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Nippon Steel’s Corrosion Resistant Alloy for CCS Application
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Abstract

This report summarizes the properties required for tubing materials for CO, injection to store
CO, underground, which is essential for the realization of a carbon-neutral society and NZE 2050.
When water is present in the CO, injection environment, the pH is lower than in oil and gas wells
where conventional OCTG materials have been used. In such an environment, based on our OCTG
material lineup, we have anticipated the expected demand for high-alloy OCTG of 13%Cr steel or
higher in terms of depassivation pH. In addition, we have summarized the issues to be considered
from a corrosion resistance point of view according to various impurity concentrations in CO, and
presented data on the corrosion behavior of our representative steel grades. We expect that our
lineup of CRA materials and the selection of the Fit-For-Purpose material will expand the range
of applications to meet users’ requirements for CO, injection pipe characteristics and cost
optimization.
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Schematic image of CCS process
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2. CO,mEMH

JEA SIS CO, 135715 4401g/mol TH ), HiRHIE
TIRAETELAPICHEL, ZRLIVEVIETHSNT
Who ZTOIREEM (F2) 12k 5 &, 31.1C, 74MPa (JEF
RSIZL TR 800m LU ICHHY) CTERAR Az, Zhbl
LOWE - ESOBEE TCIBER LIS IREE 25,
CO, EAIZBWTIZZ DOBIRFRIEN AR DBRIEE 72 5o
CO, BER AR DE L 05~08g/em’ TR E D HEEC,
FEEE1E 0.03~0.08cp & SARIZIT S TRBIPEDTE Vo HIRE
JFEDWEAL, KANDOVEREEZ 0.033mol/L THEZED 10 513
EHETAARLTWEE R - TBY, A1), @ ITRT X
I H AR LB AR Z BRI T 5 2 & Tk L\ g &3
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3. COEABHI U BER £ A

CO, EAIZHV SN D HAEHI BWTIE, BURTIEH 800
~1000m BDOFEZSOHFIZHWOLNL I EHEES,
80ksi (560MPa) kR DOHEMIIREE ZHN 2, BRIEO B S 12
B C7ei B EDSRD BN B, RIS, EAIZNT A1 7% CO,
B CKDEIED WAL, #SHEEAH SR 2B 5
PBED e\ T2  FE d H VIR A S o 5E A E S
5o —H, WWHEHFTATHLGECHEKE 7T —INy 7§
LY aeETHE, CO,ALIKO LT HMEBLHIHR
BLed, TITIE, HARBEWR 2SHHIHEMEIE LTH
TLEGLT A Ty T AT TR 5,

3.1 CO,EABMKE L UFE L SELBAHEMHA
NDZA>T T

HARRERL R FMPAE MO~ VT A PRAT
YU, ZHAT VA, NiRE&ICELFETHIRIC
ELMEOMBEERE 2 s L Tnbd, IE THMHEM
e LT Co, o, HS I, RIS UzihkhEE
F v — M VR L a2 bR R g - R L T E 72 (&
3)% RFEHAEMIL CO, 77 EATE BT TIL 2T
AT SR\ 728, CO, A% 0.02MPa LT OB Tt
HWRERME 7L — FE LTwah,

L L3S, CO, HEAE & L CTOMERBIIIANIZ
HIEFIREE 2 B CO, /B L e bo D728, 13%Cr
TIVTFUHAFRATF UL AMB LA T L A,
Ni B 8% E OB G S EM BRI #E 2 MR & 72 %0

3.2 HBEER CO, BIEICH 1 32 SMOMEM

JEA CO, \JHERF MR L 7 EEREETH Y, K fili
B ERIRA 4 2 (COX) & L CTHEITIAARR pH D & K
T2, COLIBBBEIIBVT, REMC 5%Cr DK
Gafile Hnens, WM (mm/year) 1, EHIZKE
% 7R LIRS £ % B S 7%\ (43kppm C1-, 8MPa
CO,, 60C DIRIET 48 HFH DEHAIRY) o §7%=HDH 13%Cr
WL AT VLV AMEMHATRETHLEEZ LND,

