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The Influences of Hardness and Precipitates on Abrasive Wear Resistance of Stainless Steels

Ryouji Hirota, Teruhiko Suetsugu, Hiroshi Morikawa, Kenjirou Itou

Synopsis :

The influences of hardness and precipitates on abrasive wear resistance were investigated in stainless steels with the base chemical
composition of 17mass%Cr and 13mass%Cr. Specific wear was evaluated by pin-on-disk wear test, in which specimen was worn by SiC
particles contained in the polishing paper.

In the case of (Fe, Cr),;3Cs or NbC were precipitated in the matrix, reduction of specific wear was much larger than in the case of vickers
hardness of specimen increased from 108HV to 632HV. Then, it was revealed that abrasive wear resistance was strongly affected by dis-
persion of carbides. Compared by a sort of carbide, TiC followed by NbC and (Fe, Cr),;Cs exhibited much effect of improving abrasive
wear resistance. And there was a strong correlation between hardness of carbide and specific wear. From Secondary electron image
(SEM) observation of the wear surface, it was seen that hard carbides suppressed wearing by SiC particles. In the case of the same car-
bides such as NbC dispersed in matrix, with increasing the volume fraction of carbides, specific wear reduced slightly and settled at a

constant value.
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Table 1 ([t DLW 2R T AL, Fe—
17mass%Cr §il B & U'Fe — 13mass%Cr il (DL Fmass%id
H1Z%) Z#NX—R& L7zs Fe—17%Cr#ific >\ Tid
0.001%C &, 0.05%Cé#H, 0.07%C —0.35%Nb#is & O°
0.08%C — 0.44%Ti4 = Fi\v>, Fe—13%Cr#iicowTlZ,
0.34%C 8, 0.34%CHilZNb®= % 0.16%~051%IZF s &
T L7283 X 180.42%C — 040%Tid = FH v 72,

Table 1 Chemical compositions of stainless steels used (mass%)

C Cr Nb Ti
0.001 1712 - -
17%Cr base 0.05 16.87 - -
steel 007 16.84 035 -
0.08 16.78 - 0.44
0.34 13.58 - -
0.34 1349 0.16 -
13%Cr base 0.34 13.56 0.32 -
steel 0.39 13.61 0.40 -
0.34 13.59 051 -
042 13.64 - 0.40

— : Not detected
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JEIE#£44%, 80% CHi[f £ % 1T - 72, Table 2 IZZ 1
ZNO N L 72 B D G % R, BULE TR O BIE
WA HELE 3 mmE 2 20mmOREBEH 2 T I L
FINZ 75 & HIZERILL 726 0.001%C — 17%Crif iz 2w
TIEHHEA A & b 3B F &2 FREL L 720

Table 2 Conditions of heat treatment

Steel Conditions
* 0.001%C (i) 950C - 30min—>WQ*!
(ii) 950C — 30min—>WQ
17%Cr = cold rolling with the re-
duction of 44% and 80%

(i) 800C —6h—AC*

base

steel e 0.05%C
* 0.07%C — 0.35%Nb
* 0.08%C — 0.44%Ti

* 0.34%C (i) 1050C — 15min—WQ
* 0.39%C — 0.40%Nb | (ii) 1050C — 15min—WQ
= 300C — 30min—~AC
(iii) 1050C — 15min—WQ
= 300C — 30min—+AC

(i) 1050C — 15min—WQ

13%Cr
base
steel * 0.34%C

—(0.16~0.51)%Nb

* 042%C — 0.40%Ti

(i) 1050C — 15min—WQ
= 300C — 30min—AC

WQ* : water quenching
AC* : air cooling
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Fig.1 Schematic illustration of a pin-on-disk wear test apparatus.
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Fig. 2 Optical micrographs of 0.001%C —17%Cr steel with heat treat-
ment at 950°C for 30min following air cooling (a) (b),and 0.34%C —
13%Cr steel with heat treatment at 1050C for 15min following
water quenching, 300C for 30min following air cooling (c) (d).
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Fig.3 X-ray diffraction pattern obtained from the precipitates
extracted from 0.34%C — 13%Cr steel.
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Table 3  Specific wear of 0.001%C — 17%Cr steel and 0.34%C —
13%Cr steel

