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Tailored markets: Blue Hydrogen
* Pre-combustion CO, Capture at IGCC-CCS
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Background and Prior Gap Analysis
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Modular CO; Capture Processes for
Integration with Modular Scale
Gasification Technologies: Literature
Review and Gap Analysis for Future R&D
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DOE/NETL-2020/2149

hetl.doe.gov/coal/carbon-capture/publications

Report available

from NETL
website: Link



https://www.netl.doe.gov/energy-analysis/details?id=98216cbb-54fe-47f3-8aa3-69ab55242a60
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Hybrid Precombustion Capture for Flexible Operations

* Upstream H, selective membrane (Task 14 of Capture FWP)
* CO, selective solvent (Task 15 of Capture FWP...focus of this talk)
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Research Objective and Hypothesis ¥E Cooge

« Objective: To measure the corrosion rates in carbon and stainless
steels from solvent-based pre-combustion carbon capture processes

» The selection of optimal materials for piping, vessels and all types of
equipment will be vital in ensuring the long-term performance and
safety assertion of the capture plants through their lifetime

« Presently, the corrosion rate in the presence of carbon
dioxide, water, hydrogen, and organic solvents in pre-
combustion conditions is difficult to estimate accurately due
to lack of public corrosion data at high CO, partial pressure

« Hypothesis: Hydrophobic solvents will have lower corrosion
rates than hydrophilic solvents

* |Investigation of corrosion rates will provide insight in the
corrosion mechanisms, which can be applied for material & -
selection and process design of the full-scale plant | '
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Research Approach Overview N= Co°8G

* In EY20, baseline testing was conducted in a variety of
aqgueous solutions, which have different pH, in order to
validate the experimental facilities, testing procedures,
and characterization approaches

« |In EY20, the results obtained from agqueous baseline
testing were compared with predictions by OLI Studio’s
Corrosion Analyzer software

« In EY20, CO, corrosion in commercial pre-combustion
CO, capture solvents, such as Selexol and MDEA, were
measured

« In EY20, CO, corrosion in latest in-house developed
hydrophobic solvents, including disub-4PEG and
CASSH-1 solvents, were measured

* In EY21, this year corrosion is being measured in gas
mixture of CO, and H, fo mimic syngas composition

#=%5, U.S. DEPARTMENT OF
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Stainless 304 and Carbon Steel coupons are submerged for
weeks/months within Parr reactor vessels fitted with Teflon
liners.

After testing is concluded, the coupons are chemically _
cleaned and dried according to ASTM Method G1-03 and  CR calculated by Weight Loss

weight loss is recorded Corrosion rate (mm/y)

The used solvent is also tested to quantify transition metals _ 8.76x10% (mm - h/em - y) x weight loss (g)
lost into solution using ICP-MS analysis. area (cm*) x density (g/cm®) x time (h)
|ICP-MS analysis useful for fundamental understanding CR calculated by Fe/Co/Ni/Mn/Cu ions
Before and after cleaning, coupon surfaces are imaged CRron count = Mioop Cppmy

using SEM and surface elemental analysis is achieved using 100000-A-pFe't

EDS to provide pictures of the coupons r d

After 1 week:
25°C, CO, at 100 psig:
(Left) Stainless304
(Right) C1020

Testing Parameters: Temperature = 25°C & 40°C
Pressure = 8 bar CO, & 20 bar CO,
Composition = 100% CO, and 50%CO, / 50% H,

#7%,, U.S. DEPARTMENT OF
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Carbon steel Baseline test: SEM results FeCO, nodules

N ] 3 -
HV det mag B| WD | HFW | spot
20.00 kV/ETD ' 1000 x [11.0 mm| 128 ym | 3.0

.r“—‘h TN h 4! y i .
HV |det mags| WD | HFW 'spot ——— E— HV | det |mag @| WD | HFW |spot
20.00 KV ETD |1 000 x 11.3 mm 128 pm 3.0 20.00 kV|ETD | 1 000 x |11.9 mm| 128 ym | 3.0

before testing before cleaning after cleaning

Clean steel surface before test Surface particles completely cover the surface of the coupon.
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Virgin Carbon Steel C1020

SEM/EDS results

L/ ey ) AR 18 1
det mag = WD HFW spot
20.00 kV/ETD|1 000 x/11.3 mm 128 ym' 3.0
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0 2 4 & 8 10

Full Scale 104 cts Cursor: 0.000
Element Weight%
Mn 0.48
Fe 99.52
Totals 100.00

Clean steel surface before test

16

18

2C
ke




Corroded Carbon Steel C1020 before cleaning

Carbon steel in Baseline test before cleaning: SEM/EDS results

0 2

Element
Fe

C

@)