AT v L ASIERENZ 2~3nm O Cr # S EHTHA
RER % KT 5 2 & TEOM AL Tvb, #
DORBRER O A2 R THIEO—> & L CHAMRE(L
pH (pH) 3% V), MHEOFSFABREL pH O % BiHE
pH 25 F 181 % B & 1A A AR K 1 143 L TR S A2z
CO, EAIZBWTIE, EARZRE L) &) 572012 LRLo
ABRERBE L 1) b HIEIE 2 CO, i (10 ~30MPa #2/£)
DEADPEFNZ RS EHE SN L, BELIZES THBEH
AL co, mIdHImL, BEE LV pHILT 22 L
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Carbon and Duplex . . . .
low-alloy steel||| 13Cr steel Super 13Cr stainless Ngi/llloy Ngf\l/llloy Néi/llloy N1|2a'\I/I|oy
(with inhibitor) steel ° ° ° °

3 SHEHEMRO CO/HS ICk aAFhEET7A—F v — b
A flow chart for the selection of OCTG Materials for H,S and/or CO, service

MPESIND, T74b5, MEe LTid &) BEAEREL pH F 72, ANERER % fEES % pH #HI%E PREN (Pitting
DA/ S e R 2 858 L ST ED ) A 7 138 AR & Resistance Equivalent Number; %Cr+3.3(%Mo+0.5%W)
Thb, =11 %ZT/I/Xﬂ]@HRT\@J’%ﬂZpH R +16%N) THEFL XN T 5D (5%NaCl, 30T, inAr>1°>o
HIE CO, #[EAL TV HAIZIE, API-I3CR S &L ) b f HARBGOEESMIEEME T4 v+ v 7 (FR2) X
EREREHTHEER %ﬂé Mo &M% Super13Cr #il #7 PRENfEZ AL THBY, CO,EABSED pH 125 L“C
(S41426) R Cr &HEDL VM AT » L A8, Nifkes W) 7 PREN 29 2 MK 7 L — N2 #EET H0EDND
MU ETHLEZEZ NS, %o
Depassivation pH of stainless steels CCS IZBIFBIEAN AL, BHEHEHEDSOPEHT A%k
— S T o BELTBY, 3L ALORETMI T A% EHT Do B
No. environment Value 2%, E}gj\jj)w‘ﬂ;)’ﬁ& SALRBRRL R L7235 A, HEh
(i‘;}s‘l‘i‘g}; 42000 3(';”)11\1;% é50 €1 5001 | 5 2, WRF (0,) R —MRfLR 3 (CO), Frtkkitiy (SOx)
: 07NaCL 50°C m@m% (NOX) Dt E 1B, AV LT T2 b0
SMIBCRS 1 S41926 1 [ \pa N, 281 6) i CO,121E 0, SOx, BT 7 5Ok CO, 121F CO 3%
SUS31§L 31603 20%NaCl, 25°C 2021 7 NENELEGENL, T, RRT ZAREEIZBWTRILK
M o S BT AN HS DG $ 5o SHAKI A
(Duplex) 831803 0.(1) MPa’COZ L5~16 | 7) AT T—E L~V TIREE 2 75 &%, HRHER
SM25CR 30074 | SveNacL200°C | 9 FERHHESATIT & o THEA CO, FOAK & A 1L 4
(Duplex) 0.IMPaN, Thb (F3)",
Alloy 625 | \oceps | 20%NaCL2TC o)) RS ORI T ADEAN LY, BEBRIHEY S
(Ni alloy) 0.1MPa Ar

=2 HBAEHKOSELHHAEMHOEE(LFRK 7 EEH LU PREN &
Chemical composition range and PREN value of Nippon Steel’s CRA OCTG materials