Specific wear Vickers

Steel Precipitates (x10"'mm¥N) | hardness

0.001%C-17%Cr | No Precipitates 77 108HV

0.34%C-13%Cr (Fe, Cr)»5Cs 5.2 S576HV

0.34%C — 13%Cr i @ L BEFE R 1320.001%C — 17%Cr i D #
2/3TH Y, 0.34%C — 13%Crilixiit 7 7 L ¥ 7RIS
BENTWLEI bbb By =AM 2 KT 5 &,
0.34%C — 13%Cr#iA3576HV 2%} L T0.001%C — 17%Cr i
IF108HV & vy, —MZHIIE R R FEIIZ BT 7 7

Ly 7R, MEOMI T -#/MICkELLEINT
W2, L7zaioT, TOYy f— AT & DR EE
RSB LWL RN, LAL, Fig 2R
L72 & 9120.34%C — 13%Cr#ii2ix (Fe, Cr) ,Ce 23410
WAL Twa7ew, BRI L CREORES, #T
I OTE, EHLHPMME LTV I 0%, ZOMR
MPOHWT S EIETE R,
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AREITIE, HEREICKIITES, fTHWZEhEho
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Fig. 4 1, 950 — 30minfRFF224 %D 0.001%C — 17%
Créi(a), HEHESF44%, 80% T ML % jiti L 72
0.001%C —17%Cr# (b) (¢) B &£ 1M1050C — 15minf¥E
B OBEANMLFL % i L 720.34%C — 13%Cr i (d) (e)
DONHMBEE R T WA (@) ~ (D) F7 v, W,
7)) &) T, 0.34%C — 13%Cril o3k (e) 1310%
VAR TIZyF YLD TH D, BB, K
HIZERZRORBEOE Yy A — AWM EEZRLTWVDS,
JERE#44%, 80% CT¥ ELE % Jiti L 720.001%C — 17Cr
i (b) (c) WXMPEAA S 25 EEMBEEZLTEBY, &

(a) 108HV

0.001%C —
17%Cr steel

g =
== B - 200um

(c) 240HV S

e ——

0.34%C — 13%Cr
steel

(©) (etched by 10%H2C205) I

V

(No precipitates)  25um

Fig.4 Optical micrographs of 0.001%C — 17%Cr steel with heat treatment at 950C for 30min following air cooling (a), cold
rolled with the reduction of 44% (b) and 80% (c), and 0.34%C — 13%Cr steel with heat treatment at 1050C for 15min

following water quenching (d) (e).
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0.34%C —13%Cr#i (b) B X 170.39%C —13%Cr —
0.40%Nb i (c) OICHHAREEZ RS HEHE10% > 2 7 R
BN CEMT Yy F 72l 72bDTH 5, KPIZIER
Hovy h =28 %/RLTBY, Uy h—AM 3T

10
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S
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:
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X
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Vickers hardness of specimen (HV)

Fig.5 Relation between vickers hardness of specimen and spe-
cific wear.

240HVIZZ 5 2 TWwho 0.001%C —17%Crfi (a) 121,
B A0 5N RO LT, 0.34%C — 13%Cr 8
(b) WA A EHIZHEL TWwb, 0.39%C —
13%Cr — 0.40%Nb# (c) 121, 0.34%C —13%Cr#i (b)
TRO SN0 LHEEOKRE SO YA H5H L
T & & HICHHBREITR L7282 TR & AT Y
BEIELTVDZ EDDbD b,

0.001%C — 17%Cr steel

0.34%C — 13%Cr steel

0.39%C — 13%Cr
—0.40%Nb steel

(a) 240HV

(No precipitates)

Fig.6 Optical micrographs of 0.001%C — 17%Cr steel cold rolled with reduction of 80% (a),0.34%C —13%Cr steel
(b) and 0.39%C — 13%Cr — 0.40%Nb steel (c) with heat treatment at 1050C for 15min following water

quenching, 800C for 30min following air cooling.
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Fig. 7 120.34%C - 13%Cr#i (a) B X 170.39%C —
13%Cr — 0.40%Nbi (b) DEPMASH s H %2 R ¥,
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TIALL TV A HEATICIENbD LB 5L b (Fl 2
WEREDB) o flHERE O X BT TlE, MyCel & IS
NbCOY =27 M SNz SRS DR S, FEL
TV AL (Fe, Cr)yCeB X UNDCTH % L[ E
Ehiz,

PhbLTHEREIRZ-TBY, HHWIEDS
N7 H 5 720.001%C — 17%Cr i O L BEFE R AV b oK &
{, DWW T (Fe, Cr)yCeDH L TW720.34%C —
13%Cril, (Fe, Cr),Cq& NbCAHIH L Tv>720.39%C —
0.40%Nb — 13%Cr il O I§ T EFEE AP L T b,
INLORENS, HEERIEABOE v & — 2
EORGLTHMYWOHFEAERIEZELTNDL I LD
HHL 720

