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Fig. 1 Sulfidation kinetics of three Fe-Cu alloys and of two pure metals at 500°C under 10~"Pa S;(a) and

600°C under 107°Pa S,(b)
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Table 1 Average values of the parabolic (k, in g cm™*s™') and linear (k, in g cm™*s™') rate

constants for the sulfidation of the three Fe-Cu alloys and of two pure metals

T/C Fe Fe-25Cu Fe-50Cu ~ Fe-75Cu Cu
k,=1.1X10"°(in)

k=3.6X107UD

500 (av)  k,=6.5X107"° k,=8.0X10" k,=2.8X101° kp=1.5X101°

kp=1.2X10%(in) &, =1.2X10°Cin)

600 (av) k,=5.6X10° k=6.0X10"
By =2.0X107({i) £=2.8X107({i) #,=3.6X107

(av) =average value over 24 h ; (in)=initial value; (fi)={inal value
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Fig. 2 Scale micrographs (BEI) of Fe-75Cu (a), Fe- Fig. 3 Scale micrographs of Fe-75Cu (a), Fe-
50Cu (b) Fe-25Cu (c) sulfidized for 24 h at 50Cu (b) and Fe-25Cu (c) sulfidized for
500C under 107Pa S, 24 h at 600'C under 107°Pa S,
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Fig. 4 A copper whisker on the scale surface (a) of Fe-

25Cu sulfidized for 24 h at 600°C under 107° Pa
S, with X-maps of Cu (b), Ag (¢) and S,{(d)
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Fig. 6 Schematic phase diagrams for ternary Fe-Cu-S system at 500 C (a) and 600C (b) with superim-
posed diffusion paths for the three alloys

EF EREGEHTALTFEMR S FLRE, L4 Cu-Fe-S =LK 500 CH 600 C/RFA
& 6, LAHEMIE G B TR B L& B9 PE(S) IEABRA B, 2B T UEIWES LI
B AL BB [F] B A P FR B AL (CusFeS, A1 CuFeS,) M REMBILX HH Fe fl CusFeS, F£HH
FEL.B-FHEMM LB CuFeS, FREMEFH=IF AATNEESWHET A
RERUETE . AR AILEE . 7E 500C T ([ 6(a)) & E FeS # Cu,S & HFaE, M 1E 600°C (& 6
bNMkz. #FEXEE ERALE SHENTAIN TFEREZ B, BN Zaessni



70 ISR S PR 11 %

FEAHH CusFeS, # CuFeS, H A2 €. XM RIEMIBHETIE BRERTLTE B, ZLH 5
FEBRBEF IR W R AT BATH , BT NG £ A ERE 0 2% i #7741 TR AR 4
MEAZN, BREBEPEHATHY BOREN Y ELY. EE5ENHILA,CuFeS, HHE
B R EES &P EBCWw M, M «(Fe) HRFEARZ, MUETIZ# 1Y B0 E 1N
H—HEEZ.

3.2 BRfLIR4E

Xf Fe-75Cu M &, R EANSE 6 IR ELBEENTINE AV E. —Hsh 892
1E 500CIER A MEEF| FeS 5 CusFeS, IR G B, X FJHEL T a(Fe)-FeS-CuFeS, [A] il FeS-
CusFeS,-CuFeS, [8]#) - #5i Ik 2 5148 /b, BU{# £ ) FeS+Cu,FeS, 2§ JE B /N1 K g
. RS2 . WHRREBEMMN UTZEZ TN KBRY X ESGNRHE S MANY
P EEE N B — MR CusFeS, HIRELRM AR —EHER. R, X — HELR P AE
W EEF| . 7E 600C (& 6(b)),CuFeS,-CusFeS, {B &M bET 13 a(Fe)-CusFeS, WAL
K. Woh, T 7E 500 C 5K 600°C ,Fe-75Cu RAEMMR WS BPHATHT BEEH N SRiT
B(Cu)-CusFeS, MK ,HHAFEHEGELEE T4 EM,BMASERA Cu,S B E.

