets by General Atomics, the minimum expected process 

temperatures for the decomposer reaction is 800°C, dependant on use of catalyzes5.  

Figure 3-1
Decomposition of 1 Mole of Sulfuric Acid as a Function of Temperature

Pressure Considerations

Using the Aspen Plus®, Aspen Technology, Inc.(AspenTech) chemical kinetics 

model6, General Atomics concluded sulfur dioxide production efficiency increased at 

lower process pressures7.  However, based on overall cycle thermal efficiency, General 

Atomics concluded the decomposer should operate 1.85 Bar in there conceptual plant 



design.  Based on limitations and complexity of constructing high pressure laboratory 

apparatus combined with the small changes in predicted system kinetics over the 

processed pressure ranges, the simulator design pressure was limited to 30 to 33 feet of 

water (absolute) was chosen.  

Chemical Concentrations

In both the proposed sulfur iodine and hybrid sulfur thermochemical cycles, the 

function of the sulfuric acid discomposure is to maximize sulfur dioxide production. 

These processes include a step to concentrates the sulfuric acid stream before entering the 

decomposer.  Concentration of the acid minimizes the overall amount of energy required 

for vaporization by reducing the amount of water carried over to the decomposer.  The 

General Atomics sulfur iodine kinetics model,8 proposes concentrating liquid sulfuric 

acid to 90 weight percent prior to vaporization.  This value for sulfuric acid concentration 

was chosen to maximize the overall thermal efficiency of the cycle.  Ninety-eight weight 

percent sulfuric acid was chosen for the simulator design based on the General Atomics 

model results and the commercial availability of acid.  While use of ninety-eight weight 

percent acid differed from the optimized value form the General Atomics flow sheets, the 

small increase in concentration will not adversely affect the simulator was goal to 

reproduce the decomposer environment.  

Simulator Process Flow Path



  A closed cycle was chosen for the simulator flow path design to match the 

proposed sulfur iodide and hybrid sulfur cycles9.  Water was the only main feedstock into 

these cycles.  The remaining reactants were recycled by coupled reactions within the 

overall process.  The simulator design, shown in Figure 3-2, consists of five components 

in a closed loop: 

• Sulfuric acid boiler, 

• Vapor super heater, 

• Reaction chamber and furnace, 

• Condenser, and 

• Pressurizer/vent

Decomposition products, sulfur dioxide and sulfur trioxide, and oxygen would be vented 

through a sodium hydroxide solution.  Condensable gases would be recycled back to the 

boiler.  System pressure would be maintained by the pressurizer and monitored. The 

boiler must to be capable of raising and maintaining the sulfuric acid to the boiling 

temperature of 340°C.  About 150°C superheat would be added to vapor leaving boiler by 

heat tracing prior to the steam entering furnace/reaction chamber.  The reaction chamber 

furnace would be required to heat the decomposer products to 800°C  and 926°C prior to 

contact with the sample coupons.   The condenser would need to be capable of returning 

all condensable fluids back to the boiler in the liquid state.  The simulator pressure would 

need to be great enough to force non-condensable gases though the neutralizing sodium 

hydroxide solution and out the vent.  The flow path design also needed a purging 

mechanism to remove oxygen from process piping prior to startup. 



Figure 3-2
Conceptual Design of Decomposer Simulator

Simulator Materials

Very little literature was available concerning sulfuric acid decomposer materials 

at the time the simulator was designed.  The Japanese had constructed a laboratory scale 

decomposer of quartz10.  However, quartz was determined impractical due to the stresses 

imposed by the large thermal gradients imposed on the process path.  Lillo and et al 

completed a material study to support development of decomposer materials under the 

DOE Nuclear Hydrogen Initiative11 12.  Lillo reported that Incoloy (Alloy 800 H, UNS 

N08810) exhibit the low corrosion rate of 3.1 mm/year and Alloy 418 stainless steel 4.8 

mm/year after 96 hours in 350°C sulfuric acid.  Based on Lillo’s results, a ¾ inch inside 



diameter by 32 inch long Incoloy pipe was selected for the simulator reaction chamber. 