Table 4 Specific wear of 0.001%C —17%Cr steel,0.34%C —
13%Cr steel and 0.39%C — 13%Cr — 0.40%Nb steel

Specific wear | Vickers

Steel Precipitates (x10~"mm*N) | hardness
0.001%C-17%Cr No Precipitates 73 240HV
0.34%C-13%Cr (Fe, Cr)xCe 5.3 237HV
0.39%C-13%Cr-0.40%Nb | (Fe, Cr):Cs, NbC 30 246HV

0.34%C —13%Cr
steel (a)

0.39%C — 13%Cr
—0.40%Nb steel (b)
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«TEfulE
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Fig. 7 EPMA analysis of 0.34%C — 13%Cr steel (a) and 0.39%C —
13%Cr — 0.40%Nb steel (b).

Table 4 1%, 0.001%C — 17%Cri, 0.34%C — 13%Cr
B & 10°0.39%C — 13%Cr — 0.40%Nb o HBEFE & % i L
RREEZRT, B, PIZEFENLEFNLOE Y H—2
BELPETRLTW S, E v — A0S HEEICH
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Fig. 8 i, Fig.5 BX U'Table 4 ¥R %2 F LTk
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TW/2EBTIX, ¥vh— A EH237THV 2 5576HV

10

17%Cr steel
0.34%C — 13%Cr steel
0.39%C — 13%Cr — 0.40%Nb steel

No precipitates

He

(FeCrlsCo | |

Specific wear (X 10~7mm?2/N)
(2]

precipitated
..................................................................... @
(Fe,Cr)25Ce
4+ and NbC
precipitated
2 , 1 1 1 : !
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Vickers hardness of specimen (HV)

Fig.8 Relation between vickers hardness and specific wear.
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Fig. 9 120.05%C — 17%Cr#i (a), 0.07%C —17%Cr —

0.35%Nb# (b), 0.08%C —17%Cr —0.44%Tidi (¢c) B
£ 170.34%C - 13%Cr# (d), 0.39%C —13%Cr —
0.40%Nb# (e), 0.42%C —13%Cr —0.40%Ti%i (f) @
SESAARE 2 R T . 17%Crai3800TC — 6h e L 72
LD, 13%Criifix1050TC — 15min R KEG DBEA N
WLELZ L, $iT300T — 30minfRIFZEE # O BER L AL
HEMLZDDTH B, 17%Crél (a) (b) (¢) TIZ
13%Cr il (d) (e) (f) AW DO mDB D RN LS
bhbo F7217%Cril TIZRE (b) (o) oL Tw
LT oRIE, WA (2) [SBUT 2RI T
RKEWZLEMRTE D, —J7, 13%Cri#DFAE (e)
(D) TEAE (D) BT DOLNIZD L HFOKE
LN W IZ L T b & & HITRPEHEIT
IRL7E ) B EFETRECH BB EAL TS S
ENDbR B 0.05%C —17%Criil (a) B X 10°0.34%C —
13%Crii (d) T, HiFE O X#m s X EPMA
GRS, BRI LT RHTHIE (Fe, Cr),5Co& FE
hiz,

Steel
contained C

17%Cr
steel

13%Cr
steel

contained Nb and C

Steel Steel
contained Ti and C

Fig.9 Optical micrographs of 0.05%Cr —17%Cr steel (a), 0.07%C — 17%Cr — 0.35%Nb steel (b), 0.08%C —17%Cr — 0.44%Ti steel (c),
0.34%C — 13%Cr steel (d), 0.39%C —13%Cr —0.40%Nb steel (e), and 0.42%C — 13%Cr —0.40%Ti steel (f).17%Cr steels were heat
treated with 800C for 6h following air cooling. 13%Cr steels were heat treated with 1050 for 15min following water quenching,

