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The Effect of High-Temperature Solution Treatment on the Toughness
of 10Ni High-Toughness Ultra-High Strength Steel

Synopsis:

Hiroshi YADA and Sumitoshi ANRAKU

It has been found out in low—carbon 9 to 10 Ni high—toughness ultra—high strength steels that high—tem—
perature solution treatment above 1 200°C improves their toughness (vE shelf) significantly. This corresponds
to the solution of coarse MyC carbides greater than 0.3 y, which are retained in the steels at the state as
rolled or as ordinarily heat-treated. These carbides again precipitate between 900 to 1 100°C during

cooling after high-temperature solution treatment at the cooling rate slower than 0.5°C/s.

The steels

high-temperature solution-treated exhibit excellent vEshelf without deterioration of proof strength and
ductile-to-brittle transition temperature, compared to conventional heat treatment, when they were again

austenitized at lower temperature before aging.
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Table 1. Chemical analysis of steels used (wt%).

steell] C | Si{Mn| P S | Ni| Cr| Mo |Co |[Cu| V| AL N 0 furnace
A 10.182]0.060.06(0.003]0.007|9.58|2.0810.96{8.20] — | — 10.011{0.0054|0.005 elect ric
B |0.100|0.050.05/0.006 {0.010{9.00(2.10|1.95|7.90|1.10| — |0.043|0.0062|0.004 ﬁ?ﬁ“iﬁ%
G {0.10610.020.16/0.001/0.007|9.70/3.001.90| 6.20| 1.00 0.81{0.024(0.0025/0.002 é?i“z;:ﬁl)
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Fig. 1. Constitution diagram of Fe-Mo-C ternary
system.

0.109,C section (constructed after ref. 7)
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Fig. 2. Effect of peak temperature of induction §'

thermal cycle on the hardness and tough-

ness of steel B.
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Fig. 3. Effect of holding temperature on tough-
ness.
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| Photo. 1. Microstructures of steel B heated to 850°C and 1300°C. (corresponds to Fig. 2)

Electron micrograph (extraction replica)
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Photo. 2. Selected area electron diffraction of
precipitates observed in Photo. 1 (b).
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'Fig. 4. Effect of holding time on toughness.
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Fig. 5. Effect of cooling rate after high-temper-
ature solution treatment on toughness.
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Cooling Optical Electron micrograph (extraction replica)
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Photo. 3. Effect of cooling rate on microstructure of steel A solution-treated 30 min at 1 250°C.
(arrows in (d) indicate coarse MC carbides)
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Fig. 6. Effect of quenching temperature during Fig. 7. Effect of intermediate holding during air
furnace-cooling after high temperature cooling after high temperature solution
solution treatment on toughness. treatment on toughness.
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Photo. 4. Microstructures of steel A solution-
treated 30 min at 1250°C followed by
furnace-cooled +to 1000°C and water-
quenched hereafter. (sece Fig. 6)
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Table 2. Tensile and V-Charpy impact properties of steels A, C with high temperature
solution treatment compared to conventional heat treatment.

heat ¥ steel A - Vsteel C
treatment | £+S. | T-S. | E1 [R.A | vE_p | vE_g | vIrs| P.S. T.S. El |R.A | vE_o |vE—g | vTrs
ha Ckg/nd) | Gam) | (%) | (%) | kg=m) {(hg-m) | (°C) | Gg/nd) | (kg/nh) | (%) (%) | Chg-m) | (hg=m) | (C)
» R 110.2 | 1496.|189 | 569 | 59 | 50 |<-80 | 1092 | 1414 |17.6|645| 79 | 7.0 |<-80
R-T - - = -] = - — | 1885 | 1458 |168|685| 77 | 46 | —
v N-T - - - | - — - — | 1265 | 1404 | 168675 77 68 | <-80
HN 1043 | 187.8 (213690 100 | 91 |~-156| ~— - - | = — — —
'_' HN-T - e 92 | 65 | -120| 1228 | 1402 |17.2|67.7| 126 | 10.2 |<-80
. Q-T 1808 | 1424 (207 | 67.8| 7.0 | 638 | -147 | 127.9 | 184.8 |175|69.7| 117 81 | -126
HQ 114.0 | 189.4 |[21.1] 691 | 124 | 109 | -147 | 99.0 | 129.2 | 184|63.3| 150 | 181 | <-8
HQ-T | 1232|1835 |219|689| 129 | 45 | -60| 1214 | 1811 |19.0{70.2| 17.3 | 137 -88
HQ-Q-T | 1200 | 1874 | 214 | 701 | 120 | 97 | -97 | 126.1 | 1827 |19.7|707| 186 | 112 | -145