Fe-50Cu fl Fe-25Cu BJJEMAT H3K Fe-75Cu B AT %, LH B J5 & v 684 AL FeS. 120 E
6, Fe-25Cu £ 600°CTE B M ZMBiALFERI N Y 5 o+ CuFeS, 2 404K, HiZ B N B % FeS+
CuFeS, /Mo R, SR FELH PEEAMEIXME. XEENE 6(b) PR #EEE R 5
atCuFeS, H EXZH MATBEHEARH oA FENRERX. B WHEEK
a+CuFeS, 7 , (HE H KEM LB MBI T aE1E. £ L, EMBE T Fe-25Cu &M
SFALEEE )Y BUREERVE AR Z T 2 B, B e e o M B 4 M. X X FRARsk 454
HH—MEARRES ARt FELE BANEFEHEFT, XELUF Cu-Cr B4
EWE/BEHRPAMENAR NGB A ER N2 P HAN  EP S BB TH
SEEFHE/BAEYEE . B TENE/ TR AN =Y E AR E, XHTES
HEMTTREETERXEE/BIRN S A R EEFERMEITE. & Fe-Cu § & RTIE K
NWERLEHARLZAERFEARAMAELNERU BITINFERBEEATHEEATHE
1k 7= 4 BT 4 AL A B AL 448, T & =0T Fe-Cu B4 o R 8 2 £ 6L &9 80k T Ar e st iy 3
THEIREY.

SRR AR EE 20, AT EIR BN R . (BE & &M THERF T FH %
REIP T T Fe-Cu LM, FHREZR M S &M REAR T EXEK. XHAZTR
PR Z B A ER FE M B EM Fe/Cu JRF L E A4 T B V4. b, £ B A SM6i1b
B B &R B B R B A A 3 SE R B B & P W A T ER AT BEE A B AL BRI GE IRT
HET R A FERE P 40 70 2 — AT 4 568 1T B AL R 1A 7 BB 1 T LA A A B AR B AL A i T B L X
A A & TR R 3 R e
3.3 B P RI4R

E Fe-Cu §&HALEF B LT AN KIMAR—BaftiRM BN TFRZFRIERS
B 5 —ME LR A FRE, TEER A REEX S RENHASEEmU R BABRER
AT BCOFAREFAL , REELREB R T Cu-Cu,S FEEZ L. B4 ARRHZHHAM
BRKEHEAEASIRE, ZEHRSTELEREZETRSN NSHEPHHE. BR LAT
REAHTHERRASSHARNEEERERKT Cu.S K EERMMUGRE. B, XHENE



2 4 4 %% FiAf Fe-Cu & MY IL G TRFF 1 71

MR 4 2K HERABEIIRBENERZ N, MAFRERSIMEERBR, K
MRATEY. TN, KR BN EERREMRENEREK  IULEEEARF. Ba,—
NI BB LVTR RNV IRE T AN ZTHi 8 R4 F A B9 FRYETERE 5 5918 H18d &
ETEL. SBERFUAM TSR E. XXAREESTER-HMHEZRET R
A TE SO, FHB/ BB RPMERF0. Lo Hed, HE S AW B AT, Kt f
M & BTN H. R, 7 Ni-Nb &M ER AT AEHEES RN EHETEm S
ERBESHRETENEE,FFFETESBRAEFTFRARZ S, B8 L5 EM/HEEK
ot » B A S B0HE R AW ], R S U T BE A8 AR B B, PTHEN , BTV AR B Fe-Cu & S AL IR
PR FTALT 2 R TE R AN B T SRR R B A B RO L B L A SR B A A o T AR
B FEXFER T, IR B0 W B b S E D H 2 — I IR R R & R TE B A AL
0. MREN T ESHEG Y. 1ok R 7w & F 8 bR SR KSR T8
BT, X5 ERME B HH TR oW EHE R EBER
M EE AL E T _ER E AR LIE AT i RO 1%, R 7 I A B b 2 R B B Y R RE B AR AL
EHERRATEFEM. FEL LA EEMIUES B0 i WER hiRE B R
B i AR AR R BN E B R AT EHFIR AR
3.4 BALEDHILE