300C for 30min following air cooling.
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Fig.1012130.07%C — 17%Cr — 0.35%Nbéi (a) 3 L O
0.08%C — 17%Cr — 0.44%Ti8iil (b) DEPMA W5 HF %
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Fig.10 EPMA analysis of 0.07%C —17%Cr —0.35%Nb steel (a)
and 0.08%C — 17%Cr —0.44%T1 steel (b).
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Fig.11 Specific wear of 17%Cr base steels and 13%Cr base steels.
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Fig.12 Effect of volume fraction of precipitates on specific wear.
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Fig.13 Effect of vickers hardness of carbide on specific wear.
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Fig.14 SEM micrographs showing the initial wear surface of
specimens, 0.34%C — 13%Cr steel (a) and 0.39%C —
0.40%Nb — 13%Cr steel (b). Wear distance is 10m.
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Fig.15 Schematic illustration showing the mechanism of improving
abrasive wear resistance by Nb or Ti carbide.
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Fig.16 Optical micrographs of 0.34%C —13%Cr steel (a), 0.34%C — 0.16%Nb — 13%Cr steel (b), and 0.34%C — 0.51%Nb — 13%Cr
steel (c) were heat treated with 1050C for 15min following water quenching.
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Fig.17 Effect of volume fraction of NbC on specific wear.

LWL EZ 5N S, DL, (Fe, Cr)yCok
NbCTiif 7 7V ¥ 7T BRI KT TR RO B E )
BhoTwbizw, BEoOERPAECZTHEED Z 2
bbb,

F—RtY ToOMLEDOFEL LT, Figl7ioXH %
B2 R L ERIEBAED L ZARHTHY, FOMH
IZDOWTIRESHOEEE Lzv,

4. ¥

il

Fe—17%Cr#i B X O'Fe — 13%Créil & N— 2 & L 724
ZHW, A7 Y VRSO T 7V Y TR R IE



AT Y VASON T 7V ¥ 7 BRI RT3 S, BT 0 5324

bt

I

2 11

X, Mo BE2REL, DToMREZEL,

(1) BB R, €y h— A H5108HV 2
LE32HVIZHM L7235 X 0 b, (Fe, Cr)yCed %
WIEINDBCAR L TWAGEDIE) PR EL, |7
7Ly TR AT ORISR B R T B
CEBHL IR o720

(2) Mo ClET % &, FHwaEoRRIE,
TICAHRDH K E L, DVWTNLC, (Fe, Cr)uCiDNET
HoTzo

(3) Fri L7z b ol S TS 5 &, JEERIS
RALY OREEE DB & b A WIS L7z,
SO ENS, WT 7Ly TEREZ, RO
ST EINL EEZ DN,

(4) BEREMIOSEMBIGHE RS, W 4 kALWIZX S
7 7Ly TEEERED X = X 50%, RILWHE
ROSSICR T X 2 UIHI 2 B35 2 & TH % L HfE
gEhiz,

(5) FA—RAt Tl 2 &, WERRIIRILD DK
AR X VDT 255, HREESD L2 ML
LETIRIFEAEZIL L o7,

(6) ULEDRERNS, AF Y LVAMIIBIF BT 7L
VT BRSO LXRH AT ORI S THh b L F 2
b7z,

< Appendix >
Z 2 T130.34%C — 13%Cril 3 & 180.05%C — 17%Cr 8
2B % (Fe, Cr)psCoZBlICE D, TORBRDFH
HEEHWT 5, TTRIAMOUREZ, TOEELZN
R T HIUCEOEARED RO, DV THEMOKEE
ZOERFREFEDPORD, RAWWOBREREZEET
bEWV) Fliz L b,
(Fe, Cr) »uCe DR fypcsld T3 (2) THHDE
s,
fuizscs = Vizscs/ (Vin + Viypasgg) = o v omeveeeeeee (2)

VMzsc6 : %iVHEP 0)M23C60)ﬁ($§ (Cms)y
V,, - B o i o AR (cm®)

Ve B EOVLIE TR (3)(4) THOHbEIN S,

Viizace
= (W X {FensostCrizscs T Cuzacel/100) / prgascs ** (3)

Vm
= (Wx{100 — (Fenzscs+Cruzacs + Cuizace)1/100) /py- + - (4)

W iBaekoE (g,
Fewgscs - At & L THIEEL T b Fert (mass%),

Cryzscs - AL & L THAE L T A Cri (mass%),
Cascs - AL E L CTHEEL T A RFER (mass®),
pzcs - (Fe, Cr) uCeDHE (g/cm®),

pu - BIOEE (g/cm)

Z T, FewscsB & UCrymcs® £ 2 50 MRS,
12%Crii 2T 3 2 MypCelZ oW T, Ak o Crift s
BZOML, FOREDPSCruaChOCrEFD 9 bIEF5
KTHUDFeiT-LBERENTVWDLELTWEY, 2D
Z L H 5 Cryoscs B & OFeysscsld, Cr, Fe, COJE T
52, 558, 122 VT TR (5)(6) ThHhoHbEIN5,