A ¾ inch series 400 stainless steel tube was selected to transport and super heat the acid 

vapors from the boiler to the reaction chamber.  The design used 500 °C heat tracing 

around the stainless steel tube to add the superheat to the vapors.  Laboratory grade 

glassware with Teflon and Swagge-Lok glass adapting “O” ring seals was selected for the 

remaining simulator piping.  

An inert gas  purged system was included in the design to remove air from the 

process piping prior to start up.  A sample holder was designed from a ¼ inch diameter 

Inconel tube.  Eight small silts would be machined into the tube for sample placement. 

This tube could be sealed into the Alloy 800 H reactor pipe, allowing sample coupons to 

be exposed to high temperature reactions.   A copper-constantine (Type K) thermocouple 

well (Figure  3-3) was designed for placement inside the reaction chamber to measure the 

sample coupon temperatures.  Additional thermocouples designed for placement on the 

inlet and outlet stream piping to measure the amount of superheat added to the process 

stream. 



Figure 3-3
Reaction Chamber Thermocouple 





4.  Simulator Testing

The simulator construction was completed (Figure 4-1) and initially tested on 

November 27, 2005.  The first test determined the relationship between the indicated 

temperatures on furnace mounted indicator with the actual temperature inside the center 

of the reaction chamber.  A thermocouple well was placed in the center of the reaction 

chamber and the furnace was slowly heated.  As indicated on Table 4-1, good 

temperature tracking between the tube and built-in furnace demand was observed. 

 

Figure 4-1
Sulfuric Acid Simulator 

Three boron treated and one non-treated chemical vapor deposition free standing 

synthetic diamonds were prepared.  Each sample was weighed, photographed under an 

optical microscope, and examined under scanning electron microscope.  The sample 

masses ranged from 0.0021 grams to 0.0712 grams.  On January 14, 2006 the samples 



were placed in the simulator and exposed to 1,150 °C superheated steam for twenty-four 

hours.  Steady state natural circulation was maintained by establishing a temperature 

Figure 4-2
Boron Treated Diamond Sample Before Testing 

gradient between the condenser and boiler.  No steam leakage from the simulator process 

piping was observed.   The simulator operated at a consistent three inches of water 

pressure (gauge).  The samples were removed from the simulator and reweighed.  No 

appreciable sample mass loss was observed.

 Table 4-1
Initial Temperature Test Results
Furnace (C) Tube (C)
  823 871
 842 900
 906 1,000
  926 1,033   
 922 1,044
  914 1,048

The testing was repeated with two boron treated diamonds exposed to superheated 

air at 1,150°C for eight hours on February 12, 2006.   The mass of one sample reduced 



about 0.5 percent (from 0.050867 grams to 0.050600 grams).  The remaining sample had 

fragmented (Figure 4-3) and the final mass could not be determined.  The sample 

fragmentation resulted from mechanical deformation occurring from the close tolerance 

between the sample tube and reaction chamber.

Figure 4-3
Diamond Sample Fragmentation

On March 31, 2006, the simulator was tested with sulfuric acid.  The sample 

holder was loaded with two boron treated and one non-treated diamond, two silicon 

carbide and one Inconel coupon.  The device was operated for 24 hours at 800°C using 

ninety-eight weight percent sulfuric acid.  Initially, system pressure stabilized at about 10 

inches of water, as measured at the pressurizer.  System pressure dropped to about 1 inch 

of water after an hour.  Observed condenser outlet flow from the furnace also appeared to 

significantly decrease.  Based on this observation, the researcher assumed that natural 

circulation between the boiler and condenser has ceased.  After the test, two of the 

diamond samples had fragmented.  Based on sample reconstruction, little mass change in 

any of the samples had occurred.  The experiment was repeated for a second 24 hour 



period with the same result.  In both experiments, the acid in the boiler quickly turned 

black (Figure 4-4).  The researcher concluded that the dark color resulted from the carry 

over of corrosion products back to the boiler.

Figure 4-4
Acid Recovered From Boiler

Reaction Chamber Modification

The researcher concluded that ¾ inch bore reaction chamber was not large enough 

to accommodate samples of significant size without risk of mechanical deformation due 

to the close clearances.  To address this concern, the Incoloy reaction chamber inside 

bore was increased to 1½ inch.  This increased reactor chamber size would accommodate 

a full ½ inch by ½ inch diamond sample.  The larger bore would also facilitate greater 

process flow though the simulator, enhancing natural circulation between the boiler and 

condenser. 



