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Effect of Cryogenic Treatment on Wear Resistance of STD 11 Steel

Young Hwan Hong and Keun Song
Dept. of Application of Advanced Materials, Suwon Science College, Gyeonggi 445-742, Korea

Abstract Effects of cryogenic treatment and tempering temperature on the amount of retained austenite, hard-
ness and wear properties has been investigated using alloy tool steel, STD 11. Cryogenic treatments were per-
formed at the temperatures of -100°C, -150°C and -196°C, and tempering were performed at 200°C and 530°C. It
was shown that lower hardness value was obtained on high temperature (530°C) tempering even after cryogenic
treatment. And retained austenite was not entirely transformed to martensite after cryogenic treatment even at
-196°C, which was not consistent with the belief that -80°C was sufficient to entirely transform any austenite
retained in the quenched microstructure. Austenite retained in cryogenic treated condition was completely trans-
formed to martensite only after tempering at 530°C. As far as wear test conditions in this investigation, it was
found that cryogenic treatments improved the sliding wear resistance, but improvement of wear resistance was
not directly related with retained austenite contents. And it was found that predominent wear mechanisms of
STD11 steel were oxidation wear and adhesive wear in sliding wear conditions.
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Table 1. Chemical Composition of STD11 used in this
study

Elements C Mo \Y Cr Fe
wt.% 1.55 0.8 0.9 11.5 bal.
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Table 2. Wear test conditions used in this study

Applied Load 1 kgf, 2 kgf
Time (min) 100C \ S]ldlng Ve]ocity 0.2 m/s, 0.4 HI/S
—_I uphill quenchin T -
subzero e ’ Sliding Distance  17.28 km, 34.56 km, 86.40 km

coaling S

Fig. 1. Heat treatment cycle.

Environment dry contact, air, room temperature
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Optical Micrograph of STD 11 quenched at

Fig. 2.
1020°C and double tempered at 530°C and 200°C
(x200).

Table 3. Hardness test result
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Quenched Subzero treated Tempered Nomenclature
(1020°C, 1 hr) Conditions Hardness (HRC) Conditions Hardness (HRC) Followed
200°C(double) 58.5 QT2
None
530°C — 200°C 57.7 QT5
200°C 61.3 S71002
-100"C 62.8
530°C 56.3 SZ1005
200°C 60.3 571502
60.3 -150°C 62.2
530°C 56.9 571505
200°C 61.1 571962
-196°C 62.8
530°C 55.6 S71965
: 200°C” 60.3 SZ19623
-196°C 62.8 _
530°C" 53.5 5719653

a) Triple tempering at 200°C after cryogenic treatment at -196°C.
b) Triple tempering at 530°C after cryogenic treatment at -196°C.
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Table 4. Retained austenite data

Heat Treatment Conditions| Retained Austenite (%)
As-Qunched 25.2
QT2 29.3
QT5 5.5
S71002 11.5
SZ1005 0
571502 8.7
SZ1505 0
SZ1962 8.5
S71965 0
5719623 6.1
S$719653 0
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Fig. 3. Comparison of wear rates in accordance with
retained austenite and heat treatment condition of
STD11 steel (Counterpart: Al,Q, ball, sliding velocity:
0.4 my/s, applied load: 2.0 kgf, sliding distances: 34.56 km,
lubrication: dry condition).
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Fig. 4. Worn surfaces of QT2, SZ1962 and their Al,O, counter part (Large arrow indicates sliding direction of counter
part. sliding velocity: 0.4 nvs, applied load: 2.0 kgf, sliding distances: 34.56 km, lubrication: dry condition).

sty 8 vpRrIEE Yehal 9lof, $ARE
g ARl gigh Wk do] 7=l WiEeR
Al ETt,

Fig. 49 @ 2 (o) SRl g5t 29 =
EHS 33 Aajolt). ARlele a451H o 2R
2ol oJsf oAl gFrUe] THoE ol K
2] Ho)H-2kZ(transferred layer)e} ThAl T2
A9 gHow ARABI[9], E thA] ¢FuLe]
Ao E AR sk vHE o) o8 I 55
7 GFulue] & FARFo| T o] AR F
9] AR& glihte 3] whEIY Fof WHE-3-glo
o3 PAE Akt 4499 vyt St &
Zof BE9le E5-g VERE Aolth

3k o]9} e BahR ko] AT Fol| whz
Holl gk A7l dAsled, Akstauto] FAdE)
o|gA = Llslulto] et =1 7]R|E2|0)
FAAE 53] AAT 4= Ut FA4E kst
o] §2H& Lalsld(10] AT E Fole e
7H& % Atk Fig. 49 () ¥ (del= o]t
SEopEe} Agniwel of%t W] &S B
Qer, Aol -SE=o] ajEE Aol i A
gdo] Ul E sHATIE 8RleR e

et Gk oz FakE Jade) vlary vhEe) )
o)A &-2hS Weidite Hl[11]9} AHAZ A2
o) UirlEAle) ae 7R Aol FUstal Hol
Ak g eslEe] AjAde) 1 olfEks Hallsleh 2
o] & AFME MuA|zA e oJs) ulAstA
AEle gl o) S8l SAmwe digh A
o] Frlshe AR AlgHu). A AR
o] AupH wlake) Vsl $2R9le] duAet
T FHojx|m g gdd) viaklar) v Uekd Aol
o, o] 7o Ail= Fig. 59 VR vlRAlE E<t
o] FrlEAlge] WM BRIg 4= glt.

AISI 52100 778 AR A}ME3S wol= ]
3 Aaph Jehda ow, o1F Fig 6ol ue
Yok, MRAZAER 497 ABAZARE SR
e Aenn) oF 30% AEe] WrkeAdo] dE
RO Z LRG| o] 28 YimkmAle] st v)E
A7) Aok @o) thE Hoju}. o] Z& Ao
ol Fig. 70 VERA wle} go] HiAE Fos
std% STD 117419 vj1ig mlr)ies S3nfy
4 JsnlRst g vlEr R dehdal glof, ¢4t
npErb FE vpe 1ol ZE Aqradaele] vh )
o] Zjolo)) oJgk F o7 AlgHT)



STD117}e] nlmEAde]] u|=|= AMua|2xje]e] o 139

0.4m/s, 2kgf, 34.560km (Against Al,O, ball)
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Fig. 5. Variation of dynamic coefficient of friction in
accordance with heat treatment condition of STD11
steel (Against: AL,O, ball, sliding velocity: 0.4 m/s,
applied load: 2.0 kgf, sliding distances: 34.56 km,
lubrication: air, dry condition).

Fig. 7ol vERd viEwe] 43 ARs 3] o
gk Hojalzo] AAE| a1, npEEo| o3t ol&9] 4F
37} 71gE 0] Al ARslEo] AR RS
S5 S-3o) 93] o]59] A7t ok HF A
Q AtshnlEe} SR} dojdt A o 4 Uk
Fig. 79] (ay= AHAlE AREE AISI 52100 73|

P —

=) Wear Rate
77] Retained Austenite

=
T

7, s

3
T

Wear Rate (X107g/kg m)
Retained Austenite (%)

ol Jo

521962 S5Z1965

Fig. 6. Comparison of wear rates in accordance with
retained austenite and heat treatment condition of
STD11 steel (Counterpart: AISI52100 steel ball, sliding
velocity: 0.2 my/s, applied load: 1.0 kgf, sliding distances:
86.40 km, lubrication: dry condition).
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