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Abstract: 
Corrosion of constructional materials in supercritical water oxidation (SCWO) is one of the main obstacles to 

commercializing the SCWO process. Statistical analysis of corrosion research results indicate nickel-based 

alloys are the most widely applied materials in SCWO system among the candidate metals. The present paper 

reviews the corrosion characteristics of iron-base alloy, nickel-based alloy, titanium-base alloy, ceramics, 

niobium, tantalum, thallium and gold under the condition of SCWO. The selection scheme of materials is 

presented in SCWO system flow diagram in detail. The effects of alloying elements on the corrosion behavior of 

materials in the water environment with high temperature and high pressure water are summarized in this paper. 

Moreover, some further researches for material corrosion in SCWO process are also proposed. All work was 

contributed to selecting the appropriate constructional materials and reducing the corrosion damage in SCWO 

system. 
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Introduction 
 Supercritical water (SCW) is the water above its 

thermodynamic critical point (374 °C, 22.1 MPa) has 

attracted increasing attention in supercritical water 

gasification (SCWG) and supercritical water oxidation 

(SCWO) in the past three decades (1-5). SCWG and 

SCWO have been proved to be a high effective way to 

resource utilization and harmless for organic matter, 

respectively (6-8). SCWO provides a potential 

alternative technology for incineration technology to 

treat high concentration organic wastewater without 

secondary pollution (9). The big advantage of SCW 

that presents in gasification and oxidation is mainly 

dependent on the changed physic-chemical properties 

of water at the elevated temperatures and pressures, 

and SCW has the properties of excellent heat transfer 

and mass transfer. The physicochemical properties of 

normal state water, subcritical water, SCW and 

superheated steam are listed in Table 1. The main 

physicochemical properties of SCW are all between 

normal state water and superheated steam, and SCW 

behaves like a nonaqueous solvent (10-12). 

 Many nonpolar organic substances and gases are 

highly soluble in SCW because of the disaappearance 

of phase boundaries (1). The reaction condition of 

SCWO usually contained the temperature range of 

400 °C~600 °C and pressure range of 24 MPa ~ 28 
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MPa (2, 4, 13). The solubility of ionic compound will 

decrease sharply when the wastewater is heated to 

supercritical condition. This property of SCW is 

generally used to separate salts from wastewater so 

that the salts will be recycled or buried. In addition, 

supercritical water oxidation process could realize 

energetically self-sufficient operation depending on 

the organic with high concentration in the wastewater 

(6, 14). However, there is serious corrosion for 

materials under the harsh working conditions of high 

temperature, high pressure and strong corrosive 

anions. The corrosion problem is the main obstacle to 

the commercialization and large-scale application of 

SCWO (12, 13, 15-21). 

 A volume of work has been carried out on solving 

the material corrosion problem in SCWO systems, 

especially in condition of hazardous waste oxidation. 

In order to find the appropriate material, the corrosion 

behaviors of candidate materials under different 

SCWO conditions were investigated. Ni-based alloys, 

iron-based alloys, ceramics, titanium based alloys, 

zirconium based alloys, noble metals, tantalum and 

niobium were selected for corrosion tests as the 

candidate materials for constructing SCWO system. 

Many corrosion control approaches were also 

developed to decrease the high corrosion rates for 

extending the service life of SCWO system (22, 23). 

In recent years, lots of studies about SCWO corrosion 

focused on the surface chemical and the migration of 
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Table 1. Physicochemical properties of water as a function of temperature and pressure (1). 
 

Parameter Normal state water Subcritical water Supercritical water Superheated steam 

T (°C) 25 250 400 400 

p (MPa) 0.1 5 25 0.1 

ρ(g/cm
3
) 0.997 0.8 0.17 0.0003 

ε 78.5 27.1 5.9 1.0 

pKw 14.0 11.2 19.4 - 

Cp(kJ/kg·K) 4.22 4.86 13 2.1 

η(mPa·s) 0.89 0.11 0.03 0.02 

λ(mW/mK) 608 620 160 55 

 
elements, which were helpful to understand the 

corrosion mechanism (24-27). The alloy element and 

element content usually played an important role in 

the corrosion behaviors of materials under SCWO 

conditions. The purpose of this paper is to review and 

summarize the corrosion studies of candidate materials 

and it would also be served as a leading selecting 

materials for SCWO system. 
 

The Materials for Corrosion Test 

 Corrosion tests of typical materials in SCWO 

were stainless steels, nickel based alloys, titanium, 

ceramic, zirconium, niobium, tantalum and gold. In 

consideration of economy and corrosion resistance, 

stainless steels and nickel-based alloys have drawn 

more research attention than other materials. 

 As Figure 1(a) shows, occurrence numbers of 

different test alloys were presented in the statistical 

analysis of 120 articles from 1994 to 2014 in SCWO 

corrosion research. The nickel-based alloys hold the 

largest proportion among all tested materials in 

previous corrosion researches, indicating that the 

nickel based alloys are excellent candidate materials 

for fabricating SCWO system. As shown in Figure 

1(b), Inconel 625 make up the highest proportion of 

the occurrence numbers of nickel based alloys 

(accounted for 34.4%), and followed by Hastelloy C-

276 (accounted for 23.6%). Both Inconel 625 and 

Hastelloy C-276 own good corrosion resistance and 

mechanical strength under the hashing operated 

condition, so the application of them in experimental 

and commercial plant is very common. In oxidizing 

supercritical water, due to its high chromium content, 

Inconel 625 showed better corrosion resistance than 

Hastelloy C-276. However, Hastelloy C-276 showed a 

lower corrosion rate than Inconel 625 in supercritical 

water containing chloride because of the high 

molybdenum content (28-30). In addition, the 

mechanical strength of Hastelloy C-276 is weaker 

than that of Inconel 625 on exposure to high 

temperature condition (T＞550 °C). 

Corrosion Results of Candidate Materials 

Iron Based Alloy 

 316 SS, 316L SS, 304 SS and 304L SS were four 

main iron based alloys which were selected for 

constructing SCWO systems by many researchers. 

Chromium and TiO2 were used as coatings on 316 SS 

to strenghthen the resistance to corrosion under the 

SCWO condition so that the corrosion rate was 

decreased by these means (31, 32). The outer and 

inner layers of the tested iron based alloys would rich 

in Fe2O3/Fe3O4 and Cr/Ni/Mo oxide respectively in 

either SCWO or SCW without chloride (33-37). The 

depletion of Fe was also observed on outer layer when 

solution contained the chloride. Iron based alloys 

showed a weaker corrosion resistance than nickel 

based alloys in previous SCWO corrosion studies, 

especially in the chlorinated solution (38). The 316L 

alloys showed the highest corrosion rate about 50 

mmyr
-1

 among all alloys, indicating austenitic stainless 

steel was not suitable for chlorinated feed in SCWO 

(29). When the test of decomposing organic matter 

was conducted, it was always found that the carbon-

contaminated covered the surface of alloys due to the 

incomplete degradation of organic matter (26, 28). It 

is known that the high temperature subcritical water 

has higher corrosive and solubility than supercritical 

water. Alloys always get a higher corrosion rate at 

subcritical condition than supercritical condition and 

the higher destruction efficiency of organic matter at 

subcritical condition because of the more dissolved 

catalytic alloying elements by severe corrosion (16, 

29, 39-48). The high pressure 60 MPa could cause 

intergranular corrosion and higher corrosion rate than 

25 MPa by more than two orders of magnitude, 

indicating the importance of density of water on 

corrosion behavior of alloys (49). With improving the 

oxidant concentration in the supercritical water, and 

adding H2SO4 into it, the corrosion rate of 316L SS 

immersion coupons could reach 39 mmyr
-1 

and the 

fluid mechanical effects could cause high rate of 316 

L tubing corrosion (50). The Ce
3+ 

could form a Ce 



X. Tang et al. 

 J. Adv. Oxid. Technol. Vol. 19, No. 1, 2016  143 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  (a)  (b) 
 
Figure 1. The percentage of alloys occurrence numbers in 120 articles from 1994 to 2014, (a) different kinds of alloys and (b) different 

Ni-based alloys. 

 

oxide layer to prevent the alloy from further corrosion 

(51). Depending on the above results, iron based alloys 

can endure the corrosion conditions of supercritical 

water with or without oxidant (49). However, iron 

based alloys displayed a high corrosion rate under 

both subcritical and supercritical water when the feed 

contained aggressive feeds (Cl
-
, SO4

-
 and PO4

3-
). 

 

Nickel Based Alloy 
 The nickel-based alloys are generally considered 

important for severe service application, however, 

they cannot withstand some aggressive feeds in SCW. 