Chemical composition range (mass%, Fe balance)
Category Grade UNS No. - - PREN
C Si Mn Cu Ni Cr Mo w N
MSS API13Cr | S42000 |0.15~0.30| <1.00 |0.25~1.00| <0.25 <0.50 |12.0~14.0 - - 12~15
SMSS | SMI3CRS | S41426 <0.03 <0.50 <0.50 - 5.0~6.5 |11.5~13.5| 1.5~3.0 - - 16~22
DSS SM25CRU| S82551 <0.03 <0.80 <7.50 2.0~3.0 | 4.5~6.5 |24.5~26.5| 0.75~2.0 - 0.1~0.35 | 31~35
DSS SM22CR | S31803 <0.03 <1.00 <2.00 - 4.5~6.5 [21.0~23.0| 2.5~35 - 0.08~0.20 | 31~38
SDSS  |SM25CRW| S39274 <0.03 <0.80 <1.00 02~0.8 | 6.0~8.0 |24.0~26.0| 2.5~3.5 | 1.5~2.5 |0.24~0.32| 40~45
Nialloy | SM2535 | NO08535 <0.03 <0.50 <1.00 <1.50 |29.5~36.5/24.0~27.0| 2.5~4.0 - - 36~42
Nialloy | SM2550 | NO06255 <0.03 <1.00 <1.00 <120 ]47.0~54.0|23.0~26.0| 6.0~9.0 <3.0 - 43~49
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x3 BFED CO,EAZTAY =¥V hTOH CO, #RMI™
CO, specifications recommended by each project'”

Project Name Northern Lights'® Sleipner!? Dynamis'¥ Porthos ™ Weyburn 416 Carbon Net!”
Location Norway Norway Europe Netherlands USA & Canada Australia
H,0, ppm <30 Saturated 500 <70 20 <100
H.S, ppm <9 ~150 200 <5 9000 <200
CO, ppm <10 Nil 2000 <750 1000 900~5000
O,, ppm <10 Nil <40000 <40 70 20000~50000
NOx, ppm <10 Nil 100 <5 Not specified 250~2500
SOx, ppm <10 Nil 100 <20 Not specified 200~2 000
%4 EACO, ICETh3ELHABEEAYS
Main gas species contained in injected CO, and corrosion
effects
Component |Corrosion effects plttmg
CO, *Balance Gas pH drop out
* Oxidant: risk of localized corrosion
O, * Elemental Sulfur (S) produced by reaction with H,S
— risk of localized corrosion 1) 1% O2 2) 2% O2
« Sulfuric acid (H2504) produced a) S41426 (13Cr super martensitic stainless steel)
80, — pH drop out
* Possibility of producing Nitric acid (HNO,)
NO, — pH drop out
* Oxidant: risk of localized corrosion
s *Risk of Hydrogen Embrittlement because H,S acts
2 as a poison in Hydrogen penetration

ZBELRITAMEER 4T 5,
LIFTIEEIZ CO, EABRBETO XA 2R ADNE I
DWTIRRD,

3.3.1 0, D5
0, DEBIZOVTI, RIBEEAHFRT 5 L L Al

ENTWb, BIZIE, HEOEMAL LT, Gulfaks i
M (dt#g) 1238 WT EOR & HE L 72K EARRZ, 13%
CrYIVT A FRAT L ASILE, BRRE D584
L, SHEEICHEASNZEKOBRAARERTH -7z
Z DG SN2,

R CO, & L7z 5%NaCl TREE FI2B\WVWTid, Z—
IS—= T A FRAT L A SMI3CRS (S41426) 1
2% O, BEHEHIICTILE (pitting) A4 L 720 — T,
A —8—="H AT > L A4 SM25CRW (S39274) 1% 4% @
O, ZABETHILAIIHAELTELT, HWPREN %A
T MR OREEITRENTZ (K 4)1,