WE Fe-Cu § & TEE P EAMES, ELHHFLT .Fe-Cu WNFILXEFEER KR
. X EE A €T S . FLR A HBUE % T Kirkendall 205, Bl h F R EAL RN AT
F 1 A A S HOE B RS BT E. {H3k Fe-Cu RS AR BRI AU T FLE4H i B AR
g, BT B2 R & T Kirkendall 57, WA SR EBEN. ZBFINE Bk T2 MES L
A 8 22 (8] 0 A i FL R B9 AR AR e E S RRAL AL SR A R SR T ES WA T REBREEY
X ARBA R, B KA 4 B R SR R SN BR 1) A 78 L 10 A B AL X 171 S A
&R KRR 24 0K T 3% R A AU AL B B (A BR B B, 8 AR FLIR. B3 A R AL IE R AL 1%
RGN E R, CAHFELRADY BREER/FAYAE, MREY BEEH. Rk
S RBALE T ILRER S, MY B ELRPHESAHEAMER. SMELE L
. aeWiAXTAREMMARES YN FESE —SBRE LM ERIR, AT RS M
I, WHTAR ,Fe-25Cu 5 Fe-50Cu Al Fe-75Cu Bk 38 2 ) 2= 51 b, 1] Bk I3 F X Fh L7 70 461
CEBETFYVHIRE. HE, BTAEEMALHE RELRBRZX T Fe-Cu £ 451t
MIEERFFENRTRLY/ SR FAEHEEETIRIEN TR, BiEWRE RS RNE RS
BiAL B 127 B 2% B 1 AN AT RE.

A8 B’

F=Fh Fe-Cu &4 1 500~600C 3 107'Pa~10"* Pa BEE T BB HE R T .
1 &M ERYBRTHASRA T, FHRE LT . Ko Fe-25Cu fE &
182, FlT (8] 2 i £ R4k, T Fe-50Cu M Febhk , BT[] 2 vk .

L2 ARKBTFREERS MBS E,. S SEEREBEE THEM B CusFeS,-CuFeS, iR 5 HB Y
SMERALBER & CusFeS, SR TLE MM o« Fe WHERMLX . HPRNHAD EH B HAMNE
e-FeHLE M, HFEFENRO AL EEMATHRLAR.

3B R IR BAHATELATE A KEILRE, MGl EE FHIER, ATiFEEE



72 R 5P AR 11 %

HELEERP SR K. &RAULRESER TRAEN L Z GBI E , H A K VLH T8
EHALRA &/ EH RN BEA TP EETHER.

Bt KR FA P. Castello BB J B il 45 I 7E0L—3F S
RPN

14 3%, REY, Gesmundo F, et al. BB 5Hi1 A, 1997, 9(3):173

2 Niu Y, Gesmundo F, Viani F, Corros. Sci. , 1995, 37:169

3NiuY, FuGY, Castello P, et al. Corros. Sci. » 1997, 39:1811

4WuWT, YanRY, Niu Y, et al. Corros. Sci. , 1997, 39:1831

5 Barin I. Thermochemical Data of pure substances, VCH, Weinheim ,1989

6 Gesmundo F, Niu Y, Viani F, et al. Oxid. Met. , 1998, 49:147

T, R REY., £E¥IR1998, 34159

8 Niu Y, Gesmundo F, Viani F. Corros. Sci. , 1994, 36:423

9 Kofstad P, Akesson G. Oxid. Met., 1978, 12: 503

10 Gesmundo F, Asmundis C De. in Proceedings of international conference on the behavior of high temperature alloys
in aggressive environments, The Metals Society, London , 1980, 435

11 Hill Reed R E, Physical Metallurgy Principles, Brooks/Cole Publ. , U.S. A. 1973

THE NATURE OF SULFIDE SCALES ON TWO-PHASE Fe-Cu ALLOYS

NIU Yan, WU Weitao
(State Key Laboratory for Corrosion and Protection, Institute of Corrosion and Protection of Metals,
. The Chinese Academy of Sciences, Shenyang 110015)

ABSTRACT The sulfidation of two-phase Fe-Cu alloys containing 25, 50 and 75 wt % cop-
per has been studied at 500 and 600°C under sulfur pressures higher than those for the disso-
ciation of iron and copper sulfides. A special attention has been devoted to the examination of
the microstructure of the scales. Fe-25Cu sulfidized at the slowest rates, whereas Fe-50Cu
corroded more rapidly than the other two alloys. The scales contained an outer layer of a
mixture of two Cu-Fe double sulfides (Cus;FeS, and CuFeS,), plus an inner region of sulfida-
tion concerning mainly the Cu-rich -phase and also of some Fe-rich a-phase forming CugFeS,
plus large voids, possibly due to outward diffusion of metal cations. The depth of this zone
increased with temperature and iron content. Moreover, pure copper metal particles formed
at the scale/subscale, as whiskers protruding out of the external scale surface. The results
obtained are examined with special reference to the two-phase nature of these alloys.

KEY WORDS sulfidation, Fe-Cu alloys, two-phase '