The studies for corrosion behaviors of nickel based 

alloys were conducted among Inconel 625, Hastelloy 

C-276, Hastelloy G-30, Inconel 690 and other nickel 

based alloys under supercritical or subcritical 

conditions. The increase of chromium concentrations 

resulted in increased corrosion resistance of nickel 

based alloys under SCWO condition, indicating the 

protective oxide Cr2O3 formed on the alloys (40, 52-

55). The increase of the chromium content also 

accelerated trans passive dissolution at 350 °C and 

500 °C, but was low at temperatures of 400~450 °C 

(54). Stress cracking corrosion (SCC) could be 

observed at a low pH value, while it is not so easy to 

be observed in the neutral solution (16). In the 

corrosion test of the nickel based alloys exposed to an 

aqueous solution containing chloride and oxygen, 

pitting corrosion was observed at temperatures above 

130 °C to 215 °C and the trans passive dissolution 

mainly occured at the critical temperature, however, 

trans passive dissolution corrosion rate of Inconel 625 

decreased drastically in neutral, alkaline and deaerated 

hydrochloric acid (HCl) solution (42). Corrosion rates 

of the Ni-base alloys significantly increased with 

increasing pressure in an aqueous solution containing 

H2SO4 and O2 at 400 °C (49). In supercritical oxidizing 

water, the oxides of nickel-based alloys are generally 

composed of duplex layer structure, and the inner 

layer is a chromium-richer layer containing Cr2O3 or 

NiCr2O4 and the outer layer is a nickel-rich layer 

containing NiO or Ni(OH), indicating the diffusivity 

of Ni is fast (24, 36, 37, 56-62). However, the acidic 

solution would lead to NiO instability in high 

temperature (58, 63). The most mass reduction and the 

most severe morphological change were both 

observed under subcritical condition (29, 30, 45, 64, 

65). In contrast to 304L SS, 316L SS and Inconel 690, 

the oxide on Inconel 625 is too thin to measure in 

deaerated supercritical water over the temperature 

range 400 °C to 550 °C (36). However, the Inconel 

625 also presented unacceptably high corrosion rate 

18 mmyr
-1 

when exposed to oxygenated ammoniacal 

sulphate solutions in the high-density supercritical 

region (50). The G30 exhibited the highest corrosion 

resistance and lowest corrosion rate 5 mmyr
-1

 among 

various alloys exposed to an aggressive chlorinated 

SCWO feed (29). The Cr-base alloy Ducrolloy 

displayed a reduction of weight loss by a factor of 3 

for preoxidized in air before SCWO exposure, 

however the alloy G30 showed no significant effect of 

the preoxidation on corrosion rate (66). 

 

Titanium Based Alloy 
 Titanium and titanium alloys (Gr2, Gr5, Gr7, Gr9 

and G12) are candidate alloys for conducting corrosion 

tests at SCWO conditions. However, the titanium 

cannot reach the mechanical strength requirements of 
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high temperature high pressure application. Instead, it 

is suited for using as liners in SCWO systems with 

high chloride concentration (21, 48, 67-74). The 

formation of TiO2 oxide layer played a major role in 

titanium dissolution in highly chloride (14, 75). 

Corrosion of Gr2 became severe and Gr12 showed a 

low corrosion rate among candidate titanium based 

alloys in the presence of sulfate or phosphate (67). 

The titanium Gr2 showed more resistance to corrosion 

than other alloys (such as Inconel 600, Hastelloy C-

276, Monel 400, 316 SS and Zirconium 702) in the 

SCWO process for decomposing halogenated 

compounds (26, 45, 68). The titanium displayed more 

resistance to corrosion than 304 SS in high temp-

erature subcritical solution with HCl (76). The 

corrosion products composed of titanium oxy-

phosphates and titanium oxide were generated on pure 

titanium when treating chlorpyrifos with SCWO (48). 

When HCl, H3PO4 and oxidant were presented in 

SCW, titanium based alloys are an appropriate 

corrosion resistant material, however, when containing, 

titanium based alloys crept and suffered severe 

corrosion.H2SO4 (68, 70). 
 

Ceramic Material 

 Zironia toughened alumina (ZTA), TAI, ALC, 

Sialon ceramic, HIP-BN, B4C, Si3N4, TiB2, Y2O3, Y-

TZP, SiC, mullite, alumina, sapphire, Cr2O3 and titania 

multilayered ceramics were applied for corrosion test 

under SCWO condition. Corrosion resistance for the 

ceramics are as follows in this order: Si3N4 < SiC < 

mullite < alumina < sapphire in deionized water at 450 

°C and 45 MPa (77). The SiC, alumina, Y stabilized 

zirconia, Si3N4, BN, aluminosilicate and cordierite-

mullite showed poor corrosion resistance in super-

critical water gasification of sugar beet slurry (78). 

SiC, Si3N4, HIP-BN, B4C, TiB2, Y2O3 and Y-TZP-

based materials showed severe corrosion in oxidizing 

supercritical water containing HCl, however, Al2O3- 

and ZrO2-based materials did not corrode severely 

(79). Due to the formation of non-protecting corrosion 

products, the ZTA ceramics suffered severe corrosion 

in high-temperature aqueous solutions containing 

H2SO4 or HCl, however, the formation of berlinite 

(AlPO4) prevented corrosion of the coupons in H3PO4 

solution (80). The Cr2O3-based ceramics, with yttrium 

oxide or yttrium oxide-stabilized zirconium oxide 

added, suffered obvious degradation with oxygen 

concentrations (4 vol.% hydrogen peroxide) at 650 °C 

(81). The titania multilayered ceramic system remained 

intact after 120~180 hours when exposed to a 

chlorinated cutting oil Trimsol in different SCWO 

environments, ranging from 300 °C to 650 °C (82). 

The α-sialon displayed better corrosion resistance and 

strength than β-sialon on exposure to supercritical 

water at 450 °C and 45 MPa for 2~50 h (83). The 

adding proper amounts (≤5 wt.%) of MgO and CeO2 

can enhance the stability of Cr2O3 based ceramics in 

SCW at 650 °C and 25 MPa (84). 

 

Pure Metal and Metal Oxide 

 Niobium, zirconium, tantalum, gold, iron, nickel, 

chromium, titanium, molybdenum and chromium 

oxide were also selected for conducting corrosion tests 

in SCWO process and these tests were important to 

investigate the corrosion mechanism. Niobium was 

resistant to corrosion in oxidizing subcritical water 

with acid and oxidizing supercritical water without 

acid, however, niobium or zirconium would rapidly 

convert to oxides which erode into the fluid in 

oxidizing supercritical water with acid (50, 74, 85). 

Tantalum displayed that the corrosion rates increased 

strongly above the critical temperature in HCl and 

H2SO4, and corrosion rates in H3PO4 were low at all 

temperatures (86). The tantalum was also proved to be 

the most resistant metal among Hastelloy C, titanium, 

zirconium, niobium, tantalum and gold in high 

temperature oxidizing solution containing acid and 

NaCl (74). The gold would not be suitable to be 

applied in a SCWO system, due to the galvanic effects 

of Au (74). In supercritical pure water, chromium 

shows the lowest oxidation rate among all tested 

metals and their oxidation rates were in the following 

order: Fe > Ni > Ti > Mo >> Cr (87). Besides, the 

addition of H2O2 to HCl solutions accelerated the 

corrosion of Fe, Ni, Cr, and Mo and Ni showed the 

severest corrosion among five metals (87). The 

soluble metal cations could precipitate to form a 

protecting layer at supercritical conditions, indicating 

the addition of ionic light metal salt could reduce 

corrosion (88). The bare uncoated tube shows severer 

breakaway corrosion than TiN and Ti0.35Al0.65N coated 

tube after exposure to supercritical water (89). 

 The research on stability of metal oxides was 

important to investigate the process of oxidation 

corrosion in high temperature water. The solubilities 

of three tested metal oxides were in the following 

order: iron oxide > nickel oxide > chromium oxide, 

and metal oxide solubility increased with increasing 

temperature at a higher pH region and at neutral 

conditions (90, 91). 

 There is not a material that can endure all SCWO 

conditions and different materials show different 

corrosion properties under the SCWO conditions. 

Accordingly, the most suitable material would be 

selected for constructing the SCWO system by taking 
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its corrosion resistance and cost into account. As 

Table 2 shows, the corrosion tests of iron based alloys, 

nickel based alloys, titanium alloys, ceramic, pure 

metals and metal oxides were conducted and the test 

results are useful for selecting proper material in 

SCWO plant. The nickel based alloy presented more 

resistance to corrosion than iron based alloy, however, 

it also showed the severe corrosion under conditions 

with aggressive SCWO streams. Titanium based alloy 

and part of partial ceramic materials presented 

outstanding resistance to corrosion, however they 

were always used as liners due to the weak 

mechanical strength. The corrosion tests of pure metal 

and metal oxide were conducted for investigating 

corrosion mechanism, and niobium was recommended 

to apply at subcritical condition. 