INBEDOZERNDL CO, EATBUIBVTE—EL OB
FEETHAIZE, Superl3Cr il X 0 L ENIT AL H
T 28 O RDHER SIS,

3.32 S0, D E
SO, 13RI Tl 2 A L, TREOBUGIC & 0 Bl

1) 1% Oz 2) 2% Oz

b) S39274 (25Cr super duplex stainless steel)

4 0, s ECRETHOXT L AFOREARERE
(£ 13MPa-CO, /Y7 > X, 100C, 5%NaCl, 96h)
The appearances of descaled specimens after the testing
in the conditions with O, (Total 13MPa-CO_balanced, 100

°C, 5wt% NaCl, 96 hours)

3) 4% O2

2% pH LS 520,
SO, + H,0,, < H,80, 3)
H,S0,, < H"+HSO," (4)
HSO,” = H'+ S0, (5)

CO, IEABIZ BV TiEh$2° 0.02% (200 ppm=0.0026
MPa at 13MPa total Pressure) DA TH pH2.6 L2 5b, =
DX HBEBE T TIESMIBCRS XM LB ET 5 (X5,
6) %% 0.5% (5000ppm) DAL pH#I 1.9 &7 316L 7% &
OBRABREL pH 2L D<o TD L) % BEETY PREN
>40 L ED ZA—/8—="H AT > L A$ (39274 : SM25CRW)
IENZIEEEARLTBY, SEafoMfHERSN
%o

3.3.3NO, D&

NO, 137KIZ#1T % & HNO, & A5 LB K pH T2/
CHDEZZLENLD, [ FEAEKIZE TRV, LHMLE
ROWALTIOHECEETH Y, FFEEOESZ DR 5

B A& # gk B W H4a25 (2023)
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~@- S41426 (13Cr SMSS)

% 100 —e— S39274 (25Cr SDSS)
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0.001
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SO;,(%)

M5 SO, & EREENHERE
(2F 13MPa-CO, /Y5 > X, 100C, 5%NaCl, 96h)
Corrosion rate and SO, ratio (Total 13MPa-CO_balanced,
100°C, 5wt% NaCl, 96hours)

S41426 (13Cr SMSS)

S$39274 (25CR SDSS)

002%SO,

0.14 %S0, 0.50 %S0,
6 SO,2&%F L7 CO,(2FE 13MPa) IRIE TORERED
VR

The appearances of descaled specimens after the testing
in the conditions with SO,

WREMD D Ho T72 80, EIAFL72BE121E(6), (7)1
R LI S0, AR L H,S0, D AR A RS B A
THT 50,

NO, + S0, = NO + SO, (6)
SO, +H,0 = H,S0, (7)
ZD L) N BN, £ OMUSERET 5720,

NO, # TE 2721 FET 5 2 & THOARKY OFFEAH % 11
FEEBEEZLNDD,

334 H,SNEE

HS 2 & OGRBEICBW T, il - TAHBEBE TR CHS
N5 LI T SSC (Sulfide Stress Cracking ; B/ LAIc:
JIEI) R T SCC (Stress Corrosion Cracking ; it /I
BEN) ZZBEICANTMELREEDPLELE b, TNHD
EREETIITERAT & D HABE S ER L CE T —F RX— AR
TH—F v — MIho oM EREES RO SN L, LA Lk
D5, CO, EABREOLEE, TERFFMI L CE 728X
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HETHE TR AR/ HH T pH AMEL %2 5 2 E DT,
INETMT =y DD WEREEL D720, SROT—
FERIRD LN S,

3.35H,0 D&

BITHE T, BHEAR 70— Ny 7 KOHETE & RifRICE
L7275, HEHANDHEARLE =TT 1 /N7 L0 EEB
DI 75 EIRDPFAE L B W N T A EBRERMEE 25
BEbMESNL, 20X e, KEM /LA M)
FERTREL 2 2 5B, Wil CO, BFIC BV T—ERD
KGFHTBERGE CO, IZET AL 2 EBIESNTEYD, 2
DT AT HIFEB R 25| & 23 HetEd ZREIC
ANBLEN BB CO, 7T AD L IFBEEFAH~NDKD
BIREELET IR IR L CB Y, BESRM0Z LI
LoTL, FIENB IOTREMET L2 &I %
T o 72 R ORGHHERE L, £ I CO, A AT A
AIFEERES Do