Cryzsce = Cizscs X 52 X 23 X065, (12X 6) =+ = -+ (5)
FeMz3C6 = CMZSC(S X 558 X 23 X 035/ (12 X 6) """ ( 6 )

2T, Cumes®E 2 5o 13%Crifl B X U17%Cril o
BAHRIE BT 2 CORMBREZ IS O 2T
B9 5 L0.0010massBh FERE, 2O END
0.349%C — 13%Cr#i 3 X 0°0.05%C — 17%Cr#i <%, ik
WKEASNDZCTRTHOVHBL T2 DD EE L7,
s (3)(4)(5)(6) X%k (2) RUTHA L Thyscs
ZRDIZo BB, prmcsPEIFT.19 (g/cm®) ' & H v,
puld a ik, o MKk CTENhZER, 7.70 (g/cm®), 7.75
(g/cm®)? & L7z,

NbCH X OTICOBAEFERIZOWT b AEEDE 2 TRD
720 NbC, TiCo#EIxZhEh, 7.76 (g/cm?®), 491
(g/ecm?®)® & L7ze Nb, TiECr& ) b REL O
DWW TEETH B2V 20, ALY 2T 5 Nb,
TiO®EIZ, {LFRBCCERETHRE LT,

%8B, (Fe, Cr)yuCe& NbCdH %\ I TICHNE KEIZHT H
LTW22aicid, RILWoOBRRERIE TR (7) 5
Wi (8) XEHVTRD,

f=(Vaoe + Vizses) ~ (Vin + Ve + Viigseg) = v e - (7)
=Vt Vizses) (Vi + Ve + Viyaseg) = oo e e ee e (8)
BE LR

1) Hav 7 78, miEi—aR L R AR R B AL
PEE- H - v lAE4E, FIal, (1979), 201.

2) KA, NEEEE] - b T A Ra YA b, 37 (1992), 1018.

3) KA, IEEER] - b T A KT PR b, 38 (1993), 273.

4) W& A7 VASH 0 AT v L ASIMEE, BT SR
L, B (1995), 503.

5) BEARWES gk L, 53 (1967), 1323.

6) M.Aksoy, V.Kuzucu M.HKorkut : Wear, 211 (1997), 265.

7) M.Aksoy, V.Kuzucu,M.H.Korkut : Journal of Materials
Processing Technology, 91 (1999), 172.

8) Mt B i LM : CAMP-1SJ, 16 (2003), 1405.

H T B 5 #Ht No.86(2005)



12

AT Y VASOIT 7V ¥ T BRI

Bl S i oig

i

i

B

I3

9)

10)

11)

12

~

13)

14)
15)
16

Nl

17)
18) +
19)

20)
21)

S, M2 R, S RERE R R, BOR 51 2004455
R T2 AR R 2 2P sl 23 MR SC SR, (2004), 367.
B, KAw2, hER— o HAREE RSS2 E s
AT AR (1978), 45.
TR, KAEFZ, hEB— ¢ AR 220l
A R AR (1978), 39.
B Z ARG T2, HARSKMIG & © 45148 - 149M 4 (L 7d &4k
AR, H A Sk 9 23/, T, (1993), 120.
ARTEREN, HIRFERE | RO -t LPEaE, H
FEPAN T, HL, (1984), 49.
WY BTy 7, B 7200, 2255, W, (1978), 92.
e RHE - BULEE, 13 (1973), 2.
FREER —, = RILA, NP5, RIles:, moREHE @ k& 6,
87 (2001), 613.
FrH 2 P gk &, 72 (1986), 831.

IR, RARHIHE, TR sE S 8k &80, 80 (1994), 68.
ATV L AMEN D AT Y L A, HT L3RR, dont
(1995), 502, 529.
HARGIRZSH &IRT—5 7 v 7, 1k, B (1984), 137.
B —  HARSIE 228, 8 (1969), 49.

H 7 5 8 5 #t No.86(2005)



	日新製鋼 86 4.pdf
	日新製鋼 86 5.pdf
	日新製鋼 86 6.pdf
	日新製鋼 86 7.pdf
	日新製鋼 86 8.pdf
	日新製鋼 86 9.pdf
	日新製鋼 86 10.pdf
	日新製鋼 86 11.pdf
	日新製鋼 86 12.pdf
	日新製鋼 86 13.pdf
	日新製鋼 86 14.pdf
	日新製鋼 86 15.pdf