 

The Effects of Alloy Elements on Corrosion 

Behavior 

 Under the same condition, different material 

always displayed different corrosion properties, which 

mainly depended on the different alloy elements. The 

recent studies have focused on the behaviors of 

different elements in candidate materials on the 

condition of SCWO. The content variation of alloy 

element, the stability of metal oxide and the element 

migration were the main contents of the research. The 

important elements included iron, chromium, nickel, 

molybdenum and carbon. 

 

Iron 

 The iron is usually used to improve economy of 

iron-base alloys, nickel based alloys and titanium-

based alloys. In supercritical water, Fe shows the 

highest oxidation rates and forms stable oxide Fe3O4 

among the other metal elements (Fe, Ni, Ti, Mo and 

Cr) and it also shows the major contributor to 

corrosion resistance at existence of oxygen in 

supercritical water (36, 37, 87, 92). However, the 

corrosion rate of Fe in the oxidizing HCl solution is 

three times higher than that in supercritical HCl 

solution, indicating the acidic chlorinated solution 

could also promoted dealloying Fe in high temperature 

aqueous solution (46, 87, 93). At low temperature 400 

°C, Cr could form a protective oxide, indicating Cr-

oxide is more stable than Fe-oxide and Fe-oxide 

solubilities were the highest among Fe, Ni and Cr (51, 

91). The Fe always has a faster diffusion velocity than 

other elements so that the Fe is rich in the outer 

oxidation layer and Fe-oxides make up the majority of 

the outer layer at temperature higher than 400 °C (25, 

36, 94, 95). The mass loss of Fe is higher than that of 

Mo at 300~350 °C and lower than that of Mo at 

400~450 °C in supercritical water with NaCl (33). The 

Fe oxides could hardly exist as the temperature 

increased stably, especially over 500 °C. The Fe 

oxides could dissolve at high temperature, so the outer 

layer became loose and desultory. Fe would change to 

Fe2O3, Fe3O4 and α(γ)-FeOOH under the SCWO 

condition. 

 

Chromium 

 The Cr is considered as the most important 

alloying element to improve corrosion resistance in 

SCW (53). It was found that 316 steel stainless would 

decrease the corrosion rate greatly after the 

chromizing treatment under SCWO condition using 

5% NaCl solution. The test result indicated alloy 

suffered the most serious corrosion in high temp-

erature subcritical water and chromium had excellent 

corrosion resistance to chloride ion from subcritical to 

supercritical condition. The higher Cr concentration 

would make lower penetration rate of alloys. The 

chromium oxide presented the lowest solubility 

among the oxides of chromium, iron and nickel (53, 

58, 65, 90, 91, 93). The Cr showed the most stable 

state among Fe, Cr and Mo in solution with 5 mass% 

NaCl at temperature of 300~500 °C (33). The dissolved 

chromium ions can from compact chromium oxide 

layer to provide a protective function against corrosion 

at 400 °C and 30 MPa in H2SO4 aqueous solution (57, 

96). The cracking susceptibility of nickel-based alloys 

also decreases as the Cr content increased in super-

critical water with either HCl or NaOH (97). The 

higher chromium-containing alloys presented the 

lower oxide thickness than the higher chromium-

containing alloys (60). The oxygen affinity of 

chromium is stronger than iron and nickel, and Cr 

would be selectively oxidized to Cr(OH)3 and Cr2O3. 

The Cr(III) of Cr2O3 would be transformed into 

Cr(VI) through further oxidation in the high temp-

erature oxidizing water, and the Cr(VI) would loss 

during the dissolution. A more continuous and stable 

Cr2O3 layer was formed at higher temperature (450 °C 

and 500 °C) than critical temperature (400 °C) in 

oxidizing supercritical water (24). As a result of 

slower diffusion velocity than Fe, the Cr is usually 

rich in the inner layer (36, 37, 95). The Cr oxides were 

also unstable and dissolved in supercritical strong acid 

solution (pH=1). The Ni-Cr-Mo alloys contain Cr at 

least 30 mass% show better resistance to corrosion in 

a supercritical water including chloride (55). The alloy 

also displays good corrosion resistance even at the Cr 

contents as high as 40% (40, 54). The NiCr25 alloy 

performed best resistance to corrosion among binary 

Ni-Cr alloys (0 to 45 mass% Cr) in an aqueous 

http://dict.cnki.net/dict_result.aspx?searchword=%e6%9c%ba%e6%a2%b0%e5%bc%ba%e5%ba%a6&tjType=sentence&style=&t=mechanical+strength
http://dict.cnki.net/dict_result.aspx?searchword=%e9%92%bc&tjType=sentence&style=&t=molybdenum
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Table 2. Summary of corrosion experiences at SCWO conditions. 
 

Type of 

Material 

Material Oxidant/Acid/ 

Alkali/Salt 

T 

(°C) 

P 

(MPa) 

Corrosion results 

Iron Based  304L Deionized water 550 24 304L was susceptible to stress 

corrosion cracking (37). 

 304 0.01mol·L
-1 

HCl 380 24 Electrochemical mechanism was the 

dominant corrosion mechanism 

(106). 

 304L/316L Deionized water 400-500 24 Outer layer was porous magnetite 

and the inner layer was a denser 

iron-chromium spinel (36). 

 316L 2.0% H2O2 500-550 24 Loose outer layer, interface and 

inner layer were Fe, Ni and Cr and 

Fe enrichment, respectively (25). 

 316L 4.8wt.% H2O2/2wt.% 

H2SO4/2.4wt% NH3 

380-390 24 Corrosion rate was 39 mmyr
-1

 at this 

condition (50). 

 316 2.0% H2O2 350-500 24 Fe2O3/Fe3O4+spinel/Cr2O3/Ni-

enrichment/316 from the outer to 

inner layer (107). 

 316 3.0% H2O2 250-420 39 The maximum corrosion rate was 

12.5 mmyr
-1

 at 375 °C; H2O2 

improved corrosion significantly 

(108). 

 316 5wt.% NaCl 300-500 30 Chromizing treatment decreased the 

corrosion rate and corrosion mode 

was pitting (31). 

 316 700% H2O2/2,4-

dichlorophenol 

400 25 Surface was mainly covered by 

carbon-contaminated and iron oxide 

layers (26). 

 316 3% Ce[NO3]3·6H2O 400 30 Corrosion protection was mainly 

due to the formation of a Ce oxide 

layer (51). 

 316 100% H2O2/200% 

NaOH/2-Chlorophenol 

320/380 22/25 The elevation of destruction 

efficiency was greater at subcritical 

than supercritical; the various 

granule metal oxides covered the 

surface, mainly included Fe oxides 

(109). 

 316 HCl 350-500 25 Weight losses were significantly 

increased with the increasing 

hydrogen partial pressure (103). 

 316 1~5wt.% NaCl+0.01~ 

1% H2O2 

350-500 40 Mass loss was increasing with NaCl 

content; Layer riched with Cr and 

Mo, depleted in Ni and Fe (93). 

 316 0.025mol·kg
-1 

H2SO4+ 

0.025mol·kg
-1 

O2 

400 25-60 Good corrosion resistance at 400 °C 

both at 30MPa and 40MPa; 

Intergranular corrosion occurred 

and the corrosion rate increased by 

more than two orders of magnitude 

when pressure at 60MPa (49). 
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 316/625/C276 0.001mol·L
-1 

HCl / 

0.01mol·L
-1 

NaOH 

400 25 Cracking occurred under both feed 

solutions (97). 

 316+TiO2 5vol% air+0.1/0.2/ 

0.5mmol·L
-1

HCl 

- - TiO2-coated suggested the applied 

coatings were permeable to sub-

critical and supercritical water (32). 

 UNS S31803/ 

Incoloy800/ 

Incoloy825 

5500 m·L
-1

 NaCl 275 25 Dual-phase steel2205 (UNS S31803) 

had a lowest corrosion rate 1.8 mm/a 

among all test alloys (101). 

 12CrMoV water 510 9.8 The tube service life make of 

12CrMoV(SA516GR70) could reach 

350, 000 h (105). 

Nickel-Based Ni-based 0.01mol/kg H2SO4 400-650 30 The reduction in corrosion resistance 

was more significant for alloys with 

higher Cr content (53). 

 Ni-based 0.1mol·L
-1 

HCl 400 25 Cracking susceptibility of Ni base 

alloys decreased with increasing Cr 

content of alloys (110). 

 Ni-based 1.6g·L
-1 

NaCl/10wt% H2O2 400-500 22-25 Chloride leaded to crack initiation 

and propagation during the first few 

hours of constant load tests (111). 

 Ni-based pH=1, 2, 7 300/360/

425 

24.1 pH=1: chromium was selectively 

dissolved and only molybdenum 

forms stable oxide; 

 pH=2:dealloying of Ni and Fe, and 

oxidation of Cr and Mo were 

observed; 

pH=7: dealloying was not observed 

at any temperature; 

SCC in acidic feed streams was 

observed at all temperatures (16). 