Totals

60um ' Mix
Fe in green, Cinred, O in blue

8 10

Full Scale 3013 cts Cursor: 0.000

Weight%
63.00
6.34
30.65
100.00
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Surface particles
completely cover
the surface of
the coupon.
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Corroded Carbon Steel C1020 after cleaning
Carbon steel in test: SEM/EDS results
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0 2 4 53 8
Full Scale 7008 cts Cursor: 0.000
Element Weight%
Fe 95.18
C 4.25
Mn 0.57
P L A T S oy Totals 100.00
d 60um ' Mix
Fe in green, Cinred, O in blue O in blue has disappeared from the surface
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12 14 16 18 2
keV

Surface particles, most
likely made of FeCOj,
Fe,O; or Fe;O,, have been
removed after cleaning, as
shown by elimination of O
from the coupon.




Corrosion Rates Simulated using OLI Corrosion Analyzer

& OUI Studio - [Baseline Tests_Sept 22 2020 For Group Meeting]

® File Edit Streams Calculations Chemistry Tools View Window Help

& Ol Studio - [Baseline Tests_Sept 22 2020 For Group Meeting]
W1 File Edit Steams Caleulations Chemistry Tools View Window Help

NATIONAL
ENERGY

TECHNOLOGY
LABORATORY

\ RS 2 = m
‘Dn‘-n BO R uvsolz Rt wiELad DSHE| Bn S8 Uwse (e (=ifscs BB GEFS
Navigator rarT
Mow 5 2020 Cases C11 a8 mm — » x|
Easeine Tests _Sepl 222020 Far Guol | f Description &F Definition i General Corr, Rate Wl Localized Corr. i Polarization Curve & Report il Depletion Profile
P po P Easeine Tests_Sept2220207orGre] | f Description &F Definition #l General Corr. Rate |l Localized Corr. Uil Polarization Curve [@ Report ¥l Depletion Profile
| Value & Survey -
J.r Stream Parameters | & 304 | Y View Data Variables H Options.
Stream Amount {mol) | 11.2000 Test#3 1 M NaOH Baseli
Temperatura ('C) 21,0000, Then by (opsonsl) & SngePont aseline
Pressure (bar) 790r Mone ~  Specs 9 25 T T T T T T T T T T T
G Calculation Parameters pe: @ Rates 23
| Fiow Type Static Very & Survey = ]
Effect of FeCO3 / FeS Scales. Include inelspadanly B 55304 21F 1
e (e o T Test#4_1 M NaCl Baseline 191
o 0.450000 A SinglePoint 17F
| NaOH 0400000 Colcuste @ @ Rates 15}
| Fe 00 Surmmory 4F Survey 13 v Comosion Potential i
B1 §r1 . - Sur & Rates-1 11 ——Nat Current Density u
Stability Diagram T T Ll Unit Sel. <Custom> B 1ot —_ Peak Current Density i
Test#S_1 M NaHCO3 Baselir .
a1 b Naoi3 rncel Automatic Chemistry Model ¥ Stabilty Diagram ——H) =052 -0 i
€st#6_1 M Na: celin ‘Aquecus (H+ ion) Databanks: Test#5_1 M NaHCO3 Baselir - 0 =052 OHE -8 [
A SinglePoint Comrosion (AQ) Test#6_1 M Na2CO3 Baselin w -
Rates. Ro:::i:l\‘id‘:; ion) A SinglePoint o ——Fe(3+) =Fe(2¢)- o i
& Survey | G mamiats  Rates = ——H2C03 = 0 6H2 + HCO3() - il
55304 T-span- 250 - 225.0 L Survey = —— 02 + 4H(+) = 2H20 - de n
Test#7_1 M NHAOH Baseling Pespan: 10- 1500.0 = Fe=Fe@s)+28
A SinglePaint Isathermal Calculation @ 55304 & 1l
Rates 21,0000 °C 7.90758 bar Test#7_1 M NHAOH Baseling k4 —_2H2O =02+ 4H{4) + de
£ Surey Calculation compiete A SinglePaint
55304 Single Point B2 Rates
Test#8.5 M MEA . No secondary suney selected g Survey
55304
> Polarzation Curve Range
Range 201020V (SHE) Test#8_5 M MEA v
Aciers [T Stepsze 001V (SHE)
Actons Ho_steps 400 < L4
Matal. ron/Mid stas! L
Carbon steal G010 (generic) Actions 21 1
Flow Type: Static 23} 1
Scales included - passivating fims 25 " " " " . " " " " " .
inchuded % % % % % % % 7 % 7
e e % % 5 2 % b, by
=i Cale. ispaed tim: 2630 sec "o = % s o & ° 4 ) % g,
Advanced Search
Save e 1
P e T Current Density (A/sq-m)
g ] —
Enr Liain neace £1 Al wm e

