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Table 1. ™ Composition of Air

Nitrogen (N,) 78.1

Oxygen (O) 20.9

Argon (Ar) 0.9

Carbon Dioxide (CO,) 0.03

Other Gases (Neop, Helium_, M‘ethane, 0.07
Krypton, Hydrogen, Nitrogen Dioxide, Xenon

A vacuum system (Fig. 1) provides a space in which the pressure can be
maintained below atmospheric pressure at all times. Versatility remains the primary
advantage of vacuum heat treatment. In addition to being self-contained, vacuum
heat treatment provides a “safe” environment for the surface of the parts being
treated and uses consistently reproduced cycles and recipes. When not in use, like an
electric light, it is simply turned off. When turned back on, minimal conditioning time
is required.

Figure 1. Typical Vacuum System
(Photograph Courtesy of Invensys Eurotherm)
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Figure 2. Typical Vacuum Furnace Shop

@) (b)
(a) Vertical Style Vacuum Furnace (Photograph Courtesy of Vac-Aero International)
(b) Horizontal Style Vacuum Furnaces (Photograph Courtesy of Nevada Heat Treating, Inc.)

Vacuum Hardening

The various equipment (Fig. 2) and processes for vacuum hardening of fasteners
will be discussed by type of material.

Hardening by Oil Quenching (Plain Carbon and Alloy Steels)

Oil quenching takes place in horizontal vacuum furnaces equipped with integral
quench tanks (Fig. 3). The design of the quench tank is similar to its atmosphere
counterpart; fixed or variable speed oil circulation via agitators or pumps located
on one or both sides of the tank and internal baffles to guide the respective oil flow
around and through the load. Cold or preheated oil, in the 50°C - 65°C (120°F - 150°F)



range, are the most common and special (hot) oils, which run at 135°C - 175°C (275°F - 350°F),
have been used with success. Heaters control the oil temperature and the oil is cooled via
double wall construction or external heat exchangers usually employing air, for safety reasons.

Compared to normal quench oils, vacuum quench oils are distilled and fractionated
to higher purity levels. This allows for a better surface appearance on quenched parts. It is
common that the partial pressure of nitrogen above the quench oil be between 540 mbar
(400 Torr) and 675 mbar (500 Torr). Usually, higher partial pressures above the quench oil can
be advantageous in obtaining full hardness on both unalloyed or very low alloy materials.
Low partial pressures above the quench oil produce higher hardness values, as well as lower
distortion on parts consisting of medium or highly alloyed steels.

Medium alloy steels (Table 2) and most case hardening steels are hardened either
by oil quenching or high pressure gas quenching (up to 20 bar).

Table 2. Quenchant Type for Select Alloy Steels

1340 830 (1525) 0Q, PQ 58 57 39 32
3140 830 (1525) 0Q, PQ 57 55 46 34
4140 855 (1570) 0Q, PQ 57 55 49 36
4150 830 (1525) 0Q, PQ 64 62 58 47
4340 800 (1475) 0Q, PQ 58 57 56 53
4640 800 (1475) 0Q, PQ 57 54 39 30
6152 845 (1550) 0Q, PQ 61 60 54 42
8740 830 (1525) 0Q, PQ 57 56 52 42
9440 830 (1525) 0Q, PQ 56 51 41 28
Notes

[a] Austenitizing temperature in vacuum is often 15°C (25°F) - 30°C (50°F) higher than atmosphere processing.
[b] Cooling nomenclature: OQ = oil quench; PQ = pressure quench.

Hardening by Gas Quenching (Alloy Steels)

The most popular method of quenching used for hardening in vacuum furnaces is inert
gas pressure quenching used at pressures of 2 — 20 bar. Nitrogen and argon are the most
common guenching gases. Cooling in argon produces the slowest heat transfer rates, followed
by nitrogen, then helium and finally hydrogen. Nitrogen is the most attractive gas mixture from
a cost perspective, however limitations exist with certain alloys (e.g. titanium). Theoretically,
there is no limit to the improvement in cooling rate that can be obtained by increasing gas
velocity and pressure. Practically, however, very high pressure and very high velocity systems
are complex and costly to construct. In particular, the power required for gas recirculation
increases faster than benefits accrue.