 Ni-based 0.01mol/kg H2SO4＋ 

3ppm to 800ppm O2 

400 30/60 Fe became major contributor to 

corrosion resistance when oxygen 

concentration of the environment 

was increased up to 800 ppm (57). 

 Ni-based 0.01mol·kg
-1 

H2SO4+ 

0.025mol·kg
-1 

O2 

400 25~60 Corrosion rates of the Ni-base alloys 

at 400 °C significantly increased 

with increasing pressure (49). 

 Ni-based HCl 300-600 - G-30 exhibited the highest corrosion 

resistance; most pronounced 

degradation being at high subcritical 

temperatures (29). 

 Ni-based CH2Cl2/H2O2+2000 ppm 

chloride 

420 40 Weight loss of all the samples varied 

between 1.3 mm/y for G-30 and 31.6 

mm/y for alloy 686; G-30 showed 

good corrosion behavior due to 

formation of a protective oxide layer 

during preoxidized (112). 

 625 2.0% H2O2  450~500 24 Ni(OH)2/NiO/NiCr2O4/Cr2O3 from 

outer to inner layer (24). 
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 625 

 

Deionized water 500 24 Own the thinnest oxide layer and 

exhibited a low density of 

micrometer-sized pits. 

A two-layer structure with a 

chromium-rich inner and an outer 

layer with higher iron content (37). 

 625 100%H2O2/200%NaOH/ 

2,4-dichlorophenol 

340/380 25 The mass reduction at supercritical 

(0.074%) was higher than 

subcritical (0.026%) (39). 

 625 4.8wt.% H2O2/2wt.% 

H2SO4/2.4wt% NH3 

380~390 23 Corrosion rate was 18 mmyr
-1

 at 

this condition (50). 

 625 HCl (pH=2) 355/350/ 

299 

24.1 Maximum thickness of the dealloyed 

oxide layer was 7.5 µm/5 µm/4.3 

µm; the maximum thickness 

occurred at high temperature 

subcritical (40). 

 625 HCl (pH=2.0) 300-425 24.1 SCC at subcritical temperature; Ni 

was dissolved and Cr forms stable 

oxides (58). 

 625 0.1 mol·L
-1 

C6H4N2O5,  

25 mol·L
-1 

[NH4]2SO4 and 

1.3 mol·L
-1 

NH3 

≤380 22.1 Ammonia and sulfate leaded to 

solution acidification and NiO 

instability； 

The alloy ultimately failed by trans 

passive dissolution (63). 

 625 100% H2O2/200% NaOH/ 

2-chlorophenol 

320/380 22/25 Subcritical contributed to the 

elevation of destruction efficiency 

was greater than supercritical (39). 

 625 Deionized water 400-550 24 The oxide on 625 was too thin to 

measure (36). 

 625 H2SO4/NaHSO4/Na2SO4 150~500 38 Severe material loss occurred 

between 300 °C and 390 °C; 

Corrosion phenomena in oxygenated 

(64). 

 625 Cl
-
+ O2 130~500 38 In neutral or alkaline solutions and 

in deaerated hydrochloric acid (HCl), 

corrosion rates of trans passive 

dissolution decreased drastically (42). 

 625 0.2 mol·kg
-1 

H2SO4+ 

1.44 mol·kg
-1 

O2 

250-500 38 The upper temperature limit of 

severe corrosion at 24 MPa and 390 

°C; As temperature was increased 

further and the density of the 

solution dropped to low values, only 

slight corrosion was detected (113). 

 625 

chromium 

HCl+H2O2+NaCl+CH3OH 500 46.5 On 625, a strong transition of Ni into 

the fluid phase; On pure chromium, 

Cr2O3 scales composed of several 

layers were formed and spallation 

was observed (52). 

 C-276 HCl 350-550 25 Containing both Cr and Mo were 

more resistant to corrosion than Ni-

Cr binary alloys (103). 
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 C-276 oxygen 

concentration＜10ppb 

500-600 25 An outer NiO layer and an inner 

Cr2O3/NiCr2O4-mixed layer (56). 

 C-276 100% H2O2/200% NaOH/ 

2-chlorophenol 

340/400 22.29/ 

25.33 

The depth of oxygen penetration in 

metal at superitical was deeper than 

at subcritical and a greater loss of 

alloys at the subcritical than at the 

supercritical (45).  

 C-276 700% H2O2/2,4-

dichlorophenol 

400 25 Carbon-contaminated and iron 

oxide on layers; a signifcant 

depletion of chromium and nickel 

(26). 

 C-276 60wt.% 1,2-

C2H4Cl2/40wt% 

C2H6SO/35wt.% H2O2 

538 31 Dealloying of Ni and Fe and 

cracking of the burst-disk (46). 

 C-276 PCBs/670wppm chloride 400 30 Iron was detected at 4 mg/g of 

effluent. Nickel (100), molybdenum 

(17), chromium (27), and cobalt 

(1.1 mg/g); The temperature range 

most violently corroded in the 

SCWO system was 372-271 °C 

(99). 

 800 25ppb dissolved oxygen 500 25 Grain boundary engineering (GBE) 

enhanced spallation resistance and 

reducing oxidation rate (114). 

 Alloy690 1500mg·L
-1 

H3BO3/ 

2.3mg·L
-1 

LiOH·H2O 

325 15.6 Triple-layer oxide films; the 

outmost layer was big oxide 

particles, the inter-layer with loose 

oxides and the inner layer with 

incompact cellular oxides (61). 

 Alloy690 Deionized water 400-550 - Outer layer was iron-rich and the 

inner layer was composed of Cr2O3, 

NiO and Ni(Cr,Fe)2O4 (36). 

 G-30 pH=2~6, 2000wppm of 

chloride/H2O2 

100-400 25-48 At pH 6, the corrosion attack in 

subcritical region increased with 

increasing pressure between 150 

and 250 °C. A reduced attacks at 

high pressures, whereas for 250 bars 

a strong increase was obvious.  

At pH 2, corrosion attack increased 

with decreasing pressure between 

100 and 380 °C. Above the critical 

point, the corrosion attack increased 

with increasing pressure or density 

of the fluid (41).  

 G-30/Cr-Fe CH2Cl2/H2O2+ 

2000wppm chloride 

420 40 Preoxidized would improve the 

corrosion resistance of Cr-Fe; 20 μm 

oxide film on Cr-Fe and 300 μm 

oxide film on G-30; G-30 lost nickel 

down to a depth of 200 μm (66). 

 Ni-Cr alloys CH2Cl2 + H2O2 100-415 40 Kinetics for binary Ni-Cr alloys 

were compared with the predictions 

of a mathematical model (98). 



X. Tang et al. 

150  J. Adv. Oxid. Technol. Vol. 19, No. 1, 2016 

 Ni-Cr-Mo Extraction from the fly ash 

of incinerated municipal 

solid waste 

400 25 Exhibiting preferable corrosion resis-

tance, the Cr content was 30 mass % 

at least under this environment (55).  

 Fe-Cr 

(10-40% Cr) 

1mmol·L
-1 

HCl
-1

 + 

0.6mmol·L
-1

 H2O2 

350-500 29.4 Increasing the Cr content improved 

oxidation resistance but accelerates 

trans passive dissolution at 500 °C; 

the addition of Mo (1-2%) to Fe-Cr 

alloys (> 25%Cr) was found to be 

effective for improvements of the 

corrosion resistance; transpassive 

dissolution rate of Cr was high at 

temperatures around 350 °C and 

above 500 °C, but was low at 

temperatures of 400- 450 °C (54). 

 Ni-Cr 

(10-30% Cr) 

Titanium-

Based 

Gr2 100% H2O2/200% NaOH/ 

2-chlorophenol 

340/400 24 Titanium Gr2 has the more 

corrosion resistance than Hastelloy 

C-276 and Zirconium 702 (45). 

 Gr2 700% H2O2/2,4-

dichlorophenol 

400 25 Titanium Gr2 was more corrosion-

resistant than 316 SS, Titanium G2 

and Zirconium 702 (26). 

 Gr2/Gr5/Gr7/ 

Gr12/P-C 

O2/HCl/H2SO4/H3PO4 600 27 Corrosion in chloride containing 

solution was low; In the presence of 

sulfate or phosphate, corrosion of 

Gr2 became severe and Gr12 

showed a low corrosion rate (67). 

 Ti-alloy C4H5Cl/ion exchange resin 

+ 2% HCl/2% H2SO4 + 

2% H2O2 

400 28.5 Ti alloys would be applied as 

reactor materials for organic waste 

decomposition (72). 

 Ta, Ti and Ti 

alloys 

Condition 1: 2% H2SO4+ 

2% H2O2 Condition 2: 

1.2% H2SO4+2% H2O2 

350 30 Ti alloys was sufficient to be 

applied as reactor materials (73). 