On July 25, 2006 the sample tube was loaded with six boron treated diamonds, six 

non-treated diamonds and two silicon carbide samples.  The simulator was restarted and 

heated to 927°C.  After about five hours of operation, the researcher observed very little 

recirculation through the condenser.  The boiler input energy was increased.  About an 

hour later, six hours into the experiment, the sulfuric acid boiler over pressurized and 

cracked.  The device was shutdown and inspected.  Inspection revealed that a non-soluble 

plug had formed in the stainless steal tube leading from the reaction chamber.  This plug 

had blocked the flow of superheated vapor and decomposing products.  The boiler acid 

was analyzed and determined to have high nickel content.  The plug was determined to be 

nickel sulfate.  Incoloy H is composed of between 30 and 25 percent nickel13.  The 

decomposer reactants had leached enough nickel from the Incoloy reaction chamber to 

form the plug.  

The Incoloy reaction chamber was replace with a 1 ½ inch inside diameter AISI 

446 stainless steal pipe. AISI 446 stainless steel was chosen based on very low nickel 

content and low sulfuric acid corrosion material test reported by Lillo14.  The Inconel 

sample holder, also a high nickel alloy, was also replaced with a 446 stainless steel tube. 

The simulator was reassembled.  Six boron treated and six untreated samples and two 

silicon carbide wafer coupons were placed in the sample holder.  The device was again 

operated at 927 °C.  Initial system pressure was established and maintained at 10 inches 

of water and good natural circulation was observed.  After about six hours of operation, 

the system pressure dropped to about one inch of water and recirculation appeared to 

cease.   



The simulator was shutdown, disassembled and inspected.  The researcher 

observed a solid chromium sulfide plug lodged the process fluid tubing leading from the 

reaction chamber.  Based on AISI 446 stainless steal containing about 25% chromium15, 

the researcher concluded that sulfuric acid decomposition products had leached enough 

chromium from the stainless steal reaction chamber to form the plug.

The 1½ inch Incoloy pipe was reinstalled into the reaction chamber.  The pipe 

was lined with the 30 mm by 33 mm GE Type 214 Quartz tube.  The inside diameter of 

the tube was chosen to maximize sample holder space while allowing for radial thermal 

expansion stress as the quartz is heated to 926°C temperature. An end cap was 

constructed from 32 mm quartz rod and 34 mm inside diameter tube.   The rod and tube 

was cemented using Ceramacoat™ 503-VFG-C16.  A ¾ inch diameter penetration was 

machined into the inlet of the reactor chamber quartz tube.  An 18 mm outside diameter 

quartz tube was cemented into the penetration.  This 12 inch long tube was secured in the 

1 liter Pyrex acid boiler.  The sealed flow path was encased in ¾ inch stainless steel tube 

adapted to the 1 ½ inch Incoloy pipe.  The stainless steel tubing provided secondary 

confinement, should the quartz tube or cemented joints fail.

In a similar fashion, a ½ inch penetration was machined into the exhaust side of 

33 mm quartz tube.  A 12 mm quartz tube was cemented into this penetration to transfer 

discharge flow to the glass condenser.  The sealed flow path from the reaction chamber to 

the condenser.  This quartz tube was also encased in a ½ inch stainless steel tube adapted 



to the 1½  inch Incoloy pipe.  A second removable end cap was constructed on the 

exhaust end of the reaction changer quartz tube.  The inside diameter of this end cap was 

slightly larger than the outside diameter of the quartz reaction chamber.  This removable 

end cap was sealed in place with Teflon tape.

The simulator flow path was also modified from a closed cycle to an open cycle. 

This change was implemented for three reasons: 

• To avoid the accumulation of corrosion products in the boiler,

• To maintain the sulfuric acid purity and concentration over the duration of each 

operating cycle, and

• To verify the flow was maintained by monitoring the accumulation of reactants.