 NETL/RIC has a license for OLI Corrosion Analyzer, which can predict
the corrosion rate for a range of agqueous systems

* Model predicts corrosion rate, corrosion potential, and rates for
individual reactions

Q: OL systems, inc.
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https://www.olisystems.com/oli-studio-corrosion-analyzer

Results: Corrosion Measurements Gravimetric Method

* Achieved high sensitivity at low corrosion rates by >500 hr testing
* Corrosion rates highest at low pH (as expected from OLI Simulations)
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* Baseline testing for commercially-available solvents as well as NETL patented solvents

90%PEGDME | 98%PEGDME
Solvent DI H20 1M NaCl [1M NaHCO; |3M MEA |wet MDEA | / 10%H,0 / 2%H,0 ||dry disub-4PEG |dry CASSH1
Temperature (°C) 21 21 21 21 21 21 21 21 21
CO, pressure (atm) 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8
Total test time (hr) 164 167 167 167 219 335 335 335 529
CR on SS304 (um/yr) 1.1+£0.6] 2.0£0.5 1+1 2+1| 1.2+0.5 1.5+0.5 1.0+0.5 0.0+0.4| 0.0+0.3
CR on C1020 (um/yr) 300 + 150|500 + 100 25+20| 6020 21 20+ 10 73 0.0+0.4| 0.0+0.3
OLI Simulations

pH 3.5 3.3 6.6 7.3 NA NA NA NA NA

CR on SS304 (um/yr) 3 7 3 3 NA NA NA NA NA
CR on CS_G10100 (um/yr) 5600 5100 500 200 NA NA NA NA NA

* NETL patented hydrophobic solvents near-zero corrosion rates even for carbon steel

Shi et. al., Hydrophobic Alkyl-Ester Physical Solvents for CO, Removal from H, Produced from Synthesis Gas., US S-m
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)




N: NATIONAL

Effect of Hydrogen: OLI Studio Corrosion Analyzer N frecinoroey

LABORATORY

Pourbaix Diagram: ORP vs pH

. | | | | | | Corr_osion
| rate 1s a

' strong
function of

both pH
and ORP

E (SHE)

Testin
starte
under high
pressure

50%CO, /
50% H,
mixtures
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Conclusions N=|NTIoNAL
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* Corrosion rates in Carbon Steel and SS304 are measured for 8 different solvents and aqueous solutions

* Two Pressures, Two Temperatures, and Two Different Gas Compositions
* Corrosion rates were calculated through two different methods (weight loss and dissolved metals)

* Corrosion rate and solution speciation were simulated by OLI Studio Software, and compared well with
experimental data for stainless steels

 NETL/RIC patented hydrophobic solvents have the lowest corrosion rates, near zero corrosion rate
even for carbon steel

Acknowledgements

NETL pre-combustion solvent research group (David Hopkinson, Kevin Resnik, Robert Thompson, Le1 Hong, Fangming
Xiang, Jett Culp, Wei Shi, Fan Shi, Jan Steckel, Kathryn Smith, Shouliang Yi, Lingxiang Zhu)

Dan Hancu, Dushyant Shekhawat (U.S. Department of Energy, National Energy Technology Laboratory)

Lynn Brickett (U.S. Department of Energy, Office of Fossil Energy)

U.S. DEPARTMENT OF




N NATIONAL
TL TECHNOLOGY
LABORATORY

* Disclaimer of Liability: This system is made available by an agency of the United States
Government. Neither the United States Government, the Department of Energy, the National Energy
Technology Laboratory, nor any of their employees, makes any warranty, express or implied, including
warranties of merchantability and fitness for a particular purpose, or assumes any legal liability or
responsibilitfz for the accuracy, completeness, or usefulness of any information, qpﬁaratus, product, or
process disclosed, or represents that its use would not infringe privately owned rights.

Disclaimers & Copyright Status

* Disclaimer of Endorsement: Reference herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply
its endorsement, recommendation, or favor by the United States Government, the Department of
Energy, or the National Energy Technology Laboratory. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government, the Department of
Energy, or the National Energy Technology Laboratory, and shall not be used for advertising or
product endorsement purposes.

* Copyright Status: Most of the information available on this server 1s in the public domain and
therefore not copyrighted. However, some of the information is copyrighted by third parties and is
made available under a license granted for use by or for the government. For non-government uses,

the user 1s responsible for securing the proper permission from the copyright hold%r.
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