 TAI /ZTA/ 

ALC 

0.1 mol·kg
-1 

H2SO4+0.1 

mol·kg
-1 

H3PO4+ 

0.1 mol·kg
-1 

HCl 

240-500 27 In H2SO4, the corrosion rate was 

still high at higher temperatures and 

formed a non-protecting sale; 

In H3PO4, less corrosion due to the 

formation of AlPO4 on the surface 

of the specimens; 

In HCl, dissolution of the alumina 

grains corrosion phenomenon at 

temperatures of 240 °C -290 °C, 

intergranular corrosion at higher 

temperatures; 

The order of resistant against 

intergranular corrosion as follows: 

TAI>ZTA>ALC (80). 

 Four types Deionized water 450 45 Corrosion resistance as follows: 

Si3N4 < SiC < mullite < alumina < 

sapphire. High purity alumina 

ceramics showed the highest 

corrosion resistance in the ceramics 

(77). 
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Ceramics Sialon ceramics Deionized water 450 45 α-sialon exhibited better corrosion 

resistance than β-sialon and α/β-

sialon, strength of β-sialon 

decreased to 65% of its original 

strength and α-sialon decreased to 

90% (83). 

 Many types 0.44 mol·kg
-1

 O2 and 0.05 

mol·kg
-1 

HCl 

465 25 HIP-BN, B4C, TiB2, Y2O3 and Y-

TZP disintegrated; SiC and Si3N4-

based materials showed a large 

weight loss, up to above 90%; 

Al2O3- and ZrO2-based materials 

did not corrode severely (79). 

 Multilayered 

ceramics / 

nickel alloys 

O2/chlorinated cutting oil 300-650 - The experimental nickel alloys 

performed better than the baseline 

nickel alloys; A titania multilayered 

ceramic system had withstood such 

an environment without significant 

loss (82). 

 Cr2O3 based 

ceramics 

Deionized water 650 25 Adding proper amounts (65 wt.%) 

of MgO and CeO2 can enhance the 

stability of Cr2O3 based ceramics, 

because of formation of MgCr2O4 or 

reactive element Ce. When the 

addition content increased to 8 wt.%, 

the degradation of Cr2O3 based 

ceramics increased (84). 

Pure metal  

and metal 

oxide 

niobium 0.05 mol·kg
-1 

HCl + 0.48 

mol·kg
-1

 O2  

0.05 mol·kg
-1 

H2SO4 + 2 

mol·kg
-1

 O2  

350/500 24 Niobium could be an applicable 

material for reactors in subcritical 

water and not be used as reactor 

material for supercritical water under 

oxidizing conditions (85). 

 niobium 4.8wt.% H2O2/2wt.% 

H2SO4/2.4wt% NH3 

380-390 23 The rate of corrosion of the niobium 

coupons was low (50). 

 tantalum 0.05-0.2 mol·kg
-1

 HCl/ 

H2SO4/H3PO4+ O2 

 

360-500 

 

24 The corrosion rates in HCl and 

H2SO4were low at 360 °C and 

unacceptably high at supercritical 

temperatures, corrosion rates in 

H3PO4 were low at all temperatures 

(86). 

 Fe/Ni/Cr HCl + O2  400 25-40 The corrosion rate of chromium was 

the smallest; Iron oxide solubility 

was the highest and Chromium oxide 

solubility was the lowest among 

these metals (91).  

 Fe/Mo/Cr 5wt.% NaCl 300-450 30 Pure Fe were covered with a thick 

oxide film; the mass changes of pure 

Cr were very small; the mass loss of 

pure Fe is higher than that of pure 

Mo at 300-350 °C, but is lower at 

400-450 °C (33). 
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 Fe/Ni/Cr/ 

Mo/Ti 

1 mmol·L
-1 

HCl 500 29.4 Oxidation rates: Fe>Ni>Ti>Mo>> 

Cr; The addition of H2O2 to HC1 

solutions accelerated the corrosion 

of Fe, Ni, Cr, and Mo; Ni showed 

the largest weight gain among the 

five metals examined (87). 

 Cr2O3/Fe2O3/ 

NiO 

Deionized water 450 26 Chromium oxide solubility in high 

temperature region was the lowest 

among the three oxides; Metal oxide 

solubility increased with increasing 

temperature (90). 

 Ti/Zr/Nb/Ta/ 

Au/SS/ 

Hastelloy C 

0-0.02 mol·kg
-1

 Acid
 

0.1-1 mol·kg
-1

 O2
 

0-0.2 mol·kg
-1 

NaCl 

200-400 26 Nb and Zr rapidly converted to 

oxides; Ti proved resistant to 

dissolution, but was subject to pitting 

corrosion; Au was subject to galvanic 

effects; Ni and Mn of alloys 

preferentially dissolving out of the 

metal and Cr and Mo remaining 

begin; Ta proved to be the most 

resistant metal tested (74). 

 Ni/Mo/Cr HCl 350 24 Ni and Mo showed strong material 

loss; Corrosion products formed at 

the surface consisted of oxygen and 

chromium (65). 

 

solution resulting from the oxidation of CH2Cl2 at 40 

MPa and temperatures between 100 °C and 415 °C 

(98). 
 

Nickel 
 The toughness, strength and corrosion resistance 

of the steel would be enhanced when it contains Ni 

element. The oxygen affinity order for metal element 

is Cr ＞ Fe ＞ Ni, indicating the Cr and Fe could 

easily form the oxides under the SCWO conditions. 

The nickel based alloys often show a severe depletion 

of nickel and the migration processes of elements 

presented in Figure 1. In this simplified model, nickel 

ions migrated to solution and ultimately changed to 

dissolved form. Oxygen ions migrated to the matrix 

and combined with the chromium to form chromium 

oxide. In contrast to other metal elements like Fe, Cr, 

Mo, the Ni usually presents a worst serious depletion 

and the highest concentration of nickel is detected in 

the corrosion effluent, especially in acidic chlorinated 

solution (26, 40, 46, 52, 58, 66, 93, 99, 100). The pure 

chromium presents greater corrosion rate than Inconel 

625 in supercritical water containing HCl, NaCl and 

H2O2 (52). 
 

Molybdenum 
 The Mo can improve high temperature strength, 

resistance to pitting corrosion and resistance to crevice 

corrosion in the high temperature environment. The 

Mo could from more stable Mo-oxides (MoO2, MoO3) 

than other metals in strong acidity and chlorinated 

solution at subcritical or supercritical temperature (16, 

93). The Mo improved the resistance to pitting 

corrosion in subcritical salt solution obviously
101

. In 

nickel based alloys, the synergistic effect of Mo and 

Cr showed more resistant to corrosion than Ni-Cr 

binary alloys (102, 103). 

 

Carbon 

 The hardness of steel stainless increased and the 

malleability decreased as the Carbon content increases. 

Carbon contamination was significant when treating 

organic wastes with SCWO, implying the destruction 

reaction occurs also on the material surface. There-

fore, the high content of carbon could be observed in 

the outer layer oxides (26). 

 Other elements like niobium, titanium, zirconium 

and tantalum were also investigated under the SCWO 

conditions. Titanium, niobium and tantalum are stable 

as oxides in subcritical condition and these elements 

could enhance the corrosion resistance in subcritical 

condition (50). Ta2O5 and Nb2O5 are both the stable 

states in subcritical condition. However, the Zr oxides 

were more easily dissolved at the supercritical 

condition than at the subcritical condition. 

http://dict.cnki.net/dict_result.aspx?searchword=%e9%92%bc&tjType=sentence&style=&t=molybdenum
javascript:showjdsw('jd_t','j_')
javascript:showjdsw('jd_t','j_')
javascript:showjdsw('jd_t','j_')
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Figure 2. Material selection for SCWO system in flow diagram. 

 

Suggestions for Material Selection in SCWO 

System 
 As shown in Figure 2, the material selection of a 

conventional SCWO process was divided into seven 

parts according to the different reaction conditions and 

mediums. In this flow diagram, oxygen and waste water 

both entered reactor after they were preheated by 

different preheating pipes, which could avoid synergistic 

effect of oxidant and aggressive feeds effectively. 
 
The Heating Pipe for Oxygen 
 The high carbon alloys are not recommended to 

build transport pipe for oxygen, due to the fact that a 

high rate of oxygen could react with the carbon, 

resulting in explosion. The copper tube, brass tube and 

Ni-Cu alloy can be used for transporting the high 

speed oxygen, and the stainless steel can be used for 

transporting the low speed oxygen among -183 

°C~300 °C at supercritical pressure (104). 
 