Two modifications were incorporated into the simulator design to accommodate the 

change to an open cycle concept.  The first change was to add a five liter flask to collect 

the condensable fluids exiting the condenser.  The five liter volume was large enough to 

contain all the condensable reactants for a twenty-four hour operating cycle.  A gas 

exhaust point was added to the top of this flask.  The gases passed through a second water 

cooled condenser to trap any condensable material that may be carried over to the 

exhaust.  A second, two liter liquid trap was added at the discharge of the second 

condenser.    Decomposition gases were scavenged by the laboratory vacuum system 

from the top of the liquid trap.  The second modification also involved addition of a 

laboratory 500 mil-liter funnel to the top of boiler.  The funnel provided a mechanism to 

replenish the supply of sulfuric acid to the boiler.  The funnel was equipped with a 



metering petcock at the bottom and a gas tight plug at the top.  A five inch off-set Pyrex 

adapter was installed between the funnel and boiler to provide a thermal off-set.  A new 

sample holder was machined from 13 mm outside diameter quartz tube.  The sample 

holder could accommodate up to eight coupons.  These modifications eliminated the 

decomposition products or sulfuric acid contact with any metal components.

Figure 4-5
Modified Simulator Flow Path

The simulator was restarted on August 27, 2006.  Two boron treated and two 

diamond samples were exposed in the modified simulator for six hours at 927 °C.  No 

process tube plugging and good circulation was observed.  The simulator was operated 

for an additional six hours on October 3, 2006 at 874°C and for twenty-four hours on 

October 26, 2006 at 926°C without any loss of flow or acid leaks.  No mechanical 

coupon damage was observed after the new quartz sample holder was removed following 

all three post modification tests.  The researcher did observed significant sample 

corrosion.  



5 Year 3

The decomposer is a unique test bed. Thus far we have accumulated over 1000 hours of 

operation with the decomposer, making us one of the most experienced groups in the world in 

decomposer operations. 

We have learned that non uniform deposition of boron on diamond films leaves areas on the 

surface where corrosion may start. The unprotected material below the boron doped layer is 

then exposed to corrosion and is etched away by the oxygen free radical. It is important that 

uniform boron doping be developed to test the oxidation resistance of the material. Other 

materials were tested such as silicon carbide, aluminum nitride, quartz, platinum, and 

sapphire.

In additional to boron treated synthetic diamonds, the suitability of several other materials for use 

in the sulfuric acid decomposer were studied.  These other materials were chosen based on the 

potential resistance of the highly corrosive environment expected in an industrial sulfur acid 

decomposer.  Materials selected included: 

• Titanium treated synthetic diamonds 

• Silicon carbide   

• Quartz 

• Aluminum nitride  

• Platinum, and 

• Inconel, Inconel, Stainless Steel  

 

 
Titanium Treated Synthetic Diamonds 

The researcher examined alterative diamond treatments after earlier results indicated that the boron 
had not establish an adequately corrosion barrier to sulfuric acid decomposition products.   The 
researcher postulated that a surface treatment using a transition metal may stabilize the diamond 
sp3 bonds enhancing the resistant to oxidation.   Based on previous work, a titanium dopant was 
chosen.1,2, 3  Four (10 mm by 10 mm by 950 µm) chemical vapor deposition synthetic diamond 
coupons were treated with titanium using the field enhanced diffusion method described in Section 



5.  These coupons were treated for 12 hours using a 95-percent amorphous sandwich configuration 
at 900°C with a 300 volt/cm2 bias.  Each sample was cleaned with boiling nitric acid for 30 
minutes to remove any residual titanium and rinsed with acetone to remove any organic material.  
Each sample was weighed and microscopically photographed with the same equipment and 
procedure used for the boron treated diamonds.   

  
The titanium treatment did not provide an effective barrier to diamond corrosion. The titanium 
treated diamonds were exposed in the simulator at temperatures ranging from 400°C to 900°C.   
The titanium treated coupon corrosion rates were similar to the boron treated and untreated 
diamonds.  Figure 6-1 compares the corrosion rates of natural diamond with the titanium and 
boron treated chemical vapor deposited samples.  Similar to the boron treated results, titanium 
treated coupons also exhibited a corrosion threshold between 400°C and 600 °C and increased 
linearly between 600°C and 700 °C.  Also, the titanium treated samples completely disassociated 
at temperatures greater than 700°C.  Detailed results of the titanium treated study have been 
provided in Table 6-1.  