IRIDFENEZR ST 7 BIEEZEL T, DL
LB T COBEBRIIOWTHE SN TW52, 75ppmy
D NO, % &t 10MPa CO,, 25COEIEIZ BT, —ERED
K% EGETRECTIIRRHOE AN 4 1A TV A
In-situ B L > TIA BN T\ D, W, [EIRET X
TV LV ASIIE B RO R L T,

4. COJENBEHMHORE

ZETOHOCCS 77U =7 b ORI FERIEIE ~
2030 FEHEFSHONTEBY, WEE %5 4L M OFEL
BEICE XA TV 5, —F, CCSEYRREIH—KRy 7T
A TEOBBIEBICL > THIZL TWAE YR ATH
Blz%, R HIF TR AT v L ASE RO HN D,

INHOBEND, BREFEEHEEOD L EEW T EHED
VI BAT VL AT DS EICSBENLIEDLE T L
Vo LAL, HIHTIRAR7258 ) EARRIZIE 13%Cr $if 2L 1
DEEEMB AR T LMPLETHY, BERTLLTUL
TREEZE L MBSk 5N,

« K pH (<3.0) OB CTAMEREL
+0,. NO, 7% E ORRALYEBIRIZ B S i R g f et
«H,S & &L IRIFICBT LM BRIENR AL E

Thbb, %70V FOREIISCNAEE AT
A AT R A RR D H I Do HARBEL Tl T AL E Tl
H AFBREE A OB E O K7 7 — 5 Bk e H£ICE 7
Rz 7 0 —F vy — & N—2 L L CHEHEREZ 175 T
Who CCSERIEIZBWT O - HAFOHE LFHERIZ, 4
BIVMBELBAERET— 7 OIT - ERHSROSN D,
ETFTRHEEZCCS 77UV 27 MELTENBEDODTVS
Northern Lights Project (213 H Ak D & & e HE A H
ENTVDED, NHDOEERRLERL 275, CO, T
ABRBRZ BT 2 @A @ 2 MEREE D720 71 —F v —
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N High contaminants Super Duplex, Duplex

Lbicac o i,

T

Super Martensitic Stainless

Refer to Material Selection Chart
of OCTG

Martensitic Stainless Steel

Non corrosive environment. Standard carbon steel will suffice.
(High H,S in injected gas, sour service low alloy should be considered to

mitigate SSC risk)

7 CCSEAEMHELTOMBREEZ7O—Fv— 3£ H
Material selection concept for CO,, injection materals

b (X7)% % L) @k§EE % b DT XL, WFgERgE & e
j‘%’o

5 &

H—Ry=2— kI NHEB LU NZE2050 OFEBIZN
T, BEAWR % CO, BT T % CO, [EAHD
HEMEH L E R BT R & £ L7z,

CO, IEABSRIIRAAES 25561213, TEROMIEM
BEfHL Xz PAIH L) QMK pH 725 2 L)%
BT, HARBEBROWMIEME T A >y TIHEDE, 13%
Criib EOBEmAEMHEOTFENRATFNLZ E2RL
726

72, CO, MOEMAKIHEEE IS U Tty DB A
LOERBINEECEHL, & CO, BREH T AN
DWTIHRARTz, Thn, HEREGOREESMEM RO Z
ATy 7B LM BT R EREEIC L 5T, -
T?D CO, HEAEDOTZRFFMER I A M@ bIZB$ 2 T~
OFEISHPADIL DD b DO EWFES NS, 515D RN 0
ZERIFIC I D =R Za— I VHEOEBICEHT S
AR OB THIZERIZE 2 e L T\ <,

il
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