The Low Temperature Heating Pipe for Feed 

 The low temperature preheating process is used 

for preheating feed from normal temperature to 300 

°C. There are two situations that should be taken into 

consideration for materials selection in this low 

temperature process. In the first case, 304 SS and 316 

SS are recommended at the weak corrosive condition 

that the feeds did not contain halide. In the second 

case, dual phase steel can endure the severe corrosion 

due to the feeds containing halide. The dual phase 

steels like S32304, S31803, S32550 and S32750, own 

an excellent corrosion resistance to halide, however 

they cannot be used at temperature over 300 °C due to 

the decline of mechanical strength (101). The 

materials applied to the low temperature preheating 

pipe for wastewater could be also used in the low 

temperature zone of vapor generator. 

 

The High Temperature Subcritical Heating Pipe 

for Feed 

 The high temperature heating process is used for 

heating feed from 300 °C to 380 °C and this high 

temperature subcritical process is considered as the 

severest corrosion region in the SCWO system. When 

the feed does not contain corrosive species like 

halogenated hydrocarbons or halide ion, 304 SS or 

316 SS would be selected as candidate materials. 

When the feed contain corrosive species in this 

condition, the titanium based alloys, niobium and 

tantalum are the suitable materials for constructing the 

heating pipe. The medium temperature zone of vapor 

generator could use the same materials which are 

applied to the high temperature heating pipe for feed. 
 

The High Temperature Supercritical Heating 

Pipe for Feed 
 This is high temperature supercritical area from 

380 °C to 480 °C in heating furnace. The 304 SS and 

316 SS would also be applied for constructing the 

supercritical heating pipe in absence of halide. When 

the feed contained the aggressive species like HCl, 

H3PO4 and H2SO4, the nickel based alloys are usable 

materials and the corrosion rates should be measured
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through corrosion tests under different conditions. 

However, the titanium based alloys showed a good 

resistance to corrosion in the oxidizing supercritical 

water containing aggressive species. The materials 

selection of this process was as same as that of the 

high temperature zone of vapor generator. 

 

The Reactor 
 The temperature of reactor is usually among 480 

°C to 650 °C and the hazardous waste decomposes 

immediately in this process. The reactor would suffer 

a severer corrosion from the synergistic effect 

between oxygen and aggressive species than that from 

the individual effect. The materials used in the high 

temperature supercritical heating area could also be 

used for constructing reactor. Moreover, the wall 

thickness of reactor should be thick enough to reach 

the strength requirement under this high temperature 

condition. 

 

The Pipe for Transporting Steam 
 The work temperature of pipe for transporting 

steam is usually among 150 °C to 250 °C and the 

softened water was heated into create clean steam 

which was a weak corrosive medium (105). The low 

alloy steel like SA516Gr60 and SA516GR70 could be 

used to construct the weak corrosion part in the 

system. The high alloy steel like 304 SS and 316 SS 

are also recommended as the constructing materials in 

this process. 

 

The Separation Unit for the Gas and Liquid 
 The heat exchanger cooled the treated wastewater 

from supercritical temperature to room temperature in 

this unit. The work temperature of this unit among 20 

°C to 60 °C, and the common stainless steel (304 SS, 

316 SS) are the suitable materials in this low temp-

erature area. 

 The selection of materials depended on corrosion 

resistance and mechanical strength of materials for 

constructing SCWO plant, especially at supercritical 

condition. In this section, a guidance of candidate 

materials selection is supplied for SCWO system. 

According to the above suggestion, the kinds of 

candidate materials would be determined. Then, the 

corrosion behavior and rate of selected material 

should be investigated through the corrosion test in 

specific condition, which is the foundation work for 

building SCWO system. 

 

Conclusions 
 The aggressive and corrosive feed causing the 

severe corrosion prevents the large-scale application 

of SCWO, even though SCWO is a high efficient 

process to treat organic waste. Among all the candidate 

materials, the nickel based alloy is the most widely 

studied and used constructing material for SCWO. As 

a candidate material, Inconel 625 is used more 

frequently than the other nickel based alloys. The 

corrosion results of all candidate materials were 

summarized to investigate the corrosion properties of 

different kinds of materials. The material selection of 

a whole SCWO process includes seven parts and the 

guideline of material selection is provided in detail. 

The effects of the alloy elements on the corrosion 

properties had contributed to investigate the 

mechanism of corrosion at SCWO condition. The 

above work is helpful for selecting candidate materials 

and developing effective corrosion control methods. 

 In conclusion, no single material can withstand all 

kinds of SCWO conditions, however the suitable 

material could be selected for a certain condition, 

corrosion resistance, strength and economy taken into 

consideration. The appropriate corrosion control 

approaches could also reduce the corrosion effectively, 

especially in the highly corrosive feed with high 

pressure and high temperature requirements. In order 

to accomplish the commercialization of SCWO, much 

deficiency of work in controlling corrosion and the 

future work are summarized as follows. 

1) On-line corrosion monitoring methods. The 

corrosion monitoring technologies such as electric 

resistivity technology, pulsed magnetic flux leakage 

technology and ultrasonic technology can be 

applied in SCWO system. The effective monitoring 

methods can predict the service life of the 

equipment and the appropriate corrosion control 

technology can be used to reduce corrosion timely. 

The corrosion monitoring and corrosion control 

methods can prevent dangerous accidents from 

happening under condition of high temperature 

and high pressure. 

2) Corrosion control approaches. The effective 

control approaches should be applied to reduce 

the corrosion in the whole SCWO system. Based 

on the analyzing of various reasons for the 

corrosion, the control approaches consists of three 

aspects: the equipment structure optimization, 

reducing the corrosion of reaction medium and 

optimizing operation parameters. The effective 

corrosion control approaches could reduce the the 

manufacturing cost and the service life of 

equipment would be prolonged. 

3) Corrosion test under the real condition. The high 

pressure and flow must be considered as the 

important factors in the further corrosion test. In 
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 the previous corrosion researches, these two 

important factors were rarely taken into account. 

The high pressure and flow which can accelerate 

corrosion significantly are consistent with the real 

situation. 

4) Exact calculation model. Based on corrosion test 

results and theoretical analysis, the exact 

calculation model should be established for 

predicting the tendency of corrosion. The good 

model would make up for the shortage of 

monitoring methods under high temperature and 

high pressure condition. The effective factors and 

causes can be analyzed according to the accurate 

simulation calcution results. 
 

Acknowledgements 
 The authors would like to thank the National High 

Technology Research and Development Program of 

China (2006AA06Z313). 
 

Reference 
    (1) Broell, D.; Kaul, C.; Kraemer, A.; Krammer, P.; 

 Richter, T.; Jung, M.; Vogel, H.; Zehner, P. 

 Angewandte Chemie International Edition 1999, 

 38(20), 2998-3014. 

    (2) Abeln, J.; Kluth, M.; Petrich, G.; Schmieder, H. 

 International Journal of High Pressure Research 

 2001, 20, (1-6), 537-547. 

    (3) Li, L.; Chen, P.; Gloyna, E.F. AIChE Journal 1991, 

 37(11), 1687-1697. 

    (4) Ying Jie, S.; Min Di, X.; Hui, L. CHINAWATER & 

 WASTEWATER 2002, 02, 35-37. 

    (5) Nan He, Z.; Fang Ping, H.; Ning X. Environmental 

 engineering 2014, S1, 9-11. 

    (6) Lavric, E.; Weyten, H.; De Ruyck, J.; Pleşu, V.; 

 Lavric, V. Energy conversion and management 

 2005, 46(9), 1345-1364. 

    (7) Tester, J.W.; Cline, J.A. Corrosion 1999, 55(11), 

 1088-1100. 

    (8) Kruse, A. Biofuels, Bioproducts and Biorefining 

 2008, 2(5), 415-437. 

    (9) Savage, P.E. Chemical reviews 1999, 99(2), 603-622. 

  (10) Kritzer, P.; Boukis, N.; Dinjus, E. The Journal of 

 supercritical fluids 1999, 15(3), 205-227. 

  (11) Mitton, D.; Yoon, J.; Latanision, R. Zairyo to 

 Kankyo/Corrosion Engineering 2000, 49(3), 130-137. 

  (12) Kritzer, P.; Dinjus, E. Chemical Engineering Journal 

 2001, 83(3), 207-214. 

  (13) Ding, Z.Y.; Frisch, M.A.; Li, L.; Gloyna, E.F. 

 Industrial & Engineering Chemistry Research 1996, 

 35(10), 3257-3279. 

  (14) Cocero, M.J.; Alonso, E.; Sanz, M.T.; Fdz-Polanco, F. 

 The Journal of Supercritical Fluids 2002, 24(1), 37-46. 

  (15) Eliaz, N.; Mitton, D.B.; Latanision, R.M. Trans. 

 Indian Inst. Metals 2003, 56(3), 305. 

  (16) Kim, H. An investigation of corrosion mechanisms of 

 constructional alloys in supercritical water oxidation 

 (SCWO) systems; Massachusetts Institute of 

 Technology: 2004. 

  (17) Macdonald, D.D. Critical Issues in Understanding 

 Corrosion Phenomena in Super Critical Aqueous 

 Media; 2008. 