 
Table 6-1 

Corrosion Testing of Titanium Treated CVD Dimonds 

Sample Sample 
Dissipatio
n 

Temperat
ure 
(Degrees 
C) 

Exposure 
Duration 
(hours) 

Change in 
Mass 
(grams) 

Change in 
Mass 
(percent 

Cubic 
mm lost 

Corrosion 
Rate 
(mm/hr) 

Titanium T-002 400 24 0.0000 < 0.01% 0.00 n/a 
Titanium T-002 600 24 0.0088 0.5% 0.52 0.002 
Titanium T-002 600 24 0.0076 0.4% 0.46 0.002 
Titanium T-004 650 14.5 0.0567 33.9% 3.34 0.014 
Titanium T-001 700 24 0.0536 48.5% 3.16 0.026 
Titanium T-002 800 8 0.1456 100.0% n/a n/a 
Titanium T-001 900 8 0.1801 100.0% n/a n/a 

 

 

  

 



Figure 6-1 

Corrosion Rates of Titanium Treated Dimonds 

 
Silicon Carbide 

Silicon carbide was found to be highly corrosion resistant when exposed to sulfuric acid 
decomposition products.  Silicon carbide is a commercially available ceramic primarily used as an 
abrasive.  Silicon carbide also occurs in nature as the mineral moissanite.  Silicon carbide was 
included in the study based on established industry use in highly corrosion environments4 and 
current thermochemical hydrogen production studies.5   One 0.14400 gram coupon of 4HN silicon 
carbide (Figure 6-2) and one 0.18860 gram coupon 6HN silicon carbide coupon (Figure 6-3) was 
included in each operation of the simulator.  Both samples were prepared from 252 µm 
commercially supplied wafers.  Each sample was washed with de-ionized water, weighted, 
microscopically photographed, and examined with Ramon spectrometry between exposures in the 
simulator.  Figure 6-4 illustrates a pre and post exposure spectrum of one of the silicon carbide 
sample surfaces. No surface etching was observed on either of samples during the study.  Figures 
6-5 and 6-6 illustrate microscope surface examination of the two silicon carbine coupons after 24 
hour exposure at 926°C.  Results of Ramon spectral analysis indicated no wave numbers shifts 
after each exposure.  Table 6-2 provides a summary of the silicon carbide corrosion results. 



        Table 6-2 

                                      Silicon Carbide Corrosion Requests 

 



 Figure 6-4 

Ramon Spectrum Comparison of 6HN SiC Pre-Exposure 

 

 



 
Quartz 

Quartz was also found to be highly corrosion resistant from sulfuric acid decomposition products.  
Quartz is the second most common mineral and is made up of a silica lattice.  Quartz was included 
in the study after incorporation of quartz liners used in the simulator process piping to limit the 
accumulation of corrosion products from Incoloy reaction chamber and stainless steel process 
piping.  Quartz was also considered based on   the use of quartz processing piping by the Japan 
Atomic Energy Research Institute experimental sulfuric acid decomposer.6   One 0.47750 gram 
coupon and one 1.37030 gram quartz coupon (Figure 6-7) was included in each operation of the 
simulator.  Both samples were prepared from GE Type 214 Quartz commercially supplied rod 
stock.  Each sample was washed with de-ionized water and weighed between each exposure in the 
simulator.  Table 6-3 provides a summary of the quartz corrosion results. 

 

           

Figure 6-7 

Quartz Coupon 

 



 

  Table 6-3 

Quartz Corrosion Requests 

 

 In addition, qualitative quartz exposure data was collected based on the performance of the 1 ½ 
inch diameter quartz tube used to line the simulator reaction chamber.  While no indication of 
corrosion was observed on the quartz tube, the researcher observed tube became brittle after 30 
hours of operation.  In additional to sulfuric acid decomposition products, the quartz tube was also 
subject to thermal stress because the tube ends were semi-fixed during heat simulator heat up and 
cool down cycles. On several occasions the combination of embitterment and thermal stress 
fractured the tube.  Figure 6-8 illustrates the a failed quartz tube used to line the simulator reaction 
chamber.    