*  RoeseenrrnAs rolled
Toveerrone Aging 510°Cx 10 h fof steel C,Q-T, HQ-T
L "(water quenched) { 525-Cx3 h for rest
Noeoeoes -« Normalizing : 900°C x 1 h—air cool
HN...-.-High temperature solution treatment : 1 250°C X 30 min—air cool
Qevreeeren Quenching { 850°C 1 h for steel A
(water quenched) | 900°C 1h for steel C
HQ o High temperature solution treatment : 1 250°C X 30 min—water quenched
ERAAL £ AR RN (Q-T) ~anhk N
- DX SIHE (T.8) WoRMEH 275558 vE shelf 3§
. y = 1~ o 80
] FEFIC ER 5. wESIRE (vIrs) WX ELD 5 e
ROBED (P.S) BAGOEe. ShERBTEE Z E y
(HN-T, HQ-T) T.8. 30T 595 RS w7 [ ,_71/*; s
. - . Za
B ORI RIE IS T ) AT 5. VE shelf 2 L= __u .
L BT AEE SV, VvIss 13T 5. hicx L 2
HQ-Q-T #1338 13181 Q-T MEMEFE THD, VE & s A A
: shelf 13 HQ-T #Ho@u ks L vIrs baixy £ N
T<h, WO Tk Q-T #MU ok s s. WMCiT> E " o
WT D SBYEL 23S T 5 Y v v B — B E ?12»
Fig.9 1% Uiz Lo&MmoggREorgsns 2 |
Lr PTHS. 5 8t
M A wwonwT kRO RE L ARG & S oL
Photo. 5 iR L7z, Q-T #& HQ-T pomorsse & |
¥t Photo. 1 THM LAdD LT LA L BBV, 5 |
HQ-Q-T #cifflomsy sz comgonie  » | &e—e—"
%1, Table 2 »3ttd 5 & HARMLET Tob bR 7 K% | ~200-180 -160 -140-120-100 -80 60 40 20 O
PP EE AR ER L, vIs BETT5 & 55 | tost temperuture (L) |
BB ohg. ooT Q-T #& HQ-Q-T #% Wik Fig. 9. V-charpy impact transition curves .of
N a1 1 ] S steel G after heat treatment including
T2 & ZOmMEFRRHEANTIER—-FHTHEEbIh Ty high temperature solution treatment (HQ -
iz b 5T, HQ-Q-T #izix Q-T iz B ohn T, HQ-Q-T) compared to conventional

heat treatment (Q-T).

D AN s HExnT, HQ #M LMk o vE (corresponds to Table 2) -

shelf it L7 & a2 Tx D, WORABEKRLT
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Heat treatment Optical Electron micrograph (extraction replica)

(R)
As rolled

(Q-T)
850°C 1h WQ
525°C 3h WQ

(HQ-T)

1250°C
30 min WQ,

525°C 3h WQ |

(HQ-Q-T)

1250°C
30 min WQ

{
850°C i h WQ
525°C 3h WQ

Photo. 5. Microstructures of steel A after various heat treatment including high temperature
solution treatment. (corresponding to Table 2) Arrows indicate coarse MgC carbides.
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DIEVEREE DR TH 5k X\ dimple 23R 5h %58,
Q-T #tTix dimple p/hx HWER D hSvwT &%
TUTH D, RENTRTES I BB e i N R LR
IN5.

Photo. 7 o CIXERIAKRILEAGHIZ ERC Q-T #4
& MO BEE 27953, VE shelf @ X b TERWIFGH
134tk Photo. 6 (b) X b X HIWHHEFDO/NS Wi

15 l L
O : without aging
® : with aging
~~
s 10
5
©
¥
= 5 \
0]
. |

0.1 0.3 1.0 3.0
max size of precipitates (#)
Fig. 10. Effect of maximum size of precititates

observed in steel A on toughness in
various heat treated. conditions.

(a)
HQ-T
(12.3 kg-m)

(b)
Q-T
(6.6 kg-m)

Photo. 6. Fractographs of impact specimen tested
at —20°C of steel A after high tem-
perature - heat-treated (a) or con-
ventionally heat-treated (b). (corre-
sponds to Table 2)

Arrows in (b) indicate microcracks.
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OEHMEELOND.
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(a)
1 250°C % 30 min
water quenched
(12.9 kg-m)

(b)
1 250°C % 30 min
furnace cooled
(2.6 kg-m)

(c)
The same to (b)

Photo. 7. Fractographs of impact specimen of
steel A water-quenched or furnace
cooled after high temperature heat
treatment. (tested at —20°C)

Arrow indicates a microcrack near the
precipitate particle.
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H gk (BR) AN @it, I OHEo —#%54H
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