  (18) Mitton, D.B. Corrosion 2009, 2009. 

  (19) LaJeunesse, C.A.; Rice, S.F. Corrosion and salt 

 deposition issues in a supercritical water oxidation 

 reactor; SAND--94-8468; CONF-9406101--1; Other: 

 ON: DE94006382 United States10.2172/10121874 

 Other: ON: DE94006382Thu Feb 18 08:05:23 EST 

 2010OSTI as DE94006382; Paper copy available at 

 OSTI: email, reports@adonis.osti.govSNL; SCA: 

 320305; PA: EDB-94:068477; NTS-94:014547; SN: 

 94001140970 English; 1994; p Medium: ED; Size: 5 p. 

  (20) Vadillo, V.; Sanchez-Oneto, J.; Ramon Portela, J.; 

 Martinez de la Ossa, E.J. Industrial & Engineering 

 Chemistry Research 2013, 52(23), 7617-7629. 

  (21) Wheat, H.G.; Schmerling, M.; Gloyna, E.F.; 

 Danielson, T.; Li, L.G. Corrosion 2000, 2000. 

  (22) Marrone, P.A.; Hong, G.T. The Journal of 

 Supercritical Fluids 2009, 51(2), 83-103. 

  (23) Chunwen, S.; Rob, H.; Wei, Q.; Sing, Y. Corrosion 

 Science 2009, 51(11), 2508-23. 

  (24) Sun, M.; Wu, X.; Zhang, Z.; Han, E.-H. The Journal 

 of Supercritical Fluids 2008, 47(2), 309-317. 

  (25) Gao, X.; Wu, X.; Zhang, Z.; Guan, H.; Han, E.-h. The 

 Journal of supercritical fluids 2007, 42(1), 157-163. 

  (26) Lee, H.-C.; Son, S.-H.; Hwang, K.-Y.; Lee, C.-H. 

 Industrial & engineering chemistry research 2006, 

 45(10), 3412-3419. 

  (27) Ampornrat, P.; Lumin, W.; Was, G.S. Transactions 

 of the American Nuclear Society 2010, 102, 896-7. 

  (28) Tang, X.; Wang, S.; Xu, D.; Gong, Y.; Zhang, J.; 

 Wang, Y. Industrial & Engineering Chemistry 

 Research 2013, 52(51), 18241-18250. 

  (29) Mitton, D.B.; J.H.Y.; Cline, J.A.; Kim, H.S.; Eliaz, 

 N.; Latanision, R.M. Ind. Eng. Chem. Res 2000, 

 39(12), 4689-4696. 

  (30) Hatakeda, K.; Ikushima, Y.; Saito, N.; Liew, C.; 

 Aizawa, T. International Journal of High Pressure 

 Research 2001, 20(1-6), 393-401. 

  (31) Kim, H.; Yoon, J.; Han, J.; Mitton, B.; Latanision, 

 R.; Kim, Y. Metals and Materials International 

 2004, 10(1), 83-88. 

  (32) Drews, M.; Williams, M.; Barr, M. Industrial & 

 engineering chemistry research 2000, 39(12), 4772-

 4783. 

  (33) Ikushima, Y.; Son, M.; Kurata, Y.; Kim, H.; 

 Hatakeda, K. Corrosion 2001, 2001.  



X. Tang et al. 

156  J. Adv. Oxid. Technol. Vol. 19, No. 1, 2016 

  (34) Olmedo, A.M.; a; M.G.A.; b; *, G.D.; a; , R.B.; a, 

 Procedia Materials Science 2012, 1, 543-549. 

  (35) Sun, M.; Wu, X.; Han, E.-H.; Rao, J. Scripta 

 Materialia 2009, 61(10), 996-999. 

  (36) Was, G.S.; Jiao, Z.; Teysseyre, S.S. Corrosion 2005, 

 2005. 

  (37) Was, G.S.; Teysseyre, S.S.; McKinley, J.S. Corrosion 

 2004, 2004. 

  (38) Mitton, D.; Zhang, S.; Hautanen, K.; Cline, J. 

 Evaluating stress corrosion and corrosion aspects in 

 supercritical water oxidation systems for the 

 destruction of hazardous waste; D. B. Mitton, S-H. 

 Zhang, K. E. Hautanen, J.A. Cline, E-H. Han, and R. 

 M. Latanision(Massachusetts Inst. of Technology, 

 Cambridge, MA), Paper 1997, (203). 

  (39) Sang-Ha Son, J.-H.L., Byeon, S-H; Lee, C-H. Ind. 

 Eng. Chem. Res 2008, 47(7), 2265-2272. 

  (40) Kim, H.; Mitton, D.; Latanision, R. Corrosion 

 Science 2010, 52(3), 801-809. 

  (41) Konys, J.; Ruck, A.; Novotny, J.; Hausselt, J. 

 Corrosion 2001, 2001. 

  (42) Kritzer, P.; Boukis, N.; Dinjus, E. Corrosion 1998, 

 54(10), 824-834. 

  (43) Macdonald, D.D.; Lvov, S.N. Development of 

 Advanced In-Situ Techniques for Chemistry Monitoring 

 and Corrosion Mitigation in SCWO Environments; 

 DOE/ER/62303; Project Number 55171; Other: 

 Project Number 55171; TRN: AH200123%%6 

 United States10.2172/781020Other: Project Number 

 55171; TRN: AH200123%%6Tue Feb 05 04:36:17 

 EST 2008INIS; OSTI as DE00781020IDO; EDB-

 01:052638; INS-US0102810 English; 2000; p 

 Medium: ED; Size: vp. 

  (44) Mizuno, T.; Inoue, H.; Maeda, Y. NACE Inter-

 national 2004. 

  (45) Sang-Ha Son, J.-H.L., Lee, C-H. The Journal of 

 Supercritical Fluids 2008, 44(3), 370-378. 

  (46) Somerday, B.; Wiggans, K.; Bradshaw, R. 

 Engineering Failure Analysis 2006, 13(1), 80-95. 

  (47) Macdonald, L.B.K.a.D.D. The Electrochemical 

 Society 1995, 142(12), 4069-4073. 

  (48) Xiao-hua, L. J.-s. M.Z.-y. Z.J.-y. M.C.-a. M.X.-b.L. 

 Transactions of Nonferrous Metals Society of China 

 2002, 12(6), 1054-1057. 

  (49) Watanabe, Y.; Adschiri, T.; Kobayashi, T. Corrosion 

 2001, 2001. 

  (50) Asselin, E.; Alfantazi, A.; Rogak, S. Corrosion 

 Science 2010, 52(1), 118-124. 

  (51) Rao, V.S.; Kwon, H. Corrosion 2007, 63(4), 359-365. 

  (52) Kolarik, V.; Michelfelder, B.; Wagner, M. Corrosion 

 99, 1999. 

  (53) Daigo, Y.; Watanabe, Y.; Sugahara, K.; Isobe, T. 

 Corrosion 2006, 62(2), 174-181. 

  (54) Hara, N.; Soma, S.; Sugimoto, K.; Tanaka, S. 

 Corrosion Resistance of Fe-Cr and Ni-Cr Alloys in 

 Oxidizing Supercritical HCl Solution. Corrosion 

 2002, 2002. 

  (55) Iimura, S.; Miyasaka, M.; Yakuwa, H. Corrosion 

 2002, 2002. 

  (56) Zhang, Q.; Tang, R.; Yin, K.; Luo, X.; Zhang, L. 

 Corrosion Science 2009, 51(9), 2092-2097. 

  (57) Daigo, Y.; Watanabe, Y.; Sue, K. Corrosion 2007, 

 63(3), 277-284. 

  (58) Kim, H.; D.B.M. a. R.M.L. Corrosion 2011, 67, 

 035002-1-035002-8. 

  (59) Mitton, D.; Eliaz, N.; Cline, J.; Latanision, R. 

 Technology 2001, 16, 30-53. 

  (60) Ren, X.; Sridharan, K.; Allen, T. Corrosion 2007, 

 63(7), 603-612. 

  (61) Zhang, Z.; Wang, J.; Han, E.-H.; Ke, W. Corrosion 

 Science 2011, 53(11), 3623-3635. 

  (62) Chang, K.-H.; a; , J.-H. H.; a; , C.-B.Y.; b; , T.-K.Y.; 

 a, b.; *, F.-R.C.; b; ; Kai, J.-J. Progress in Nuclear 

 Energy 2011, 57, 20-31. 

(63) Asselin, E.; Alfantazi, A.; Rogak, S. Corrosion 2008, 

 64(4), 301-314. 

  (64) Kritzer, P.; Boukis, N.; Dinjus, E. Corrosion 1998, 

 54(9), 689-699. 

  (65) Kritzer, P.; Boukis, N.; Dinjus, E. Corrosion 2000, 

 56(3), 265-272. 