 

      

 



Figure 6-8 

Fractured Quartz Reaction Chamber Liner 

 



Aluminum Nitride Coupons 

Aluminum nitride was also found to be corrosion resistant from sulfuric acid decomposition 
products.   Aluminum nitride is an extremely wide band-gap (6.2 electron volt) semiconductor 
material with potential application for deep ultraviolet optoelectronics.  Aluminum nitride was 
included in the corrosion study based on local experienced developing applications for the 
photovoltaic properties.  One 0.69530.gram coupon and one 1.058600 gram aluminum nitride 
coupon (Figure 6-9) was included five operations of the simulator.   Each sample was washed with 
demineralized water and weighed between exposures in the simulator.   Table 6-4 provides a 
summary of the Aluminum nitride corrosion test results. 

  

    

Figure 6-9 

Aluminum Nitride Coupon 
 



Table 6-4 

Alumni Nitrate Corrosion Requests 

 

 

 

 

 

 

           

 

 
Platinum 



Platinum was found to be corrosion resistant from sulfuric acid decomposition products at 850°C 
but not boiling liquid sulfuric acid.  Platinum possesses high resistance to chemical attack, has 
excellent high-temperature characteristics, and stable electrical properties.  Platinum will not 
oxidize in air at any temperature, but can be corroded by sulfur and halogens.  Platinum is one of 
several surface catalysts that reduce the temperature needed for sulfur trioxide decomposition. 
Sandia National Laboratories proposed constructing a laboratory scale sulfuric acid decomposer 
using platinum catalyze.  The Sandia personnel proposed operating the device at 850°C.7  
However, no data was available on the corrosion rate of the platinum exposed to sulfuric acid 
decomposition products.8 

  
One 0.40270 gram and one 0.3627 gram platinum coupon (Figure 6-11) was exposed in the 
simulator at 850°C for 24hours. A third 0.3987 gram platinum coupon (Figure 6-12) was exposed 
to boiling sulfuric acid at 340°C for 24 hours.   As shown in 

                   

 
Figure 6-10 

Pre-Exposed Platinum Coupons  

 

                

 



Figure 6-10 

Platinum Coupons – Exposed at 850°C for 24hours 

Table 6-5, the platinum coupons exposed to the decomposition products underwent minimal 
corrosion.  As shown in Figures 6-11 and 6-12, no microscopic changes occurred in the platinum 
surface.  However, the couple in the boiling acid lost 0.8 percent of the mass.  Figure 6-13 
illustrates considerable surface pitting of the platinum coupon exposed to the boiling sulfur acid.  
However, microscopic examination of  this sample, shown in Figure 6-14 at 60 times 
magnification, show little surface change from the unexposed platinum coupon. 

 



 
Table 6-5 

Platinum Corrosion Requests 

 

  

 

                                                              Figure 6-13 

                                      Platinum P-1 Coupon – Exposed to Boiling  

             Sulfuric Acid at 340°C for 24 hours 

 

          

 

 



                                                            

 Figure 6-14 

                                      Platinum P-1 Coupon – Exposed to Boiling  

                Sulfuric Acid at 340°C for 24 hours 

                       (60 Times Magnification) 

 

 

 

 

 



Inconel, Incoloy, and, Stainless Steel  

 

 Inconel, Incoloy, nor stainless steel were suitable for use in sulfuric acid decomposition 
equipment.  Qualitative corrosion data was collected on all of these materials.  Inconel was 
originally selected as a candidate for the material corrosion study based on work at US Department 
of Energy Idaho National Engineering Laboratory.9  Inconel coupons were included during early 
operation of the simulator.  The first sample holder was also constructed of Inconel based on the 
US Department of Energy work.  However, the Inconel coupons and sample holder underwent 
rapid corrosion and the  study was discontinued.  Figures 6-15 and 6-16 compare the original 
Inconel sample holder before and after exposure in the simulator at 926°C for 24-hours. 

  

    

 
Qualitative corrosion data was collected Incoloy and stainless steel.  As described in Section 4, 
both materials corroded at a very high rate.  In less than six hours of simulator operation, enough 
nickel had leached from the Incoloy and chromium from the stainless steel to plug the ¾ inch 
simulator process piping. 
 Summary:

Diamond doped with boron is able to stand up to oxidation to 700 C. SiC was able to stand up to oxidation to 950 
C. AlN is able to stand up to oxidation to 900 C. Platinum is able to stand up to oxidation to 900 C. 

The conclusion is that SiC, AlN and platinum are suitable materials for a high temperature thermochemical cycle. 
Thin layers of platinum protects surfaces .
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