The trend today is to "dial in" the quench pressure, that is, use only the highest pressure
required to properly transform the material. This has been made possible due to recent changes
in both material chemistry and pressure quench design (e.g. alternating gas flows, directionally
adjustable blades, variable speed drives). Gas quenching is now being used to produce full
hardness in many materials that in the past have been traditionally oil quenched.

Martensitic Stainless Steel

All grades of martensitic stainless steel fastener grades can be processed in vacuum
furnaces. Austenitizing temperatures and general heat treatment considerations are similar to
those used in atmosphere furnaces (Table 3). Since the austenitizing temperatures are usually
below 1100°C (2000°F), vacuum levels in the range of 10-3 mbar (10-3 torr) are very often
used which result in clean and bright part surfaces. To avoid evaporation of certain alloying
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Figure 3. Two Chamber Oil Quench
Vacuum Furnace (Photograph Courtesy of
SECO/WARWICK Corporation)
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Table 3.P! Typical Hardening Cycles for Select Martensitic Stainless Steels

540.190) | (1000 1ase) | (oo 10s0) | O0PQ | 40-45
420 540 (1000) ( 1:28 ~ Zzg o | 1978905__1109%50) 0Q, PQ 47.5-555
440A 540 (1000) ( 147128 - Zzg 0 (igég - iggg) 0Q, PQ 52 - 57
440B 540 (1000) ( 1128 B Iig 0 &g;g ~ iggf» 0Q, PQ 56 - 59
440C 540 (1000) ( 147128 : Iig 0 (igég : iggz) 0Q, PQ 60 - 62

Notes

[a] Rapid heating rates can cause distortion and/or cracking. In vacuum heating rates of 8°C (15°F)/minute - 15°C
(25°F)/minute are recommended for small parts or intricate shapes.

[b] Certain parts will benefit from an initial preheat at the temperatures shown.

[c] Cooling nomenclature: OQ = oil quench; PQ = pressure quench.

[d] As quenched (oil) data shown.

Table 4.™ Typical Solution Heat Treating and Aging Cycles for Select Precipitation
Hardening Stainless Steels

A-286 980 (1800) 0Q, PQ 720 (1325) 16 AQ
13-8 Mo
15-5 1040 (1900) 0Q, PQ (9‘5800__&2500) 4 AQ
17—4 PH 1040 (1900) 0Q, PQ (;)800_‘1612500) 4 AQ
17 -7 PH 1050 (1925) PQ (955100_‘155050) 4 AQ
Custom 455 830 (1525) WQ, PQ (;)800_‘15&50) 4 AQ
Rene 41 1080 (1975) WQ, PQ - - -
Udiment 700 1175 (2150) PQ 845 (1550) 24 AQ
Waspaloy 1080 (1975) PQ 845 (1550) 24 AQ

Notes: [a] Cooling nomenclature: WQ = water quench; OQ = oil quench; PQ = pressure quench; AQ = air cool.

Table 5 ¥ Typical Solution Heat Treating and Aging Cycles for Select Wrought Superalloys

A-286 980 (1800) 1 0Q, PQ | 720 (1325) 16 AC
Incoloy 925 1010 (1850) 1 AC 730 (1350) 8 FC
Inconel 625 1150 (2100) 2 [c] - - -
Inconel 718 980 (1800) 1 AC 720 (1325) 8 FC

Inconel X-750 | 1150 (2100) 2 AC 845 (1550) 24 AC
Rene 41 1065 (1950) 0.50 AC 760 (1400) 16 AC
Udiment 700 1175 (2150) 4 AC 845 (1550) 24 AC
Waspaloy 1080 (1975) 4 AC 845 (1550) 24 AC

Notes

[a] Cooling nomenclature: FC = furnace cooling; AC = air cooling; RAC = rapid air cool; OQ = oil quench; PQ =

pressure quench.

[b] Air cooling equivalent is defined as cooling at a rate not less than 40°F per minute to 1100°F and not less than
15°F per minute from 1100°F to 1000°F. Below 1000°F any rate may be used.

[c] To provide adequate quenching after solution heat treatment, cool below 1000°F (540°C) rapidly enough to
carbide precipitation. Oil or water quenching may be required on thick sections.