  (66) Konys, J.; Fodi, S.; Ruck, A. Corrosion 99, 1999. 

  (67) Boukis, N.; Friedrich, C.; Dinjus, E. Corrosion 98, 1998. 

  (68) Boukis, N.; E,E.D.; Franz, G.; Habicht, W. 

 Corrosion 2001, 2001. 

  (69) Kurata, Y.; Son, M. Review of High Pressure 

 Science and Technology 2001, 11(4), 324-331. 

  (70) Oe, T.; Iwamori, T.; Kawasaki, S.; Suzuki, A.; 

 Daimon, H.; Fujie, K. Corrosion 2007, 63(8), 793-798. 

  (71) Saito, N.; Tsuchiya, Y.; Akai, Y.; Omura, H.; 

 Takada, T.; Hara, N. Corrosion 2006, 62(5), 383-394. 

  (72) Tsuchiya, Y.; Hiruta, K.; Saito, N.; Akai, Y. 

 Corrosion 2001, 2001. 

  (73) Tsuchiya, Y.; Saito, N.; Akai, Y.; Yamada, K.; 

 Takada, T. Corrosion Engineering 2003, 52(11), 

 829-840. 

  (74) Wood, S.A.; Baker, L.L. Experimental Study of 

 Metal Corrosion in Supercritical Brines: Application 

 to Supercritical Water Oxidation of Hazardous 

 Wastes; DTIC Document: 2000. 

  (75) Lu, J.-S. Transactions of Nonferrous Metals Society 

 of China 2009, 19(3), 552-556. 

  (76) Guan, X.; Macdonald, D. Corrosion 2009, 65(6), 

 376-387. 

  (77) Nagae, M.; Yoshio, T.; Oda, K. Advances in Science 

 and Technology 2006, 45, 173-177. 



X. Tang et al. 

 J. Adv. Oxid. Technol. Vol. 19, No. 1, 2016  157 

  (78) Richard, T.; Poirier, J.; Reverte, C.; Aymonier, C.; 

 Loppinet-Serani, A.; Iskender, G.; Pablo, E.-B.; 

 Marias, F. Journal of the European Ceramic Society 

 2012. 

  (79) Boukis, N.; Claussen, N.; Ebert, K.; Janssen, R.; 

 Schacht, M. Journal of the European Ceramic 

 Society 1997, 17(1), 71-76. 

  (80) Schacht, M.; Boukis, N.; Dinjus, E. Journal of 

 Materials Science 2000, 35(24), 6251-6258. 

  (81) Dong, Z.; a; , W.C.; a; , W.Z.; b; , D.G.; c, Corrosion 

 Science 2012, 65, 461-471. 

  (82) Garcia, K.M.; Mizia, R. Corrosion investigation of 

 multilayered ceramics and experimental nickel 

 alloys in SCWO process environments; INEL--

 94/0017; Other: ON: DE95008666 United 

 States10.2172/ 31690 Other: ON: DE95008666Thu 

 Nov 17 09:01:49 EST 2011INIS; OSTI as 

 DE95008666INEEL; SCA: 360105; 360205; 

 052001; PA: EDB-95:064381; NTS-95:014071; 

 INS-95:008980; ERA-20:013180; SN: 95001357900 

 English; 1995; p Medium: ED; Size: 200 p. 

  (83) Nagae, M.; Koyama, Y.; Yasutake, S.; Yoshio, T.; 

 Oda, K. Journal of the American Ceramic Society 

 2006, 89(11), 3550-3553. 

  (84) Wang, R.; a; , Z.D.; a; , J.L.; a; , W.C.; a; , W.Z.; b; , 

 D.G.; c, Corrosion Science 2014. 

  (85) Kritzer, P.; Boukis, N.; Franz, G.; Dinjus, E. Journal 

 of Materials Science Letters 1999, 18(1), 25-27. 

  (86) Friedrich, C.; Kritzer, P.; Boukis, N.; Franz, G.; 

 Dinjus, E. Journal of Materials Science 1999, 

 34(13), 3137-3141. 

  (87) Hara, N.; Tanaka, S.; Sugimoto, K. Corrosion 2001, 

 2001. 

  (88) Fang, Z. 2010, 57-62. 

  (89) Khatkhatay, F.; Jiao, L.; Jian, J.; Zhang, W.; Jiao, Z.; 

 Gan, J.; Zhang, H.; Zhang, X.; Wang, H. Journal of 

 Nuclear Materials 2014, 451(1-3), 346-351. 

  (90) Adschiri, T.; Sue, K.; Arai, K.; Watanabe, Y. 

 Corrosion 2001, 2001. 

  (91) Sue, K.; Arai, K.; Watanabe, Y.; Tsujinaka, N.; 

 Adschiri, T. Corrosion 2002, 2002. 

  (92) Watanabe, Y.; Adschiri, T.; Shoji, K. Corrosion 

 2002, 2002. 

  (93) Son, M.; Kurata, Y.; Ikushima, Y. Corrosion 2002, 

 2002. 

  (94) Penttilä, S.; a; , A.T.; a; , J.L.; b; , W.Z.; b; , R.N. The 

 Journal of Supercritical Fluids 2013, 81, 157-163. 

  (95) Stellwag, B. Corrosion Science 1998, 40(2-3), 337-

 370. 

  (96) Daigo, Y.; Watanabe, Y.; Sue, K. Corrosion 2007, 

 63(12), 1085-1093. 

  (97) Fujisawa, R.; Sakaihara, M.; Kurata, Y.; Watanabe, 

 Y. Corrosion engineering, science and technology 

 2005, 40(3), 244-248. 

  (98) Schroer, C.; Konys, J.; Novotny, J.; Hausselt, J. 

 Corrosion 2006, 62(5), 444-459. 

  (99) HATAKEDA, K.; IKUSHIMA, Y.; SAITO, N.; 

 SATO, O.; AIZAWA, T.; RYU, C. Nippon Kagakkai 

 Koen Yokoshu 1999, 76(1), 625. 

(100) Cline, J.A.; Mitton, D.B.; Latanision, R.M.; 

 Marrone, P.; Tester, J.W. Corrosion 2001, 2001. 

(101) Tang, X.Y.; Wang, S. Z.; Qian, L.L.; Lu, J. M. In 

 Advanced Research on Material Engineering, 

 Chemistry And Environment, Zhang, H.; Jin, D.; 

 Zhao, X. J., Eds. Trans Tech Publications Ltd: Stafa-

 Zurich, 2013; vol. 788, pp 440-443. 

(102) Fujisawa, R.; Nishimura, K.; Nishida, T.; Sakaihara, 

 M.; Kurata, Y.; Watanabe, Y. Corrosion 2006, 62(3), 

 270-274. 

(103) Fujisawa, R.; Nishimura, K.; Sakaihara, M.; 

 Watanabe, Y.; Kurata, Y.; Nishida, T. Corrosion 

 2005, 2005. 

(104) Katsamas, A.I.; Haidemenopoulos, G.N.; Zervaki, 

 A.D.; Melas, I. Journal of Failure Analysis and 

 Prevention 2004, 4(6), 44-50. 

(105) Hong Sheng, S.; Zhong Yuan, L; Xu Zhen, D.; Yong 

 Bao, C.; Yuan Zong, C. East China Electric Power 

 2002, 07, 38-40. 

(106) Inoue, H.; Maeda, Y.; Mizuno, T. Corrosion 2004, 

 2004. 

(107) Sun, M.; Wu, X.; Zhang, Z.; Han, E.-H. Corrosion 

 science 2009, 51(5), 1069-1072. 

(108) Hayward, T.M.; Svishchev, I.M.; Makhija, R.C. 

 2003, 27(3), 275-281. 

(109) Son, S.-H.; Lee, J.-H.; Byeon, S.-H.; Lee, C.-H. 

 Industrial & Engineering Chemistry Research 2008, 

 47(7), 2265-2272. 

(110) Fujisawa, R.; Nishida, T.; Kurata, Y.; Watanabe, Y.; 

 Sakaihara, M.; Nishimura, K. Corrosion 2005, 2005. 

(111) Bosch, C.; Delafosse, D. Corrosion 2005, 2005. 

(112) Konys, J.; Fodi, S.; Hausselt, J.; Schmidt, H.; Casal, 

 V. Corrosion 1999, 55(1), 45-51. 

(113) Boukis, N. Corrosion phenomena on alloy 625 in 

 aqueous solutions containing hydrochloric acid and 

 oxygen under subcritical and supercritical conditions; 

 N. Boukis, and P. Kritzer(ITC, Forschungszentrum 

 Karlsruhe, Germany), Paper 1997, (10). 

(114) Tan, L.; Sridharan, K.; Allen, T. Journal of nuclear 

 materials 2006, 348(3), 263-271. 

 

Received for review July 17, 2015. Revised manuscript 

received September 27, 2015. Accepted November 4, 2015. 

 


